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Agrip

Bakgrunnur: Gedklofi er langvinnur alvarlegur gedsjukdomur med algengi
naleegt 0,7%. Fyrstu einkenni gedklofa koma oftast fram seint a unglingsarum
eda a pritugsaldri, en peim mun fyrr sem sjukdomurinn kemur fram eru
horfurnar ad jafnadi verri. Einkennardf gedklofa er margpeett og birtingarform
veikindanna getur pvi verid talsvert mismunandi milli einstaklinga. Tvaer helstu
viddir sjukdémsins eru svokollud jakveed einkenni og neikvaed einkenni
(brottfallseinkenni).  Algengustu jakveedu einkennin eru: ofskynjanir og pa
einkum ofheyrnir, ranghugmyndir, truflun & hugsun og adséknarkennd.
Algengustu neikvaedu einkennin eru: félagsleg einangrun, skert personuhirda,
minni dhugahvot, innsaeisleysi og skert tilfinningaleg vidbrogd. NU eru pekktir
yfir 100 breytileikar i erfdamenginu sem auka likur & gedklofa og samband erfoa
og svipgerdar pvi afar flokid. Talid er ad umhverfispeettir komi auk pess vid
sbgu i tilurd gedklofa, ekki sist regluleg notkun unglinga & kannabisefnum.
Samfélagslegur kostnadur vegna gedklofa er har par sem sjukdémurinn veldur
mjog oft drorku ungs félks. Sjuklingar med gedklofa lifa ad medaltali 22,5-25
arum skemur en adrir. Helstu asteedur pess eru O6heilbrigdur lifstill (flestir
reykja, litil hreyfing, oOheilbrigt matarsedi og notkun vimugjafa), hjarta og
aedasjukdémar og loks sjalfsvig. Um 20-30% sjuklinga svara ekki hefébundinni
medferd med gedrofslyfjum og eru peir sagdir vera med medferdarprdan
gedklofa. Eina medferdin sem hefur sannad sig sem gagnreynd medferd hja
peim hoépi er gedrofslyfid clozapin, en oft er pad notad frekar seint i
sjukdomsferlinu vegna margvislega aukaverkana, sem sumar hverjar geta verid
lifsheettulegar. Mun fleiri sjaklingar med medferdarpraan gedklofa falla pé fyrir
eigin hendi en latast vegna pessara sjaldgaefu aukaverkana, en clozapin er pad
lyf sem helst minnkar likur a sjalfsvigum og dregur ar danartioni i pessum hépi.
pratt fyrir pad eru margir leeknar ragir vid ad bjoda sjuklingum medferdina og
hlutfall sjuklinga sem feer ad reyna clozapin medferd vegna medferdarpras
gedklofa er hvarvetna mun laegra en 20-30%. Clozapin er ekki til sem fordalyf i
sprautuformi. Pad takmarkar notagildi pess i tilfellum par sem sjuklingar hafa
mjog skert innsaei eda rada illa vio ad taka toflur daglega.



Markmid: Ad rannsaka notkun clozapins hér & landi i medferd gedklofa og
alvarlegar aukaverkanir gedrofslyfa med aherslu & clozapin. Skoda
kyrningafeed (neutropenia) og tengingu hennar vid algjoéra kyrningafaed
(agranulocytosis) og bera saman tionina hja sjuklingum a clozapin og peim sem
hafa aldrei farid a clozapin. Einnig & ad kanna tioni sykursyki og
bloofiturdskunar og bera saman vié almennt islenskt pydi. Sidast en ekki sist ad
préoa frekar gagnreynda og gildismidada medferd og sameiginlega
akvardanatoku i langtima medferd medferdarpras gedklofa.

Aodferd: Pydid i rannsokninni samanst6d af sjuklingum sem hafa tekid patt i
gedrofsrannsékn LSH og islenskrar erfdagreiningar. Sjuklingum var safnad i
rannsoknina & arunum 1986-2014. Samtals voru upplysingar um 611 sjuklinga
notadar i rannsokninni. Til ad finna sjuklinga sem hofou notad gedrofslyfio
clozapin var leitad ad rafreenum skjélum i sjikraskra Landspitala sem bentu til
clozapin notkunar. Pau skjol voru lesin til ad meta hvort haegt veeri ad stadfesta
clozapin notkun. Til ad finna upplysingar um aukaverkanir var framkveemd
rafreen leit i sjukraskrdm auk pess sem adgangur fékkst ad

blédprufugagnagrunni Landspitala. Tolfraedidrvinnsla var gerd i STATA.

Nidurstédur: | grein | er fjallad um notkun clozapins & islandi. Tvéhundrud og
einn sjuklingur haféi fengid medferd med clozapini. Medalaldur vid upphaf
clozapins notkunar reyndist 37,8 ar & timabilinu. Um 71,2% sjdklinga sem héfu
medferd med clozapini voru enn a clozapin medferd 20 arum sidar. Vid
deetludum ad 11,4% sjuklinga med gedklofa & islandi vaeru ad taka clozapin og
16% peirra hefou einhvern tima reynt medferd med lyfinu. Fjollyfjanotkun
gedrofslyfja var algeng samhlida clozapin medferd par sem tveir af hverjum
premur sjuklingum eda 65,6% notudu 6nnur gedrofslyf samhlida medferd med
clozapini. Grein Il fjallar um kyrningafaed og algjéra kyrningafaed. Eftir fyrstu 18
vikurnar & clozapin medferd pa var midgildi milli meelinga & kyrningum 124
dagar. Kyrningafeed greindist hja 34 sjuklingum af 188 & clozapin medferd en
oftast var um ad reeda veega kyrningafeed (kyrningar milli 1500-1900/mm?®) eda
hja 24 sjuklingum. Einu éri eftir kyrningarfaed voru 28 af 34 sjuklingum ennpa a
clozapini. Enginn munur kom fram & tioni alvarlegrar kyrningafeedar (kyrningar

& bilinu 0-1400/mm?®) hja sjiklingum & clozapini og sjiklingum med gedklofa



sem hoféu aldrei farid & clozapin medferd. i grein Il kemur fram ad konur sem
hafa tekid clozapin voru 4,4 sinnum liklegri en konur i almennu pydi til ad hafa
greinst med sykursyki typu 2. Karlar & clozapin medferd voru 2,3 sinnum
liklegri til ad hafa greinst med sykursyki typu 2 en karlar i almennu pydi.
Priglyserid voru einnig haerri baedi hja peim sem héféu tekid clozapin og hja
sjuklingum med gedklofa sem hoféu aldrei tekid clozapin samanborid vid
almennt pydi. Eitt ftilfelli af ketonblddsyringu greindist hja sjiklingi med
sykursyki af typu 1.

Alyktanir: Heerra hlutfall sjklinga med medferdarpraan gedklofa & islandi og i
00rum I6ndum eetti ad eiga pess kost ad reyna medferd med clozapini. Stor
hluti af kyrningafeed sem kemur fram hja sjuklingum & clozapin medferd stafar
liklega ekki af lyfinu. bvi parf ad igrunda vel akvardanir um ad heetta clozapin
medferd einstaklinga med medferdarprdan gedklofa a grundvelli midlungs
alvarlegrar kyrningafeedar hafi medferd skilad gédum arangri og par sem pa er
almennt ekki dnnur medferd med sambeerilega virkni i bodi. Leeknar purfa ad
vera vel vakandi fyrir efnaskiptavillu af véldum clozapins og pa sérstaklega

sykursyki typu 2 hja konum.

Lykilora: Geodklofi, clozapin, sykursyki, kyrningafeed, blodfituréskun,
gildismioud medferd.






Abstract

Background:  Schizophrenia is a chronic serious mental disorder with
prevalence close to 0.7%. Early symptoms of schizophrenia generally appear
in late adolescence or the early twenties. The prognosis is usually worse in
cases of early onset. The symptomatology of schizophrenia is complex and can
vary a lot between individuals. The two main symptom dimensions are referred
to as positive symptoms and negative symptoms. The most common positive
symptoms are: hallucinations, particularly auditory hallucinations, delusions,
disturbances of thought and persecutory ideation. The most common negative
symptoms are: lack of social interest, loss of personal hygiene, reduced
motivation, loss of insight and blunting of affect. Over 100 variants are now
known in the genome that increase the risk of schizophrenia and the genetic
pathogenesis is therefore very complex. Environmental risk factors are
believed to play a role in the pathogenesis of schizophrenia, especially
cannabis use in adolescence. The socioeconomic cost of schizophrenia is very
high because the disease often causes disability among young sufferers.
Patients with schizophrenia have a reduced life expectancy of 22.5-25 years.
The main reasons are unhealthy lifestyle (most patients smoke, take little
exercise, use alcohol or illicit substances and are on a poor diet), cardiovascular
disease and suicide. About 20-30% of patients do not respond to conventional
antipsychotic treatment and are said to have treatment-resistant schizophrenia
(TRS). The only approved treatment that has proven to be efficacious in TRS
and been shown to improve overall mortality as well as reduce suicide attempts
and probably the odds of suicide is the antipsychotic clozapine. Despite this
clozapine is often used rather late in the disease course, most probably due to
many side effects and some rare adverse drug reactions (ADR) which can be
life-threatening for a very small proportion of TRS patients. A much greater
number of patients with TRS lose years of life because they commit suicide or
die prematurely due to an unhealthy lifestyle than those who pass away as a
result of these rare ADRs. Despite this the proportion of TRS patients with
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schizophrenia that have ever had clozapine prescribed is much less than the
expected 20-30% in most countries. Fewer still remain on the treatment long
term for various reasons. Clozapine is not available in a depot injectable
preparation and that limits its effectiveness in the treatment of patients with lack

of insight or who have difficulty in taking tablets daily.

Objective: To study the use of clozapine in the treatment of schizophrenia in
Iceland and to assess serious side effects of antipsychotics, focusing on
clozapine. Assess neutropenia and the progression to agranulocytosis and
compare the prevalence for patients on clozapine versus those that have never
been on clozapine. Examine the proportion of patients who had developed
diabetes or dyslipidemia and compare it to a standard Icelandic population.
Finally, to contribute to Evidence-Based as well as Value-Based Practice and
shared decision-making in the often challenging treatment and long term care of
patients with TRS.

Method: The study population consisted of patients who had participated in an
ongoing joint research project of Landspitali University Hospital and deCODE
genetics on psychotic disorders. Patients were recruited to the study between
1986-2014. A total of 611 patients with schizophrenia took part in the study.
Patients’ health records were searched electronically to identify patients who
had used clozapine. The health records were then reviewed to confirm use of
clozapine. Patients” health records were searched electronically to seek
information on side effects and ADRs as well as the blood test database at

Landspitali. Statistical analyses were performed using STATA.

Results: The use of clozapine in Iceland is described in paper I. Two hundred
and one patients took clozapine at some point during the study. The mean age
at the start of clozapine use was 37.8 years. Some 71.2% of patients who
began treatment with clozapine remained on clozapine treatment 20 years later.
It was estimated that 11.4% of patients with schizophrenia in Iceland were using
clozapine and that 16% had ever tried clozapine treatment. Antipsychotic
polypharmacy was common since two out of every three patients, 65.6%, also
used other antipsychotics alongside treatment with clozapine. Paper Il focuses

on neutropenia and agranulocytosis in the course of treatment of TRS with
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clozapine versus other antipsychotics. After the first 18 weeks of clozapine
treatment the median number of days between neutrophil measurements was
124 days. Neutropenia was observed in 34 patients out of 188 on clozapine
and of those 24 developed mild neutropenia (granulocytes between 1500-
1900/mm?®). One year after the neutropenia 28 patients out of 34 were still on
clozapine. No difference was observed in the proportion of patients who
developed moderate to severe neutropenia (granulocytes in the range O-
1400/mm?®) between patients on clozapine versus TRS patients who had never
been on clozapine. In paper lll it was presented that women on clozapine were
4.4 times more likely to have been diagnosed with type 2 diabetes (T2D) than
women in the general population. Males on clozapine were 2.3 times more
likely to have been diagnosed with T2D than males in the general population.
Triglycerides were higher both among those with schizophrenia who had been
on clozapine as well as among patients with schizophrenia who had never
received clozapine compared to the general population. One case of

ketoacidosis was identified in a patient with type 1 diabetes.

Conclusions: More patients with TRS in Iceland and other countries should get
the opportunity to be offered treatment with clozapine. A large proportion of
neutropenia developing during clozapine treatment is probably not caused by
clozapine. If clozapine treatment proves to be effective a decision to stop
clozapine should only be taken following careful consideration of all possible
options in cases of moderate neutropenia, because there are usually no other
alternative treatment options available that offer comparable effectiveness
available. Doctors must be well aware of the risk of metabolic syndrome during

clozapine treatment, especially the high risk of T2D developing in women.

Keywords: Schizophrenia, clozapine, diabetes, neutropenia, dyslipidemia,

value-based practice.






Acknowledgements

Many people have contributed to this thesis and | would like to thank them all.
Some people deserve special thanks for their help in making this thesis possible
and for them | express my greatest appreciation and gratitude. Most of all |
want to thank my supervisor and instructor, Professor Engilbert Sigurdsson for
introducing me to research and for guiding me back to medicine and psychiatry
after | had side-stepped into both banking and software development for several

years. Without him this thesis would not have been possible.

I’'m also very grateful to my co-authors and co-supervisors James H.
MacCabe, Magnus Haraldsson and Halldéra Jonsdottir for their guidance and
help with the manuscripts. I'm very grateful for the help from my co-supervisor
Hreinn Stefansson even though our work on the polygenetic risk factors did not
find its way into the thesis due to small sample sizes but hopefully we can

complete and publish that work in the near future.

| would like to thank my family for their patience and especially my wife,
Soffia Sigriour Valgardsdéttir, and my parents, Ingimar Jéhannsson and Lilly

Valgerdur Oddsdoéttir, for their support over the years.

I've also received great support from many of my colleagues at Landspitali
over the last few years. | would especially like to thank Gudlaug borsteinsdattir,
Nanna Briem, Halldér Kolbeinsson, Témas Zoéga and Rannveig Palsdéttir for

their enduring support, discussions and encouragement.

Many others contributed to this thesis and it would not have been possible
without their help. | would like to thank Georg Vougiouklakis, Harpa
Runarsdéttir, Sigurlaug J. Sigurdardéttir, buridur bordardéttir, Hronn Scheving
Gudmundsdéttir and Vilborg Kristin Gisladéttir for assistance in retrieving
patient data. Ingibjorg Richter for assistance with the Landspitali electronic
health records. Elin Bjorg Hédinsdéttir for assisting with references. Ubaldo

Benitez Hernandez for assistance with statistical analysis and to Orn Olafsson,

Xi



Thor Aspelund and Vilmundur Gudnason for giving me access to the Icelandic
Heart Association population datasets.

This thesis is a part of the CRESTAR project that | took part in for 4 years.
The CRESTAR consortium received funding from the European Union’s
Seventh Framework Programme for research, technological development and
demonstration under grant agreement no. 279227 (CRESTAR). | would like to
thank everyone who took part in CRESTAR and, apart from Engilbert
Sigurdsson, Hreinn Stefansson and James MacCabe, | would especially like to
thank David Collier, Dan Rujescu, James Walters, Christiane Gasse, Karin
Rosenits and Barbara Heil3erer for their encouragement, good company and for
making the CRESTAR project work.

| am grateful to my employer, Landspitali, The National University Hospital,
for providing me with facilities to conduct the study and also for supporting me
with a grant from the Landspitali Research Fund to complete the last steps of
this long but stimulating journey. Finally, 1 would also like to thank Maria
Einisdéttir, executive director of mental health services of Landspitali, The

National University Hospital, for her ongoing support during this work.

Xii



Contents

Yo L1 TSROSO iii
ADSTIACT ... e Vii
ACKNOWIEdGemMENTS .o Xi
LO00] o1 (= o1 KSR xiii
List Of abbreviations ... XV
LiSt Of fIQUIES oo XVi
LiSt Of taDI€S. e XVii
List of original Papers......oooov Xviii
Declaration of contribution............ccoeiii i XiX
I o1 4 o Yo U o o 1
1.1 Symptoms and diagnNOSIS .........ceeeeiiiriiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeee 1
1.2 The incidence and prevalence of schizophrenia............cccccccvvveeee... 2
IS Yo od - o0 1 RSP 3
1.4 Lif€ @XPECLANCY ..vvuiiiieeieeeiiie ettt e e e e e e e e eeeees 3
1.5 Pharmacological treatment............ccouuiiiiiieiiieiiiiiee e 4
1.6 The background of clozapine.........cccccceeviieiiiiiiiiiie e, 4
1.7 Clozapine and treatment resistant schizophrenia (TRS)................. 5
1.8 Clozapine side effeCtS........ccevviiiiiiiiiiiiii e 6
1.8.1 Neutropenia and agranuloCytosiS........ccoeeeeevvveiiiiiiieeeeeeeeiennn, 7
1.8.2 Metabolic side effectS.......cceviiiiiiii 10

1.9 Balancing evidence-based practice (EBP) and value-based
practice (VBP) in clozapine treatment of TRS...........ccccoeeeeeiinnnns 12
P2 N 11 1= PP PP PUPPPPPPPNS 15
3 Materials and Methods ..........oviiiiiiiiiiiiiiiiiieeeeeeeeeeees 17
3.1 Study popUIAtioN .......cceviiiiii i 17
3.2 Case identification........ ... 18
3.3 PaAPEI L 19
3.3.1 Clozapine discontinUation .................eeeeeeeeeeeeeeeieeeeeeeineeeennes 19
3.3.2 Clozapine use and polypharmacy ..................eeeeeveveveveeennnns 19
3i4 PAPeI e e 20
3.4.1 Frequency of neutrophil blood monitoring........................... 20
3.4.2 |dentification of neutropenia and agranulocytosis............... 20
3.5 PAPEr e 21

Xiii



3.5.1 Diagnosis of T2D, ketoacidosis and blood lipid disorders ... 21

3.5.2 Statistical analysiS ..........cevviiiiiiiiiiiiiiiiiiiiiiieee 22

A RESUIES. .ot 25
4.1 Clozapine treatment and discontinuation in Iceland (Paper I)....... 25
4.1.1 Clozapine use and discontinuation..............ccceeeeeeeeieneneennn. 25

4.1.2 Clozapine dose and polypharmacy ...........cccceeeeeeeeniinineennn. 26

4.1.3 Sales of clozapine and other antipsychotics in Iceland and
the proportion of patients with schizophrenia on clozapine . 29

4.2 Neutropenia and agranulocytosis (Paper Il)..........ccccceeeiiinnn. 30
4.2.1 Neutrophil blood Monitoring ...........ccceeeeeeiiiiiiiiiiereeeeee 30

4.2.2 Comparisons of neutropenia in patients ever on clozapine
and never 0N ClOZAPINE..........uvueiiiieeiiiieieeeeeeeieieeieeeeeeeeeeeeees 30

4.2.3 Neutropenia progressing to agranulocytosis and its effect
on clozapine discontinuation ...................eeveveeeeeiieiiiieiiinnnnn. 32
4.3 Risk of diabetes and dyslipidemia (Paper ) ..., 33
4.3.1 Diabetes in patients with schizophrenia...............cccccccunnne. 33

4.3.2 Prevalence of T2D in schizophrenia patients compared to
Icelandic population controls............ccceevveeeviveiiiiiin e 34
4.3.3 Ketoacidosis and high blood sugar..........ccccccoeveeevviiiinnnnnnnn. 35
N J0 = T Yo To I 11 o 1o 1S 36
5 Discussion and CONCIUSIONS .....cuvviiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeee 37
5.1 Clozapine treatment and discontinuation in Iceland (Paper I)....... 38
5.2 Neutropenia and agranulocytosis (Paper ) ..........ccovvvvvviciineeeennns 41
5.3 Risk of diabetes and dyslipidemia (Paper 1) ..........ccovvvvvieeeeenen. 45
5.4 Limitations of papers -1l .........ccoooiiiiiiiiciiie e 48
5.5 EBP, VBP and risk assessment in clozapine treatment................ 49
5.6 CONCIUSIONS ....utviiiiiiiiiiiiiiiiiiiiiiiit s 52
5.7 FULUIE dir€CHONS ....uuueiiiiiiiiiiiiiii s 53
REFEIENCES oo 55
=T 1= PN 56
=T 1= 1 PN 56
PAPEr Tl .. 56

Xiv


file:///E:/Oddur%20Ingimarsson%20handrit%20að%20doktorsritgerð%20-%20Prentun%20-%20%2013.03.2018.docx%23_Toc508804375
file:///E:/Oddur%20Ingimarsson%20handrit%20að%20doktorsritgerð%20-%20Prentun%20-%20%2013.03.2018.docx%23_Toc508804376
file:///E:/Oddur%20Ingimarsson%20handrit%20að%20doktorsritgerð%20-%20Prentun%20-%20%2013.03.2018.docx%23_Toc508804377

List of abbreviations

ADR Adverse drug reaction

ATP-lII Adult Treatment Panel llI

BEN Benign Ethnic Neutropenia

Cl Confidence Interval

DDD World Health Organizations Defined Daily Dose
EBP Evidence-Based Practice

EHR Electronic Health Records

FDA US Food and Drug Administration
FGA First Generation Antipsychotics
HbAlc Hemoglobin Alc

HDL High Density Lipoprotein

ICD International Classification of diseases
LDL Low Density Lipoprotein

LUH Landspitali University Hospital

SD Standard Deviation

SE Standard Error

SGA Second Generation Antipsychotics
T1D Type 1 Diabetes

T2D Type 2 Diabetes

TRS Treatment-Resistant Schizophrenia
US/USA United States of America

VBP Value-Based Practice

WHO World Health Organization

XV



List of figures

Figure 1 Description of the study CONOIt..............oooo 18
Figure 2 Age range at first use of clozapine. ...........cccooeciiiiiiiiiiiiiiicieeeeen 25

Figure 3 The proportion of patients who stayed on clozapine after their
latest start of clozapine treatment (N = 201). ........cooeeeiiiiiiinninnnnnn. 26

Figure 4 Clozapine doSe range. .......cceeeiieieeeieeeeeeeee e 27

XVi



List of tables

Table 1 Antipsychotic polypharmacy (N = 154). .....ccoooiiiiiiii e 27
Table 2 Oral antipsychotics used for patients on clozapine (n = 154).............. 28
Table 3 Depot injections used for patients on clozapine (n = 154). ................. 28
Table 4 Antipsychotics sold in Iceland in 2013. .......cccooveiviiiiiiiiiiie e 29
Table 5 Neutrophil monitoring during clozapine treatment. ............cccceeeeeeeennn. 30

Table 6 Lowest neutrophil count in the clozapine group and never-on-
ClOZAPINE GIrOUP...cci i 31

Table 7 Cox proportional hazards model with possible factors
associated with detecting moderate to severe neutropenia and
AGraANUIOCYLOSIS. ...coeieiiiiiieiie e 32

Table 8 Progression of lowest neutrophil count to agranulocytosis. ................ 33

Table 9 Diabetes in patients with schizophrenia treated with clozapine
and those never treated with clozapine...........ccooooovvvviiiciinii v, 34

Table 10 Type 2 diabetes in patients with schizophrenia ever on
clozapine and never on clozapine compared to Icelandic
population controls, age and sex adjusted. ..............ccoevvviiiiiiineeeenns 34

Table 11 High blood sugar and ketoacidosis in patients with
schizophrenia ever on clozapine and never on clozapine................. 35

Table 12 Cox proportional hazards model with possible factors
associated with glucose over 13 mmol/l..........ccccoeevvveiiiiiiinieeeceeninnn, 35

Table 13 Blood lipids in patients with schizophrenia on clozapine and
never on clozapine versus expected values from Icelandic
POPUIAtioN CONLIOIS. ......cceviiiiii e e e e 36

XVii



List of original papers

This thesis is based on the following original publications, which are referred to

in the text by their Roman numerals (I-111).

Oddur Ingimarsson, James H. MacCabe, Magnus Haraldsson, Halldéra
Jonsdottir & Engilbert Sigurdsson (2016). Clozapine treatment and
discontinuation in Iceland: A national longitudinal study using electronic
patient records. Nordic Journal of Psychiatry, 70:6,450-455, DOI:
10.3109/08039488.2016.1155234

Oddur Ingimarsson, James H. MacCabe, Magnus Haraldsson, Halldéra
Jonsdottir & Engilbert  Sigurdsson  (2016). Neutropenia and
agranulocytosis during treatment of schizophrenia with clozapine versus
other antipsychotics: an observational study in Iceland. BMC Psychiatry,
DOI: 10.1186/s12888-016-1167-0

Oddur Ingimarsson, James H. MacCabe, Magnus Haraldsson, Halldéra
Jonsdéttir & Engilbert Sigurdsson (2017). Risk of diabetes and
dyslipidemia during clozapine and other antipsychotic drug treatment of
schizophrenia in Iceland. Nordic Journal of Psychiatry, 71:7,492-502,
DOI: 10.1080/08039488.2017.1334821

In addition, some unpublished data may be presented.

All papers are reprinted by kind permission of the publishers.

XViii



Declaration of contribution

| started working on the CRESTAR project in January 2012. This thesis is
based on the research work that followed alongside my specialist training and

clinical work in psychiatry over the ensuing 6 years.

The studies and protocols were designed and written for the studies by me

and Engilbert Sigurdsson.

Those involved in the data collection for all the studies were |, Engilbert
Sigurdsson, Halldéra Jonsdéttir and Magnus Haraldsson. | collected most of
the data, parts of it with the aid of others, and set up the database used in all
three studies. | performed the statistical analyses following discussions with
Engilbert Sigurdsson, James MacCabe and Ubaldo Benitez Hernandez. |
collected the results from the studies and developed the conclusions with
support from the members of the doctoral committee but mostly following

discussions with my supervisor, Engilbert Sigurdsson.

| wrote the first draft of all manuscripts and the thesis and amended these
drafts following revision by members of the doctoral committee. |, James H.
MacCabe and Engilbert Sigurdsson managed the literature searches and

analyses.

Hreinn Stefansson and colleagues at deCODE genetics undertook the
polygenetic risk score analyses with data collected by me, but the samples
proved to be too small for a meaningful interpretation. However, we plan to
continue working on the genetic data and hopefully it will lead to a publication in

the near future.

All authors of the three papers approved the final version of the manuscripts
before publication. All members of the doctoral committee reviewed and
approved the final draft of the doctoral thesis but | take full responsibility for the

final conclusions and any errors which may remain therein

Xix






1 Introduction

Schizophrenia is most commonly a chronic and disabling mental disorder that
usually has a major impact on patient’s quality of life, their vocational prospects,
social function and life expectancy. Most patients develop symptoms that
modulate their interpretation of reality and adversely affect their interactions with
others, often resulting in social isolation. In 1896 Emil Kraepelin described the
disorder and called it dementia praecox. The term schizophrenia was first used
in 1908 by Eugen Bleuler (Fusar-Poli & Politi, 2008).

1.1 Symptoms and diagnosis

The cardinal symptoms of schizophrenia are usually divided into positive
symptoms and negative symptoms. Positive symptoms are new or added
features that the patient did not experience before developing the illness, while
negative symptoms are behaviors or abilities that the patient has lost or that
have deteriorated in the wake of the disorder developing. The symptom
dimensions vary between individuals and often fluctuate over time. The most
common positive symptoms are: auditory hallucinations, most often hearing
voices (74%), ideas of reference (70%), delusions of reference (67%),
suspiciousness (66%), flatness of affect (66%), delusional mood (64%),
delusions of persecution (64%), thought alienation (52%) and thoughts spoken
aloud (50%) (WHO, 1973). Lack of insight is almost always present to some
degree (97%), a feature which is associated with suboptimal adherence to
treatment (WHO, 1973). The negative symptoms, which often precede the
positive symptoms, include: social withdrawal, self-neglect, loss of motivation

and initiative, emotional blunting and paucity of speech (WHO, 1973).

In Europe and most other countries worldwide schizophrenia is diagnosed
using the International Classification of Diseases (ICD) classification system
developed by World Health Organization (WHO). The 10™ version of the ICD

has been in use since 1994. Schizophrenia is often not diagnosed at the time
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when typical full blown symptoms emerge for the first time. In the UK, for
example, the mean time-lag of untreated psychoses (the time between full
symptoms emergence and starting antipsychotic treatment) has been reported
to be around one to two years (Boydell et al., 2004). This can adversely affect
prognosis since it has been shown that the length of time of untreated
psychosis is associated with worse outcome (Boonstra et al., 2012). In low
income countries the time-lag and treatment gap is much larger since it has
been estimated that treatment is not available for up to 89% of patients in some

developing countries (Lora et al., 2012).

1.2 Theincidence and prevalence of schizophrenia

Schizophrenia is observed in all countries and cultures. The reported incidence
of the disorder varies between studies but is usually reported in the range of
7.7-43 per 100.000 persons per year (McGrath et al., 2008). The prevalence
estimates of schizophrenia also show a great deal of variance with the median
being 7.2 per 1000 persons (Saha et al., 2005). The relatively high prevalence
compared to the low incidence reflects the fact that schizophrenia usually starts
in adolescence or early adult life and most often becomes chronic (Saha et al.,
2005). Study designs of prevalence vary with regards to age. While some
studies estimate the prevalence among subjects older than 15 years others
estimate the prevalence in the whole population (Messias et al., 2007). Men
are affected more often than women but the male-female incidence risk ratios to
develop schizophrenia has been estimated to be 1.42 in a large meta-analysis
(Aleman et al., 2003). Men also have an earlier onset of symptoms, on average

1.49 years earlier than women (Eranti et al., 2013).

As with many disorders the incidence of schizophrenia is affected both by
environmental and genetic factors. Schizophrenia does, however, not have a
Mendelian inheritance pattern. Currently it is apparent that both multiple
common genetic variants where each has a small effect as well as more rare
variants, each of large effect, contribute to this risk (Owen et al., 2010). A large
collaborative international study published in Nature in 2014, reported that 108

independent loci were associated with schizophrenia. Environmental factors
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that have been associated with schizophrenia include substance abuse,
especially regular cannabis use among adolescents and young adults
(Andréasson et al., 1987; Manrique-Garcia et al., 2012). Cannabis use has also
been linked to earlier onset of psychosis (Large et al., 2011). Daily tobacco use
has also more recently been associated with an increased risk of psychosis and
an earlier age at onset of psychotic illness in a South-London population (Gurillo
et al.,, 2015). Other risk factors include being born in the winter or in the spring
(Davies et al., 2003; Torrey et al., 1997), high paternal age (Malaspina et al.,
2001; Wohl & Gorwood, 2007), obstetric complications (Cannon et al., 2002)
and urban birth and living (Krabbendam & van Os, 2005).

1.3 Social cost

The social burden of schizophrenia is very high. In England the cost was
estimated to be 11.8 billion pounds annually in 2011. That equates to an
average annual cost per person with schizophrenia of 60,000 pounds per year
which equals approximately 8 million Icelandic krona (Andrew et al., 2012). The
early onset of schizophrenia is a major reason for the high social cost of the
disease but the main factors influencing such estimates are loss of productivity,
health care costs, institutional costs and unpaid care (Andrew et al., 2012).
Schizophrenia accounts for 1.1% of the total disability adjusted life years
worldwide and 2.8% of the years lived with disability worldwide (Jablensky,
2000). A Danish study reported that 65% of patients with schizophrenia

received disability pension (Nielsen et al., 2011).

1.4 Life expectancy

Life expectancy has been reported to be 22.5-25 years lower in patients with
schizophrenia than in the general population due to relatively poor physical
health and a high suicide rate (Tiihonen et al., 2009). For patients with
schizophrenia antipsychotic medication use is associated with higher life
expectancy even though most antipsychotics have well established side effects,
including metabolic side effects that can increase the risk of cardiovascular
disease (Tiihonen et al., 2009). Clozapine has been reported to have more

metabolic side effects than other antipsychotics (Newcomer, 2005).
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Interestingly, there is evidence that clozapine reduces the risk of repeated self-
harm and suicide as well as overall mortality compared to other antipsychotics
(Hennen & Baldessarini, 2005; Tiihonen et al., 2009; Wimberley et al., 2017).

1.5 Pharmacological treatment

Pharmacological treatment of schizophrenia consists of antipsychotic
medications that are traditionally divided into first and second generation
antipsychotics (SGAS), the latter are also referred to as atypical antipsychotics.
The SGAs are atypical in the sense that they are less likely than FGA to give
rise to extrapyramidal side effects. The SGAs on the other hand are more
prone to cause metabolic side effects (Citrome & Volavka, 2005). The first
antipsychotic medication for schizophrenia was chlorpromazine, discovered in
1952, and clozapine was the first SGA, discovered in 1958 (Crilly, 2007).
Leucht et al. (2013) compared the efficacy and tolerability of 15 antipsychotic
medications and showed that clozapine had the highest effect size of 0.88.
Amisulpride, olanzapine and risperidone also stood out as relatively efficacious

antipsychotics in this comparison.

1.6 The background of clozapine

Clozapine was first discovered in 1958 by Wander AG, a Swiss pharmaceutical
company (Crilly, 2007). Clozapine differed from other antipsychotics at the time
by its low risk of extrapyramidal side effects. Its road to the market was long
and winded as many believed that extrapyramidal side effects were an indicator
of antipsychotic efficacy. Clozapine was marketed in Europe, Austria and
Switzerland in 1972 under the brand name “Leponex” and a few years later in
most other European countries, including Iceland. Studies in the US were
underway when in 1975 it was reported that 8 patients treated with Leponex in
Finland had died because of agranulocytosis (ldanpaan-Heikkila et al., 1975).
After that influential report, clozapine was withdrawn from the Finnish market
and from several other European markets. It was never withdrawn in Iceland
but used very cautiously in the wake of the Finnish report. Most studies of
clozapine were halted in due course by the manufacturer, Sandoz. In countries

where the use of clozapine continued it became apparent over the ensuing
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years, that its effect in the treatment of schizophrenia was considerable and that
it was effective also for the most resistant, most difficult to treat patients who
had not responded to conventional antipsychotics. In 1982 Sandoz decided to
reassess the withdrawal of the medication. It was introduced to the US market
in 1990 following the publication of a pivotal study by Kane et al. (1988) using
the brand name “Clozaril”. It has been available since then in the US and most
European countries, but under very strict demands for blood-monitoring
(Nielsen et al., 2016).

1.7 Clozapine and treatment resistant schizophrenia (TRS)

Around 20-30% of patients with schizophrenia do not respond to antipsychotic
treatment where two or more such trials fail to lead to an adequate response.
These patients are referred to as having TRS (Meltzer, 1997; Picchioni &
Murray, 2007). One of the antipsychotics tried should have been an atypical and
the medication should have been taken in an adequate dose for at least six to
eight weeks (Lehman et al., 2004; Suzuki et al., 2012). In the seminal study of
Kane et al. (1988) the 268 participants had not responded to at least three previous
first generation antipsychotics (FGA) which included haloperidol for 6 weeks. In the
study clozapine was compared with chlorpromazine and around 30% of those
receiving clozapine responded as opposed to 4% of those on chlorpromazine. A
recent meta-analysis reported that around 40% of patients with TRS respond to
clozapine and its advantage over other antipsychotics is rather associated with
reduction of positive symptoms than negative symptoms (Siskind et al., 2017).
Patients with TRS treated with clozapine are observed to have decreased
hospitalization, lower direct and indirect costs, fewer suicide attempts and increased
life expectancy (Land et al., 2017; Wimberley et al., 2017). Males are less likely
than females to respond to treatment (Robinson et al., 1999). Early onset of
schizophrenia has been associated with TRS and poor outcomes (Meltzer et al.,
1997). Clozapine has been found to be the medication of choice for patients with
TRS and is the only licensed treatment for these patients (Kane et al., 1988;
Picchioni & Murray, 2007). Studies have also shown that clozapine is a cost-
effective treatment for TRS and that it reduces the frequency and length of hospital
admissions (Hayhurst et al., 2002; Land et al., 2017).
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Despite clozapine being the recommended treatment after two failed
attempts of antipsychotic treatment, it is seldom the third medication of choice in
real world practice. A study by Young et al. (2003) reported that patients
treated with clozapine had used on average 5.5 different antipsychotics before
commencing clozapine treatment. So even though clozapine is the only
medication approved in the treatment of TRS there is evidence that it remains
underutilized globally (Himanshu & David, 2011; Manuel et al., 2012). There
are major geographical differences in clozapine use in the treatment of
schizophrenia with high usage in Taiwan, where it has been reported to be used
for 26.9% of patients and for 26.7% in China (Xiang et al., 2011). The use in
Australia has been reported to be 15.2%, in Denmark 10.1% and in the USA
only 4.4% (Conley et al., 2005; Meltzer, 2012; Nielsen et al., 2012). A large
international study on clozapine use in 17 countries in 2017 gives similar results
when clozapine use is estimated in TRS assuming a prevalence of
schizophrenia of 0.7% and that all clozapine is used in the treatment of
schizophrenia (Bachmann et al., 2017). Using those assumptions clozapine
use in schizophrenia ranged from 0.13% in Japan, 11.2% in Iceland and highest
24.7%, in Finland with the unweighted overall average being 9.2% in these 17

countries.

Clozapine has other indications than TRS and it has been approved by the
Food and Drug Administration (FDA) for prevention of recurrent suicidal
behavior but its effectiveness for this indication was demonstrated in the
international suicide prevention trial (InterSePT) (Meltzer et al.,, 2003).
Clozapine still remains only available as oral medication in most countries but in
the Netherlands it is available as an intramuscular injection (Nielsen et al.,
2016). One of the reasons for it not being available as a depot medication is
the fact that clozapine can cause agranulocytosis. If agranulocytosis develops

and is diagnosed in a blood sample treatment must be stopped without delay.

1.8 Clozapine side effects

Clozapine has many known side effects (Nair & MacCabe, 2014). Almost every

patient feels sedated when clozapine therapy is initiated. The sedation usually
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improves somewhat with time and can be minimized by slowly increasing the
dose. Clozapine lowers the threshold for seizures but the risk is dependent on
plasma concentration and it is recommended to use an anticonvulsant when the
blood level exceeds 0.5 mg/l or at a dose greater than 600 mg/day (Nair &
MacCabe, 2014). Myoclonus, a brief involuntary twitching of muscles, can also
occur (Nair & MacCabe, 2014). The gastrointestinal side effects include
hypersalivation that is usually most prominent at night, nausea, especially for
the first 6 weeks, and constipation, a frequently overlooked side effect which is
approximately three times more common on clozapine than on other
antipsychotics (Shirazi et al., 2016). Cardiovascular side effects include
hypotension and hypertension, especially when clozapine treatment is being
initiated. Tachycardia is common and usually benign but can be a harbinger of
more serious side effects such as myocarditis and cardiomyopathy (Nair &
MacCabe, 2014). Metabolic side effects, neutropenia and agranulocytosis are
covered in a separate section. Other side effects include fever, nocturnal
enuresis, worsening OCD symptoms and blurring of vision (Nair & MacCabe,
2014).

1.8.1 Neutropenia and agranulocytosis

Doctors, including some experienced psychiatrists, are often reluctant to
prescribe clozapine, despite patients having met criteria for TRS (Tungaraza &
Farooq, 2015). One reason might be the high burden of side effects that can be
troublesome but others may be reluctant to prescribe it due to rare but
potentially life-threatening adverse reactions developing like agranulocytosis.
The risk of patients with TRS dying due to a low neutrophil count is though
probably much lower than initially feared in the 1970s following the influential
report from Finland (Idanpaéan-Heikkila et al., 1975). The report described the
deaths of the 8 Finnish patients that had been treated with clozapine, who
developed agranulocytosis and died as a result. This report and drug
monitoring that followed in due course is the root cause to the current stringent
licensing system in the US and the UK where patients need to have blood taken
and have their neutrophils measured very regularly in order to get clozapine

dispensed in these two countries. Patients who do not adhere to the strict
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neutrophil monitoring requirements in the UK, i.e. weekly for the first 18 weeks,
fortnightly for the next 34 weeks, and monthly in due course, cannot get
clozapine dispensed even though it is deemed to be essential for their
successful treatment (Dixon & Dada, 2014). In Iceland the recommended blood
monitoring is once weekly for the first 18 weeks and then once a month
(Lyfjastofnun, 2014).

Most guidelines state that clozapine treatment should be stopped when
neutrophils drop below 1500/mm? (Nielsen et al.,, 2016). This criterion for
stopping clozapine treatment does not apply to people of certain ethnic groups.
Yemenite Jews and 25-50% of black Africans commonly have an intrinsic low
neutrophil count, counts in the range of 1000/mm?® to 1500/mm?®, without any
observed adverse clinical effects such as more frequent bacterial infections.
These individuals are said to have benign ethnic neutropenia (BEN) (Rajagopal,
2005). It can be difficult to follow this recommendation for patients where
clozapine is the only medication they have responded to and which has made a
major impact on their quality of life. This reality was acknowledged in October
2015 when the FDA adjusted the requirement to stop clozapine treatment when
neutrophils drop below 1500/mm?® (FDA, 2015). Prescribers in USA can
accordingly now continue to use clozapine in the general population until
neutrophils fall below 1000/mm?® and even until the number of 500/mm?® is
observed for patients with BEN (FDA, 2015). Prescribers can also continue to
prescribe clozapine when neutrophils drop below 1000/mm? if in their
judgement they believe that the benefits of continuing clozapine treatment
outweigh the risk of severe neutropenia (FDA, 2015).

The risk of agranulocytosis during clozapine treatment has been estimated
to be close to 0.7% but the risk is greatest during the first year when about 90%
of cases are diagnosed (Munro et al., 1999; P. Schulte, 2006). Agranulocytosis
is a life-threatening condition where the mortality is close to 3% (Alvir et al.,
1993; Lahdelma & Appelberg, 2012). That translates into an absolute mortality
of agranulocytosis during clozapine treatment as close to 0.02% or 2 patients
dying from this adverse drug reaction (ADR) out of every 10.000 patients
receiving the treatment (Alvir et al., 1993; Lahdelma & Appelberg, 2012). There
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are other medications that are associated with an increased risk of
agranulocytosis where such a strict WBC monitoring system has though not
been made mandatory. Among these are dapsone with an observed
agranulocytosis risk of 0.24-0.42% (Hornsten et al., 1990), the widely used
antipsychotic chlorpromazine with a risk of 0.13% (Flanagan & Dunk, 2008) and
sulfasalazine with a risk of at least 0.06% (Keisu & Ekman, 1992). Ticlopidine is
an antiplatelet medication in the thienopyridine family (FDA, 2001). Today its
use has largely been taken over by clopidogrel which is associated with a lower
hematologic risk. The risk of agranulocytosis for ticlopidine is rather similar to
clozapine or 0.8%, most of it occurring in the first 2-3 months of treatment (FDA,
2001). The FDA recommends that patients on ticlopidine should have
neutrophil measurements done every two weeks during the first three months of
treatment. Neutrophil monitoring after the first three months is only indicated in
patients with clinical symptoms or laboratory signs of hematological adverse
reactions (FDA, 2001). Several mood stabilizers are also known to increase the
risk for leucopenia (Flanagan & Dunk, 2008) while lithium increases the
measured number of neutrophils in circulation (Focosi et al., 2009). It is not at
all apparent why the FDA-recommended monitoring for clozapine is so much
stricter than e.g. for ticlodipine, and in particular why the FDA has
recommended that the time frame of monitoring the neutrophil count long-term
is so widely divergent for ticlodipine and clozapine, 3 months versus lifelong
monitoring, respectively. It has been estimated that 80% of cases of
agranulocytosis occur in the first 5 months of treatment. Therefore, the risk of
dying from agranulocytosis drops to 0.004% (0.7% x 3% x 20%) after the first 5
months of treatment (Alvir et al., 1993; Lahdelma & Appelberg, 2012; Schulte,
2006).

It is conceivable that the low mortality from agranulocytosis may in some
way stem from the intensive blood monitoring, but enforcing strictly demands
such as the “no blood, no drug” policy of the FDA places limitations on
clozapine use in many ways (FDA, 2015; Honigfeld et al., 1998). Firstly,
patients living in areas where a functioning clozapine monitoring system is not

in place may be excluded from receiving the best treatment available for TRS,
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in fact the only treatment for that indication. Secondly, it can make some
doctors reluctant to prescribe clozapine. Thirdly the monitoring can be time
consuming and even relatively costly for the patients most of whom are poor,
either on disability benefits or modest incomes. Last, but not least, it can lead
to unnecessary discontinuation of clozapine treatment if neutrophil counts fall
below 1500/mm®. These hurdles reduce the chance of most TRS patients
being treated with clozapine for patients in most countries, although such
treatment happens to be the only evidence-based treatment that exists for

patients in great need.

It would be most useful if a simple pharmacogenetic test was available with
adequate predictive validity to predict which patients are likely to develop
agranulocytosis on clozapine treatment but such a test does not exist and would
moreover present ethical challenges (Spencer et al., 2013; Verbelen & Lewis,
2015). Therefore, the small but well established risk of agranulocytosis is still
managed in most countries with mandatory blood monitoring during treatment
(Nielsen et al., 2016).

1.8.2 Metabolic side effects

It has been widely reported that the SGAs can increase the risk of metabolic
syndrome, a syndrome that includes obesity, type 2 diabetes (T2D) and
dyslipidemia (Newcomer, 2005). In a study by Mitchell et al. (2013) the
proportion of schizophrenia patients taking clozapine who had developed
metabolic syndrome was 51.9% but 32.5% for patients taking other
antipsychotics. An Icelandic study showed that the prevalence of metabolic
syndrome was 14% in the general Icelandic population compared to 57%
among patients with schizophrenia (Sveinsson et al., 2012). In the Clinical
Antipsychotic Trials of Intervention Effectiveness (CATIE) study it was reported
that 54.2% of females with schizophrenia, who had an average age of 43.7
years, had developed metabolic syndrome while it was less common in males,
36.6% (McEvoy et al., 2005). The male patients were younger, their average

age being 39.2 years.
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Most antipsychotics can cause weight gain but the risk varies from one
medication to another, olanzapine and clozapine having the highest associated
risk for weight gain (Newcomer, 2005). Risperidone and quetiapine are
associated with an intermediate risk and ziprasidone, aripiprazole and
amisulpride with the lowest reported risk for weight gain (Newcomer, 2005).
Obesity is a well-known risk factor for T2D and it is the main modifiable risk
factor since 80% of patients are overweight at the diagnosis of T2D (Haslam &
James, 2005). Females may be at a higher risk for antipsychotic induced
weight gain (Seeman, 2009). Genetic variants of the neuropeptide Y (NPY)
receptor, the melanocortin 4 receptor (MC4R), the cannabinoid receptor 1
(CNR1) and the serotonin 2C receptor (HTR2C) have all been reported to be
associated with weight gain in patients on antipsychotics (Shams & Mdller,
2014). There are also reports that switching from an antipsychotic that has high
risk for weight gain to an antipsychotic with lower risk can help patients lose

weight in due course (Newcomer et al., 2008).

The SGAs have been shown to be associated with greater risk of T2D
developing than FGAs (Smith et al., 2008). Patients with schizophrenia have a
high risk of T2D, a study by Henderson et al. (2007) reported that during a 7
year period 18,4% of patients with schizophrenia were diagnosed with diabetes
compared with 6,6% in the general hospital population. The risk of T2D varies
between SGAs. Ziprasidone and aripiprazole are associated with a lower risk
and in some studies the risk of T2D is not increased on such treatment (ADA et
al., 2004). For some antipsychotics the risk of T2D has been reported to be
dose dependent, this applies to quetiapine, olanzapine and risperidone
(Ulcickas Yood et al., 2011).

The risk of ketoacidosis has been estimated to be increased by a factor of
10 for patients with schizophrenia treated with antipsychotics compared to the
normal population (Polcwiartek et al., 2016) and case reports of ketoacidosis

during clozapine treatment have been published (Nihalani et al., 2007).

Dyslipidemia is characterized by high cholesterol, low levels of high density
lipoproteins (HDL), high levels of low density lipoproteins (LDL) and elevated

triglycerides (Stone et al.,, 2014). Clozapine and olanzapine have been
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associated with an increase in triglyceride levels and in total cholesterol in
patients with schizophrenia (Henderson et al., 2005; Rettenbacher et al., 2006;
Wirshing et al., 2002; Wu et al., 2006). They have also been associated with a
decrease in HDL-cholesterol (Wirshing et al., 2002). The risk of dyslipidemia is
not the same for all antipsychotics but ziprasidone and amisulpride have been
reported to have a more benign effect on blood lipid profiles and may therefore
be more suitable for patients who have developed the metabolic syndrome or
are at risk of developing metabolic syndrome (Rettenbacher et al., 2006).

1.9 Balancing evidence-based practice (EBP) and value-
based practice (VBP) in clozapine treatment of TRS

Over the past three decades EBP has become part of routine clinical work in
many hospitals and primary health care centers (Sackett et al., 1996). EBP in
routine care may at times appear to focus solely on research evidence while it
should aim to integrate best research evidence, clinical experience and
patients” values. The National Institute of Clinical Excellence (NICE) guidelines
for the UK National Health Service (NHS) indeed state: “...\When exercising their
judgement professionals are expected to take this guideline fully into account,
alongside the individual needs preferences and values of their patients and
service users...” (NICE, 2014). While there can be disagreements about what
constitutes good evidence such issues can often be resolved with meta-
analyses and other systematic reviews or debates at meetings and
conferences. However, values differ very much from one individual to another,
including patients and family members. Doctors and other health professional
cannot take for granted that their patients share their values, views and
assessment of risk (Fulford, 2011). Values vary so much among subjects
because they are based on needs, wishes, concerns, preferences and
personality to name a few relevant factors (Fulford, 2011). VBP is guided by
law, ethics, decision analysis and health economics as well as research
evidence (Fulford, 2011).

It is not well understood why clozapine is not used more widely despite the

strong available evidence for its effectiveness in TRS and explanations may

12



Introduction

differ between countries, hospitals, departments and doctors. There are many
possible and not mutually exclusive explanations including the rare but
potentially serious side effects such as agranulocytosis, seizures at high doses,
myocarditis, the strict mandatory hematological monitoring requirements in
some countries, the high risk of weight gain, metabolic syndrome and T2D as
well as the impact of opinion leaders in some countries and hospitals. Other
factors include availability of psychiatrists with adequate experience of using
clozapine in the treatment of TRS, neutrophil monitoring and inadequate
appreciation of clozapine’s unique nature by policy makers and payers (Kelly et
al.,2017).

As recently as 2015 FDA in the USA enforced new guidelines for treatment
with clozapine and subsequently patients who receive the drug must be
registered into a specific database, the Clozaril REMS program (FDA, 2015). It
remains to be seen how these guidelines will affect the real-life availability,
prescribing and use of clozapine for TRS in a country where its usage has for
many years been much lower than the estimated prevalence of TRS and lower

than in most western European countries (Meltzer, 2012; Sultan et al., 2017).

The issue of clozapine treatment becomes even more complex when we
apply Codex Ethicus to our decision-making: “First do no harm”. One is then
faced with a dilemma, namely, whether we place more value or relevance to a
miniscule risk of lethal harm from prescribing a drug than the quantifiably much
greater harm of not offering this medication, the one and only evidence-based
treatment for TRS to our patients or by stopping it immediately and not offering
it again if severe, moderate or even mild neutropenia develops? These
complex issues will be discussed and reviewed further in the discussion part of
the thesis.
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2 Aims

Clozapine is the only drug indicated for treatment resistant schizophrenia and it
is underutilized in all European and indeed almost all countries worldwide.
Therefore, it is very important to study how commonly clozapine is used in
Iceland, its pattern of use and the adverse drug reactions or side effects of
clozapine which appear to be the major barriers to treatment. A better
understanding can lead to improved treatment of treatment resistant
schizophrenia in Iceland and elsewhere.

The main aims of the three papers described in this thesis were:

I. To assess how commonly clozapine is used and its pattern of use in
Iceland. Specifically to describe at what age patients start clozapine treatment,
what doses are used, what proportion of patients remain on clozapine in the
short- and long-term, the proportion of patients with schizophrenia that are
being treated and have ever been treated with clozapine and how commonly
other antipsychotics are prescribed with clozapine.

II. To describe the prevalence of neutropenia and how often it is observed to
progress to agranulocytosis in patients with schizophrenia treated with
clozapine. To compare the prevalence of neutropenia in patients with
schizophrenia treated with clozapine versus patients never treated with
clozapine. Also to describe how frequently neutrophils have been monitored in
the course of treatment.

lll. To assess the prevalence of diabetes and dyslipidemia in patients with
schizophrenia in Iceland. Specifically to examine the risk of type 2 diabetes and
dyslipidemia in patients with schizophrenia on clozapine treatment, patients with
schizophrenia that have never been on clozapine treatment and compare their
risk to age-matched controls from the general Icelandic population.

Last, but not least, the overall aim of the thesis is to use the findings from
papers I-lll to inform discussions on evidence-based practice and patients’
values with regard to shared decision-making before and during clozapine
treatment in treatment-resistant schizophrenia.
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3 Materials and methods

Landspitali University Hospital (LUH) started to implement electronic health
records (EHR) in 1998. Older medical records are available on paper only.
Subsequently the proportion of medical, psychological and nursing data in EHR
has been growing steadily and currently includes almost all patient data in the
hospital. The thesis is a part of an ongoing longitudinal study in the LUH
Department of Psychiatry focusing on patients with schizophrenia and bipolar
disorder. The study was approved by the Icelandic National Bioethics
Committee  (FS-02-041(03-030)) and the Data Protection Authority
(2009090737PS). STATA, version 13, was used for statistical analyses.

3.1 Study population

The majority of inpatients and outpatients at LUH with schizophrenia were
approached and invited to take part in the study. Patients have been recruited
into the study in several waves from 1986-2014 but most of the patients were
recruited between the years 2000 and 2004. In this thesis the focus is on
patients from the LUH study that were alive on 1.1.2003 and had a confirmed
diagnosis of schizophrenia according to the “Schedules for Affective Disorder
and Schizophrenia-Lifetime version” (SADS-L) (Endicott & Spitzer, 1978).

There were 611 patients who met the inclusion criteria.

LUH is the only tertiary hospital for mental health services in Iceland. LUH in
fact provides psychiatric services and inpatient beds in psychiatry for over 90%
of the Icelandic population. Therefore, the overwhelming majority of patients
with TRS in Iceland, who have ever been on clozapine, have been in regular or
temporary contact with mental health services or other services of LUH. Figure
1 describes the study cohort in papers I-11l whose data were used in the various

statistical analyses done in papers I-Ill.
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Figure 1 Description of the study cohort.

3.2 Case identification

To identify patients who had used clozapine, a keyword search in the EHR for

the text strings “clozapin”, “closapin” and “Leponex” was performed. Leponex

was the only brand name of clozapine in Iceland until the generic “Clozapine

Actavis” was introduced to the market in May 2014. All patients’ medical notes

where the clozapine keywords were identified were reviewed to confirm that

clozapine had been used. The medical records on paper were reviewed for

clozapine use of patients who had insufficient documentation of prior psychiatric

illness and medication use in the EHR. Two hundred and one patients out of
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611 patients were identified to have used clozapine with a confirmed diagnosis
of schizophrenia. The remaining 410 patients with schizophrenia who had
never used clozapine but had been treated with other antipsychotics comprised
the comparison group in papers Il and Ill. In paper Il the general Icelandic

population served as controls for both patient groups.

3.3 Paper |

3.3.1 Clozapine discontinuation

Information on the onset of clozapine treatment was available for 195 patients
out of 201 and of these, the exact start date of clozapine treatment was found
for 167 patients. It was not possible to set an exact date for the initiation of
clozapine treatment for 28 patients but from medical records it was possible to
narrow the first day of treatment down to a couple of weeks to a couple of
months. Of those 28 patients, 24 initiated clozapine treatment before 1998
which is when LUH started using EHR.

A Kaplan-Meyer survival analysis was used to assess the proportion of
patients continuing on clozapine. The onset of clozapine treatment was defined
from the last start of clozapine treatment if a patient had tried clozapine, then
stopped clozapine and then restarted again. Patients who were still taking
clozapine at the end of follow up or died during follow up were censored from
time of death or end of follow up. Patients who were still taking clozapine at the
end of follow-up or died during follow-up were censored from time of death or
end of follow-up. A Kaplan-Meyer estimate was also used to estimate the
percentage of patients ever discontinuing clozapine treatment during the first
year and first two years of treatment. Patients who died during the first two
years of clozapine use and patients who did not have a full two years follow-up

of clozapine use were censored from those two time points.

3.3.2 Clozapine use and polypharmacy
Data used to assess all antipsychotic medication use in Iceland in 2013 was
collected from the Icelandic Medicines Agency. To estimate how many patients

with schizophrenia had used clozapine in 2013, the mean clozapine dose
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prescribed in the study cohort and the total clozapine sales in Iceland in 2013
were used assuming that the use of clozapine for other disorders than
schizophrenia and bipolar disorder had negligible effect on this mean dose
estimate. When analyzing use of other antipsychotics while patients were
taking clozapine the last known medication use described in the medical notes
before the end of follow-up or the date that the patient discontinued clozapine,
was looked up. It may take up to 6 months of clozapine treatment to have full
effect in improving positive symptoms (Meltzer, 2012). Dosing adjustment of
clozapine therefore can take even longer so patients had to have been on
clozapine for at least one year to be included in the polypharmacy analysis.
There was no minimum dose of clozapine set for these analyses. Therefore,
patients using low doses of clozapine were also included. Detailed medication
information was available for 154 patients with schizophrenia and of these 145

were prescribed 100 mg or more of clozapine daily.

3.4 Paper i

3.4.1 Frequency of neutrophil blood monitoring

The frequency of blood measurements for patients treated with clozapine from
1.1.1998 until 21.11.2014 was analyzed. The frequency of blood
measurements was calculated by dividing the total time on clozapine treatment
by the number of neutrophil measurements. The frequency of blood
measurements during the first 18 weeks was analyzed separately from the
subsequent time period. Patients restarting clozapine treatment were excluded
in the frequency analysis for neutrophil measurements, thus only patients who
were using clozapine for the first time were included. Eighteen patients for
whom the exact clozapine start date was not known and four patients who did
not live in the Reykjavik metropolitan area, where LUH is situated, were

excluded from the neutrophil blood monitoring analyzes for the first 18 weeks.

3.4.2 ldentification of neutropenia and agranulocytosis
An electronic search was done for all available neutrophil counts at LUH. The
LUH database is linked to regional laboratory databases in Iceland using the

Icelandic social security number, “kennitala”, which is a unique personal
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identifier for each Icelander. One of the databases that is linked to LUH is the
database in the regional hospital in Akureyri in northern Iceland, where
Iceland’s only other department of psychiatry is located in the country’s second
largest hospital. That department provides mental health services for the
remaining 10% of Iceland’s population. A keyword search was done in the EHR
with the following keywords to find medical notes where the terms neutropenia
or agranulocytosis were used; “Neutropaenia”, “neutropenia”, “leucopaenia”,
“leucopenia”, “kyrningafeed”, “hvitkornafaed”. The complete medical notes,
electronic as well as on paper, were reviewed in order to confirm the diagnosis

of neutropenia and agranulocytosis.

Neutropenia was defined as mild when neutrophil counts were in the range
of 1500/mm®-1900/mm°. Moderate neutropenia was defined when neutrophil
counts were in the range of 1000/mm®-1400/mm® and severe neutropenia was
defined when neutrophils were in the range of 500/mm?®-900/mm?® (TEVA, 2014).
Agranulocytosis was defined when neutrophil count fell below 500/mm?® which
literally means the absence of circulating granulocytes (TEVA, 2014).

Neutrophil counts in Iceland are rounded to the nearest 100/mm?®.

A Cox proportional hazard model was used to assess which factors were
associated with neutropenia. One patient was excluded from the Cox

proportional hazards model because he used clozapine only for one day.

3.5 Paper Il

3.5.1 Diagnosis of T2D, ketoacidosis and blood lipid disorders

T2D was diagnosed if a patient was confirmed to have any of the following: a) a
formal diagnosis of T2D, b) two measurements of fasting plasma glucose over
12.6 mg/l (7.0 mmol/l) or c) hemoglobin Alc (HbAlc) >=6.5% on two separate
occasions. The patient’s primary physician was contacted if additional blood
samples were needed to confirm whether the patient met criteria for T2D or not.
Patients were labeled with “high risk of T2D” if the last measurement of HbA1c
was in the range 6.0% to 6.4%. Ketoacidosis was diagnosed if a clinical
diagnosis of ketoacidosis was confirmed. In accordance with the ATP-III
guidelines LDL in the range 160-189mg/dl (4.13-4.89 mmol/l) was defined as
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high levels and LDL over 190mg/dl (4.90 mmol/l) as very high levels (Stone et
al., 2014). Total cholesterol levels over 200mm/dI (5.17 mmol/l) were defined
as high levels. Triglyceride levels between 200-499mg/dl (2.56-5.63 mmol/l)
were defined as high levels and triglycerides over 500mg/dl (5.65 mmol/l) as

very high levels.

A keyword search in the EHR was performed to identify medical notes where
metabolic disorders were mentioned. To find a diagnosis of diabetes an
electronic search was done for the key words “diabetes”, “sykursyki”,
“metformin”, “glucophage” and “T2D”. For ketoacidosis the words “ketoacidos”
and “ketona” were searched. For dyslipidemia, the blood lipid measurements in
the blood measurement database were analyzed. All blood measurements of:
Glucose, HbAlc, total cholesterol, LDL cholesterol, HDL cholesterol and
triglycerides were collected electronically via the EHR. The latest
measurements of blood lipids were used when assessing dyslipidemia. For
patients on clozapine the latest blood measurements while the patient was still
taking clozapine were used. When analyzing statin medication use while
patients were taking clozapine, the last known medication information stated in
the medical notes before the end of follow-up or clozapine discontinuation was

used.

3.5.2 Statistical analysis

A Cox proportional hazard model was used to assess the association of blood
sugar values over 13 mm/|l with the following factors: “average time at risk”,
“clozapine ever used” and “T2D at the end of follow-up”. The start of “time at
risk” for patients on clozapine was defined as the start of clozapine treatment or
the start of the study period if the patients had commenced clozapine treatment
before the onset of the study period. The end of “time at risk” was defined as
one of the following end points: a) a measurement of blood sugar value over 13
mm/l, b) end of the study period, c) patient died or d) when the patient
discontinued clozapine treatment. Time at risk for patients never on clozapine
was defined as the start of the study period, until one of the following end points
was reached: a) a measurement of blood sugar value over 13 mm/l, b) end of

the study period or c) when the patient died. The proportional hazards
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assumption in STATA was tested using the estat phtest function.

The prevalence of T2D and blood lipid levels were compared to a control
population of Icelanders using data from two separated datasets from the
Icelandic National Heart Association; the AGES (Olafsdottir et al., 2009) and the
Risk Evaluation For INfarct Estimates (REFINE) datasets. The prevalence of
T2D and blood lipid levels were compared for men and women by age ranges
of five years from 25 to 90. The prevalence of T2D and blood lipid levels in
different age ranges of the Icelandic population group was used to calculate the
expected prevalence of T2D and blood lipid levels in patients with schizophrenia
both on clozapine and never on clozapine. The Chi-squared test was used to
test the significance of the difference between the observed prevalence of T2D
and blood lipids in the study cohorts to the expected prevalence from the control

population.
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4 Results

This chapter summarizes the main results from the three papers.

4.1 Clozapine treatment and discontinuation in Iceland
(Paper 1)

4.1.1 Clozapine use and discontinuation

In the study cohort clozapine use in Iceland was first documented in 1974. The
mean duration of clozapine treatment at the end of follow up was 11.1 years
(SD = 9.0) for males and 10.9 years (SD = 8.5) for females. The mean age at
the end of follow up was 50.0 years (SD = 11.9) for males and 54.0 years (11.5)
for females. The mean age at the start of clozapine treatment was significantly
lower (p = 0.008) for males, 36.5 years (SD = 12.5) versus 41 years (SD = 11)
for females. Figure 2 displays the starting age of clozapine treatment for males
and females in the cohort.

EMale

M Female

Number of patients

15-20 20-25 25-30 30-25 35-40 40-45 45-50 50-55 55-60 60-65 65+
Age at first use of clozapine

Figure 2 Age range at first use of clozapine.

Figure 3 shows the percentage of patients still taking clozapine at the end of

follow-up with a Kaplan-Meier estimate. After the first year 84.4% of patients

25



Oddur Ingimarsson

were still on clozapine, 81.8% were still on clozapine after the first two years
and after 20 years 71.2% of patients were still taking clozapine with no

significant gender difference observed (71.5% of males and 70.1% of females).

Kaplan-Meier survival estimate of continuing clozapine treatment

Percentage of patients still on clozapine

T T

T
0 5 10 15 20
Analysis time [year]

[ 95% Cl

Survivor function

Figure 3 The proportion of patients who stayed on clozapine after their latest start of
clozapine treatment (n = 201).

Eighteen patients discontinued clozapine and later restarted clozapine
treatment. The percentage of patients who at some point discontinued
clozapine treatment during the first two years of treatment was also estimated
with a Kaplan-Meier estimate. During the first year 17.6% of patients
discontinued clozapine and the proportion rose to 22.7% during the first two

years.

4.1.2 Clozapine dose and polypharmacy

The mean dose of clozapine in the cohort was 304.6 mg (SD = 172 mg). There
was some variance in clozapine doses as shown in figure 4.3 with a dose range
of 25-800 mg. No gender difference was observed in the dose of clozapine, the

mean dose being 307.4 mg for females and 303.5 mg for males.
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mMale

M Female

Number of patients

0-100 112.5-200 212.5-300 312.5-400 412.5-500 512.5-600 &12.5-700 712.5+

Clozapine dose range [mg]

Figure 4 Clozapine dose range.

Polypharmacy was common in the cohort as is shown in table 1. Only one third
of patients received clozapine monotherapy. The WHO defined daily dose
(DDD) figures for antipsychotics were used to calculate the daily dose of
antipsychotic medication (WHO, 2003). The mean DDD was 1.67 and it
increased with number of antipsychotics and was highest in patients using
clozapine and three additional antipsychotics where it was 3.01. Patients on
clozapine monotherapy had the lowest DDD usage, 1.01.

Table 1 Antipsychotic polypharmacy (n = 154).

Daily antipsychotic use n %  Mean DDD
Clozapine only 53 34.4% 1.01
Clozapine plus one additional antipsychotic 70 45.5% 1.79
Clozapine plus two additional antipsychotics 23 14.9% 2.37

Clozapine plus three additional antipsychotics 8 5.2% 3.01
1.67

Table 2 describes which antipsychotic medications were used orally in
addition to clozapine treatment in the cohort. Sixteen different antipsychotics
were used with clozapine. Chlorpromazine was the most frequent add on

treatment with 10 patients being on chlorpromazine and clozapine. The mean
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daily dose of chlorpromazine was 110 mg for these patients, corresponding to
0.37 DDD.

Table 2 Oral antipsychotics used for patients on clozapine (n = 154).

n % Mean dose [mg] DDD used DDD [mg]

Chlorpromazine 16 10% 110.0 0.37 300
Amisulpride 14 9% 421.4 1.05 400
Quetiapine 13 8% 282.7 0.71 400
Olanzapine 11 7% 13.0 1.30 10
Aripiprazole 9 6% 13.3 0.89 15
Levomepromazine 8 5% 73.0 0.24 300
Perphenazine 9 6% 21.3 0.71 30
Chlorprothixene 6 4% 67.8 0.23 300
Risperidone 8 5% 2.5 0.50 5

Zuclopenthixol 6 4% 43.3 1.44 30
Flupentixol 5 3% 1.7 0.28 6

Sertindole 2 1% 14.0 0.88 16
Clopenthixol 1 1% 25.0 0.83 30
Haloperidol 1 1% 1.0 0.13 8

Pimozide 1 1% 2.0 0.50 4

Prochlorperazine 1 1% 10.0 0.10 100

Table 3 shows that 26 patients out of 154 (16.9%) were receiving a depot
injection along with clozapine treatment. The most commonly used depot
injection was perphenazine, 6.5% of the cohort used this medication, an
antipsychotic which has remained a popular treatment choice for psychosis in

the Nordic countries for decades.

Table 3 Depot injections used for patients on clozapine (n = 154).

n % Mean dose [mg] DDD [mg]
Perphenazine 10 6.5% 7.3 7
Risperidone 9 5.8% 3.4 2.7
Zuclopenthixol 4 2.6% 14.3 15
Flupentixol 3 1.9% 1.9 4
Olanzapine 1 0.6% 21.4 10
*One patient w as on tw o depots *26 16.9%
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4.1.3 Sales of clozapine and other antipsychotics in Iceland and the
proportion of patients with schizophrenia on clozapine

Table 4 shows that clozapine was the 5th most sold antipsychotic in Iceland in
2013 with a 6.2% market share of total sold DDD. In our cohort there were 201
patients with schizophrenia that had used clozapine at some point, with a mean
clozapine dose of 304.6 mg and 23 patients with bipolar disorder where the

mean dose was 215.8 mg.

The estimated clozapine use in schizophrenia was 92.7% ((23/224) x (215.8
mg/304.6 mg) of all clozapine sales. Total sales of clozapine were 24,524,967
mg in 2013 with 92.7% of that being 22,734,664 mg. Using the amount of
clozapine sold it was estimated that 204 (22,734,644 mg/(304.6 mg x 365)
schizophrenia patients in Iceland were using clozapine daily at the end of 2013.
The total population of Iceland was 325,671 and 255,391 were 15 years or older
at the end of 2013 (Hagstofan, 2015). The estimated prevalence of
schizophrenia is 0.7% (McGrath et al., 2008; Saha et al., 2005). That gives an
estimation of 1,788 schizophrenia patients 15 years or older in Iceland in 2013.
The percentage of patients with schizophrenia in Iceland using clozapine that
year was therefore estimated to be 11.4% (204/1,788). The proportion of
patients remaining on clozapine long term was 71.2% in the cohort. It was
estimated that 287 (204/71.8%) patients in the cohort had received clozapine
treatment and the proportion of schizophrenia patients who had ever used
clozapine was 16% (11.4%/71.2%).

Table 4 Antipsychotics sold in Iceland in 2013.

Total Proportion of
Drug name DDD [mg] Total DDD in 2013 DDD/day total sales
Quetiapine 400 339.981 931 26.0%
Olanzapine 10 325.269 891 24.9%
Risperidone 5 159.052 436 12.2%
Aripiprazole 15 95.152 261 7.3%
Clozapine 300 81.750 224 6.2%
Perphenazine 30 72.593 199 5.5%
Other antipsychotics - 241.672 662 17.9%
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4.2 Neutropenia and agranulocytosis (Paper II)
4.2.1 Neutrophil blood monitoring

Table 5 shows the frequency of neutrophil monitoring following the initiation of
clozapine treatment. During the first 18 weeks of treatment the mean time
between neutrophil measurements was 25 days (SD = 28) and the median time
was 18 days. After excluding 7 patients for whom no neutrophil measurements
where found the calculated mean time between measurements after the first 18
weeks of treatment was 229 days (SD = 329). The median time between

measurements was 124 days.

Table 5 Neutrophil monitoring during clozapine treatment.

First 18 weeks (n = 83) n %

Weekly 12 14.5
Every 1-2 weeks 22 26.5
Every 2-3 weeks 15 18.1
Every 3-4 weeks 6 7.2
Every 4-5 weeks 6 7.2
Less than every 5 week 22 26.5
After 18 weeks (n = 160) n %

Monthly 6 3.8
Every 1-2 months 33 20.6
Every 2-3 months 25 15.0
Every 3-6 months 31 19.4
Every 6-12months 37 21.3
Less than every year 31 20.0

4.2.2 Comparisons of neutropenia in patients ever on clozapine and
never on clozapine

Table 6 shows that the combined number of cases of moderate neutropenia,
severe neutropenia and agranulocytosis was 10 cases out of 188 (5.3%)
patients in the clozapine group and 27 cases of 400 (6.8%) patients in the
never-on-clozapine group. All cases of moderate neutropenia in both groups
were either 800/mm?® or 900/mm?® and there were no cases of neutropenia in the

500-700/mm?® range. All patients who developed agranulocytosis had medical
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co-morbidities that might have contributed to the agranulocytosis. In the
clozapine group the only patient with agranulocytosis was 56 years old and
developed lymphoma a few years later. In the never-on-clozapine group two
patients were on cytotoxic treatment, one patient was receiving interferon
treatment because of hepatitis C and a fourth patient suffered from malnutrition,

hepatitis C and alcohol abuse.

Table 6 Lowest neutrophil count in the clozapine group and never-on-clozapine group.

Clozapine Never-on-clozapine
Mean age at follow up [Years] 51.2 58.1
Mean number of neutrophil measurements per patient 32.4 15.8
Mean time of follow up [Years] 9.2 13.8

n % n % P-value
No neutrophil measurements performed in study period 6 3.2% 8 2.0%
Never neutropenia, neutrophils 2000/mm? or higher 148 78.7%| 335 83.8% 0.23
Mild neutropenia, neutrophils 1500-1900/mm?® 24 12.8% 30 7.5% 0.04
Moderate neutropenia, neutrophils 1000-1400/mm?® 8 4.3% 20 5.0% 0.69
Severe neutropenia, neutrophils 500-900/mm? 1 0.5% 3 0.8% 0.76
Agranulocytosis, neutrophils 0-400/mm?® 1 0.5% 4 1.0% 0.56

Table 7 shows which factors were associated with different severity levels of
neutropenia. Clozapine use was at the significance level for mild neutropenia (p
= 0.05) but otherwise it was not significantly associated with neutropenia in any
other severity level that was analyzed. The number of neutrophil
measurements was consistently associated with the diagnosis of neutropenia.
Lower age and being female were also associated with neutropenia in 3 out of 4

severity levels of neutropenia.

31



Oddur Ingimarsson

Table 7 Cox proportional hazards model with possible factors associated with detecting
moderate to severe neutropenia and agranulocytosis.

Hazard ratio SE Z-score  95% ClI P-value
A. Neutrophils 0-1900/mm?®
Patient on clozapine 1.33 0.33 1.14 0.81-2.18 0.25
Sex (female) 1.82 0.40 2.76 1.19-2.80 0.01
Mean age at risk 0.97 0.01 -3.75 0.96-0.99 0.001 >
Measurements per year 1.14 0.02 6.32 1.09-1.18 0.001 >
B. Neutrophils 0-1400/mm? (equivalent to red result)
Patient on clozapine 0.74 0.33 -0.68 0.31-1.76 0.50
Sex (female) 2.00 0.67 2.08 1.04-3.88 0.04
Mean age at risk 0.98 0.01 -1.47 0.96-1.00 0.14
Measurements per year 1.17 0.04 4.66 1.10-1.26 0.001 >
C. Neutrophils 1000-1900/mm?
Patient on clozapine 1.44 0.37 1.39 0.86-2.40 0.18
Sex (female) 1.76 0.41 2.46 1.12-2.77 0.03
Mean age at risk 0.97 0.01 -3.85 0.95-0.98 0.001 >
Measurements per year 1.13 0.02 5.98 1.09-1.18 0.001 >
D. Neutrophils 1500-1900/mm? (equivalent to amber result)
Patient on clozapine 1.86 0.58 1.99 1.00-3.43 0.05
Sex (female) 1.70 0.49 1.85 0.97-3.00 0.09
Mean age at risk 0.96 0.01 -3.70 0.94-0.98 0.001 >
Measurements per year 1.12 0.03 4.62 1.06-1.17 0.001 >

A) n =587, 89 cases. B) n =587, 37 cases. C) n =587, 80 cases. D) n =587, 52 cases

4.2.3 Neutropenia progressing to agranulocytosis and its effect on
clozapine discontinuation

As shown in table 8 there were 34 cases of neutropenia in the clozapine group.
For mild to moderate neutropenia no progression was observed directly to
agranulocytosis and 28 of the 32 patients continued using clozapine for at least
a year after the neutropenia had developed. There were two patients identified
who developed severe neutropenia on clozapine and one of them developed
agranulocytosis.  Neutropenia did not have much effect on clozapine
discontinuation since 87.5% of patients with mild neutropenia were still on
clozapine at the end of follow-up as well as 75% of patients with moderate
neutropenia. The two patients who developed severe neutropenia and
agranulocytosis discontinued clozapine.
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Table 8 Progression of lowest neutrophil count to agranulocytosis.

Amber: Mild Red: Moderate Sewvere
Lowest neutrophil count (excluding counts taken neutropenia 1500- neutropenia 1000- neutropenia 500-
during episode of agranulocytosis) 1900/mm? 1400/mm?® 900/mm?®

n=24 n=28 n=2

One year after lowest level of neutrophils

Still on clozapine 22
Clozapine discontinued

Deweloped agranulocytosis (and then discontinued)

o o N O
O B B O

Clozapine and agranulocytosis status unknown

Three years after lowest level of neutrophils

Still on clozapine 18
Clozapine discontinued

Developed agranulocytosis (and then discontinued)

N O DN M
o B O

Clozapine and agranulocytosis status unknown

4.3 Risk of diabetes and dyslipidemia (Paper Ill)

4.3.1 Diabetes in patients with schizophrenia

Table 9 describes the prevalence of T2D in the study cohort. The observed
prevalence of T2D in patients in the clozapine group was 14.3%. Of the 27
cases of T2D in the clozapine group 16 were diagnosed during clozapine
treatment. In the never-on-clozapine group the observed prevalence of T2D
was 13.7%. The mean age in the clozapine group at the end of follow up was
51.2 years and 58.6 years in the never-on-clozapine group. There were 10
patients in the clozapine group who used metformin without having a diagnosis
of diabetes, of these 5 had a high risk of T2D. The time from the initiation of
clozapine treatment to the diagnosis of T2D varied from 43 days to 25.3 years
with a mean time lag of 7.7 years (SD = 6.7) and a median time lag of 7.3 years
for patients diagnosed with T2D during clozapine treatment. Four patients were
diagnosed with T2D after clozapine discontinuation, they were diagnosed with
T2D 69 days, 3.2 years, 5.6 years, and 7.8 years, respectively, following
clozapine discontinuation.
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Table 9 Diabetes in patients with schizophrenia treated with clozapine and those never

treated with clozapine.

Clozapine Never-on-clozapine
Male (n = 132) Female (n = 56) [Male (n = 245) Female (n = 150)

Patients with T2D 18 9 31 23

T2D diagnosed before clozapine treatment 4 3

T2D diagnosed during clozapine treatment 11 5

T2D diagnosed after discontinuation of clozapine treatment 3 1 - -
Patients with type 1 diabetes (T1D) 1 0 2 0
Patients with T1D or T2D 19 9 33 23
Patients with a high risk of T2D (HbAlc in range of 6.0% - 6.4%) 13 9 15 8
Patients with T1D, T2D or a high risk of T2D 32 18 48 31
Prevalence of T2D 13.6% 16.1% 12.7% 15.3%
Prevalence of T1D, T2D or a high risk of T2D 23.5% 32.1% 18.8% 20.7%
Patients on metformin without a diabetes diagnosis 5 5 - -
Mean age at end of follow up 50.0 (11.9)* 54.3 (11.4)* 56.7 (14.2)* 61.5 (16.1)*
Mean follow up period during clozapine treatment in years 9.3 (5.9)* 8.9 (5.6)*
Mean follow up period in years 14.0 (3,9)* 13.5 (3.8)*

*Standard deviation

4.3.2 Prevalence of T2D in schizophrenia patients compared to

Icelandic population controls

Table 10 shows that the standardized morbidity ratio for T2D was, as expected,

higher in both schizophrenia groups compared to Icelandic
The two highest standardized morbidity ratios were 4.4

population controls.
for females in the

clozapine group and 2.6 for females in the never-on-clozapine group.

Table 10 Type 2 diabetes in patients with schizophrenia ever on clozapine and never on
clozapine compared to Icelandic population controls, age and sex adjusted.

Clozapine Newver-on-clozapine
Male
T2D 13.6% 12.7%
Expected T2D from Icelandic population 5.8% 8.5%
P-value < 0.001 0.029
Standardized morbidity ratio 2.3 15
Confidence interval (95%) 1.42-3.54 1.02-2.04
Female
T2D 16.0% 15.3%
Expected T2D from Icelandic population 3.6% 5.5%
P-value 0.001 > 0.001 >
Standardized morbidity ratio 4.4 2.6
Confidence interval (95%) 2.10-7.80 1.68-3.73
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4.3.3 Ketoacidosis and high blood sugar

Table 11 shows that there was only one case of ketoacidosis in both study
cohorts, 0.2% (1/583). That patient had never taken clozapine and had type
one diabetes (T1D). The highest measurement of glucose in patients, without
T1D or T2D, was 15.0 mmol/l.

Table 11 High blood sugar and ketoacidosis in patients with schizophrenia ever on
clozapine and never on clozapine.

Clozapine Never-on-clozapine

n =188 n = 395

Highest glucose measurement (mmol/l) 13-19.9 20-29.930-39.9 40+ Ketoacidosis|13-19.9 20-29.9 30-39.9 40+ Ketoacidosis

Glucose status

T2D (n = 81) 7 1 2 0 0 14 12 0 3 0
T1D (n = 3) 0 1 0 0 0 1 0 0 0 1
High risk of T2D (n = 45) 1 0 0 0 0 0 0 0 0 0
No glucose dysregulation (n = 454 ) 0 0 0 0 0 9 0 0 0 0

Table 12 shows that T2D was associated with blood sugar values over 13
mmol/l in both males and females. Clozapine use was not associated with
blood sugar values over 13 mmol/l. Lower age was significantly associated with
glucose values over 13 mm/l in males but not females. Clozapine was also
tested with a Cox proportional hazard model to assess the association with
glucose over 20 mmol/l and glucose over 30 mmol/l and was not associated

with either of these response variables.

Table 12 Cox proportional hazards model with possible factors associated with glucose
over 13 mmol/l.

Hazard ratio SE Z-score  95% ClI P-value
A. Male with glucose > 13 mmol/l
Age 0.97 0.01 -2.38  0.94-0.99 0.02
Clozapine 1.03 0.38 0.08 0.50-2.12 0.94
T2D 18.7 6.54 8.38 9.4-37.1 0.001>p
B. Female with glucose > 13 mmol/|
Age 1.01 0.02 0.47 0.97-1.05 0.64
Clozapine 0.62 0.47 -0.63 0.14-2.78 0.53
T2D 69.2 72.5 4.04 8.86-539 0.001 >p

A) n= 377,39 cases. B) n= 206, 15 cases
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4.3.4 Blood lipids

Blood lipid measurements were available for 144 patients on clozapine and 258
patients in the never-on-clozapine group as is shown in table 13. Very high
levels of LDL (over 4.9 mmol/l) were identified in 9 patients (6%) in the
clozapine group and in 13 patients (5%) in the never-on-clozapine group. High
levels of total cholesterol (over 5.2 mmol/l) were identified among 89 patients
(62%) in the clozapine group and 133 patients (52%) in the never-on-clozapine
group. In the clozapine group 5 patients (3%) who had very high levels of
triglycerides (over 5.65 mmol/l) were identified while no patients in the never-on-
clozapine group had very high levels of triglycerides. Information on blood lipid
lowering medications was available for 154 patients and 16 (10%) of them used

statins and one used a fibrate medication used to lower triglyceride levels.

Table 13 Blood lipids in patients with schizophrenia on clozapine and never on clozapine
versus expected values from Icelandic population controls.

Clozapine Expected from Expected from
Icelandic Never-on- Icelandic
population  P-value| clozapine population  P-value
Male n=99 n=175
Mean age at last blood lipid test 47.7 - - 54.4
Mean total cholesterol (mmol/l) 5.43 5.23 0.28 5.17 5.25 0.58
Mean LDL (mmol/l) 3.15 3.31 0.27 3.19 3.31 0.36
Mean total HDL (mmol/l) 1.21 1.31 0.04 1.26 1.33 0.10
Mean total triglycerides (mmol/l) 2.34 1.36 0.01 > 1.58 1.35 0.04
Female n =45 n=83
Mean age at last blood lipid test 51.9 - - 58.0
Mean total cholesterol (mmol/l) 5.84 5.35 0.16 5.39 5.49 0.89
Mean LDL (mmol/l) 3.55 3.22 0.15 3.25 3.32 0.90
Mean total HDL (mmol/l) 1.40 1.65 0.01 1.40 1.66 0.34
Mean total triglycerides (mmol/l) 1.95 1.07 0.01 > 1.64 1.13 0.03
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5 Discussion and conclusions

There is a major discrepancy between what should be offered to patients with
the more treatment resistant forms of schizophrenia, TRS, and what happens in
real life clinical practice as reviewed above. The size of the discrepancy varies
enormously as described by Bachmann (2017) and the reasons for this
variability may be several and remain not well documented or understood. On
the one hand due to a low but well established risk for neutropenia and full-
blown agranulocytosis, there are obstacles like demands for regular monitoring
in most countries. On the other hand there is also a risk of other side effects
developing gradually during treatment with clozapine over months and years, in
particular weight gain and metabolic side effects such as dyslipidemia and T2D
(Newcomer, 2005).

In Iceland, a country with only about 340 thousand inhabitants, most
who live in and around the capital, Reykjavik, the LUH and primary care
services have been developing EHR over the past two decades. This offers a
unique setting to study the descriptive epidemiology of clozapine use in the
short and long term and the frequency of side effects developing in the course
of treatment of schizophrenia. Moreover, because the guidelines for taking
blood to count neutrophils have not been enforced rigidly in Iceland, i.e. the
drug can be dispensed although a blood sample has not arrived, this allowed us
to put to the test one common assumption: namely, that a large part of the
reason for how long patients remain on clozapine and for how well they do on it
is simply the regular contact with doctors, nurses or technicians when
mandatory blood samples are drawn weekly, fortnightly or monthly. The results
discussed in this section describe how clozapine has been prescribed in Iceland
focusing on variables such as age at onset of clozapine use, gender
differences, doses prescribed, discontinuation and antipsychotic polypharmacy.
The well-known and uncommon side effect of clozapine treatment neutropenia
that can develop into full blown agranulocytosis will be compared to

observations in patients with schizophrenia who have been followed up by the
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same department of psychiatry but have never been on clozapine. The results
will be discussed in light of current FDA as well as UK-guidelines on neutrophil
monitoring during clozapine treatment. Side effects such as T2D and
dyslipidemia in patients with schizophrenia ever or never treated with clozapine
will be discussed and compared to the Icelandic population with emphasis on
how complex it is to associate the risk of T2D with a particular type of
medication. Moreover it will be addressed what do to when dyslipidemia is
diagnosed in a patient with schizophrenia in Iceland.

5.1 Clozapine treatment and discontinuation in Iceland
(Paper 1)

In paper | the aim was to set the scene for the thesis by describing the pattern
of clozapine use in Iceland in general and to compare the findings to clozapine
use in other countries. The mean age at first treatment with clozapine was 37.8
years. After one year of clozapine treatment 84.4% of patients were still taking
clozapine and after 20 years of treatment the vast majority, 71.2%, 7 out of
every 10 patients, were still taking clozapine. Polypharmacy was common with
two thirds of patients taking one or more antipsychotics in addition to clozapine,
and 16.9% were on a depot injection along with the clozapine treatment. The
mean DDD was 1.67, increasing as a rule as more antipsychotic medications
were being used alongside the clozapine treatment. It was estimated by
approximate calculations that just over 11% of patients with schizophrenia in
Iceland were taking clozapine and that around 16% in the cohort had been

treated with clozapine at some point.

The onset of schizophrenia in men is usually in the age range 18-25 and in
females in the age range 25-35 (Ochoa et al., 2012). Therefore, it should not
come as a surprise that females tended to begin clozapine treatment later than
males in the cohort, the mean age at the start of clozapine treatment being 36.5
years for males and 41 years for females. Using data from Ochoa et al. (2012)
we can estimate the time lag from diagnosis of schizophrenia to clozapine
treatment in Iceland to be 13-20 years for males and 6-16 years for females. A
study by Demjaha et al. (2017) reported that 84% of patients who were
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treatment resistant were so from the onset of the disease. Therefore the delay
in prescribing clozapine is far too long for most patients with treatment resistant
schizophrenia, considering that one trial with an antipsychotic should only take
6-8 weeks and clozapine is the only evidence based drug of choice after two
failed antipsychotic trials (Demjaha et al., 2017).

The majority of patients, 71.2%, who started clozapine treatment, remained
on clozapine during the 20 years of follow up in the study. No other study with
such a long follow up time was found in the literature to compare to the
clozapine continuation ratio long term. In the clozapine cohort 84.4% of
patients were still on clozapine after one year of treatment and 81.8% after two
years which is higher than reported in the US study where 74% of patients were
still taking clozapine one year after the start of treatment and 66% after two
years and in the UK where 55% of patients were still on clozapine after two
years (Essock et al., 1996; Legge et al., 2016). This high clozapine retention
rate in Iceland may have several explanations. These include factors such as
a) good access to experienced psychiatrists who are used to prescribing
clozapine, b) continuity of contact with nurses in the same outpatient
department for years/decades, c) the fact that no other medication is on par with
clozapine in the treatment of TRS, d) the fact that over the past two decades
patients in Iceland have only paid a fraction of the cost of each blood sample for
neutrophil counts, e) that after the first 18 weeks the frequency of blood
samples taken has fallen far below once a month and patients have been able
to continue receiving the drug despite this as reported in paper Il. Other factors
may include: f) lower mean dose of clozapine than in some countries, g) the
fact that Icelandic patients often only take clozapine in the evenings to minimize
daytime sedation, h) treatment always being initiated in a hospital setting to
address side effects more quickly, and i) overall continuity of care is probably

greater in smaller societies as Iceland than in larger societies.

The mean clozapine daily dose of 304.6 mg is similar or lower than what has
been reported in other European studies. The mean dose in a Danish study by
Nielsen et al. was 382 mg (Nielsen et al., 2012). In a small Swedish study (n =

33) by Kroken et al. (2014) the mean dose was reported to be 460 mg. In a
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review of clozapine trials in Europe and the USA, Fleischhacker et al. (1994)
reported a mean dose of 283.7 mg in Europe and 444 mg in the USA.
Polypharmacy was roughly the same in the study cohort, 65.6%, as reported in
a Danish study where it was 64.2%, and a Spanish study where it was 49-59%
(Bernardo et al.,, 2012; Nielsen et al., 2012). Systematic reviews of
polypharmacy with one antipsychotic added to clozapine treatment have only
showed small benefits (Barbui et al., 2009; Taylor et al., 2012). Doctors need to
monitor carefully clozapine augmentation with other antipsychotics and
abandon the augmentation if it does not lead to clinical improvement. In the
study cohort 16 different medications were used to augment clozapine
treatment which reflects the lack of large positive augmentation studies with
specific antipsychotics. The use of long term depot injections was fairly
common with 16.9% of patients receiving them which is higher than the 8.2%
reported in a Spanish study (Bernardo et al., 2012). A small French study
reported that depot injection in combination with clozapine was well tolerated
but such combinations are not recommended overall because of possible
additional side effects but relatively modest, if any, treatment gains (Souaiby et
al., 2017).

We estimate that 16% of patients with schizophrenia in Iceland have ever
tried clozapine and that 11.4% of patients are currently on clozapine. This
estimate of the current use of clozapine in Iceland is about the same as was
estimated by Bachmann et al. (2017), 11.2%, but is lower than the percentage
of TRS that is estimated to be in the range of 20-30% (Meltzer, 1997; Picchioni
& Murray, 2007). This estimation is based on the assumption that the
prevalence of schizophrenia is the same in Iceland as has been previously
reported and that total amount of clozapine used for diseases other than TRS
and treatment resistant bipolar disorder are negligible (McGrath et al., 2008;
Saha et al., 2005). This indicates that psychiatrists in Iceland can and should
be more alert to consider clozapine as a treatment option for their patients with
TRS.
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5.2 Neutropenia and agranulocytosis (Paper Il)

In paper Il the main aim was to describe the prevalence of neutropenia and
agranulocytosis in patients with schizophrenia both on clozapine and never on
clozapine and to assess to progression of neutropenia to agranulocytosis.
Neutrophil monitoring during clozapine treatment in Iceland was less frequent
than guidelines recommend both for the first 18 weeks of treatment but
particularly after the first 18 weeks. For the first 18 weeks the median number
of days between neutrophil measurements was 18 days whereas Icelandic and
FDA guidelines recommend weekly measurements (FDA, 2015; Lyfjastofnun,
2014). After the first 18 weeks the Icelandic guidelines recommend monthly
measurements but the median time was 124 days (Lyfjastofnun, 2014). The
infrequent measurements did however not lead to more cases of
agranulocytosis developing than expected. Only one patient of those around
two hundred patients ever on clozapine in the cohort developed
agranulocytosis, and that case occurred after taking clozapine for 28 years. ltis
very uncommon that clozapine induced agranulocytosis occurs so late during
the course of therapy, since it occurs in the first five months of treatment in
about 80% of cases (Alvir et al.,, 1993; Lahdelma & Appelberg, 2012).
Outpatients with TRS might find it difficult or costly to adhere to the weekly
blood tests and this flexible monitoring might have contributed to the higher
adherence in the study cohort. Other studies comparing neutrophil monitoring

during clozapine treatment to guidelines were not found.

Neutropenia was fairly common both in the clozapine group and in the
never-on-clozapine group despite the relatively low frequency of
measurements. Mild neutropenia (neutrophils 1500-1900/mm?®) was identified
in 12.8% of patients in the clozapine group compared to 7.5% in the never-on-
clozapine group (p = 0.05). The mild neutropenia was transient and had no
clinical consequences in the sample. The frequency of neutrophil
measurements was associated with more cases of neutropenia so it’s likely that
the frequency of mild neutropenia would have been higher if the neutrophil
monitoring had been in line with guidelines. Moderate neutropenia (neutrophils
1000-1400/mm®) occurred in 4.3% of patients taking clozapine and severe
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neutropenia (neutrophils 500-900/mm?) in 0.5% of patients. It was unexpected
that these figures were lower than for patients never on clozapine where
moderate neutropenia occurred in 5.0% of patients and severe neutropenia in
0.8% of patients. This was true despite the latter group only having about half
as many neutrophil measurements done as those on clozapine treatment.
There were eight patients in the clozapine group who developed moderate
neutropenia, something that leads to a mandatory discontinuation of clozapine
treatment in most countries (Nielsen et al., 2016) but only two patients
discontinued clozapine treatment in the study sample. The six patients who
continued clozapine treatment were still on clozapine one year later without any
other episodes of neutropenia. There were two patients with severe
neutropenia in the clozapine group and one of them developed agranulocytosis
while the other discontinued clozapine treatment.

It is only possible to assess the risk of neutropenia in various stages, mild,
moderate to severe, progressing to agranulocytosis if patients have been willing
and able to remain on clozapine following a diagnosis of neutropenia. There
were 28 patients who had used clozapine for at least one year after neutropenia
had developed in the range 500-1900/mm?® without experiencing any adverse
clinical outcomes as well as one patient who had developed agranulocytosis
(3.4%). When only looking at patients with neutropenia in the range 500-
1400/mm? who had used clozapine for at least a year after the neutropenia or
being diagnosed with agranulocytosis then one patient out of 7 (14.2)%
developed agranulocytosis. This is a higher percentage than for neutropenia in
the range 500-1900/mm? but the sample size is small. Therefore, replication of
such results in larger samples would be a major advantage but this is difficult if
not almost impossible at present. Most patients have no option but to stop
taking clozapine in most countries after neutropenia below 1500/mm? develops
because most guidelines recommend stopping clozapine treatment for such a
low neutrophil count (Nielsen et al., 2016). This recommendation was though
amended in the US in 2015 when neutrophil counts in the 1000-1499/mm?®
range were considered within limits with neutrophil monitoring three times a
week (FDA, 2015). A recent study on patients in the VA system in the US

42



Discussion and conclusions

concluded that those changes are likely to increase the number of patients
treated with clozapine (Sultan et al., 2017). A study by Hummer et al. (1992)
reported that 8 out of 68 patients were diagnosed with neutropenia that resolved
without treatment but the mean neutrophil count in the study was in the mild
neutropenia range, (1780/mm3). One other small study was found where the
rate of neutropenia in schizophrenia patients on clozapine treatment was 11.8%
but higher, 17.6%, in schizophrenia patients not on clozapine (Rettenbacher et
al., 2010). The results of that study concur with those reported in paper Il,
suggesting that neutropenia may neither be a good nor a reliable predictor for

clozapine induced agranulocytosis.

When agranulocytosis is diagnosed it can be difficult to ascertain its cause
and of course there can be a few partial causes that culminate in
agranulocytosis as well as one cause like clozapine as is often the deduction
when a patient on clozapine treatment develops neutropenia of any type, in
particular agranulocytosis. In the study cohort of patients who had never been
on clozapine four cases of agranulocytosis were found. In three cases it was
possible to identify likely causes but in the fourth case no definite explanation
was identified. If that patient had been on clozapine at the time of diagnosis the
agranulocytosis would almost certainly have been attributed the clozapine
treatment as the sole cause or at least as a partial cause. Neutropenia was just
as common in the clozapine group as in the never-on-clozapine group.
Therefore, most/many of the neutropenia cases in the clozapine group may
have other biological causes, partial, sole or necessary causes, than clozapine
treatment.

Females had a higher risk of neutropenia with a hazard ratio of 1.70-2.00
depending on which range of neutropenia was used in the comparisons. It has
been reported in a US study that agranulocytosis is more common in females
(Alvir et al., 1993). Younger age was also associated with increased likelihood
of having neutropenia diagnosed and that is in line with a larger UK study
(Munro et al., 1999). Clozapine use was expected to be associated with
moderate to severe neutropenia but it was in fact only observed to be

associated with mild neutropenia (p = 0.05) with a hazard ratio of 1.86.
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Clozapine treatment therefore only increased the likelihood of mild neutropenia
developing which usually does not have much clinical significance (no
progression to agranulocytosis) although such a finding can probably increase
the chance of clozapine being discontinued for a particular patient. Such
decisions to stop the treatment can be shared of course or taken only by the

treating psychiatrist or the patient receiving the treatment.

Neutropenia is one of the reasons why patients stop clozapine treatment
(Legge et al., 2016) despite the low risk of progression to agranulocytosis for
mild to moderate neutropenia. According to paper Il, patients with mild
neutropenia who remain on clozapine have a very low risk of developing
agranulocytosis and most patients with moderate neutropenia will not develop
agranulocytosis. Caution must though be exercised until replications of these
results are published in the literature. Clozapine rechallenges should be
considered for patients who have had a good response to clozapine earlier and
have stopped the treatment due to mild to moderate neutropenia. The case is
stronger if no other treatment has shown a clinical response comparable to that
seen on clozapine. The low risk of agranulocytosis in mild to moderate
neutropenia should be placed in the context of severity of the illness,
schizophrenia, which is associated with a decreased lifespan of 22.5 — 25 years
and the reduced mortality associated with clozapine treatment which probably
outweighs the small risk of dying from agranulocytosis (Hayes et al., 2014,
Tiihonen et al., 2009). The risk of dying from agranulocytosis has been
estimated to be 0.02% (Alvir et al., 1993; Lahdelma & Appelberg, 2012; Munro
et al., 1999; Schulte, 2006). In a study from Finland it was reported that 40% of
patients with agranulocytosis and 80% of the mortality from agranulocytosis
during clozapine treatment was observed for patients who used clozapine with
other medication which have been associated with agranulocytosis (Lahdelma
& Appelberg, 2012). Accordingly, the absolute risk of dying from
agranulocytosis is in all probability less than 0.02% for patients who are not on

any other medications that have been associated with agranulocytosis.
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5.3 Risk of diabetes and dyslipidemia (Paper lll)

In paper Il the main aims were to assess the prevalence of T2D and
dyslipidemia and to compare the proportions of patients with schizophrenia ever
or never on clozapine to a standard Icelandic population. The observed
prevalence of T2D was 14.3% in the clozapine group and 13.7% in the never-
on-clozapine group. The standardized morbidity ratio for T2D for females on
clozapine was 4.4 and 2.3 for males, respectively. For patients with
schizophrenia never on clozapine the standardized morbidity ratio for T2D for
females was 2.6 and 1.5 for males, respectively. Clozapine use was nhot
associated with high blood sugar (over 13 mmol/l) after correcting for age and
T2D. Only one case of ketoacidosis was identified in the study cohort of 583
patients during mean follow up of 9.2 years for patients on clozapine and 13.8
years for patients never on clozapine. There was no significant difference
observed for LDL or total cholesterol in the clozapine and the never-on-
clozapine cohorts compared to the Icelandic standard population. HDL was
lower in the clozapine group compared to the Icelandic standard population but
the difference was only significant for males. The greatest difference observed
for the various blood lipids was in the triglyceride levels that were significantly
higher both in the clozapine group and in the never-on-clozapine group

compared to the Icelandic standard population.

In a large Medicaid study clozapine has been reported to be significantly
more often associated with T2D than other antipsychotics which is in line with
the results of paper Il (Stroup et al., 2016). Similar results were found in a
smaller Dutch study that compared the incidence of T2D over a 5 year period in
patients with schizophrenia on clozapine versus patients with schizophrenia not
on clozapine where the incidence of T2D was 22.3% in the clozapine group and
16% in the never-on-clozapine group (Schulte et al., 2016). It has been
suggested, but is debatable, that patients treated with clozapine may be at
greater risk of T2D because they are the most severely afflicted schizophrenia
patients and their lifestyles may place them at a greater risk of T2D than other

patients with schizophrenia (Sharpe et al., 2006).
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Standardized morbidity ratios for T2D was higher for females than males in
the cohort. The higher ratios of T2D in females have also been reported in a
large US study in the Medicare and Medicaid systems in patients with
schizophrenia (L. Dixon et al., 2000). The mean clozapine blood levels have
also been reported to be 17% higher in females than in males and that could
possibly account, at least to some degree, for higher rates of T2D found in

females treated with clozapine (Anderson et al., 2015).

Of the 27 patients in the clozapine group diagnosed with T2D, 7 (26%) were
diagnosed with T2D before starting clozapine treatment, 16 (59%) during
clozapine treatment and 4 (15%) after discontinuation of clozapine. Paper |
reported that two thirds of patients on clozapine are taking other antipsychotic
medications in addition to clozapine and the mean DDD was rather high, 1.67
which can further have added to the risk of T2D in this cohort. These
proportions indicate how complicated it can be to assess the causality of

clozapine induced T2D in patients with schizophrenia.

Patients with a high risk of developing T2D as defined by HbAlc within the
range 6-6.4% were about twice as common in the clozapine group (11.7%) as
in the never-on-clozapine group (5.8%). One possible explanation is
measurement bias, namely that patients on clozapine are more often in contact
with LUH due to the neutrophil monitoring and as a result are more likely to
have had more frequent HbAlc measurements, including some in this
intermediate range between normal levels and T2D levels of HbAlc as a
marker for long-term blood sugar. In the clozapine group 147 patients out of
188 (72.2%) had at least one measurement while in the never-on-clozapine
group there were 205 patients out of 395 (51.9%) who had at least one
measurement of HbAlc. There were 9 patients (2.3%) in the never-on-
clozapine group that probably had an increased risk of T2D since they had a
glucose measurement between 13-15 mmol/l without meeting the criteria for

high risk of diabetes or receiving a diagnosis of T2D.

It has been reported that metformin can be used in patients without T2D to
counteract weight gain that is often observed in patients treated with clozapine

(Chen et al., 2013). In the clozapine group there were 10 patients using
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metformin without a diabetes diagnosis and five of them had a high risk of
developing T2D. These results indicate that the use of metformin and related
medications cannot be used reliably in Iceland and probably in some other

countries as a proxy for the T2D diagnosis in clinical samples.

Only one case of ketoacidosis (0.2%) was identified in the cohort and this
condition was most likely caused by T1D but not the use of antipsychotic
medication. Other studies on larger samples in the US, studies with more
power to detect rare events, have reported higher incidence rates of 1.2.-3.1%
during treatment with clozapine (Cohen et al., 2012). In a large study from the
US Veterans Affairs, overall 0.2% patients on any antipsychotic were
hospitalized because of ketoacidosis but the observed risk was higher for
clozapine or 2% (Leslie & Rosenheck, 2004). One possible reason for lower
risk in Iceland is that the Icelandic health care system is very different from the
US system and offers good access to universal primary health care for all
citizens, thus diabetic illness in this group might be more likely to be treated

there before it progresses to ketoacidosis.

The medical health records did not have sufficient data on patients’ weight
progression to allow for a meaningful analysis. That was unfortunate and
probably reflects the fact that too little attention has been on measuring and
registering patients” weight gain both for inpatients and outpatients during
antipsychotic treatment. That seems to be changing though in recent years in
our practice and over the last couple of years more commonly patients weight is

recorded regularly in the EHR.

In the study cohort antipsychotics, and notably clozapine, had more adverse
effects on triglycerides than on cholesterol which is in line with previous studies
(Henderson et al., 2000; Newcomer, 2005). A negative effect on HDL was
observed that only reached statistical significance for the clozapine group.
Cholesterol levels were higher in the clozapine group for females but this did
neither reach statistical significance nor were any other significant effects on
cholesterol observed. The risk of antipsychotics raising triglyceride levels is
better established in the literature than their more complex effects on

cholesterol where some studies have shown total cholesterol to be higher and
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HDL to be lower while other studies have not shown any such effects
(Newcomer, 2005; Wirshing et al., 2002; Wu et al., 2006). Most guidelines on
metabolic monitoring during antipsychotic treatment recommend that patients
should have blood lipids done regularly (De Hert et al., 2011). In the clozapine
group a blood lipid measurement could be found for 144 patients out of 188
(77%) reflecting that there is a definite room for improvement in the blood lipid
monitoring for patients in this cohort. Guidelines on statin use only recommend
statins for very high levels of LDL (over 4.9 mmol/l ) if the patient does not have
atherosclerotic cardiovascular disease, T2D or at least a 7.5% risk of
developing atherosclerotic cardiovascular disease in the next 10 years (Stone et
al., 2014). Only 5% of patients in the study had such high LDL levels and 10%
in the clozapine group were using statins which was the same as in a Danish
study from 2007 (Nielsen et al., 2012). There were similar levels of total
cholesterol and LDL in the study cohorts as in the age and sex matched
Icelandic population controls. Therefore it is likely that screening in the study
cohorts would not lead to more treatment with statins than screening in general
in the Icelandic population. It is very unlikely that a young patient with
schizophrenia who does not have T2D or cardiovascular disease would be
prescribed statins following blood lipid screening. Even though statins are not
recommended in primary prevention there are recent meta-analyses that show
reduced total mortality in primary prevention (Mihaylova et al., 2012; Taylor et
al., 2013). No studies on statin treatment for primary prevention in patients with
schizophrenia were found in the literature but it would be interesting to know if
statin treatment would be more beneficial in those patients who have a higher

prevalence of metabolic disorders.

5.4 Limitations of papers I-llI

There are some limitations in the dataset that may have influenced the findings
reported in papers I-lll. This thesis is based on a retrospective analysis of EHR
and paper records of patients at LUH. Therefore, it is possible that some
results cannot be fully generalized to patients with less severe forms of
schizophrenia who have not been in contact with mental health services of LUH.
When comparing patients ever on clozapine versus patients never on clozapine
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there weren’t complete medical data available to correct fully for various
possible confounders including family history, BMI, medication use other than
clozapine, physical activity, diet, etc. Patients never on clozapine were also on
average 7 years older than those ever on clozapine. Patients on clozapine are
or should by definition be patients with TRS so the use of clozapine may not be
the only difference between them and those patients with schizophrenia who
have never been on clozapine. Although we had full access to the LUH EHR
and the electronic regional databases for neutrophil counts, blood sugar
measurements and blood lipid measurements, we could not get access to data
in two private blood testing facilities in Reykjavik. It is possible that some blood
measurements for patients in the cohort may have been done there. However,
the vast majority of patients with schizophrenia and almost every TRS-patient
on clozapine is followed up from LUH so it is highly unlikely that this should
have affected the main results and conclusions. Some neutrophil
measurements in the database may not have been requested because of
neutrophil monitoring during clozapine treatment but for other medical reasons,
most frequently infections in all probability that commonly lead to a rising
number of neutrophils, not neutropenia. The strengths of the study include full
access to electronic medical records at LUH for two decades and full access to
patients” medical journals for older medical records on paper. We estimate that
over 90% of Icelandic patients with schizophrenia, in particular the more severe

forms, have been treated and followed up at LUH over the past four decades.

5.5 EBP, VBP and risk assessment in clozapine treatment

With clozapine being so underutilized in most countries EBP is apparently often
not being applied in the treatment of TRS where clozapine is the only drug with
that indication (Kane et al., 1988; Picchioni & Murray, 2007). Clozapine should
be offered to about 20-30% of patients with schizophrenia but the reality is that
it is only prescribed on average for 9.2% of such patients with wide differences
observed between countries (Bachmann et al., 2017). The risk of
agranulocytosis and the recommended and sometimes mandatory blood
neutrophil monitoring may be two of the major reasons why clozapine is not
being used more commonly along with some common side effects (Kane, 2012;
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Nielsen et al., 2010). A UK study of patients on clozapine reported that 64% of
patients claimed that the blood monitoring was “OK - a necessary part of
treatment” but 28% claimed that they did not like the blood test (Taylor et al.,
2000). Each individual patient has his or her own values regarding clozapine
treatment and the blood monitoring which are not necessarily the same values
as the patient’s family might have or the prescribing doctor. Shared decision-
making refers to a structured process that encourages full participation by
patient and provider in treatment decisions and it has been shown that it can
improve the participation of mental health patients in their care and the quality
of decisions taken in terms of knowledge and values (Drake et al., 2009). Both
patients and providers acknowledge the desirability of shared decision making
in schizophrenia but it occurs less often in real life mental health settings than

desired by patients (Beitinger et al., 2014).

It is well established that most people have difficulty in working with and
understanding very low figures and risks (Kahneman, 2011). In making
treatment decisions in TRS the exceedingly low risk of dying from
agranulocytosis must be put into perspective for patients, families and doctors
alike to facilitate a better understanding and ability to work with the low risk in
the context of other equally likely or more probable adverse outcomes. The risk
of developing agranulocytosis is around 0.7% and in 3% of cases it has a lethal
outcome which translates to 0.02% or 2 out of every 10.000 patients overall but
a lethal outcome is as low as 0.004% or 4 out of every 100.000 treated patients
after the first 5 months of treatment (Alvir et al., 1993; Lahdelma & Appelberg,
2012). That risk can drop even further for patients who are not simultaneously
on other medications associated with agranulocytosis (Lahdelma & Appelberg,
2012). To put the risk of dying from agranulocytosis during clozapine treatment
into perspective it is possible to compare it to the risk of dying in a road traffic
accident in Europe. The risk of dying in a road traffic accident in Europe has
been estimated to be 0.37% over a 40 year period (1- (1 - 9.3/100.000)*° ) or 3-
4 subjects per 1.000; 40 years is a period comparable to that if a patient takes
clozapine during his adulthood years (WHO, 2015). A patient taking clozapine

for 40 years and residing in Europe therefore has an 18.5 times higher risk of
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dying in a road traffic accident than dying from agranulocytosis. This low risk
must also be balanced against risks like self-harm and suicide and a lowered-
life expectancy of 22.5-25 years among patients who develop schizophrenia
because clozapine has been shown to reduce the mortality of such patients
(Tiihonen et al., 2009; Wimberley et al., 2017).

Methods for cost effectiveness analysis are well established and often used
when assessing which intervention to use in disease intervention (Hill, 2012).
Clozapine blood monitoring is far from being cost effective with 1 quality
adjusted life year costing at least 970.000 USD where the NHS cost
effectiveness threshold for treatment is 20.000 — 30.000 GBP or 26.000-39.000
USD (Girardin et al., 2014; McCabe et al., 2008). Resources used for blood
monitoring after the first 6 months for example might therefore be used more
efficiently for other health interventions for patients with TRS. Clozapine use in
itself is also associated with significant savings in hospital care as shown by a

recent meta-analysis (Land et al., 2017).

When assessing if long term blood monitoring is necessary during clozapine
treatment it can be helpful to compare the risk associated with other
medications where long term monitoring is at present neither deemed
necessary nor mandatory. After the first 5 months of treatment with clozapine
the risk of agranulocytosis drops from around 0.7% to about 0.14% which is
lower than with ticlopidine (0.8%) and dapsone (0.24-0.42%), about the same
as chlorpromazine (0.13%) which has been widely used for half a century and is

still in use, and slightly higher than sulfasalazine (0.06%).

In paper Il the progression rate from neutropenia to agranulocytosis was
observed to be very low and only mild neutropenia was found to be more
common in the clozapine group which could reflect the higher frequency of
blood measurements if temporary mild neutropenia is commonly a fluctuating
phenomenon that some people experience on occasions without any
associated adverse outcomes. The findings from paper Il obviously require
replication but one relatively small study has reported similar findings, namely
neutropenia being more common among patients with schizophrenia not on

clozapine than those on clozapine (Rettenbacher et al., 2010). If the results are
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replicated by others in large samples that would indicate that neutropenia is a
poor indicator for agranulocytosis and that many patients may as a result of
current guidelines stop clozapine treatment unnecessarily thereby increasing

their risk of dying prematurely (Tiihonen et al., 2009; Wimberley et al., 2017).

All of the above, accepting though that replications are urgently needed,
really begs the question if clozapine long term monitoring is really necessary
because it may unnecessarily bar patients with TRS from receiving the
treatment which is most likely to keep their symptoms in check and reduce their
overall mortality. Denying a patient who has been on stable long-term
clozapine treatment for 6 months or more the medication if the patient does not
show up for blood monitoring (“No blood, no drug” policy) may not at all be in
the patient’s best interest. When assessing if to use clozapine in TRS the focus
should not be on agranulocytosis and blood monitoring beyond 6 months which
has a debatable risk/benefit ratio. Patient’s values regarding the blood
monitoring and the small risks involved should be explained in laymen terms to
the patient and/or his spouse or closest relatives and discussed. The outcome
of these discussion should assist a shared decision making process in order to
decide whether further long term blood monitoring is indicated or not. The
exceedingly small risk of lethal agranulocytosis should not prevent the bulk of
patients with TRS from trying clozapine or from remaining on clozapine

treatment if they fail to comply with long-term blood monitoring.

5.6 Conclusions

Clozapine could and should be prescribed earlier following diagnosis and for
more patients with TRS than is done at present in most countries. Psychiatrists
and pharmacists in hospitals need to be more alert when assessing if a patient
is a candidate for clozapine treatment. Most patients, 71.2%, who start
clozapine treatment stay on the medication for at least two decades in Iceland.
A diagnosis of mild to moderate neutropenia did not result in a higher
discontinuation rate in the study cohort but neutropenia is often cited as major
problem in clozapine treatment. Neutropenia is common in both patients on

clozapine and never on clozapine so there is a large proportion of neutropenia
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cases among patients treated with clozapine that may not at all be related to the
clozapine treatment. Patients who have previously responded to clozapine and
discontinued due to neutropenia, especially in the 1000-1500/mm?® range,
should be rechallenged with clozapine, provided that clozapine is the
medication that seems to have provided the best treatment response, since
there is usually no other equally effective treatment for TRS available.
Antipsychotic polypharmacy with clozapine is very common despite lack of good
evidence supporting such practice. Doctors need to evaluate thoroughly the
clinical benefit versus the risk of more side effects, in the short and long term, if
they add other antipsychotic medications to clozapine and aim to actively
discontinue medications that do not show a clinically meaningful response. The
DDD increased as more antipsychotics were used alongside clozapine
treatment exposing the patients to a greater risk of more ADRs. The metabolic
side effects are especially problematic in this regard in the long term. Clozapine
use is clearly associated with T2D and females seem to be especially
vulnerable with a standardized morbidity ratio for T2D of 4.4. Monitoring of
blood glucose and HbAlc for patients with schizophrenia needs to be improved
in Iceland and should be done at least once a year. Guidelines also state that
blood lipids should be assessed once every year but there is less evidence
supporting this, especially for young patients. In practice blood lipid
measurements are inexpensive and it's probably easiest to do them annually
when T2D monitoring is done. Neutrophil monitoring should not be mandatory
after the first half year of treatment. Doctors and patients should discuss the
risk of agranulocytosis to enable a shared decision-making process and decide
in due course on appropriate monitoring based on the patients” values and an

informed written consent on how they want to proceed.

5.7 Future directions

We need more studies to assess the prevalence and significance of
neutropenia in patients with schizophrenia on clozapine compared to patients
never on clozapine. Moreover further studies are called for that assess the risk
of progression of neutropenia to agranulocytosis. This should become easier in
most countries as EHR and databases have become more widely used in
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routine clinical care in recent years. In paper Il neutropenia was observed to be
just as prevalent in patients on clozapine as in patients who had never been on
clozapine and the risk of progression from neutropenia to agranulocytosis was
very low since only one patient developed agranulocytosis following severe
neutropenia. The findings of paper Il, if true, would support that the current
European guidelines on discontinuing clozapine for patients in the 1000-
1500/mm?® range should be reevaluated and that more frequent neutrophil
monitoring would be a more logical and prudent response during periods of low
neutrophil counts as the FDA has recommended in the US since 2015. This
could lower the discontinuation rate of clozapine treatment and thereby improve
treatment and mortality rates in TRS, including reducing suicides and acts of

repeated self-harm.

Larger collaborative studies are needed to access the genetic risks of
antipsychotics induced weight gain and T2D. Identifying genetic risk factors
may help to find methods to guide which medications to avoid for patients at
high risk of certain side effects. This seems to be especially important for

female patients and their risk for T2D.

The results indicate that there is a need to address treatment for higher
triglycerides during antipsychotic treatment. More research is though needed to
assess if primary prevention with statins is indicated in patients with
schizophrenia because they have in general a higher risk of developing
cardiovascular disease and a lifespan which is 22.5-25 years shorter than that

of the general population.

In years to come patients in this cohort will get older and as a result there
will be more power to assess whether and how early on a mortality gap
develops between patients with schizophrenia ever on clozapine and those
never on clozapine, contrasting each group with matched controls from the

Icelandic population.
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ABSTRACT

Background: Clozapine is the only drug approved for treatment-resistant schizophrenia. There is evi-
dence that clozapine is underutilized. Aims: To evaluate the initiation and discontinuation of clozapine
at Landspitali University Hospital in Iceland and the prevalence of antipsychotic polypharmacy in cloza-
pine-treated patients. Methods: The study is a part of an engoing longitudinal study of schizophrenia
in Iceland. We identified 201 patients on clozapine or who have been on clozapine by using a keyword
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search in the electronic health records and by reviewing their medical records. Results: Mean age at :::::x:;‘scs‘, Clozapine;
first treatment with clozapine was 37.8 years. Mean follow-up period on clozapine was 11 years. After Polypharmacy;

20 years of treatment 712% of patients were still on clozapine. After one year of treatment 84.4% of Schizophrenia; Treatment-
patients were still receiving dozapine treatment. We estimate that 11.4% of patients with schizophrenia resistant

in Iceland are taking clozapine and that 16% have been treated with clozapine at some point.
Polypharmacy is common, since nearly 2/3, 65.6%, of patients taking clozapine use at least one other
antipsychotic and 16.9% are also receiving depot injections. Conclusions: We need to increase the
awareness of psychiatrists in Iceland with regard to treatment with clozapine, since only about half of
the estimated population of patients with treatment-resistant schizophrenia in Iceland have ever been
treated with clozapine. Nearly two thirds of patients who are prescribed clozapine in Iceland remain on
it long-term.

Around 20-30% of patients with schizophrenia prove to be
treatment-resistant, and clozapine has been demonstrated to
be the drug of choice to offer those patients (1). Treatment
resistance has been defined as failure to respond to two or
more antipsychotics (one of which should be an atypical)
when given at an adequate dose for at least 6-8 weeks
(2,3). Clozapine has also been found to be superior to other
antipsychotic medications for non-treatment-resistant schizo-
phrenia in a meta-analysis (4). In addition to having an indi-
cation for treatment-resistant schizophrenia, clozapine also
has FDA approval for the prevention of recurrent suicidal
behaviour, its effectiveness in this indication having been
demonstrated in the international suicide prevention trial
(InterSePT) (5).

There is evidence that clozapine remains underutilized
despite being the only drug approved for treatment-resistant
schizophrenia (6,7). Clozapine use in schizophrenia varies
widely between countries: from being as high as 26.9% (8) in
Taiwan, 26.7% in China (8), 15.2% in Australia (9), 10.1% in
Denmark (10), to as low as 4.4% in the USA (11). It is not well
understood why clozapine appears underutilized in some
countries despite the strong evidence for its efficacy in treat-
ment-resistant schizophrenia. Possible explanations include
the strict haematological monitoring requirements and the
potential for rare but potentially serious side effects such as

agranulocytosis, myocarditis and seizures, and more common
ones such as weight gain and type 2 diabetes mellitus.

Clozapine has been established as a cost effective treat-
ment for treatment-resistant schizophrenia. Patients on cloza-
pine have reduced frequency of hospital admissions (12).
Schizophrenia is a disorder known in all settings and cultures.
The prevalence of schizophrenia is more geographically var-
ied than previously assumed, but it is estimated that 7 indi-
viduals per 1000 will be affected, but gender, urbanity,
latitude and migration have been shown to influence inci-
dence rates (13,14).

Aims of the study

The aim of the study is to describe clozapine treatment of
patients with schizophrenia in Iceland; specifically to describe
the proportion of patients taking clozapine, the pattern of dis-
continuation over time and the frequency of antipsychotic
polyphamacy in patients treated with clozapine.

Materials and methods

Landspitali University Hospital (LUH) started to use electronic
health records (EHR) in 1998, but older records are available
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on paper. Subsequently the proportion of medical, psych-
ology and nursing data in EHR has been steadily growing and
currently includes almost all patient data in the hospital.

This study constitutes a part of an ongoing longitudinal
study in the LUH department of psychiatry focusing on
patients with schizophrenia and bipolar disorder. Patients
have been recruited to the study in several waves from
1986-2014. The majority of inpatients and outpatients at LUH
with schizophrenia or bipolar disorder have been approached
to take part in the study. Most of the patients were recruited
between the years 2000 and 2004. In this study we looked
at patients from the LUH study who were alive on 1 January
2003 and had a confirmed diagnosis of schizophrenia
according to the Schedule for Affective Disorder and
Schizophrenia - Lifetime version (SADS-L) (15). In total 611
patients met the inclusion criteria.

LUH is the only tertiary hospital for mental health services
in Iceland and it also provides secondary psychiatric services
and inpatient beds in psychiatry for over 90% of the Icelandic
population. Therefore the overwhelming majority of Icelandic
patients with treatment-resistant schizophrenia who have
ever been on clozapine have been in regular or temporary
contact with the mental health services or other services of
LUH.

To identify patients that have used clozapine we used a
keyword search in the EHR for the text “clozapin”, “closapin”
and “Leponex”. The “e" at the end of clozapin was omitted
because of possible spelling errors in the EHR, but a keyword
search of “clozapin” will find “clozapin” and “clozapine”. “clo-
sapin” with an “s” was also used in the keyword search.
Leponex was the only brand name of clozapine in Iceland
until May 2014 when the generic “Clozapine Actavis” was
introduced to the market. All medical notes with the cloza-
pine keywords were reviewed to assess whether clozapine
had been used. For patients who had insufficient documenta-
tion of prior psychiatric illness and medical use in the EHR
the paper medical records were reviewed for clozapine use.
The time period of clozapine use was documented. We identi-
fied 201 patients with schizophrenia and 23 patients with
bipolar disorder who had used clozapine.

Information on the first period of clozapine treatment for
patients with schizophrenia was available for 195 patients out
of 201. We had the exact date of clozapine initiation for 167
patients. For 28 patients it was not possible to set an exact
date for the initiation of clozapine treatment but from med-
ical records it was possible estimate the time from a couple
of weeks to a couple of months. Of those 28 patients, 24
patients started clozapine before 1998 which is when LUH
started using EHR.

When assessing the proportion of patients continuing on
clozapine we used a Kaplan-Meyer survival analysis. If a
patient had tried clozapine, then stopped clozapine and then
restarted then the start of clozapine treatment was defined
from the last start of clozapine treatment. Patients who
died during follow-up or were still taking clozapine at the
end of follow-up were censored from time of death or end of
follow-up.

In the “ever discontinued clozapine” analyses we exam-
ined the time from the first treatment with clozapine until

70

NORDIC JOURNAL OF PSYCHIATRY (&) 451

the patient discontinued clozapine treatment regardless of
whether they later restarted clozapine treatment.

When analysing concomitant medication use while
patients were taking clozapine we considered the last known
medication regime stated in the medical notes before the
end of follow-up or the date that the patient discontinued. It
may take up to 6 months of clozapine treatment to observe
full improvement in positive symptoms (11). Dosing adjust-
ment of clozapine therefore can take even longer so patients
had to have been on clozapine for at least 1 year to be
included. There was no minimum dose of clozapine so
patients using low doses of clozapine were also included. In
total we had detailed medication information for 154 patients
with schizophrenia and 145 out of them used 100 mg of clo-
zapine or more.

We used the mean clozapine dose prescribed in the cohort
and the total clozapine sales in 2013 to estimate how many
patients with schizophrenia in Iceland had used clozapine
that year, assuming that the use of clozapine for disorders
other than schizophrenia and bipolar disorder was negligible.

Data used to assess antipsychotic drug use in Iceland in
2013 was collected from the Icelandic Medicines Agency.

The study was reviewed and approved by the Icelandic
National Bioethics Committee (FS-02-041(03-030)) and the
Data Protection Authority (2009090737pS).

Results
Age at first treatment with clozapine

The mean age at first treatment with clozapine was 37.8 years
(SD 12.2), 36.5 years (SD 12.5) for men and 41.0 years (SD 11)
for women. On average men started clozapine treatment 4.5
years earlier than women (p = 0.008).

Figure 1 describes the age of patients when clozapine
treatment was first started. The mean was 37.8 (SD 12.2) with
a range of 16.4-69.6 years.

The mean follow-up time on clozapine was 11.1 (SD9)
years for men and 109 (SD 8.5) years for women.

Discontinuation of clozapine

Figure 2 is a Kaplan-Meier survival graph that displays the
proportion of patients that were on clozapine for the first 20
years of treatment. After 1 year of treatment 84.4% of
patients were still on clozapine and after 2 years 81.8% of
patients were still on clozapine. After a 20-year follow-up
71.2% of patients were still on clozapine, 71.5% of the men
and 70.1% of the women.

We also estimated with a Kaplan-Meier survival estimate
the proportion of patients who had ever discontinued cloza-
pine treatment after the first start of clozapine treatment with
a Kaplan - Meier survival estimate. One year after the first
start of clozapine treatment 17.6% of patients had discontin-
ued clozapine treatment, and 2 years after the start of cloza-
pine treatment 22.7% of patients had discontinued clozapine
treatment. Eighteen patients restarted clozapine treatment
after having discontinued clozapine use and 14 of them were
still on clozapine at the end of follow-up or when they died.
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Figure 1. Age of patients when clozapine treatment was first used (n = 195).
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Figure 2. Proportion of patients who stay on clozapine after the latest start of clozapine treatment (n = 201).
Most patients who come off clozapine do so early on. In 1apie 1. Antipsychotic polypharmacy (N = 154).
the first 6 months 33 patients out of those 68 who ever dis-  pgily antipsychotic use N % Mean DDD
continued it (48.5%) came off clozapine, three had died and  Clozapine only 53 344 101
one was censored because of a follow-up time of less than  Clozapine plus one additional antipsychotic 70 455 179
0 Clozapine plus two additional antipsychotics 23 149 237
1 year. Two years after the first start of clozapine treatment Clozapine plus three additional antipsychotics 3 59 300
49 patients had stopped clozapine treatment (72% of total 167

discontinuation), four had died and two were censored.
Clozapine discontinuation did continue to occur at a slower
rate though during subsequent years of treatment.

Clozapine dosing and concomitant treatments

The mean dose of clozapine was 3046 mg (SD172mg) and
the median dose was 262.5 mg, range 25-800mg.

Table 1 describes polypharmacy in the cohort. About a third
of the patients received clozapine as their only antipsychotic.
About two thirds of patients (65.5%) were prescribed more
than one antipsychotic. The average World Health

DOD, defined daily dose by the World Health Organization.

Organization defined daily dose (DDD) of antipsychotics was
1.67 in the cohort (16). As the number of regular antipsychotic
drugs increased, the DDD also increased. The average DDD:
antipsychotic usage for patients whose sole antipsychotic was
clozapine was 1.01. For patients on four or more antipsychotics
the average DDD: antipsychotic usage was 3.01.

When analysing polypharmacy in the cohort we found 16
different  antipsychotic  drugs used with clozapine.
Chlorpromazine was the most commonly used antipsychotic
in oral preparations in addition to clozapine treatment, with
16 patients (10.4%) receiving chlorpromazine with clozapine.
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Table 2. Depot injection used for patients on clozapine (N = 154).
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Table 3. Antipsychotics sold in Iceland in 2013.

n % Mean daily dose* (mg) DDD (mg)
Perphenazine 10 6.5 73 7
Risperidone 9 5.8 34 27
Zuclopenthixol 4 26 143 15
Flupentixol 3 19 19 4
Olanzapine 1 0.6 214 10
26 16.9

*Mean daily dose is the depot injection dose divided by the number of days
between injections. DDD, defined daily dose by the World Health Organization.

Table 2 describes the depot injections used with clozapine;
6.5% of all patients receiving clozapine also received perphe-
nazine depot injections and 5.8% received risperidone depot
injections. In total there were 26 patients out of 154 (16.9%)
that received depot antipsychotics alongside their clozapine
tablets. **One patient received two depot injections with
clozapine.

Regular use of benzodiazepine drugs (anatomical thera-
peutic chemical codes NO3AE** and NO5SBA**) was common
in the cohort but 69 patients out of 154 (44.8%) used them
daily. The average age of patients on benzodiazepine drugs
was 538 years and the average age for patients not using
benzodiazepine drugs daily was 50.0 years. Clonazepam was
the most commonly used benzodiazepine; 45 patients out of
154 (29.2%) used it daily. Antidepressants use was also com-
mon with 74 patients out of 154 (48.1%) using antidepres-
sants daily, sertraline being the most common antidepressant
(16.2%).

Antipsychotic sales in Iceland

Table 3 describes antipsychotic sales figures in Iceland in
2013. Clozapine was the fifth most common antipsychotic in
Iceland with 224 DDD: sold per day and a market share of
6.2%.

The average clozapine dose in the group of patients with
schizophrenia was 304.6 mg. There were 23 patients out of
224 (10.3%) with SADS-L confirmed bipolar disorder who had
used clozapine. The average dose of clozapine for those with
bipolar disorder was 215.8 mg (SD 150) and the median dose
was 200 mg, range 50-500 mg.

We estimated that patients with schizophrenia used
92.7% of the clozapine prescribed, and patients with bipolar
disorder used around 73% of total clozapine sold (23/
224) x (2158 mg/304.6 mg). The total population in Iceland
at the end of 2013 was 325,671 and the population aged
15 years and older was 255,391 (17). We used the preva-
lence of schizophrenia as 0.7% (13,14) and extrapolated that
for the population 15 years and older we could estimate
that there were 1,788 (0.7% x 255.391) patients with schizo-
phrenia in Iceland in 2013. Total mg of clozapine sold in
2013 in Iceland was 24,524,967 mg. We estimated that the
total amount of clozapine sold for schizophrenia was
22,734,644mg (92.7% x 24,524,967 mg). Dividing the total
amount of clozapine sold with the mean dose used in
schizophrenia in Iceland gave us an estimated number of
total patients using clozapine in 2013 as 204 (22,734,644)/
(304.6 x 365 days). We know that 71.2% of patients stay on
clozapine so using that percentage we estimated the
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Total DDD Proportion of
Drug name DDD (mg)  in 2013  Total DDD/day  total sales (%)
Quetiapine 400 339.981 931 26.0
Olanzapine 10 325269 891 249
Risperidone 5 159.052 436 122
Aripiprazole 15 95.152 261 73
Clozapine 300 81750 24 6.2
Perphenazine 30 72593 199 5.5
Other antipsychotics - 241,672 662 179

3604

DDD, defined daily dose by the World Health Organization.

number of patients with schizophrenia that had ever used
clozapine in 2013 to be 287 (204/71.2%). We therefore esti-
mated the proportion of patients with schizophrenia in
Iceland using clozapine in 2013 to be 11.4% (204/1.788) and
the propaortion of patients with schizophrenia that have ever
used clozapine to be 16% (204)/(1.788 x 71.2%).

Discussion

The proportion of patients that remained on clozapine during
20 years of follow-up in the study proved to be very high, or
71.2%. In view of the multiple side effects of clozapine, this
high proportion appears to indicate that clozapine is an
effective drug for patients with treatment-resistant schizo-
phrenia in our cohort. The high proportion may also reflect to
a degree the fact that there are no other available drugs indi-
cated for treatment-resistant schizophrenia. One year after
starting clozapine treatment 84.4% of patients remained on
clozapine, which is higher than in a study by Essock et al.
where 74% of patients were still taking clozapine after 1 year
of treatment (18). Two years after starting treatment the pro-
portion still taking clozapine was 81.8% which is higher than
in the study by Essock et al. where it was 66%. In a naturalis-
tic Chinese study which compared the discontinuation rate of
clozapine to other antipsychotics 1 year after starting treat-
ment in early stage schizophrenia, 62.3% of patients remained
on clozapine (19). We can only speculate why the proportion
is even higher in Iceland. This may be the result of several
factors: most patients start on clozapine as inpatients, the
mean dose of clozapine is fairly low, it is often prescribed
only in the evening to reduce daytime sedation, blood moni-
toring is less stringent than in some countries such as the UK
and the USA, and finally, continuity of care is probably overall
more common than in larger societies.

In the clozapine phase of the CATIE trial the time to dis-
continuation was significantly longer for clozapine than for
other antipsychotics. Despite the treatment resistance require-
ment and the multiple side effects many patients experience
on clozapine treatment, patients with schizophrenia tend to
stay on it longer than on other antipsychotics (20).

The mean clozapine dose of 304mg a day used in our
sample is a similar to the average dose of 284 mg in Europe
as reported by Fleischhacker and colleagues (21). The same
study reported a higher mean clozapine dose in the USA of
444 mg daily. In a recent study by Nielsen and colleagues the
mean clozapine dose in a Danish cohort was reported to be
382mg (10). In a small Swedish cohort (n=33) the clozapine
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dose was recently reported to be somewhat higher at
460 mg, and closer to doses seen in the USA (22).

Polypharmacy was common in our cohort, with 65.6% of
patients using clozapine and at least one another anti-
psychotic, which was about the same percentage as recently
reported in the Danish cohort, 64.2% (10). There is, though,
little evidence to support such widespread antipsychotic poly-
pharmacy in schizophrenia treatment, as was observed in the
cohort (23).

The proportion of patients defined as treatment-resistant
has been estimated in the range of 20-30% (1). We estimate
that 16% of all patients with schizophrenia in Iceland have at
some point been treated with clozapine. This is somewhat
lower than the estimated proportion of patients with treat-
ment-resistant schizophrenia. This suggests that psychiatrists
need to be more alert in considering clozapine as an option
and address issues that might contribute to the low use of
clozapine.

Clinicians might overestimate the risk benefit ratio of
agranulocytosis and associated mortality versus the benefits
of treatment. Even though clozapine can very rarely cause
fatal agranulocytosis it has been shown that clozapine use
reduces total mortality of patients with schizophrenia (24)
and reduces the risk of suicide attempts (5). The risk of agran-
ulocytosis is estimated to be around 0.68% (25). Mortality in
agranulocytosis has been estimated to be about 2.7-3.1%
and therefore the absolute mortality of patients on clozapine
because of agranulocytosis is very low at around 0.02%
(25,26). Life expectancy in schizophrenia is reported to be
reduced by 22.5-25 years, which is about 40% of their total
adult years, due to poor physical health and a high suicide
rate (27). If we set the low risk of mortality due to agranulo-
cytosis in the context of increased survival by those on cloza-
pine and that living with schizophrenia reduces adult years
by about 40%, then the absolute mortality rate of 0.02% or
one in 5000 due to agranulocytosis seems clinically insignifi-
cant. We can also compare the mortality for agranulocytosis
to dying in an automobile accident in Iceland. The average
number of people dying annually in an automobile accident
in Iceland in 1995-2014 was 16.3 (28). The mean population
in Iceland in the years 1995-2014 was 296,004 (17). The risk
of dying in an automobile accident over a 40-year period is
estimated to be 0.22% (1 —[(1 — 16.3/296,004)401). We there-
fore estimate that it is 10 times more likely that a patient
with schizophrenia who is taking clozapine dies in an auto-
mobile accident in adulthood than from agranulocytosis.
Neutrophil monitoring for patients on clozapine has not been
shown to be cost effective, which reflects the very low mor-
tality of agranulocytosis (29). In light of the above we recom-
mend that the risk of agranulocytosis should not be the main
or the only decisive factor when clinicians assess whether
patients with treatment-resistant schizophrenia are offered
commencement of clozapine treatment.
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Abstract

Background: Data on the haematological outcomes of patients who continue clozapine treatment following
neutropenia are very rare as even mild neutropenia results in mandatory discontinuation of clozapine in most
countries. However, in Iceland where clozapine monitoring is less stringent allows an observational study to be
done on the risk of agranulocytosis and neutropenia during treatment with clozapine compared with other
antipsychotics among patients with schizophrenia.

Methods: The present study is a part of a wider ongoing longitudinal study of schizophrenia in lceland. We
identified 201 patients with schizophrenia treated with clozapine and 410 patients with schizophrenia who had
never been on clozapine by searching the electronic health records of Landspitali, the Mational University Hospital.
Neutrophil counts were searched in electronic databases to identify patients who developed neutropenia/
agranulocytosis and the frequency of neutrophil measurements was examined as well.

Results: The median number of days between neutrophil measurements during the first 18 weeks of clozapine
treatment was 25 days but after the first 18 weeks on the drug the median became 124 days. Thirty four cases of
neutropenia were identified during clozapine treatment with an average follow up time of 9.2 years. The majority,
24 individuals developed mild neutropenia (15001900 neutrophils/mm?). None of these progressed to
agranulocytosis. The remaining 10 patients developed neutropenia in the range 500-1400 /mm? of whom one
developed agranulocytosis, three stopped clozapine use and 6 patients continued on dozapine for at least a year
without developing agranulocytosis. Unexpectedly, schizophrenia patients on other antipsychotics had an equal risk
of developing neutropenia as those on clozapine.

Conclusions: Neutropenia is common both in patients with schizophrenia on clozapine treatment and in those
never on clozapine. Therefore a large part of neutropenia during clozapine treatment is probably not caused by
clozapine. These findings have implications in assessing the balance between the risk of progression from
neutropenia to agranulocytosis against the morbidity resulting from the premature discontinuation of clozapine
under the current monitoring regulations in the US and in most of Europe.
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Background

Around 20-30% of patients with schizophrenia prove to
be treatment resistant, defined as failure to respond to
two or more antipsychotics (one of which should be an
atypical) when given an adequate dose for at least six to
eight weeks [1, 2]. Clozapine has been demonstrated to
be the drug of choice for these patients [3, 4].

Some physicians are reluctant to prescribe cloza-
pine, probably because of the relatively high burden
of adverse side effects, especially the rare but poten-
tially  life-threatening agranulocytosis [4]. Even
though clozapine has a high burden of various ad-
verse side effects we have reported that over 70% of
patients that commence clozapine treatment in
Iceland remain on it long term [5]. A pharmacoge-
netic test for agranulocytosis with adequate predict-
ive validity is unlikely and would likely present
ethical challenges [6, 7]. The risk of agranulocytosis
is managed in most developed countries by
mandatory blood monitoring for patients on cloza-
pine [8]. In the UK patients taking clozapine must
enrol in a clozapine monitoring service where it is

Page 2 of 8

obligatory to be monitored weekly for the first
18 weeks of treatment. During the next 34 weeks
neutrophil monitoring is done every other week and
then monthly after the first year of monitoring has
passed [9]. The risk of agranulocytosis is estimated
to be 0.68% but after the first year this risk drops by
a factor of 10 [10, 11]. The mortality when agranulo-
cytosis develops has been estimated to be 2.7-3.1%
[12, 13]. Therefore the absolute mortality of patients
on clozapine due to agranulocytosis is very low or
around 0.02% or two out of ten thousand patients.
Regular blood monitoring has been reported to be
effective in reducing this risk [14] but it also places
limitations on the use of clozapine in three ways:
firstly, by excluding patients living in areas where
clozapine monitoring systems are not in place, sec-
ondly by making physicians reluctant to prescribe it,
thirdly by placing an additional burden on patients,
and lastly by requiring that any patient whose neu-
trophil count drops below 1500/mm3 discontinues
clozapine permanently [15]. There is growing evi-
dence that clozapine treatment is associated with
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reduced mortality compared to treatment with other
antipsychotics [16].

Monitoring systems are in place in the United States
and in most European countries but the regulation of
clozapine use varies substantially between countries [8].
Some countries, including Iceland, have taken a more
flexible stance and not enforced such regulations for clo-
zapine prescriptions in view of the fact that there is no
other alternative drug available with similar efficacy for
treatment resistant schizophrenia, as well as the practical
difficulties of regular monitoring in remote areas.

People of certain ethnic groups, such as Yemenite
Jews and 25-50% of black Africans, commonly have
an intrinsic low neutrophil count in the range of 1.0
— 1.5 without any observed adverse clinical effects
such as more frequent bacterial infections. These in-
dividuals are said to have benign ethnic neutropenia
(BEN) [17]. According to the UK guidelines, clozapine
treatment is stopped when neutrophil count falls
below 1500/mm® By following this recommendation
it can be quite challenging to provide clozapine to
these patients. This reality was acknowledged in the
USA in the recent change of recommendations in Oc-
tober 2015 by the Food and Drug Administration
(FDA) with a relaxation of the requirement to stop
clozapine treatment when the neutrophil count falls
below 1000/mm® [18]. Prescribers can now continue
to prescribe clozapine treatment for patients with an
neutrophil count less than 1000/mm® if the pre-
scriber’s evaluation is that the benefits of clozapine
therapy outweigh the risk of severe neutropenia [18].

The risks and benefits of changing or abolishing cloza-
pine monitoring are difficult to quantify owing to a lack
of evidence on the natural course of neutrophil counts
in the absence of a monitoring programme.

The aim of this study
To analyze the risk of neutropenia and further the pro-
gression to agranulocytosis in a sample of patients with
schizophrenia in Iceland, where it is not mandatory to
provide blood samples at certain intervals in order to get
clozapine dispensed.

Methods

Study population

The present study is a part of a wider ongoing longitu-
dinal study of psychotic disorders in the Landspitali Uni-
versity Hospital (LUH) department of psychiatry
focusing on patients with schizophrenia and bipolar dis-
order. Patients have been recruited to the study in sev-
eral waves from 1986-2014. The majority of inpatients
and outpatients at LUH with schizophrenia have been
invited to take part in the study. Almost all the patients
in study have been admitted to LUH. Most of the
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patients were recruited in 2000-2004. In this study we
looked at patients in the LUH cohort who were alive on
the 1.1.2003 and who had a confirmed diagnosis of
schizophrenia according to the Research Diagnostic Cri-
teria, assessed using the “Schedules for Affective Dis-
order and Schizophrenia-Lifetime version” (SADS-L)
[19]. In total there were 611 patients who met the cri-
teria (Fig. 1).

LUH introduced electronic health records (EHR) in
1998 but older health records are available on paper.
Subsequently the proportion of medical, psychology and
nursing data in the EHR has been steadily growing and
currently includes almost all patient data in LUH.

LUH is the only tertiary hospital for mental health ser-
vices in Iceland. LUH also provides secondary psychi-
atric services and psychiatric inpatient beds for over 90%
of the population, the proportion being even higher for
treatment resistant patients. Therefore the overwhelming
majority of all Icelandic patients with schizophrenia who
have ever taken clozapine have been in regular contact
with mental health services or other services at LUH.

Case identification

To identify patients that have used clozapine we used a
keyword search in the EHR for the words “clozapin”,
“closapin” and “Leponex”. The “e” at the end of clozapin
was skipped because of possible spelling errors in the
EMR but a keyword search of “clozapin” will find both
“clozapin” and “Clozapine”. Leponex was the only brand
name of clozapine in Iceland during the study period.
All medical notes with the clozapine keywords were
reviewed to confirm clozapine use. Wherever insufficient
documentation of prior psychotic disorder and medica-
tion use was present in the EHR, the paper medical re-
cords were reviewed. We identified 201 patients with
schizophrenia. The remaining 410 patients with schizo-
phrenia who had never used clozapine but had been
treated with other antipsychotics comprised the com-
parison group. Information on the first period of cloza-
pine treatment for patients with schizophrenia was
available for 195 patients out of 201.

Frequency of blood tests

The frequency of blood measurements was analyzed for
patients treated with clozapine from 1.1.1998 until 21.11
2014. The frequency of measurements was calculated by
dividing the total time on clozapine treatment by the
number of neutrophil measurements. The frequency of
measurements during the first 18 weeks was analyzed
separately from the subsequent time-period. The fre-
quency analysis for neutrophil measurements only in-
cluded patients who were using clozapine for the first
time. Eighteen patients for whom the clozapine start
date was not known to an exact date and four patients
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who did not live in the Reykjavik metropolitan area,
where LUH is situated, were excluded from the blood
monitoring analyzes for the first 18 weeks.

Identification of neutropenia or agranulocytosis

We searched electronically all available results of blood
measurements at LUH for neutrophil counts. The LUH
database is linked to regional laboratory databases in
Iceland using the Icelandic social security number (ken-
nitala) which is a unique personal identifier for each Ice-
lander. Among these is the database in the regional
hospital in Akureyri where Iceland’s only other depart-
ment of psychiatry is located in Iceland’s second largest
hospital. This department provides mental health ser-
vices for the remaining 10% of Icelands population. We
also used a keyword search in the EHR to identify add-
itional cases with the following keywords to find medical
notes where neutropenia or agranulocytosis were men-
tioned; “Neutropaenia”, “neutropaenia”, “neutropenia”,
“leucopaenia”, “leucopenia”, “kyrningafe”, “hvitkornafe”.
The complete medical notes, electronic as well as on
paper, were reviewed in order to confirm the diagnosis.

Neutrophil count in the range of 1500/mm?® — 1900/
mm? was defined as mild neutropenia. Icelandic guide-
lines recommend that if neutrophils counts are 1500/
mm?-1900/mm® then neutrophil monitoring should be
increased to twice every week until the neutrophil count
rises to 2000/mm® or above, whereas if neutrophils fall
below 1500/mm® treatment should be stopped [15, 20].
Neutrophil count in the range 1000/mm’-1400/mm’
was defined as moderate neutropenia and neutrophil
count in the range of 500/mm®-900/mm® as severe neu-
tropenia [20]. Agranulocytosis literally means the ab-
sence of circulating granulocytes but the term is used in
clinical practice in psychiatry when the neutrophil count
falls below 500/mm® [20]. Neutrophil counts in Iceland
are rounded to the nearest 100/mm?”.

The STROBE guidelines for reporting the results of
observational studies were followed. Statistical analyses
were performed with STATA, version 13. A Cox propor-
tional hazard model was used to assess factors associated
with neutropenia. One patient was excluded from the
Cox proportional hazards model because he used cloza-
pine only for one day.

Results

Neutrophil monitoring

In Iceland the guidelines for neutrophil monitoring rec-
ommend weekly neutrophil counts for the first 18 weeks
and monthly subsequently, but these guidelines are not
enforced in a mandatory way [15]. Table 1 describes the
frequency of neutrophil measurements after clozapine
treatment was started. During the first 18 weeks of treat-
ment a total of 16 out of 83 patients discontinued
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Table 1 Frequency of neutrophil measurements during
dozapine treatment

Measurements n %

First 18 weeks (n=83)
Weekly 12 145
Every 1-2 weeks 22 265
Every 2-3 weeks 15 18.1
Every 3-4 weeks ] 7.2
Every 4-5 weeks ] 7.2
Less than every 5 weeks 22 265

After 18 weeks (n=160)
Monthly 5] 38
Every 1-2 months 33 206
Every 2-3 months 25 150
Every 3-6 months 31 194
Every &-12months 37 213
Less than every year 31 200

clozapine. Neutrophils were measured weekly or more
often for only 12 out of 83 patients (14.4%). Neutrophil
measurements were performed every 5 weeks or less for
22 patients (26.5%) and 7 patients had no neutrophil mea-
surements done. The mean number of days between neu-
trophil measurements was 25 days (SD=28) and the
median number of days between blood tests was 18 days.
Only 6 out of 160 patients (3.8%) had at least monthly
measurements of neutrophils carried out in line with guide-
lines. The median number of days between neutrophil mea-
surements was 124 days. If the 7 patients who had no
neutrophil measurements done are excluded the mean
number of days between measurements is 229 (SD = 329).

Progression from neutropenia to agranulocytosis

Table 2 shows how frequently neutropenia progressed to
agranulocytosis in our sample. For mild to moderate neu-
tropenia (1000-1900/mm3) no progression to agranulo-
cytosis was observed for 32 cases. If we only include
patients that stayed on clozapine for at least one year fol-
lowing mild to moderate neutropenia then none of 28 pa-
tients developed agranulocytosis. For patients with
moderate to severe neutropenia (<1500/mm3) one patient
out of 10 developed agranulocytosis. [t is worth noting
that only 2 out of 8 (25%) patients with moderate neutro-
penia discontinued clozapine compared with 28.8% dis-
continuation for all patients ever prescribed clozapine for
treatment resistant schizophrenia in our sample.

Neutropenia in patients with schizophrenia

Table 3 describes the results of neutrophil measure-
ments with regard to low neutrophil count in the period
1.1.1998 — 21.11.2014. We found only one 56 year old
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Table 2 Progression of lowest neutrophil count to agranulocytosis
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Lowest neutrophil count (excluding counts taken during
episode of agranulocytosis)

Amber. Mild neutropenia
1500-1900/mm3

Red: Moderate neutropenia
1000-1400/mm3

Severe neutropenia
500-900/mm 3

n=24 n=8 n=2

One year after lowest level of neutropenia

Still on Clozapine 22 & 0

Clozapine discontinued 2 2

Developed agranulocytosis (and then discontinued) 0 0

Clozapine and agranulocytosis status unknown 0 0 0
Three years after lowest level of neutropenia

Still on Clozapine 18 4 0

Clozapine discontinued 3 2

Developed agranulocytosis (and then discontinued) a 0

Clozapine and agranulocytosis status unknown 3 2 0
patient on clozapine whose neutrophils dropped long term since four patients out of 400 (1%) developed

below 500/mm® a count clinically defined as agran-
ulocytosis. Clozapine was identified as the most likely
contributing factor. Since this patient had been on
clozapine for 28 years when the agranulocytosis de-
veloped it cannot be excluded that unknown age-
related causes were at play [11, 12]. Neutrophil mea-
surements in the moderate to severe range of 500-
1400/mm® were found in 9 patients in the clozapine
group or 48% of the cohort, on all occasions these
were 900/mm* and above. Moderate to severe neutro-
penia in the never-on-clozapine group was found in
23 patients or 5.8% of the cohort, and all the neutro-
phil counts were 800/mm® and above.

Patients in the never-on-clozapine group proved to
have a similar risk of developing agranulocytosis in the

Table 3 Lowest neutrophil count in the clozapine group and
never-on-clozapine group

On clozapine  Never-on-lozapine

Average age at follow up [Years] 51.2 58.1
Average number of neutrophil 324 158
measurements per patient
Average time of follow up [Years] 9.2 138

n=188 % n=400 %
No neutrophil measurements 5] 32 8 20
performed in time period
Never neutropenia, neutrophils 148 787 335 838
2000/mm3 or higher
Mild neutropenia, neutrephils 24 128 30 75
1500-1900/mm3
Moderate neutropenia, 8 43 20 50
neutrophils 1000-1400/mm3
Severe neutropenia, 1 0.5 3 08
neutrophils 500-900/mm3
Agranulocytosis, neutrophils 1 05 4 1.0

0-400/mm3

agranulocytosis during the same period of observation.
However, two out of four did develop agranulocytosis
while on cytotoxic treatment due to cancer. The third
case was clinically thought to have been caused by inter-
feron treatment for hepatitis C. A likely cause could not
be identified in the fourth case but possible contributing
factors were alcohol abuse, malnutrition and hepatitis C.

Table 4 shows Cox proportional hazards models explor-
ing the factors associated with detecting various degrees
of neutropenia. When the outcome under scrutiny was
neutrophils in the range of 0-1900/mm® then neutropenia
was associated with more frequent testing, younger age
and female sex. Being on clozapine was not significantly
associated with risk for developing neutropenia.

Discussion

Neutrophil monitoring in Iceland was far less frequent
than guidelines recommend. Neutropenia was equally
commonly observed in the clozapine group as in the
group that had never used clozapine, although mild neu-
tropenia was more common in patients on clozapine. Of
the eight patients on clozapine who developed a moder-
ate neutropenia (neutrophils 1000 — 1400/mm”), which
would have resulted in mandatory cessation of clozapine
in the UK, only two discontinued clozapine. The other
six remained on clozapine a year later and none of these
six suffered a further episode of neutropenia. Of two pa-
tients whose neutrophil count fell below 1000/mm?, one
went on to develop agranulocytosis, having been of clo-
zapine for 28 years.

The occurrence of mild (12.8%), moderate (4.3%) and
severe neutropenia (0.5%) was fairly commonly identified
in patients on clozapine despite the low frequency of
measurements. Since more frequent measurements were
significantly associated with neutropenia, it is likely that
the occurrence of mild to moderate neutropenia would
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Table 4 Cox proportional hazards model with possible factors associated with detecting moderate to severe neutropenia and

agranulocytosis

Hazard Ratic Standard Error Z-Score 95% Cl P-value
A Meutrophils O - 1900/mm3
Fatient on clozapine 133 033 1.14 0.81-218 0.25
Sex (female) 1.82 040 276 1.19-2.80 0.01
fverage age at risk 097 001 =375 0.96-099 <0.001
Measurements per year 114 002 6.32 1.09-1.18 <0.001
B. Neutrophils 0 - 1400/mm3
(equivalent to red result)
Fatient on clozapine 0.74 033 068 031-1.76 0.50
Sex (fernale) 200 067 208 1.04-3.88 0.04
fverage age at risk 0.98 001 -147 0.96-1.00 0.14
Measurements per year 17 004 466 1.10-1.26 <0.001
C. Neutrophils 1000 - 1900/mm3
Fatient on clozapine 1.44 037 139 0.86-240 018
Sex (female) 1.76 041 246 1.12-277 0.03
Average age at risk 097 001 -3.85 0.95-0.98 <0.001
Measurements per year 113 002 5.98 1.09-1.18 <0.001
D. Meutrophils 1500 - 1900/mm3
(equivalent to amber result)
Fatient on clozapine 1.86 058 1.99 1.00-3.43 0.05
Sex (female) 1.70 049 1.85 0.97-3.00 0.09
Mverage age at risk 0.96 001 -3.70 0.94-098 <0.001
Measurements per year 112 003 462 1.06-1.17 <0.001

A) n=587, 89 cases. B) n =587, 37 cases. C) n =587, 80 cases. D) n =587, 52 cases

have been higher if the frequency of measurements had
been in line with guidelines.

Moderate (5%) and severe neutropenia (0.8%) was
more common in patients with schizophrenia who
had never been on clozapine despite having neutro-
phil counts done around half as frequently as those
on clozapine. Only mild neutropenia was found
more frequently in clozapine-treated patients than in
those never on clozapine.

It came as a surprise that being on clozapine was not
associated with neutropenia in the range of 0-1400/
mm® For mild neutropenia in the range 1500-1900/
mm® being on clozapine was, on the other hand, signifi-
cantly associated with almost doubling of the risk for
neutropenia (hazard ratio of 1.86). Therefore, treat-
ment with clozapine seemed to predict mild neutro-
penia, a phenomenon which is usually clinically
insignificant but that can probably increase the likeli-
hood of clozapine treatment being discontinued. Fe-
males had a higher risk of developing neutropenia
with a hazard ratio ranging from 1.70-2.00, depending
on the neutropenia range under observation. It has
been reported that agranulocytosis during clozapine
treatment is more common among females [12].
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Neutropenia was also significantly more common with
lower age which is in line with what has been shown
in larger studies [11].

It can be concluded that most of the neutropenic
episodes in our sample were transient and of no ob-
servable clinical significance. However, of those devel-
oping mild neutropenia (neutrophils 1500 - 1900/
mm?), none subsequently developed agranulocytosis.
One study has reported that the rate of neutropenia
during clozapine treatment was 11.8% as compared to
17.6% for those on second generation antipsychotics
[21]. These results concur with ours and indicate that
mild to moderate neutropenia is not a good predictor
for clozapine induced agranulocytosis.

In our never-on-clozapine group four cases of agran-
ulocytosis were identified and in three cases a plausible
explanation was identified but the main cause was
speculative in the fourth case. If that patient had been
on clozapine then the agranulocytosis would almost cer-
tainly have been attributed to clozapine treatment be-
cause no other probable causes were found. The risk of
neutropenia in the clozapine group was similar to that
in the never-on-clozapine group, indicating that in many
if not most instances of neutropenia during clozapine
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treatment observed neutropenia may in fact not be
caused by the clozapine treatment.

The progression from neutropenia to agranulocytosis
was low in our sample. When we look at patients that had
ever developed neutropenia in the range of 500-1900/
mm?® and had used clozapine for at least a year after devel-
oping neutropenia or agranulocytosis, then only one pa-
tient out of 29 (3.4%) progressed to agranulocytosis. These
results should though be interpreted with caution because
the sample is small and we note that a 95% confidence
interval for one event in 32 cases is 0 to 9.5%. The pro-
gression rate of neutropenia to agranulocytosis for pa-
tients with neutropenia in the more restrictive range of
500-1400/mm® who continued to take clozapine for at
least a year after developing neutropenia, was 1 out 7
(14.2%). Most guidelines recommend stopping clozapine
treatment when neutrophils fall below 1500/mm® so such
data on patients who continue on clozapine following a
“red result” is not often available. In a study by Hummer
et al. 8 out of 68 patients were diagnosed with transient
neutropenia that resolved without any change in treat-
ment but the average neutrophil count was in the mild
neutropenia range, 1780/mm?® [22].

The frequency of neutrophil measurements in Iceland
during the first 18 weeks of treatment proved to be far
lower than guidelines recommend, the median time be-
tween measurements being 18 days instead of weekly. The
frequency of neutrophil measurements after the first
18 weeks were also far from what guidelines suggest, the
median time between measurements being 124 days in-
stead of monthly. The infrequent neutrophil measure-
ments did, however, not lead to more frequent
agranulocytosis than expected, and the only patient who
developed agranulocytosis did so after being on clozapine
for over 28 years and recovered fully. It is possible that the
inclination to accept flexible neutrophil monitoring,
accepting that many treatment resistant patients find it
difficult, unpleasant or costly to turn up weekly for blood
tests as outpatients, may have contributed to a higher pro-
portion of patients staying on clozapine long term in
Iceland than reported in some other studies [23, 24].

There are some limitations in our dataset. When analyz-
ing the neutrophil monitoring data we had access to the
blood test databases in LUH and the regional hospital in
Akureyri. There are two private blood test facilities that
we did not have access to and it is possible that some
blood measurements were done there. However most pa-
tients with schizophrenia and nearly all those on clozapine
are followed up from the LUH. Some neutrophil measure-
ments in the database may not have been requested for
the purpose of clozapine blood monitoring but for other
medical reasons. Therefore the true neutrophil monitoring
associated with clozapine may be a little bit more or less
than we state in the results. The true prevalence of
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neutropenia might also be underestimated if it had been
diagnosed in the private blood test facilities.

It is likely that many patients stop clozapine treatment be-
cause of low neutrophil measurements despite the risk of
agranulocytosis being small in mild to moderate neutro-
penia. Our data suggest that the majority of patients who
stop clozapine treatment after falling into the “red zone”
(neutrophils < 1500/mm®) would probably not develop
agranulocytosis were they to remain on treatment, particu-
larly if their neutropenia is in the 1000-1500/mm® range.
Clozapine rechallenge should be assessed as an option in
those patients if no other treatment has had the same ob-
served clinical treatment effect as clozapine. The reduced
mortality associated with clozapine treatment is substantial
[16] and this is likely to outweigh the small risk of agranulo-
cytosis in patients who continue clozapine treatment despite
mild to moderate neutropenia. The risk of dying from
agranulocytosis on clozapine has been estimated to be
0.02% [10-13]. We can contrast that risk to the risk of dying
in a road traffic acddent in Europe over a 40 year period
which has been reported to be 0.37% (1- (1-9.3/100.000)"")
[25]. Therefore, in Europe a patient on clozapine for 40 years
has an 18.5 times (0.37%/0.02%) higher risk of dying in a
road traffic accident than of dying from agranulocytosis.

There is a large population of schizophrenia patients
who are currently suboptimally treated; having previ-
ously made a response to clozapine that was subse-
quently discontinued due to neutropenia. Particularly
where the neutropenia was in the 10001500 range, con-
sideration should be given for clozapine rechallenge in
these cases, bearing in mind that 80% of patients can be
successfully challenged with careful patient selection and
monitoring [26]. There is a strong case for actively seek-
ing out such patients for clozapine rechallenge, and this
approach has been shown to be successful [27].

Conclusions

Our data would support revisions to current European
guidelines, as those called for by Cohen [28]. Specifically,
our results suggest that consideration could be given to
reducing the lower limit of the amber range, whereby
clozapine can be continued with additional monitoring,
from 1500 to 1000. This change would result in a much
lower rate of clozapine discontinuation, and our findings
suggest that the progression to agranulocytosis would
remain a rare event. Such a limit has been introduced in
the UK for patients with benign ethnic neutropenia [29]
and is in line with the new FDA guidelines regarding
clozapine monitoring [18].
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ABSTRACT

Background: Type 2 diabetes (T2D) and raised blood lipids are associated with the use of
antipsychotics, not least clozapine.

Aims: To describe the prevalence of high blood glucose levels, T2D, and dyslipidemia, in association
with the use of dozapine or other antipsychotics in patients with schizophrenia in Iceland.

Method: This study identified 188 patients treated with clozapine and 395 patients never treated with
clozapine by searching the electronic health records of Landspitali, the National University Hospital.
The comparison group consisted of Icelandic population controls. Data were obtained on blood glu-
cose, HbA ¢, and blood lipid levels from these health records.

Results: The prevalence of T2D was 14.3% in the clozapine group, where the mean age was 51.2 years,
and 13.7% in the never-on-clozapine group, where the mean age was 586 years. Males on clozapine
were 2.3-times more likely and females 4.4-times more likely to have developed T2D than controls
from an age-adjusted Icelandic cohort, while males on other antipsychotics were 1.5-times more likely
and females 2.3-times as likely to have T2D than controls. Only one case of ketoacidosis was identified.
Triglyceride levels were significantly higher in both treatment groups compared to controls in the age-
adjusted Icelandic cohort.

Conclusions: Clinicians must take active steps to reduce the risk of T2D and raised triglycerides in
patients with schizophrenia. Antipsychotics were associated with a greater risk of T2D developing in
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females compared to males.

Background

Second generation antipsychotics (SGA) have been widely
reported to increase the risk of T2D, obesity, and dyslipide-
mia during the treatment of psychotic disorders such as
schizophrenia (1). Metabolic syndrome has been shown to be
more common with patients treated with clozapine (51.9%)
than with other antipsychotics in schizophrenia (32.5%) (2).
In the Clinical Antipsychotic Trials of Intervention
Effectiveness (CATIE) study, the proportion of males with
metabolic syndrome was 36.6%, but 54.2% for females (3). In
an Icelandic study of patients with schizophrenia with a
mean age of 50 years the prevalence of metabolic syndrome
was found to be 57%, compared to 14% in the general popu-
lation (4). In the same study the prevalence of T2D was 15%.

Most antipsychotics have been associated with weight
gain, at least in some patient populations. Olanzapine and
clozapine have the highest risk of weight gain (1,5).
Ziprasidone, aripiprazole, and amisulpride have the lowest
reported risk of weight gain, but risperidone and quetiapine
are intermediate in this regard (1). Females may be at higher
risk for antipsychotic induced weight gain than males (6).
Variants in the genes for the melanocortin 4 receptor (MC4R),

the serotonin 2C receptor (HTR2C), the leptin, the neuropep-
tide Y (NPY) receptor, as well as the cannabinoid receptor 1
(CNR1) genes have been reported to be associated with
increased antipsychotic induced weight gain (7). Obesity is
the main modifiable risk factor for T2D and 80% of patients
are overweight at diagnosis (8). It is important to assess pre-
ventive measures for T2D early in the disease course. A life-
style and life skill intervention for weight gain has been
reported to be effective in first episode psychosis (9). It has
also been reported that, when switching from an anti-
psychotic with high risk for weight gain to an antipsychotic
with less risk for weight gain, patients find it easier to lose
weight in due course (10).

Clozapine has been found to increase the risk of T2D
more than other antipsychotics (11). In addition to increasing
the risk of T2D through weight gain, clozapine has been
reported to suppress glucose-stimulated insulin secretion in
rodent pancreatic islets (12). Aripiprazole and ziprasidone are
associated with the lowest risk, and some studies report no
added risk for patients on these drugs (13-15). The risk for
T2D has been reported to be dose-dependent for some anti-
psychotics such as olanzapine, risperidone, and quetiapine (14).
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Apart from genetics and obesity, other risk factors for T2D
include: age, unhealthy diet, physical inactivity, smoking,
alcohol consumption, and obstructive sleep apnea (16).

Patients treated with antipsychotics have an estimated 10-
times the risk of developing ketoacidosis compared to the
normal population (17). The incidence of ketoacidosis during
clozapine treatment in the US has been estimated to be
1.2-3.1% (18).

Dyslipidemia, a well-known risk factor for coronary artery
disease, is characterized by elevated triglycerides, high total
cholesterol, high levels of low density lipoprotein (LDL), and
low levels of high density lipoprotein (HDL) (19). Clozapine
and olanzapine have been associated with an increase in tri-
glyceride levels in patients with schizophrenia (1,20,21).
Risperidone has also been associated with increased triglycer-
ide levels (21). Some studies have shown an increase in total
cholesterol and lowering of HDL during treatment with olan-
zapine and clozapine, while other studies have not detected
such changes (1,20,21). Other antipsychotics like amisulpride
and ziprasidone have been reported to have a more favor-
able effect on blood lipid profiles and may, therefore, be
preferable for patients who have developed the metabolic
syndrome (22).

Life expectancy in schizophrenia is reduced by more than
20 years, mainly due to relatively poor physical health,
although a high risk for suicide also has an impact (23). Anti-
psychotic drug use in schizophrenia is associated with higher
life expectancy, even though antipsychotics are associated
with metabolic side-effects (23). Clozapine has been reported
to have more adverse effects than other antipsychotics, but
there is evidence that clozapine reduces the risk of suicide as
well as overall mortality compared to other antipsychotics
(23). A study in the US reported the rate of death from car-
diovascular disease in Hispanic and African-American patients
receiving clozapine to be 4.3- and 11.5-times the rate in
Caucasian patients, so the risk of death from cardiovascular
disease for patients on clozapine may depend on genetic
makeup, as well as diet and social factors (24).

Aims

The aim of this study is to analyze the prevalence of diabetes
and dyslipidemia in a well-described sample of Icelandic
schizophrenia patients on clozapine, as well as patients with
schizophrenia who have never been on clozapine. In order to
assess the standardized morbidity ratio of diabetes and dysli-
pidemia for both groups, the results will be contrasted with
prevalence figures based on Icelandic population cohorts.

Methods
Study population

The study population has been described in a previous article
by the same authors (25). The study is a part of an ongoing
study of psychotic disorders in the Department of Psychiatry
at Landspitali University Hospital (LUH), focusing on patients
with schizophrenia and bipolar disorder. In this study we
looked at patients in the LUH cohort who were alive on
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1 January 2003 and who had a confirmed diagnosis of
schizophrenia according to the ‘Schedules for Affective
Disorder and Schizophrenia-Lifetime version’ (SADS-L) (26). In
total, there were 611 patients who met the criteria. All partic-
ipants gave written informed consent. We identified in this
way 201 patients with schizophrenia who had used clozapine
and 410 patients with schizophrenia who had never used clo-
zapine but had been treated with other antipsychotics. To
identify patients that had used clozapine, we did a keyword
search in the electronic health records for ‘clozapin’,
‘closapin’, and ‘Leponex’. All medical notes with the clozapine
keywords were reviewed to assess both whether clozapine
had been used and the time frame of use. For patients that
had insufficient documentation of prior psychiatric illness
and medication use in the her, the paper medical records
were reviewed for clozapine use.

Figure 1 shows that there were 188 patients in the cloza-
pine group older than 25 years with sufficient medical data.
Of them, 33 died between 1 January 2003-21 November
2014. Of the 400 patients in the non-clozapine group for
whom we had sufficient medical data, 114 patients died
between 1 January 2003-21 November 2014.

Mean age was calculated using the lowest age observed
at the following three potential end-points: Age at the end

Patients with
schizophrenia on
antipsychotics

n=611

| . ) |

Patients with
confirmed clozapine
use

n=201 |

< p

( ~
[ Patients with sufficient Patients with sufficient
medical data available medical data available

Patients never on
clozapine

n=410

during the study during the study
period period
n =400 n=197
/ N P

Patients older than 25
atth end of follow up |

n=188

Patients older than 25
at the end of fallow up

n=395

N\ P

Patients with blood
lipid measurements at
age 25 and older

n=258

Patients with blood
lipid measurements at
age 25 and older

n=144

Figure 1. Description of study cohort in the study period of 1 January 1998-21
November 2014,
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of the study (21 November 2014), age when a patient died,
or age when no further medical data was available on a
patient in our database.

Metabolic disorders

T2D was diagnosed if the patients had a formal diagnosis of
T2D, HbA1C > 6.5% on two separate occasions or two meas-
urements of fasting plasma glucose over 12.6 mg/l (7.0 mmol/l).
The patient's primary physician was contacted if additional
blood samples were needed to assess if the patients had
developed T2D. High risk of T2D was labelled if the last meas-
urement of HbAlc was in the range 6.0-6.4%. Ketoacidosis
was diagnosed if a clinical diagnosis of ketoacidosis could be
confimed. In accordance with the ATP-ll guidelines we
defined LDL in the range 160-189 mg/dl (4.13-4.89 mmol/l) as
high LDL, and LDL over 190 mg/dl (4.90mmol/l) as very high
(19). Total cholesterol over 200mm/dl (5.17 mmolA) was
defined as high. Triglycerides between 200-499 mg/dl
(2.56-5.63 mmol/l) were defined as high, and triglycerides over
500mg/dl (5.65 mmol/l) as very high. When analysing statin
use while patients were taking clozapine, we used the last
known medication regimen stated in the medical notes before
the end of follow-up, or the date when the patient discontin-
ued clozapine.

A keyword search in the electronic health records was
done, to find medical notes where the metabolic disorders
were mentioned. For diabetes, we looked for ‘diabetes’,
‘sykursyki’, ‘metformin’, ‘glucophage’ and 'T2D'. For ketoaci-
dosis, we looked for ‘ketoacidos’ and ‘ketona’. For dyslipide-
mia, the blood lipid measurements in the blood test
database were analysed. All blood measurements of: HbA1c,
glucose, total cholesterol, LDL cholesterol, HDL cholesterol,
and triglycerides were collected electronically via the elec-
tronic health records. When assessing bloed lipids, the latest
measurements of blood lipids were used. For patients on clo-
zapine we used the latest blood measurements while the
patient had been receiving clozapine.

Statistical analysis

Statistical analyses were performed with STATA, version 13.
A Cox proportional hazard model was used to assess the

association of blood sugar values over 13 mm/l with ‘average
time at risk’, ‘clozapine ever used’, and ‘T2D at the end of fol-
low-up’. Time at risk for patients on clozapine was defined as
the start of clozapine treatment or the start of the study
period if the patients had commenced clozapine treatment
before the onset of the study period, until one of the follow-
ing end-points was reached: a measurement of blood sugar
value over 13mm/|, end of the study period, patient died or
when the patient discontinued clozapine treatment. Time at
risk for patients never on clozapine was defined as the onset
of the study period, until one of the following end-points
was reached: a measurement of blood sugar over 13 mmy/l,
end of the study period, or when the patient died. We tested
for the proportional hazards assumption using the estat
phtest in STATA.

The prevalence of T2D and blood lipid levels were com-
pared to a population of Icelanders using data from the
Icelandic National Heart Association, making use both of data
from the AGES (27) and the REFINE (Risk Evaluation For
INfarct Estimates) studies. The prevalence of T2D and blood
lipid levels were calculated for men and women by age
ranges of 5 years from 25-90. The prevalence of T2D and
blood lipid levels in different age ranges of the Icelandic
population controls was used to calculate the expected
prevalence of T2D and blood lipid levels. This comparison
indicated what prevalence of T2D and lipid levels could be
expected if comparable age groups were examined in the
general population.

Results
Prevalence of diabetes in patients with schizophrenia

The observed prevalence of T2D was 14.3% in the clozapine
group, where the mean age was 51.2 years, whereas the
ohserved prevalence of T2D was 13.7% in the never-on-cloza-
pine group, where the mean age was 58.6 years. Table 1
describes the prevalence of diabetes in the cohort in more
detail. The age-adjusted difference of T2D for the groups is
shown in Table 2.

In the clozapine group the prevalence of T2D for females
was 16.1%, which was higher than for males where the

Table 1. Diabetes in patients with schizophrenia treated with clozapine and those never treated with clozapine.

Clozapine Never-on-clozapine
Male (n=132) Female (n = 56) Male (n = 245) Female (n= 150)

Patients with type 2 diabetes (T2D) 18 9 31 23

T2D diagnosed before clozapine treatment 4 3 — —

T2D diagnosed during clozapine treatment n 5 — —

T2D diagnosed after discontinuation of clozapine treatment 3 1 — —
Patients with type 1 diabetes (T1D) 1 0 2 0
Patients with of T1D and T2D 19 9 33 23
Patients with a high risk of T2D (HbA1c in range of 6.0-6.4%) 13 9 15 8
Patients with T1D, T2D, or a high risk of T2D 32 18 48 31
Prevalence of T2D 13.6% 16.1% 12.7% 153%
Prevalence of T1D, T2D, or a high risk of T2D 23.5% 321% 18.8% 20.7%
Patients on metformin without a diagnosis of T2D or T1ID 5 5 — —
Mean age at end of follow-up 500 (11.9)° 543 (114)? 56.7 (14.2)7 615 (16.1)°
Mean follow-up period during clozapine treatment in years 9.3 (5.9)° 89 (56)°
Mean follow up period in years 140 (3.9)° 13.5 (3.8)°

*Standard deviation.
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proportion of T2D was 13.6%, but the difference was not sig-
nificant (p =0.32).

Prevalence of T2D in patients with schizophrenia
compared to Icelandic population controls

Table 2 shows that T2D was more common in patients with
schizophrenia than in Icelandic population controls adjusted
for sex and age. The standardized morbidity ratio for T2D
was highest for females on clozapine, 4.4.

Time from onset of clozapine treatment to diabetes

For patients diagnosed with T2D during clozapine treatment,
the mean time from initiation of clozapine treatment to diag-
nosis of T2D was 7.7 years (SD=6.7) and the median time
was 7.3 years. The range of T2D diagnosis was from 43 days
to 25.3 years. The four patients that were diagnosed with
T2D diabetes after clozapine discontinuation were diagnosed
with T2D 69 days, 3.2 years, 5.6 years, and 7.8 years following
discontinuation.

Ketoacidosis and high blood sugar

Table 3 demonstrates that not a single case of ketoacidosis
was identified in the group of patients on clozapine, and
only a single case in the never-on-clozapine group.
Therefore, the proportion of ketoacidosis in the whole group
was only 0.2% (1/583). The highest glucose measurement
found in the group of patients without T1D or T2D was
15.0 mmol/l.

We used a Cox proportional hazards model to assess
whether clozapine, age and gender were associated with
blood glucose values above 13 mmol/l. While clozapine use
was not associated with such blood sugar values, lower age

Table 2. Type 2 diabetes in patients with schizophrenia compared to Icelandic
population controls, age- and sex-adjusted.

Clozapine  Never-on-clozapine
Male
2D 13.6% 12.7%
Expected T2D from Icelandic population 58% 8.5%
Standardized morbidity ratio 23 15
Confidence interval (95%) 14-35 1.0-20
pvalue <0.001 0.029
Female
T2D 16.0% 15.3%
Expected T2D from lcelandic population 3.6% 5.5%
Standardized morbidity ratio 44 26
Confidence interval (95%) 21-78 1.7-37
pvalue <0.001 <0.001

Table 3. High bloed sugar and ketoacidesis in patients with schizophrenia.
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was significantly associated with blood glucose
13mmol/l in males but not females.

over

Blood lipids

In Table 4, the results of blood lipid measurements are pre-
sented for 144 patients in the clozapine group and 258
patients in the never-on-clozapine group. In the clozapine
group, nine patients (6%) had very high levels of LDL (over
49 mmol/l), and a similar proportion was observed in the
never-on-clozapine group, where 13 patients were identified
(5%). In the clozapine group, 89 patients (62%) had high lev-
els of total cholesterol (over 5.2 mmol/l) and 133 (52%) in the
never-on-clozapine group. In the clozapine group, 11 patients
(8%) had total cholesterol below 4 mmol/l, but 34 (13%) in
the never-on-clozapine group. No patient in the never-on-clo-
zapine group had very high levels of triglycerides (over
565mmol/l), but five patients (3%) in the clozapine group
were observed to have such high levels.

In the clozapine group, we had detailed information on
drug use for 154 patients and, of these, 16 were using statins
(10%) for high cholesterol and one patient (1%) was on a
fibrate drug to lower triglyceride levels.

Conclusions

The results of this study indicate that treatment with cloza-
pine increases the risk of T2D 4.4-fold for females and 2.3-
fold for males in patients with schizophrenia. The risk of T2D
among patients who had never been treated with clozapine
was also higher for females than males (2.6- vs 1.5-fold). High
blood sugar (over 13 mmal/l) was not associated with cloza-
pine use after correcting for TD2 and age in our sample.
Only one case of ketoacidosis was identified among 583
patients during follow-up, lasting, on average, 9.2 years for
those on clozapine and 13.8 years for those never on cloza-
pine. Triglyceride levels were elevated both in the clozapine
group and in the never-on-clozapine group compared to the
standard population. HDL was lower in the clozapine group
than in the Icelandic population, but the difference was only
significant for males. No significant differences were observed
for LDL or total cholesterol.

In line with our findings, a large Medicaid study reported
clozapine to be significantly more often associated with
higher rates of T2D than other antipsychotics (11). A Dutch
study compared the incidence of diabetes in 94 patients with
schizophrenia on clozapine to 94 matched patients with
schizophrenia that had never been on clozapine over a
5-year period (28). The observed cumulative increase of

Clozapine (n=188)

Never-on-clozapine (n=395)

Highest glucose measurement (mmol/) 13-20 20-30 30-40 40+ Ketoacidosis 13-20 20-30 30-40 40+ Ketoacidosis
Diabetes status
Type 2 diabetes (n=81) 7 1 2 0 0 14 12 0 3 0
Type 1 diabetes (n=3) i} 1 0 0 i} 1 i} 0 i} 1
High risk of type 2 diabetes (n =45) 1 0 0 0 0 1] 0 0 0 0
No glucose dysregulation (n = 454) 0 0 0 0 0 9 0 0 0 0
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Table 4. Blood lipids in patients with schizophrenia, both on clozapine and never-on-clozapine vs expected values from Icelandic population controls.

Expected from Expected from
Clozapine Icelandic population p-value Never-on-clozapine Icelandic population p-value

Male (n) 99 175

Mean age at last blood lipid test 477 — — 544 — —

Mean total cholesterol (mmol/l) 543 5.23 028 517 5.25 0.58

Mean LDL (mmolA) 315 33 027 319 33 0.36

Mean total HDL (mmol/l) 1.21 13 0.04 126 133 0.0

Mean total triglycerides (mmol/l) 234 136 <0.01 158 135 0.04
Female (n) 45 83

Mean age at last blood lipid test 519 — — 58.0 — —

Mean total cholesterol (mmol/l) 584 5.35 016 539 549 0.89

Mean LDL (mmol/) 3.55 322 015 325 332 0.90

Mean total HDL (mmol/l) 140 1.65 0.01 140 1.66 0.34

Mean total triglycerides (mmol/l) 1.95 1.07 <0.01 1.64 113 0.03

diabetes was 22.3% in the clozapine group, but 16% in the
non-clozapine group. In this study, the combined prevalence
of T1D, T2D, and high risk of T2D was 23.5% for males and
32.1% for females. One possible explanation for this sex dif-
ference is that clozapine plasma concentration in females has
been reported to be on average 17% higher in females than
in males (29). This difference between the sexes has also
been reported in a large US study for patients with schizo-
phrenia in the Medicare and Medicaid systems (30).

The proportion of patients at a high risk of developing
T2D was twice as high in the clozapine group as in the
never-on-clozapine group, 11.7% compared to 5.8%. As one
would expect due to neutrophil monitoring requirements,
patients on clozapine were more often in contact with LUH
and had more frequent measurements of HbA1c (147 out of
188 patients had a least one measurement) than patients
never on clozapine (205 out of 395 patients had a least one
measurement). We had nine patients in the never-on-cloza-
pine group who had only a single glucose measurement
between 13-20 mmol/l without receiving a diagnosis of dia-
betes or meeting criteria for high risk of diabetes, but those
patients are at enhanced risk to be diagnosed with T2D later
on. That could possibly explain a part of the differences
observed between the groups.

In total, there were 27 patients ever treated with cloza-
pine diagnosed with T2D, and 16 (59%) of these were diag-
nosed with T2D during clozapine treatment. Of the other 11
patients, seven (26%) were diagnosed before clozapine treat-
ment started and four (15%) after clozapine treatment had
been discontinued. This indicates how complicated it is to
assess the causality of clozapine-induced T2D in patients
with schizophrenia. In a previous study, we reported that
two thirds of patients taking clozapine were taking more
than one antipsychotic, and used a relatively high WHO
defined daily dose (DDD), 1.67, which could also add to the
risk of T2D (25). Patients treated with clozapine are the most
severely afflicted patients with schizophrenia, and their life-
style may possibly place them at greater risk of T2D than the
lifestyle of other patients with the same diagnosis (31). It is
very difficult to control fully for these factors, so treatment
resistance itself might be an important risk factor for T2D.

We found 10 patients in the clozapine group who had
used metformin but were not diagnosed with diabetes
and, of these, five met criteria for high risk of developing
T2D. That constitutes 5.3% of all patients on clozapine.

Metformin can be used in patients without a diagnosis of
diabetes or those at high risk of developing diabetes to
counteract the metabolic side-effects of clozapine, including
weight gain (32). The use of metformin in our cohort indi-
cates that use of metformin and related drugs cannot be a
reliable proxy for the diagnosis of T2D in clinical samples.

Ketoacidosis was a very rare event in our cchort, since
only one patient out of 583 developed ketoacidosis, and that
condition was probably caused by the patient's T1D, not
antipsychotic use. That is much lower than the reported inci-
dence rates of 1.2-3.1% during clozapine treatment in the US
(18). However, our sample is smaller than the samples in
most US studies, with less power to detect very rare events
and, further, in such comparisons it must be borne in mind
that the US healthcare system is very different from the
Icelandic healthcare system, where access to primary health-
care is universally available to all citizens. We analysed with a
Cox proportional hazards model if high blood glucose (over
13mmol/l) was associated with clozapine treatment using
patients with schizophrenia who had never been treated
with clozapine for comparison. Clozapine as such was in fact
not associated with high blood glucose in all the available
blood samples, and the main risk factor for high blood glu-
cose was a diagnosis of diabetes. Accordingly, the risk of
ketoacidosis during antipsychotic treatment seems very small,
especially if the patients do not have TID. In a large study
from the US Veterans Affairs, 0.2% of patients on antipsy-
chotics were hospitalized because of ketoacidosis, which is
comparable to our findings, but in that study the risk was
highest for patients on clozapine, 2%, which is higher than
we observed in our study (33).

Our results show that antipsychotics, especially clozapine,
have more adverse effects on triglyceride values than on
cholesterol levels, as has previously been reported (1,34).
HDL cholesterol was lower both in the clozapine group and
in the never-on-clozapine group than among controls, but
the difference only reached statistical significance in the clo-
zapine group. The effects of clozapine on cholesterol levels
are not as well established in the literature as the effects on
triglycerides. While some studies have reported total choles-
terol to be higher and HDL to be lowered, other studies have
not replicated such findings (1,20,21). In the clozapine group,
144 out of 188 patients (77%) had at least one measurement
of blood lipids done during clozapine treatment. Most guide-
lines on metabolic monitoring for patients on antipsychotics
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recommend that all patients receiving antipsychotic treat-
ment should have blood lipids measured regularly (35). It has
been reported that the impact of clinical guidelines on
screening and monitoring is minimal-to-poor (35). One of the
issues with the lipid monitoring might be that recent guide-
lines only support statin treatment to lower blood lipids for
very high levels of LDL (over 490 mmol/l), that is if the
patients do not have a diagnosis of T2D, atherosclerotic car-
diovascular disease, or at least a 7.5% risk of developing ath-
erosclerotic cardiovascular disease in the next 10 years (19).
In our sample of patients on clozapine, where the average
age was 51.2 years, only 6% of patients had LDL levels over
4.9 mmol/l. Recent meta-analyses for statin use in primary
prevention do report reduced total mortality (36,37). The pro-
portion of patients using statins in our clozapine group was
10%, which is the same ratio as in a Danish cohort study
from 2007 on patients with schizophrenia treated with cloza-
pine (38). In our sample, the LDL and total cholesterol levels
were very similar in the clozapine group, the never-on-cloza-
pine group, and in the age- and sex-matched Icelandic popu-
lation controls. Screening in the schizophrenia groups would,
therefore, probably not support more statin treatment than
screening in the Icelandic population. It is, therefore, unlikely
that a young patient diagnosed with schizophrenia, who has
neither diabetes nor atherosclerotic cardiovascular disease,
would have statins prescribed.

There are some limitations to this study. It is a retrospect-
ive comparative analysis of patients that have been treated
at a national university hospital, so the results may not gen-
eralize fully to patients with less severe forms of schizophre-
nia who are not in contact with mental health services. The
medical records used to gather clinical information for this
study did not include complete data on all risk factors for
diabetes (family history, BMI, medication, smoking, physical
activity, diet, etc.). The patients on clozapine were signifi-
cantly younger (51.2 years) than those never treated with clo-
zapine (58.1 years). By definition, patients treated with
clozapine are suffering from a more severe and a more treat-
ment-resistant form of schizophrenia and, therefore, the use
of clozapine is not the only difference between these two
groups. The strengths of the study include the availability to
screen electronic health records over long periods and full
access to all patient records at LUH over two decades in a
national university hospital where over 90% of all patients
with schizophrenia in Iceland have been treated for the past
decades.

Clinicians need to be aware of the risk of T2D developing
for patients with schizophrenia, in particular for females on
clozapine treatment. Regular measurements of fasting glu-
cose and HbA1c should be done, at least once a year. There
is less evidence available to support annual measurements of
blood lipids, especially for patients that are on a stable anti-
psychotic treatment unless blood lipids are elevated or the
patient has a diagnosis of atherosclerotic cardiovascular dis-
ease or T2D. Since patients with schizophrenia are at a very
high risk of developing atherosclerotic cardiovascular disease
(39), more research is needed to assess whether statins
should be used more for primary prevention during long-
term follow-up.
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