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SaZetak

Prvi opisani slucajevi metabolickih nuspojava antipsihotika potjecu jo$ od
vremena kada se ti lijekovi uvode u klinicku upotrebu, tj. sredinom pedesetih
godina proslog stoljeca. Pokazalo se, medutim, da se metabolicke nuspojave
ne javljaju samo kod primjene konvencionalnih antipsihotika, poput klorpro-
mazina. Danas smo suoceni sa slicnim problemima kod primjene novijih, tako-
zvanih atipicnih antipsihotika. Uvodenje atipicnih antipsihotika u terapiju bit-
no je unaprijedilo lijecenje bolesnika sa shizofrenijom i ostalim psihoti¢nim
poremecajima. Glavna prednost ovih lijekova u odnosu na konvencionalne
antipsihotike je manja ucestalost ekstrapiramidnih nuspojava, kao i hiperpro-
laktinemije, te sveukupno bolja podnosljivost. Ipak, neki od atipicnih antipsi-
hotika povezuju se s porastom tjelesne teZine, pojavom Secerne bolesti i po-
rastom vrijednosti kolesterola i triglicerida.

Ovaj se pregled bavi razlikama u djelovanju pojedinih atipicnih antipsihotika
na homeostazu glukoze i inzulina te metabolizam lipida, kao i pitanjem na
koji nacin racionalno primjenjivati antipsihotike kod kojih se javljaju meta-
bolicke nuspojave. Odnosno, daju se preporuke, po prvi put u Hrvatskoj, za
svakodnevni klinicki rad o tome kako nadzirati metabolicki status bolesnika
lijecenih novijim antipsihoticima.

Klju¢ne rijeci: metabolicki sindrom, nuspojave, antipsihotici, metabolizam
lipida, metabolizam glukoze

Pristiglo: 15. sijecnja 2007.

Abstract

First descriptions of metabolic side-effects of antipsychotic drugs date back
to the 19505 when these drugs were introduced. In the meantime, metabolic
side-effects have been shown to occur not only during therapy including con-
ventional antipsychotics like chlorpromazine. Presently, similar problems are
encountered with application of the novel, so-called atypical antipsychotics.
Introduction of atypical antipsychotics in therapy has substantially promoted
the treatment of patients with schizophrenia and other psychotic disorders.
Major advantage of these drugs in comparison to conventional antipsychoti-
csis lower frequency of extrapyramidal side-effects and hyperprolactinemia,
and generally better tolerance. Still, some atipical antipsychotics are associa-
ted to body weight gain, occurrence of diabetes, and elevated cholesterol and
triglyceride concentrations.

This review addresses differences in effect of certain atypical antipsychotics
on glucose and insulin homeostasis and lipid metabolism, as well as the ques-
tion of the rational method of applying antipsychotics that are accompanied
by metabolic side-effects. For the first time in Croatia, this article provides
recommendations for routine clinical practice, i.e. on the monitoring of meta-
bolic status of patients treated by novel antipsychotics.

Key words: metabolic syndrome, side-effects, antipsychotics, lipid metaboli-
sm, glucose metabolism
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Uvod

Prvi opisani slucajevi metabolickih nuspojava antipsihoti-
ka potjecu jos iz 1956. godine. Tada su, Cetiri godine na-
kon uvodenja prvog antipsihotika klorpromazina u terapi-
ju, objavljeni podatci o pojavi hiperglikemije i glukozurije
kod prethodno euglikemi¢nih bolesnika koji su uzimali
klorpromazin. U isto vrijeme opisani su i slucajevi o sla-
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Introduction

The first described cases of metabolic side-effects of an-
tipsychotics date back to 1956. That was the time when,
four years after introduction of the first antipsychotic
chlorpromazine in therapy, data were published on the
occurrence of hyperglycemia and glucosuria in previous-
ly euglycemic patients who were administered chlorpro-

178



Kovak-Mufi¢ A. i sur.

Metabolicke nuspojave antipsihotika

Kovak-Mufi¢ A. et al.

bijoj kontroli glikemije u dijabeticara koji su uzimali klor-
promazin. Nakon iskljucivanja klorpromazina u opisanim
slu¢ajevima doslo je do normaliziranja glikemije, odnosno
do uspostavljanja kontrole Secerne bolesti kakva je bila i
prije uzimanja antipsihotika (1,2).

Pokazalo se, medutim, da se metabolicke nuspojave ne
javljaju samo kod primjene konvencionalnih antipsihoti-
ka poput klorpromazina. Danas smo, naime, suoceni sa
sli¢nim problemima kod primjene novijih, takozvanih ati-
pi¢nih antipsihotika. Uvodenje atipi¢nih antipsihotika u
terapiju bitno je unaprijedilo lijecenje bolesnika sa shizof-
renijom i ostalim psihoti¢nim poremecajima. Glavna pred-
nost ovih lijekova u odnosu na konvencionalne antipsiho-
tike je manja ucestalost ekstrapiramidnih nuspojava, kao
i hiperprolaktinemije, te sveukupno bolja podnosljivost.
Ipak, neki od atipi¢nih antipsihotika povezuju se s poras-
tom tjelesne teZine, pojavom Secerne bolesti i porastom
koncentracije kolesterola i triglicerida (Tablica 1).

Ovaj se pregled bavi razlikama u djelovanju pojedinih ati-
pi¢nih antipsihotika na homeostazu glukoze i inzulina te
metabolizam lipida, kao i pitanjem na koji nacin racional-
no primjenjivati antipsihotike kod kojih se javljaju meta-
bolic¢ke nuspojave.

Utjecaj atipicnih antipsihotika na homeostazu
glukoze i inzulina

Najvedi broj objavljenih klinickih studija koje se bave ho-
meostazom glukoze i inzulina odnose se na klozapin,
olanzapin i risperidon, dok je broj studija o metaboli¢kim

TaBLicA 1. Pregled potencijala pojedinih antipsihotika za razvoj
poremecaja metabolizma lipoproteina

Metabolic side-effects of antipsychotic drugs

mazine. There were also concurrent descriptions of cases
of impaired glycemic control in diabetics on chlorproma-
zine therapy. Upon discontinued administration of chlor-
promazine, normalization of glycemia was achieved as
well as diabetes control at the levels prior to antipsycho-
tic therapy (1,2).

Metabolic side-effects have, however, been shown to ac-
company not only the administration of conventional an-
tipsychotics like chlorpromazine. Actually, we presently
face similar problems during introduction of the novel,
so-called atypical antipsychotics. Introduction of atypi-
cal antipsychotics in therapy has significantly promoted
the treatment of patients affected by schizophrenia and
other psychotic disorders. Compared to conventional an-
tipsychotics, the major advantage of these drugs is lower
frequency of extrapyramidal side-effects and of hyper-
prolactinemia, and better overall tolerance. Still, some of
atypical antipsychotics have been associated with body
weight gain, occurrence of diabetes, and increase in cho-
lesterol and triglyceride levels (Table 1).

This review addresses differences in the effect of certain
atypical antipsychotics on glucose and insulin homestasis
and lipid metabolism, as well as the issue of the method
of rational administration of antipsychotics accompanied
by metabolic side-effects.

Effect of atypical antipsychotics on glucose and
insulin homeostasis

The highest number of published clinical studies dealing
with glucose and insulin homeostasis refer to clozapine,

TaBLE 1. Review of the potential of some antipsychotics for the
development of lipoprotein metabolism disorder

Antipsychotic
(generic name)

Potential for lipid
disorder development

Daily therapeutic
antipsychotic doses (mg)

Haloperidol +
Flufenazine +
Promazine +
Levomepromazine +
Zuclopentixol -/+
Sulpiride +
Clozapine* +++
Olanzapine* +++
Ziprasidone* -
Quetiapine* +
Risperidone*

Sertindole* ++
Aripiprazole* +

6-20
1-20
50-800
100-400
10-75
400-1200
50-500
5-20
80-160
300-600
1-6
12-20
10-30

*A new generation antipsychotic
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nuspojavama drugih atipi¢nih antipsihotika relativno ma-
li.

Kod tumacenja rezultata tih studija potrebno je uzeti u
obzir da, osim uzimanja atipic¢nih antipsihotika, kod boles-
nika koji se lijee nekim od ovih lijekova jo$ najmanje se-
dam faktora takoder moze pridonijeti pojavi tkivne rezis-
tencije na inzulin i posljedi¢no povecati rizik od Secerne
bolesti: starija dob, Sec¢erna bolest tipa Il u obitelji, etnic¢ka
pripadnost, pretilost, pusenje, manjak tjelesne aktivnostii
uzimanje drugih dijabetogenih lijekova (3-5). Komparativ-
ne studije su pokazale da klozapin i olanzapin povecava-
jurizik od pojave nepodnosenja glukoze i Secerne bolesti,
dok risperidon nema takav ucinak.

Sto se ti¢e kvetiapina, objavljene su samo dvije kompa-
rativne studije koje ne daju dovoljno jasne rezultate. Niti
jedna komparativna studija nije objavljena u vezi s amisul-
pridom, zotepinom, ziprasidonom i aripiprazolom.

Klozapin

Melkersson i suradnici su mijerili koncentraciju inzulina
nataste, te koncentraciju klozapina ili klasi¢nih antipsiho-
tika. Studija je pokazala da je razina inzulina u pozitivnoj
korelaciji s koncentracijom klozapina, dok izmedu razine
inzulina i koncentracije klasi¢nih antipsihotika nema kore-
lacije. Prema tim rezultatima moguce je zakljuciti da kloza-
pin izravno utjece na lu¢enje inzulina iz pankreasa (6).
Studija koju su proveli Chae i Kang usporedivala je utjecaj
klozapina i klasi¢cnog antipsihotika haloperidola na meta-
bolizam glukoze putem oralnog testa podnosenja gluko-
ze (OGTT). Nakon 8 tjedana terapije, 35% bolesnika koji su
uzimali klozapin imalo je poremecéeno podnosenje gluko-
ze, dok medu bolesnicima koji su uzimali haloperidol nije
bilo takvog poremecaja (7).

Henderson i suradnici su tijekom pet godina pratili 82 bo-
lesnika sa shizofrenijom ili shizoafektivnom psihozom.
37% bolesnika je tijekom petogodisnjeg pracenja razvilo
Secernu bolest. Radilo se o bolesnicima prosje¢ne dobi od
36 godinaiindeksom tjelesne mase prosjecno 27. Rezulta-
ti studije pokazali su da je razvoj se¢erne bolesti korelirao
s dobi bolesnika, dok s tjelesnom tezinom, promjenama
u tjelesnoj tezini i promjenama dnevnih doza klozapina
nije bilo korelacije. Obiteljska anamneza bila je pozitivna
na Secernu bolest tipa Il samo kod dva bolesnika (8). Jos
uvijek nije razjasnjeno utjecu li tip i tezina psihi¢kog pore-
mecaja na rizik od razvoja Secerne bolesti u bolesnika koji
uzimaju klozapin (9).

Olanzapin

U studiji objavljenoj 2000. godine hiperinzulinemija je ut-
vrdena kod 71% bolesnika sa shizofrenijom ili srodnim ob-
licima psihoza koji su lije¢eni olanzapinom u trajanju od
prosjec¢no 6 mjeseci. Kod troje od tih bolesnika utvrdena
je i hiperglikemija, $to je upucivalo na razvoj $ecerne bo-
lesti (10).
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olanzapine and risperidone, with relatively few studies of
metabolic side-effects of other atypical antipsychotics.
When interpreting results of these studies, it should be ta-
ken into account that, in addition to administration of any
of the above atypical antipsychotics to patients, there are
at least other seven factors that may also contribute to
the occurrence of tissue resistance to insulin and thus in-
crease the risk for diabetes: old age, family history of type
2 diabetes, ethnic origin, obesity, smoking, lack of physi-
cal activity, and therapy with other diabetogenic drugs
(3-5). Comparative studies have demonstrated that clo-
zapine and olanzapine elevate the risk for occurrence of
glucose intolerance and diabetes, while risperidone does
not have such effect.

With regard to quetiapine, only two comparative studies
have been published and they do not provide sufficiently
clear results. No comparative study has been published
to include amilsulpride, zotepine, ziprasidone, and aripip-
razole.

Clozapine

Melkersson et al. have measured insuline concentration af-
ter overnight fasting, and the concentration of clozapine
and other classical antipsychotics. The study showed the
insulin level to be positively correlated to clozapine con-
centration, while no correlation was observed between
insulin level and the concentration of classical antipsycho-
tics. Based on these results, it may be concluded that clo-
zapine directly affects pancreatic insulin secretion (6).
The study performed by Chae and Kang compared the ef-
fect of clozapine and the classical antipsychotic haloperi-
dol on glucose metabolism through oral glucose toleran-
ce test (OGTT). Following 8 weeks of therapy, 35% patien-
ts who were administered clozapine had impaired gluco-
se tolerance, while no such impairment was observed in
patients on haloperidol (7).

Henderson et al. included 82 patients affected by schizop-
hrenia or schizoaffective psychosis in a 5-year follow-up.
Diabetes developed in 37% of patients during the 5-year
monitoring. Their mean age was 36 years and mean bo-
dy mass index was 27. Results of the study showed that
diabetes development correlated to patients’ age, while
no correlation was recorded for body weight, changes in
body weight, and changes in daily clozapine doses. Fami-
ly history was positive for type 2 diabetes in only two pa-
tients (8). It has not been elucidated yet if the type and
severity of mental disorder affects the risk for diabetes de-
velopment in patients on clozapine (9).

Olanzapine

In a study published in year 2000, hyperinsulinemia was
established in 71% of patients with schizophrenia or rela-
ted types of psychoses who were on olanzepine therapy
for 6 months on average. Hyperglycemia was also confir-
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Druga je studija pokazala da u razdoblju od 25 mjeseci li-
jec€enja olanzapinom 44% bolesnika razvija hiperinzuline-
miju sa ili bez hiperglikemije (11).

Prospektivna studija u trajanju od 14 tjedana pokazala je
da 11% bolesnika lije¢enih olanzapinom ima intermiten-
tnu ili trajno prisutnu hiperglikemiju. Svi uklju¢eni boles-
nici prethodno su slabo reagirali na terapiju drugim antip-
sihoticima (12).

Kvetiapin

Otvorena, nerandomizirana retrospektivna studija ispiti-
vala je promjene tjelesne tezine i dijabetickog statusa u
65 bolesnika koji su najprije uzimali klozapin kao monote-
rapiju kroz Sest mjeseci, a zatim su deset mjeseci primali
kombiniranu terapiju klozapinom i kvetiapinom. Rezultat
je bilo znac¢ajno smanjenje tjelesne tezine kod svih bo-
lesnika i bolja kontrola glikemije u 20% bolesnika koji su
prethodno razvili Se¢ernu bolest na monoterapiju kloza-
pinom (13). Ti rezultati ukazuju da smanjenje doze kloza-
pina dovodi do smanjenja tjelesne tezine, izazvane ovim
lijekom, kao i na to da kvetiapin nema bitnog ucinka na
promjenu tjelesne tezine i metabolizam glukoze (13).

Risperidon

Osim nekoliko komparativnih studija, objavljena su samo
dva prikaza bolesnika na risperidonu koji su pokazali da
ovaj lijek nije doveo ni do kakvih komplikacija vezanih uz
regulaciju glikemije u psihoti¢nih bolesnika s Se¢ernom
bolesti u komorbiditetu (14,15).

Za sada u literaturi nisu dostupni podatci o nuspojavama
amisulprida, aripiprazola, ziprasidona i zotepina koje se
odnose na poremecaj homeostaze glukoze i inzulina (9).

Prikazi bolesnika

U zadnjih petnaestak godina objavljeni su brojni prikazi
slucajeva bolesnika koji su nakon uvodenja atipi¢nih an-
tipsihotika u terapiju razvili Secernu bolest, dijabeti¢ku ke-
toacidozu, hiperosmolarnu dijabeti¢ku komu ili je dolazi-
lo do poremecaja kontrole glikemije kod preegzistirajuce
Secerne bolesti. Podatci variraju ovisno o izvoru, no naj-
veci broj ovakvih prikaza vezan je uz olanzapin i klozapin,
zatim za risperidon, svega je nekoliko prikaza objavljeno
za kvetiapin, jedan za ziprasidon, dok za zotepin, aripipra-
zol i amisulprid nema objavljenih prikaza slu¢aja (9). Ob-
javljeni suislucajevi smrti bolesnika zbog razvoja hiperos-
molarne dijabeticke kome, odnosno zbog metabolicke
acidoze ili ketoze, i to kod terapije olanzapinom i klozapi-
nom (16-20). Koller i sur. prikazali su slu¢ajeve bolesnika
s novodijagnosticiranom Sec¢ernom bolesti: 242 bolesnika
na terapiji klozapinom, 225 na terapiji olanzapinom i 78
bolesnika na terapiji risperidonom. Broj bolesnika koji su
razvili metaboli¢ku acidozu ili ketozu bio je sukladno to-
me 80, 100 i 26 (21-23). Autori su slucajeve smrti tijekom
hiperglikemijskih epizoda prijavili kod 25 bolesnika na klo-
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med in three of these patients, and indicated the onset of
diabetes (10).

Another study showed the development of hyperinsuli-
nemia with or without hyperglycemia in 44% of patien-
ts who were on olanzepine therapy for the period of 25
months (11).

A prospective study involving a 14-week period demon-
strated the development of intermittent or permanently
present hyperglycemia in 11% of olanzepine-treated pa-
tients. All included patients formerly reacted poorly to
therapy by other antipsychotics (12).

Quetiapine

An open, non-randomized retrospective study investi-
gated changes in body weight and diabetic status of
65 patients who were on clozapine as monotherapy for
6 months, and then were administered combined cloza-
pine and quetiapine therapy for ten months. The result
was substantial reduction in body weight in all patients
and better control of glycemia in 20% of patients who pre-
viously developed diabetes while on clozapine monothe-
rapy (13). These results indicate that reduction in clozapi-
ne dose leads to reduction in body weight that is caused
by this drug, and that quetiapine has no significant effect
on body weight change and glucose metabolism (13).

Risperidone

Apart from several comparative studies, only two case re-
ports of patients on risperidone have been published whi-
ch showed that this drug did not lead to any complicatio-
ns related to regulation of glycemia in psychotic patients
with comorbid diabetes (14,15).

Presently, literature provides no data on side-effects of
amilsulpride, aripiprazole, ziprasidone and zotepine that
are related to disturbance in glucose and insulin homeos-
tasis (9).

Case reports

During past 15 years, numerous case reports were pub-
lished on patients who developed diabetes, diabetic
ketoacidosis, and hyperosmolar diabetic coma after in-
troduction of atypical antipsychotics in therapy, or who
experienced impaired glycemic control in preexisting
diabetes. Data vary depending on the source, yet most
of these studies are related to olanzapine and clozapine,
then to risperidone, with only several studies published
for quetiapine and one for ziprasidone, while no case re-
ports have been published for zotepine, aripiprazole and
amilsulpride (9). There have also been reports of patient
death due to hyperosmolar diabetic coma or metabolic
acidosis or ketosis during olanzapine and clozapine thera-
py (16-20). Koller et al. presented reports on patients with
newly diagnosed diabetes, i.e. 242 patients on clozapine
therapy, 225 on olanzapine therapy, and 78 patients on

Biochemia Medica 2007;17(2):139-270
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zapinu, 25 bolesnika na olanzapinu i 4 bolesnika na rispe-
ridonu (21-23).

Ananth i sur. su objavili pregled koji pokazuje da je kod
71% bolesnika, kod kojih je terapija atipi¢nim antipsihoti-
cima izazvala pojavu Secerne bolesti ili dijabeticke ketoa-
cidoze, doslo do oporavka nakon prekida antipsihoti¢ne
terapije (24). 1z toga zakljucujemo da se metabolicke nus-
pojave povlace nakon prekida terapije kod vecine, no
ipak ne kod svih bolesnika.

Moguci mehanizmi kojima atipi¢ni antipsihotici
izazivaju inzulinsku rezistenciju i Se¢ernu bolest
Faktori koji mogu uzrokovati tkivnu rezistenciju na inzulin
su:starenje, Secerna bolest tipa 2 u obitelji, etnicka pripad-
nost, pretilost, pusenje i manjak tjelesne aktivnosti (3,4).
Atipic¢ni antipsihotici uzrokuju porast tjelesne tezine (25-
29), umiruju bolesnike i time posredno djeluju na smanje-
nje tjelesne aktivnosti, te se smatra da na ovaj nacin po-
jacavajuinzulinsku rezistenciju, Storezultira hiperlipidemi-
jom i povecanjem rizika za razvoj $ecerne bolesti tipa 2 i
kardiovaskularnih bolesti (30,31).

Sljede¢i mehanizam kojim atipi¢ni antipsihotici povecava-
ju rizik od nastanka $ecerne bolesti je izravan utjecaj na
ravnotezu glukoze i inzulina - klozapin i olanzapin uzroku-
ju hiperinzulinemiju i hiperlipidemiju (6,10,11,32). Hiperin-
zulinemija i hiperlipidemija same povecavaju inzulinsku
rezistenciju (31) i time rizik od razvoja $ecerne bolesti ti-
pa 2.

Kad je rije¢ o Secernoj bolesti induciranoj lijekovima, po-
kazalo se da je dob vazan faktor rizika za njezin razvoj (8),
dok pusenje i manjak tjelesne aktivnosti kod ovog tipa
Secerne bolesti najvjerojatnije ne predstavljaju znacajan
faktor rizika.

Za razliku od 3ecerne bolesti tipa 2, prisutnost bolesti u
obitelji i povecana tjelesna tezina ne predstavljaju znacaj-
nije faktore rizika za razvoj Secerne bolesti inducirane lije-
kovima (8,33).

Moguca povezanost shizofrenije i Secerne bolesti

Prevalencija Se¢erne bolesti tipa 2 veca je u bolesnika koji
boluju od shizofrenije, nego u opcoj populaciji (34). Do da-
nas nije istrazeno zbog ¢ega je tako.

Moguci razlog je $to se vazni faktori rizika za razvoj Secer-
ne bolesti tipa 2, kao $to su debljina, pusenje i manjak tje-
lesne aktivnosti, puno cesce nalaze u shizofrenih bolesni-
ka nego u opcoj populaciji (35-37).

Postoje podatci o tome da je shizofrenija kao bolest sama
po sebi povezana s poremecenim podnosenjem glukoze
i Se¢ernom bolesti, no nije poznato kakav rizik za razvoj
Secerne bolesti tipa 2 ili Secerne bolesti inducirane lijeko-
vima predstavlja tip psihoti¢cnog poremecaja i teZina bo-
lesti (9).
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risperidone therapy. The numbers of patients who deve-
loped metabolic acidosis or ketosis were 80, 100, and 26,
respectively (21-23). Authors reported cases of death duri-
ng hyperglycemic episodes for 25 patients on clozapine,
25 patients on olanzapine, and 4 patients on risperidone
(21-23).

Ananth et al. published a review demonstrating recove-
ry after therapy discontinuation in 71% of patients with
diabetes or diabetic ketoacidosis caused by therapy wi-
th atypical antipsychotics (24). Based on these observa-
tions, it may be concluded that metabolic side-effects wit-
hdraw after therapy discontinuation in most, yet not in all
patients.

Possible mechanisms by which atypical
antipsychotics induce insulin resistance and diabetes

The factors that may cause tissue resistance to insulin are
aging, family history of type 2 diabetes, ethnic origin, obe-
sity, smoking, and lack of physical activity (3,4).

Atypical antipsychotics cause body weight gain (25-29),
sedate patients and thereby act indirectly to reduce body
weight, and are thus considered to enhance insulin resis-
tance which results in hyperlipidemia and increased risk
for the development of type 2 diabetes and cardiovascu-
lar diseases (30,31).

Another mechanism by which atypical antipsychotics
enhance diabetes risk is a direct effect on glucose and in-
sulin balance; actually, clozapine and olanzapine induce
hyperinsulinemia and hyperlipidemia (6,10,11,32). Hype-
rinsulinemia and hyperlipidemia themselves augment in-
sulin resistance (31) and thereby also the risk for the deve-
lopment of type 2 diabetes.

With regard to drug-induced diabetes, age was shown
to be a risk factor for its development (8), while smoking
and lack of physical activity most probably do not repre-
sent significant risk factors for this type of diabetes.
Unlike in type 2 diabetes, family history of the disease
and body weight gain are not significant risk factors for
the development of drug-induced diabetes (8,33).

Possible correlation of schizophrenia and diabetes

The prevalence of type 2 diabetes is higher in patients af-
fected by schizophrenia than in the general population
(34). No research has been done so far to account for this
difference.

Possible reason is that important risk factors for the de-
velopment of type 2 diabetes, like obesity, smoking and
lack of physical activity, are more frequently observed
in schizophrenic patients than in the general population
(35-37).

Data are available to demonstrate that schizophrenia itse-
If as a disease is related to impaired glucose tolerance and
diabetes, yet the nature of the risk that a type or severity
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Atipicni antipsihotici i serumski lipidi

Studije koje se bave utjecajem atipi¢nih antipsihotika na
serumske lipide su relativno malobrojne. U nastavku navo-
dimo istrazivanja prema antipsihotiku (klozapinu, olanza-
pinu, risperidonu, kvetiapinu, ziprazidonu i aripiprazolu).

Klozapin

Prema dosad objavljenim podatcima, klozapin utjece na
povisenje koncentracije triglicerida. Analiza podataka iz
lowa Medicaid Programa (38) usporedivala je pojavu hiper-
lipidemije u bolesnika lijecenih klozapinom i bolesnika
lijecenih konvencionalnim antipsihoticima. Ukupno gle-
dajudi, razlika u pojavnosti hiperlipidemije izmedu dvije
skupine bolesnika nije bila statisticki znac¢ajna. Medutim,
nakon raspodjele bolesnika prema dobnim skupinama,
pokazalo se da je pojavnost hiperlipidemije kod bolesni-
ka lijecenih klozapinom, u dobiizmedu 20i 34 godine, bit-
no veca u odnosu na istu dobnu skupinu na terapiji kon-
vencionalnim antipsihoticima.

Druga je studija pokazala ucinak klozapina na promjenu
koncentracija serumskih lipida tijekom 12 mjeseci prace-
nja (39). Na kraju studije broj bolesnika s hipertrigliceride-
mijom bio je znacajno vedi (19 bolesnika) u odnosu na po-
Cetak studije (7 bolesnika). Takoder je kod tih bolesnika
doslo i do bitnog povecanja tjelesne tezine.

Utjecaj klozapina na koncentraciju kolesterola jos uvijek
nije dovoljno razjasnjen. Naime, od svih do sad objavlje-
nih studija na ovu temu, samo dvije navode povisenje ko-
lesterola kod bolesnika lijecenih klozapinom (39,40), dok
ostale ne navode bitan utjecaj klozapina na kolesterol
(41-43).

Risperidon

Rezultati dobivenianalizom podataka o vise od 18.000 bo-
lesnika iz britanske zdravstvene baze podataka (UK GPRD)
pokazali su da risperidon nije u znacajnijoj mjeri povezan
s hiperlipidemijom (44).

Retrospektivna studija, koju je proveo Meyer (45), ispiti-
vala je tijekom perioda od 12 mjeseci promjene u serum-
skim koncentracijama kolesterola i triglicerida u bolesni-
ka koji su uzimali risperidon. Rezultati su pokazali da taj
antipsihotik ne utjece u znacajnoj mjeri na serumske kon-
centracije kolesterola, dok istovremeno uzrokuje porast
koncentracije triglicerida. Risperidon je takoder povezan
s porastom tjelesne tezine, koja pozitivno korelira s kon-
centracijom serumskih lipida.

Ostale studije koje se mogu nadi u literaturi takoder pot-
vrduju da risperidon nema bitan uc¢inak na promjene kon-
centracije serumskog kolesterola, dok su podatci o utjeca-
ju na vrijednosti triglicerida nedovoljno dosljedni. Naime,
samo je jedna studija pokazala porast koncentracije trigli-
cerida koji je bio statisticki znacajan (45).

Metabolic side-effects of antipsychotic drugs

of a psychotic disorder pose for the development of type
2- or drug-induced diabetes is unknown (9).

Atypical antipsychotics and serum lipids

The studies dealing with the effect of atypical antip-
sychotics on serum lipids are relatively few. Studies are
described in the following paragraphs according to the
antipsychotics involved (clozapine, olanzapine, risperido-
ne, quetiapine, ziprasidone, aripiprasole).

Clozapine

Based on the hitherto published data, clozapine induces
an increase in the level of triglycerides. Analysis of data
from the lowa Medicaid Program (38) compared the oc-
currence of hyperlipidemia in clozapine-treated patients
and those treated by conventional antipsychotics. Ove-
rall, the difference in hyperlipidemia incidence between
the two patient groups was not statistically significant.
However, after patient distribution according to age grou-
ps, the incidence of hyperlipidemia was shown in clozapi-
ne-treated patients aged 20-34 years to be substantially
higher compared to the same age group on therapy with
conventional antipsychotics.

Another study showed the effect of clozapine on the
change in serum lipid level during a 12-month follow-up
period (39). At the end of the study, the number of patien-
ts with hypertriglyceridemia was significantly higher (19
patients) in relation to the study onset (7 patients). Also,
a substantial body weight gain was observed in hypertrig-
lyceridemic patients.

Effect of clozapine on cholesterol level has not yet been
sufficiently elucidated. Actually, from all studies dealing
with this topic so far, elevated cholesterol levels were ob-
served in clozapine-treated patients in only two studies
(39,40), while other studies stated no significant clozapi-
ne effect on cholesterol (41,42,43).

Risperidone

The results obtained by analyzing data on more than
18.000 patients from UK General Practice Research Data-
base (UK GPRD) showed that risperidone was to no signifi-
cant extent associated with hyperlipidemia (44).

A retrospective study conducted by Meyer (45) examined
changes in serum levels of cholesterol and triglycerides
in patients on risperidone during a 12-month period. The
results demonstrated that this antipsychotic did not have
any significant effect on serum cholesterol concentratio-
ns but caused concurrentincrease in triglyceride level. Ris-
peridone was also associated with body weight gain whi-
ch positively correlates with serum lipid levels.

Other studies that may be found in the literature also con-
firm that risperidone has no substantial effect on changes
in serum cholesterol levels, while data on its effect on trig-
lyceride concentrations are insufficiently consistent. In
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Olanzapin

Analiza podataka iz britanske baze UK GPRD pokazala je
da je primjena olanzapina povezana s povecanim rizikom
od razvoja hiperlipidemije (44).

Sli¢an je rezultati Meyerove retrospektivne studije (45) ko-
ja je pokazala znacajan porast koncentracije i triglicerida
i kolesterola kod bolesnika koji su uzimali olanzapin. Taj
je lijek uzrokovao i porast tjelesne tezine sto, medutim, ni-
je bilo u bitnoj korelacije s promjenama vrijednosti koles-
terola i triglicerida. Zanimljivo je i opazanje da su najvise
koncentracije triglicerida izmjerene unutar prve godine
uzimanja lijeka.

Nekoliko drugih studija takoder potvrduje znacajan utje-
caj olanzapina na povisenje koncentracije serumskih li-
pida i to triglicerida (46-49), ukupnog kolesterola (47,18)
i LDL-kolesterola (18,50), a na smanjenje HDL-kolesterola
(51).

Kvetiapin

Studije koje se bave utjecajem kvetiapina na serumske li-
pide su relativno malobrojne, a rezultati tih studija nisu
dosljedni.

Mala studija koju su proveli Wirshing i sur. (41) pokazala je
da terapija kvetiapinom povoljno djeluje na koncentraci-
je triglicerida i LDL-kolesterola tako $to ih snizava, dok se
koncentracije HDL-kolesterola tek minimalno mijenjaju.
Suprotno tome, prikupljeni laboratorijski rezultati iz jed-
ne od klini¢kih studija koje se bave kvetiapinom pokazali
su povecanje koncentracije ukupnog kolesterolai triglice-
rida.

Ziprasidon

Rezultati studije, koja je proucavala ucinak ziprasidona na
serumske lipide kod bolesnika s mentalnom retardacijom
i poremecajima ponasanja, pokazali su povoljno djelova-
nje ziprasidona na snizavanje koncentracije kolesterola i
triglicerida (52).

Pet kratkotrajnih klini¢kih studija, koje su proucavale ucin-
ke ziprasidona kod bolesnika sa shizofrenijom, pokazalo
je da je uz terapiju ziprasidonom doslo do znacajnog sni-
zenja koncentracije kolesterola i triglicerida (53).

Za sada je broj studija i podataka o utjecaju ziprasidona
na serumske lipide nedovoljan da bi se mogli izvudi rele-
vantni zakljuéci. Naime, najvedi broj podataka govori u
prilog tome da ziprasidon nema znacajnijeg utjecaja na
koncentracije kolesterola i triglicerida, odnosno, kao $to
je navedeno, da moze povoljno djelovati na vrijednosti li-
pida kod bolesnika kod kojih su prethodno ove vrijednos-
ti bile povisene.

Aripiprazol

Podatci koji su za sada dostupni pokazuju da bi aripipra-
zol mogao imati povoljan uc¢inak na koncentracije serum-
skih lipida. Naime, pokazalo se da tijekom terapije aripip-
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fact, only one study reported a rise in triglyceride levels
that was not statistically significant (45).

Olanzapine

Analysis of the data from the UK General Practice Resera-
ch Database, UK GPRD, demonstrated that olanzapine ad-
ministration was associated with elevated risk for the de-
velopment of hyperlipidemia (44).

A similar result was also obtained in Meyer’s retrospective
study (45) which demonstrated a significant increase in
the levels of both triglycerides and cholesterol of olanza-
pine-treated patients. This drug also caused body weight
gain which was, however, not substantially correlated to
changes in cholesterol and triglyceride concentrations. It is
also interesting that highest triglyceride levels were registe-
red during the first year of olanzapine administration.
Several other studies also confirmed the significant effect
of olanzapine on the rise in the serum levels of lipids, i.e.
triglycerides (46-49), total cholesterol (47,18) and LDL-cho-
lestol (18,50), and on HDL-cholesterol decline (51).
Quetiapine

The studies investigating quetiapine effect on serum lipi-
ds have been relatively scarce and with rather inconsiste-
nt results.

A small-scale study conducted by Wirshing et al. (41)
showed that quetiapine therapy had a favorable effect
on triglyceride and LDL-cholesterol levels, i.e. it reduced
them, while only minimum changes occurred in HDL-cho-
lesterol concentrations.

In contrast, the laboratory results gathered in one of the
clinical studies dealing with quetiapine have revealed ele-
vated total cholesterol and triglycerides.

Ziprasidone

Results of a study that investigated the effect of ziprasi-
done on serum lipids in patients with mental retardation
and behavioral disorders showed favorable ziprasidone
action on lowering cholesterol and triglyceride concentra-
tions (52).

Five short-term clinical studies that examined effects of
ziprasidone in schizophrenic patients showed that zipra-
sidone therapy led to substantial reduction in cholesterol
and triglyceride levels (53).

Presently, the number of studies and the amount of da-
ta on the effect of ziprasidone on serum lipids are insuf-
ficient to allow us to draw relevant conclusions. Actually,
the highest amount of data is evidence of the fact that zip-
rasidone has no significantimpact on cholesterol and trig-
lyceride concentrations, or, as stated above, that it may
have favorable effect on lipid concentrations in patients
with previously elevated concentrations of these lipids.

Aripiprazole

Currently available information indicates that aripipraso-
le could have a favorable effect on serum lipid levels. Ac-
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razolom promjene u koncentraciji kolesterola i trigliceri-
da odgovaraju promjenama kod terapije placebom (54),
a u nekim slucajevima primjene aripiprazola doslo je i do
snizavanja koncentracija serumskih lipida, na koje je ut-
jecalo uzimanje drugih antipsihotika (55).
Atipicni antipsihotici i leptin
Povisena koncentracija leptina u serumu mijenja osjetlji-
vost perifernih tkiva na inzulin i smatra se da bi hiperlepti-
nemija mogla biti poveznica izmedu pretilosti i inzulinske
rezistencije (56-58).
O utjecaju atipi¢nih antipsihotika na leptin dostupno je vr-
lo malo podataka.
Utvrdeno je da klozapin i olanzapin znacajnije povisuju
koncentraciju leptina u serumu, kvetiapin izaziva vrlo ma-
li, a risperidon tek minimalni porast leptina u serumu.
lako dosad objavljene studije i ostali podatci nisu donijeli
dovoljno jasne zakljucke o utjecaju atipi¢nih antipsihotika
na metaboli¢cke parametre, moZemo atipi¢ne antipsihoti-
ke rangirati prema relativnom riziku za razvoj ovih nuspo-
java. Ove je Cinjenice bitno imati na umu kod odabira an-
tipsihoti¢ne terapije, koja je u pravilu dugotrajna.

Najvedi rizik za razvoj poremecaja ravnoteze glukoze i in-

zulina te poremecaj vrijednosti lipida i leptina nose kloza-

pin i olanzapin; kvetiapin je vezan uz umjeren rizik, rispe-
ridon nosi nizak rizik, dok je rizik kod ziprasidona i aripip-
razola najnizi.

Postavlja se pitanje kako propisivati atipi¢ne antipsihoti-

ke vodedi pri tom racuna o mogucnosti pojava metabo-

lickih nuspojava. Navodimo preporuke za pra¢enje meta-
boli¢kog stanja bolesnika lijecenih antipsihoticima:

1. Pocetno kod uvodenja antipsihotika izmjeriti antropo-
metrijske mjere (visina, tezina, obujam kukova i stru-
ka). Odrediti koncentraciju glukoze u serumu, glikolizi-
rani hemoglobin, kolesterol, trigliceride, HDL-koleste-
rol, LDL-kolesterol, lipoprotein(a), apolipoprotein Al,
apolipoprotein B, HDL -kolesterol i HDL,-kolesterol.

2. U prva tri mjeseca lije¢enja antipsihotikom jednom
mjesecno raditi provjeru antropometrijskih mjera te
u serumu odredivati glukozu, kolesterol, trigliceride,
HDL-kolesterol, LDL-kolesterol.

3. Udaljnjem lijecenju antipsihotikom svakih Sest mjese-
ci raditi provjeru antropometrijskih mjera te u serumu
odredivati glukozu, glikolizirani hemoglobin, koleste-
rol, trigliceride, HDL-kolesterol, LDL-kolesterol.

4, Ostale pretrage koje su pocetno provedene ponovo
provjeravati samo ako su neki od metaboli¢kih para-
metara promijenjeni u odnosu na inicijalnu laborato-
rijsku obradu bolesnika.

5. Bolesnici kojima su vec¢ dijagnosticirani Secerna bolest
i/ili hiperlipidemija prije pocetka lijecenja, trebali bi bi-
ti lijeceni nekim od atipi¢nih antipsihotika koji manje
utje¢u na metaboli¢ke parametre.

Metabolic side-effects of antipsychotic drugs

tually, changes in cholesterol and triglyceride levels duri-
ng aripiprasole therapy were shown to be consistent with
changes during placebo therapy (54); in some cases, ari-
piprasole administration led to a decrease in serum lipid
levels which was affected by administration of other an-
tipsychotics (55).

Atypical antipsychotics and leptin

Increased serum levels of leptin change the sensitivity of
peripheral tissues to insulin, and hyperleptinemia is con-
sidered a potential link between obesity and insulin resis-
tance (56-58).
Very little data are available on the effect of atypical antip-
sychotics on leptin.
It has been established that clozapine and olanzapine sig-
nificantly elevate the serum level of leptin which is only
slightly increased by quetiapine and minimally by risperi-
done.
Although past studies and other data have not offered suf-
ficiently clear conclusions on the impact of atypical antip-
sychotics on metabolic parameters, atypical antipsycho-
tics may be ranked according to the relative risk for the
development of side-effects. These facts are important to
keep in mind when deciding for an antipsychotic therapy
which, as a rule, is a long-term one.

Clozapine and olanzapine carry the highest risk for the de-

velopment of disturbance of glucose and insuline balan-

ce and of lipid and leptin levels. Quetiapine is associated
with a moderate risk, risperidone with low risk, while zip-
rasidone and aripiprazole carry the lowest risk.

The question arises with regard to how to prescribe atypi-

cal antipsychotics while actually being aware of possible

occurrence of metabolic side-effects. We state recommen-
dations for the monitoring of metabolic status of patients
treated by antipsychotics:

1. Antropometric measurements should be performed
initially when introducing antipsychotic therapy (heig-
ht, weight, waist and hip measurement). Glucose,
glycosylated hemoglobin, cholesterol, triglycerides,
HDL-cholesterol, LDL-cholesterol, lipoprotein (a), apoli-
poprotein Al, Apolipoprotein B, HDL2-cholesterol and
HDL3-cholesterol should be determined in serum.

2. Monthly check-ups of anthropometric measures shou-
Id be performed during the first three months of an-
tipsychotic therapy, together with the determination
of glucose, cholesterol, triglycerides, HDL-cholesterol,
LDL-cholesterol in serum.

3. During continued treatment with antipsychotics, an-
thropometric check-ups should be performed every
six months, as well as determination of glucose, glyco-
lysated hemoglobin, cholesterol, triglycerides, HDL-
cholesterol, and LDL-cholesterol in serum.

4. Other initially performed tests should be repeated on-
ly if some metabolic parameters have been changed
on comparison to initial examination.
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6. Kod bolesnika kod kojih se tijekom lijecenja razvije
hiperinzulinemija, hiperlipidemija ili Se¢erna bolest
tipa 2, trebalo bi iskljuciti dotadasniji lijek i bolesnika
poceti lijeciti drugim antipsihotikom, ¢ija primjena no-
si maniji rizik od razvoja ovih nuspojava. Ukoliko taj an-
tipsihotik nije dovoljno ucinkovit u smislu lije¢enja psi-
hoti¢cnog poremecaja, lije¢enje se nastavlja prethod-
nim lijekom, uz najmanju djelotvornu dozu. Potrebno
je kontinuirano provoditi nadzor tjelesne tezine i me-
taboli¢kih parametara.

7. Anamnesticki treba doznati ima li bolesnik neke od
simptoma Secerne bolesti, kao sto su polidipsija, poliu-
rija, gubitak tjelesne tezZine itd.

8. Lijekovi koji kod bolesnika izazovu veliki porast tjeles-
ne tezine trebaju biti zamijenjeni drugim lijekovima
kod kojih je ovaj nezeljeni u¢inak manje izrazen.

9. Bolesnike treba poticati na promjenu Zivotnog stila
- prestanak pusenja i povecanje tjelesne aktivnosti,
kako bi smanijili rizik od razvoja Secerne bolesti tipa 2.

Metabolicke nuspojave atipi¢nih antipsihotika sve vise
dolaze do izrazaja i mogu imati nepovoljan utjecaj na li-
jecenje psihicke bolesti s jedne, te tjelesno zdravlje boles-
nika s druge strane. Stoga je kod propisivanja tih lijekova
bitno imati na umu moguc¢nost javljanja metabolickih
nuspojava, prepoznati ih na vrijeme i nastaviti lijecenje na
racionalan nacin.
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5. Patients with diabetes and/or hyperlipidemia diagno-
sed prior to therapy should be treated by atypical an-
tipsychotics that have lesser impact on metabolic pa-
rameters.

6. In patients who develop hyperinsulinemia, hyperlipi-
demia or type 2 diabetes during therapy, the medica-
tion administered should be discontinued and thera-
py should be instituted of another antipsychotic who-
se administration carries lower risk for the developme-
nt of side-effects. If the newly introduced antipsycho-
tic is not sufficiently effective in treating a psychotic
disorder, the therapy is continued with the lowest ef-
fective dose of the previously used medication.

7. Continual monitoring of body weight and metabolic
parameters is needed. Patient history should be exami-
ned for possible diabetes symptoms like polydypsia,
polyuria, body weight loss, etc.

8. Thedrugs that induce high body weight gain in patien-
ts should be replaced by other drugs that are characte-
rized by lesser expression of this undesirable effect.

9 Patients should be encouraged to lifestyle changes:
smoking cessation and increased physical activity in
order to diminish the risk for the development of type
2 diabetes.

Metabolic side-effects of atypical antipsychotics are in-
creasingly manifested and may have negative influence
on mental disease treatment on one hand, and physical
welfare of a patient on the other. It is therefore important
to keep in mind the possibility of occurrence of metabo-
lic side-effects when prescribing these drugs, promptly
recognize their effects, and continue with the treatment
in a reasonable manner.
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