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. Introduction 

evelopment of new strategies for ameliorating cognitive 
mpairments in patients with schizophrenia represents a 
ajor clinical challenge. Although not included among the 
riterion “A” of schizophrenia in DSM-5 ( Barch et al., 2013 ),
ognitive deficits are nonetheless a core feature of this most 
evere of psychiatric illnesses ( Keefe et al., 2007a ), be-
ng detectable in almost all individuals with diagnosis of 
chizophrenia ( Keefe and Harvey, 2012 ). Cognitive impair- 
ents often precede the onset of psychosis ( Jones et al.,
994 ) and can persist during the entire course of the illness
 Nuechterlein et al., 1992 ). Furthermore, cognitive impair- 
ents are considered the most predictive factor of func- 
ional outcome in terms of social, occupational, and living 
tatus ( Green et al., 2004; Joseph et al., 2017; Kurtz et al.,
008; McClure et al., 2007; Rajji et al., 2014 ), medication
dherence and ability to self-manage medication ( Donohoe 
t al., 2001; Jeste et al., 2003; Patterson et al., 2002 ), as
ell as relapse prevention ( Trapp et al., 2013 ). Neverthe-
ess, cognitive impairments per se seem largely indepen- 
ent of the severity of psychotic symptoms ( Keefe et al.,
006; Keefe and Harvey, 2012 ), which may suggest distinct
athomechanisms underlying positive symptoms and cogni- 
ive impairments in schizophrenia. 
While directed mainly against the positive symptoms, 

ntipsychotic medication can alleviate or exacerbate cog- 
itive impairments in schizophrenia, although the cognitive 
rofiles of different compounds remain poorly defined ( Hori 
t al., 2006 ). Up to now, numerous investigations in this field
argeted the distinction of different antipsychotics regard- 
ng their effectiveness against cognitive symptoms without 
olving this ambiguity. In the majority of such investigations 
ntipsychotics were classified as first (FGA) and second 
s a core feature of schizophrenia. Uncertainty about demon-
tipsychotics on cognition remains an important clinical ques-
ty of life. The aim of our multi-center, randomized, double-
dy” (NeSSy) was to compare the effectiveness of selected an-
ssified as second- (SGAs) (haloperidol, flupentixol) and first
) (aripiprazole, olanzapine, quetiapine), on quality of life in
gnitive deficits represented a secondary outcome. We used an
 for assignment of treatment group, and followed the patients
ery upon six and 24 weeks of treatment. Psychopathology and
ng CGI, PANSS and SF-36. Assessment of cognitive performance
randomized patients. The SGA group ( N = 62) showed beneficial
ect size on cognition during the initial six weeks of treatment
ncy) and at 24 weeks (executive functions, working memory).
 52) showed moderately improved executive function, but a

 weeks, with significant declines of moderate to large effect
al learning and memory, and verbal fluency at 24 weeks. Our
nt an advantage over FGAs regarding cognitive function during
chizophrenia. The results further emphasize a distinction be-
l effects of FGAs with prolonged treatment in contrast to more
h SGA treatment. 
ll rights reserved. 

eneration (SGA) antipsychotics, despite the contemporary 
fforts of the scientific community to optimize the psy-
hopharmacological classification by using the neuroscience 
ased classification (NbN) ( Zohar et al., 2014 ). Results of
ome treatment studies showed absent or small therapeutic 
ffects of FGA on different cognitive domains ( Bowie and
arvey, 2005; Mishara and Goldberg, 2004 ), whereas some 
tudies indicated some pro-cognitive effects of SGA as com-
ared to FGA treatment ( Harvey and Keefe, 2001 ). Indeed,
 certain superiority of some SGA has been reported in
wo recent meta analyses ( Desamericq et al., 2014; Zhang
t al., 2013 ), while a larger most recent meta analysis in-
luding 37 studies with 3526 patients ( Nielsen et al., 2015 )
as not shown any drug having a uniform positive cognitive
rofile but detected trends favoring some SGAs (sertindole, 
iprasidone, risperidone, quetiapine) towards FGAs. 
On the other hand, two prominent and comprehensive 

tudies – the Clinical Antipsychotic Trials of Intervention 
ffectiveness (CATIE) ( Keefe et al., 2007b; Lieberman et
l., 2005 ) and the Cost Utility of the Latest Antipsychotic
rugs in Schizophrenia trail (CUtLASS) ( Jones et al., 2006 )
reported no differences between FGA and SGA treatment 
egarding cognitive function. Furthermore, an exploratory 
nalysis of cognitive performance after 18 months in the
ATIE trial showed greater cognitive improvement with 
he FGA perphenazine than with the SGAs olanzapine or
isperidone ( Keefe et al., 2007a ). Nonetheless, due inter
lia to several methodological weaknesses subsequently 
iscerned in those studies ( Leucht et al., 2009; Tandon
t al., 2007 ), there has been no consensus regarding the
reatment of choice for optimal cognitive outcome. 
Given this background, we chose to re-examine in the
euroleptic Strategy Study (NeSSy) the advantages and dis- 
dvantages of SGA versus FGA treatment for cognitive per-
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formance in schizophrenia patients. The study was con-
ducted without any sponsorship from industry and employed
an entirely novel randomization method, which allowed
the therapists to have some influence on the treatment
selection for individual patients, despite a strictly double
blind design ( Schulz et al., 2016 ). We have recently re-
ported the primary outcome parameters, i.e. the change
in total quality-of-life scores from baseline to week 24 af-
ter randomization – assessed by using the Short Form 36
Health Survey (SF-36) ( Tarlov et al., 1989 ) and the Clini-
cal Global Impression-Improvement scale (CGI-I) ( Guy et al.,
1976 ). In brief, SGAs proved significantly superior to FGAs
with respect to patient-reported quality of life ( Gründer
et al., 2016 ). We now test our secondary hypothesis that
SGAs would likewise prove superior to FGAs in ameliorat-
ing the cognitive impairments seen in our patients with
schizophrenia. 

2. Experimental procedures 

After obtaining approval from the responsible human
research ethics committees (leading committee: Ethikkom-
mission des Landes Bremen, approval number: EK HB
2009-10-041 FF), this multicenter study was conducted at
14 university and state psychiatric clinics and hospitals
in Germany, using a double-blind, double-dummy, ran-
domized design. All directives, guidelines and regulatory
requirements, as proposed by the World Medical Association
Declaration of Helsinki, the International Conference on
Harmonization (ICH), the Good Clinical Practice (GCP),
and the ICMJE Recommendations for the Conduct, Report-
ing, Editing, and Publication of Scholarly Work in Medical
Journals were fulfilled. The Competence Center for Clinical
Trials of the University of Bremen (KKSB) was responsible for
project management, monitoring, data management, and
statistical data analysis in accordance with the pre-specified
study protocol ( NeSSy study protocol. Dec 5, 2012 ). 

2.1. Subjects 

Patients with a diagnosis of schizophrenia (ICD-10: F20.X)
aged between 18 and 65 years, were informed about the
possibility of participation if they met clinical need for ini-
tiation of a new or modified antipsychotic treatment. We
carefully examined all potential participants for exclusion
criteria, which included treatment on an involuntary legal
basis, acute suicide risk, known hypersensitivity or profound
intolerability of any of the study drugs, history of neurolep-
tic malignant syndrome, severe or chronic somatic diseases,
and clinically relevant abnormalities in the standard labo-
ratory tests or electrocardiogram. For female participants
of reproductive age, we required a negative pregnancy test
and use of reliable contraception. Psychostimulant abuse,
but not cannabis abuse was an exclusion criterion. An essen-
tial condition for inclusion was provision of written informed
consent. All ICMJE Recommendations for the Protection of
Research Participants were respected. The recruitment pe-
riod lasted from April 1, 2010 until May 31, 2013. 
2.2. Study design 

Patients were randomly allocated to the FGA or SGA treat-
ment strategy using a random number table (block length
30), generated by the KKSB. The enrolment of the partici-
pants and their assignment to the interventions were con-
ducted by the study physicians working at each study cen-
ter. The FGA groups were treated with haloperidol or flu-
pentixol, while the SGA groups received olanzapine, arip-
iprazole, or quetiapine. The selection of these five specific
compounds was based on their widespread use in Europe
for treatment of schizophrenia, as well as on their pharma-
cological disparity, representing five structural classes. The
randomization process for each individual patient consisted
of two steps, which are described in detail elsewhere (see
Schulz et al., 2016 ). 

The study drugs were given twice a day (AM and PM), with
one administration consisting of active drug and the second
being a placebo. This double-dummy design was necessary
to enable the morning application of aripiprazole and the
evening application of the other drugs, which have a more
sedative profile. Each daily dose consisted of between 2 and
4 capsules, depending on the severity of psychopathology
and individual tolerance. The content of a single tablet
was either placebo or 5 mg aripiprazole, 3 mg flupentixol,
1.5 mg haloperidol, 5 mg olanzapine or 200 mg quetiapine.
Preceding psychopharmacological medication was tapered
off during the first two weeks of study-participation, during
which time the study-medication was administered at an
initial daily dose of one active tablet per day. The only
additional psychotropic substances allowed in the study
were lorazepam (max. 7.5 mg/day) and biperiden (max.
8 mg/day), as required. Patients had treatment as usual
with non-psychotropic drugs for non-psychiatric medical
conditions. The whole treatment period was scheduled
for 24 weeks. Reasons for premature termination were
occurrence of major or intolerable adverse events, failure
of therapeutic response (practitioners’ decision) or the de-
cision of the patient. The follow-up period after cessation
of treatment was scheduled for another 24 weeks. 

Therapeutic drug monitoring was conducted at weeks 6
and 24 (visit 4 (V4) and visit 6 (V6)) from the start of ran-
domization (baseline). To ensure adherence to the double-
blind design, practitioners were informed only if the mea-
sured plasma concentration was below, within or above the
therapeutic reference range as defined in the European
consensus guideline on therapeutic drug monitoring of psy-
chotropic drugs ( Hiemke et al., 2011 ). 

2.3. Assessment of neurocognitive performance 

Baseline assessment of neurocognitive performance was
made at V0 (prior to the first drug intake), with follow-
ups at V4 (scheduled for the sixth treatment week) and
V6 (scheduled for the 24th treatment week or, in case
of premature termination, on the last treatment day).
The neurocognitive test-battery was designed to assess
cognitive domains known to be impaired in schizophrenia
( Nuechterlein et al., 2008 ), i.e. the Trail Making Test
(TMT), parts A and B to measure performance speed,
mental flexibility and executive functions ( Reitan, 1958 ),
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erbaler Lern- und Merkfaehigkeitstest (VLMT) to measure 
erbal memory ( Helmstaedtler et al., 1990 ), Regensburger 
ortfluessigkeitstest (RWT) to measure verbal fluency 

 Aschenbrenner et al., 2000 ), and the Letter-Number Span 
est of working memory performance ( Gold et al., 1997 ).
uring V0, the patient’s premorbid intelligence was esti- 
ated using the multiple choice-vocabulary intelligence 
est (Mehrfachwahl-Wortschatz Intelligenztest, MWT-B) 
 Lehrl et al., 1977 ). Psychopathology was assessed using the
ositive and Negative Syndrome Scale (PANSS) ( Kay et al.,
987 ). Furthermore, for the assessment of clinical function- 
ng and quality of life, we administered the Short Form 36
ealth Survey (SF-36) ( Tarlov et al., 1989 ) and the Clinical
lobal Impression-Severity scale (CGI-S) scale ( Guy et al., 
976 ). For assessment of fitness to enter the study, we ob-
ained baseline measurement of blood chemistry, vital signs 
nd electrocardiograms, and recorded any adverse events. 

.4. Statistical analysis 

tatistical analysis was performed on data from the 114 pa-
ients who received at least one dose of the study drug and
nderwent at least one neuropsychological test (intention- 
o-treat population). Thereby SAS statistical analysis soft- 
are package, SAS Version 9.4 (SAS Institute, Cary, NC, 
SA) was used. The demographic characteristics of the in- 
luded patients, i.e. age, sex, diagnosis, and duration of dis- 
ase ( Table 1 ), as well as baseline psychopathological and
linical scores (PANSS, CGI-S and SF36) were analyzed for 
omogeneity of group distributions (alpha = 5%, two-sided, 
isher exact test, Mann-Whitney test). No significant inho- 
ogeneities were found. Further details about the composi- 
ion of the entire NeSSy collective were reported previously 
n our main publication ( Gründer et al., 2016 ). 
Treatment effects in each neurocognitive test were first 

valuated in an exploratory manner using the Wilcoxon 
igned-rank test, with separate pre-post analyses for the 
GA and SGA groups. Short-term treatment effects were 
valuated by comparing test performance at V4 (6 weeks 
fter baseline) with baseline scores. For the evaluation of 
he treatment effects after a medium-term period, perfor- 
ance during V6 (24th treatment week) was compared with 
he baseline scores. A p -value of < 0.05 was considered as
tatistically significant. All tests were two tailed. Results at 
6 were also compared with V4. Missing values were not re-
laced. 
In order to compare the extent of the changes directly be-

ween the two strategies, we applied a mixed model (Proc
ixed) to minimize the effects of missing data. This model 
llows the incorporation of all available data into one anal-
sis and is thus suitable to minimize the effects of miss-
ng data. P -values of < 0.05 were considered statistically
ignificant. All tests were two-tailed. Factors in the mixed 
odel were strategy (group), visit (time), and strategy ∗visit 
group ∗time) interactions. Furthermore, a random effect 
or the individual patients was incorporated to account for 
orrelations between measurements in the same individual. 
ge was included as a covariate in the test performance
cores. Graphical representations of the data analysis were 

reated with SAS. t  
For additional analysis, we calculated the summarized 
 -scores for all cognitive parameters. Here, all test mea-
ures (TMT-A, TMT-B, BZT, subscores of VLMT and RWT)
ere transformed such that higher values consistently cor- 
esponded to better cognitive performance. These trans- 
ormed measures were then converted to standardized 
cores by setting the sample mean of each measure at base-
ine to zero and the standard deviation to 1. A composite
 -score was then computed as the mean score of the sum of
he several standardized scores. 
As a supplemental analysis within each medication group 

quivalent analyses were conducted for each single sub- 
tance. 
In consideration of the relatively small sample size and

he exploratory character of this investigation, we refrained 
rom making any correction for multiple testing. 

. Results 

.1. Patients’ characteristics and medication 

uring the period between April 2010 and May 2013 we
creened a total of 2374 patients, of whom 149 met all in-
lusion criteria. Of these 136 (91%) received at least once
he study medication – 63 patients within the FGA-group 
nd 73 within the SGA-group. Statistical analysis for the
resent manuscript was performed using data from 114 sub-
ects (52 FGA and 62 SGA) among those 136 who had also
ndergone at least one neuropsychological test battery. The 
ests were not administered to the remaining 22 partici-
ants, either because of a very early dropout or due to
heir inability or unwillingness to perform the tests. The
omposition of the final groups showed no statistically sig-
ificant inhomogeneity regarding sex, age, ethnicity, dis- 
ase duration, cannabis abuse and baseline symptom sever- 
ty. Allocation to the treatment with a specific medication
ithin the set of treatment strategies is given in Table 2 ,
hich also reports the mean duration of medication intake,
osage and serum concentrations, which were measured in 
lood samples drawn on V4 and V6. The mean concentra-
ions for all medications were within the therapeutic ref-
rence ranges as defined by the AGNP consensus guideline
n therapeutic drug monitoring of psychotropic drugs (flu- 
entixol 1–10 ng/mL, haloperidol 1–10 ng/mL, aripiprazole 
50–500 ng/mL, olanzapine 20–80 ng/mL, quetiapine 100–
00 ng/mL) ( Hiemke et al., 2018 ). 
To enable comparability between the groups concern- 

ng the extent of the antipsychotic intervention, we calcu-
ated the chlorpromazine (CPZ) equivalents and the corre- 
ponding defined daily doses (DDD) for each substance. Dose
quivalents to 100 mg CPZ were according to a recently pub-
ished method suggested by Andreasen et al. (2010 ): arip-
prazole: 7.97 mg, haloperidol 1.56 mg, olanzapine 5.33 mg,
uetiapine 175.5 mg. Only for flupentixol, which is not rep-
esented in this work, the CPZ equivalence dose was taken
rom the Maudsley Prescribing Guidelines (3 mg) ( Taylor
t al., 2015 ). Corresponding DDD were calculated for all
rugs according the report of Leucht et al. (2016 ). Follow-
ng doses were defined as one DDD: aripiprazole 15 mg, flu-
entixol 6 mg, haloperidol 8 mg, olanzapine 10 mg, que-
iapine 400 mg. The calculated values are summarized in
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Table 1 Baseline demographics and clinical characteristics of patients, who underwent cognitive testing at least once. 

FGA N = 52 SGA N = 62 Total N = 114 

Age 34.71 (10.42) 34.92 (10.6) 34.82 (10.47) 
Mean illness duration 

a 6.13 (6.6) 5.2 (6.15) 5.64 (6.36) 
Diagnosis (ICD-10) 
F20 0 (0%) 2 (3.23%) 2 (1.77%) 
F20.0 51 (98.08%) 55 (88.72%) 106 (93.8%) 
F20.1 0 (0%) 1 (1.61%) 1 (0.88%) 
F20.3 0 (0%) 2 (3.22%) 2 (1.76%) 
F20.8 1 (1.92%) 1 (1.61%) 2 (1.76%) 
Missing 0 (0%) 1 (1.61) 1 (0.88%) 
Sex 
Male 40 (76.9%) 38 (61.3%) 78 (68.4%) 
Female 12 (23.1%) 24 (38.7%) 36 (31.6%) 
Smoker 
Yes 34 (65.4%) 44 (71%) 78 (68.4%) 
No 17 (32.7%) 17 (27.4%) 34 (29.8%) 
Unknown 1 (1.9%) 1 (1.6%) 2 (1.8%) 
Basic assessment scores 
CGI-S baseline 5.06 (0.78) 5.1 (0.84) 5.08 (0.81) 
SF-36 baseline c 78.23 (16.47) 76.03 (13.91) 77 (10.07) 
PANSS-total baseline d 82.94 (17.44) 79.25 (21.48) 80.95 (19.72) 
MWTB b 24.53 (5.11) 25.39 (4.59) 25.01 (4.82) 

Data are given as mean (SD), or n / N (%) if data not available for all patients with cognitive assessment. 
FGAs = first generation antipsychotics. 
SGAs = second-generation antipsychotics. 
CGI-S = Clinical Global Impression-Severity. 
SF-36 = Short Form Health Survey. 
PANSS = Positive and Negative Syndrome Scale. 
BMI = Body-Mass Index. 
MWT-B = Mehrfachwahl-Wortschatztest (version B). 
a Three missing values from the SGA group. 
b 23 missing values – 12 FGA and 11 SGA. 
c 8 missing values – 5 from FGA and 3 from SGA. 
d One missing value from SGA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 . Concerning the corresponding DDD, patients in
the SGA group have had significantly higher average daily
DDD than patients in the FGA group (SGA: 1.1 ± 0.5, FGA:
0.8 ± 0.4; p < 0.001). The mean daily CPZ equivalent
dose did not differ significantly between the two groups ( p
= 0.146). The mean CPZ equivalence total daily dose was
higher in the SGA group (SGA: 233 ± 241; FGA: 156 ± 174),
without reaching statistical significance ( p = 0.072). This
trend is most likely related to the longer retention of SGA
patients in the study, such that they attained higher cumu-
lative doses. Premature termination of treatment (on any
time point) occurred in 81% of the patients treated with
an FGA and in 74% of the patients treated with an SGA
( p = 0.503). 

The permissible concomitant medication (lorazepam and
biperiden) was used sporadically in a very small proportion
of the patients (max. in one or 2 patients per strategy).
Thereby, the substances were used as an on-demand med-
ication that was consequently omitted on the day of the
neurocognitive examination. 

At least one cognitive parameter was assessed during visit
0 in 113 patients (84% of the initial group), of which 52 (81%)
in the FGA group and 62 (85%) in the SGA group; during visit
4 in 58 patients (43%) – 21 (33%) in the FGA group and 37
(51%) in the SGA group; during visit 6 in 36 (27%) patients
(18 (29%) in the FGA group and 18 (25%) in the SGA group).
The incompleteness of the cognitive performance dataset
reflects the high dropout rate known in antipsychotic trials,
and in several cases excessive fatigue or inattention of the
patient. 

3.2. Neurocognitive performance 

All results of the neurocognitive tests measured during V0,
V4, and V6 are given in Table 3 . 

3.2.1. Performance speed, mental flexibility and 

executive functions 
Table 3 shows performance times for TMT (A) and (B), as
well as difference scores (TMT(B)–TMT(A)) and ratio scores
(TMT(B)/TMT(A)), which are known to be more indicative
for executive control abilities ( Giovagnoli et al., 1996;
Sanchez-Cubillo et al., 2009 ) and an index of cognitive flex-
ibility relatively independent of manual dexterity ( Corrigan
and Hinkeldey, 1987; Vazzana et al., 2010 ). 
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Table 2 Group characteristics concerning the medication intake. 

N Mean duration 
of medication 
intake (days) 

Mean aver. 
daily dose 
(mg/d) 

CPZ- 
average 
dose 

CPZ-total Corresponding 
average DDD 

Visit 4: Mean 
serum conc. 
(ng/ml) 

Visit 6: Mean 
serum conc. 
(ng/ml) 

Aripiprazole 17 79.2 ± 66.7 12.9 ± 5.4 1.6 ± 0.7 131.6 ± 135.5 0.9 ± 0.4 165.1 ± 86.6 240.4 ± 285.9 
Flupentixol 30 73.9 ± 62.1 6.3 ± 2.4 2.1 ± 0.8 164.3 ± 153.3 1.1 ± 0.4 5.5 ± 3.5 3.8 ± 3.4 
Haloperidol 22 53.6 ± 61.7 3.8 ± 1.3 2.5 ± 0.9 144.3 ± 195.5 0.5 ± 0.2 2.1 ± 1.3 2.2 ± 1.5 
Olanzapine 18 96.3 ± 66.3 15.5 ± 4.1 2.9 ± 0.8 298.2 ± 235.2 1.6 ± 0.5 45.1 ± 36.3 39.6 ± 28.4 
Quetiapine 27 88.7 ± 102.1 470.3 ± 154.6 2.7 ± 0.9 252.6 ± 280.3 1.1 ± 0.4 320.41 ±207.2 252.14 ±151.5 
FGA 52 65.3 ± 62.1 2.2 ± 0.8 155.8 ± 173.5 0.8 ± 0.4 
SGA 62 88.4 ± 83 2.5 ± 0.9 232.6 ± 240.9 1.1 ± 0.5 
Total 

114 
77.8 ± 74.7 2.4 ± 0.9 197.6 ± 215.4 0.9 ± 0.5 

Data are given as mean ±SD. 
FGAs = first generation antipsychotics. 
SGAs = second-generation antipsychotics. 
For each parameter mean values and standard deviations are given (mean ± SD). Dose equivalents to 100 mg of chlorpromazine (CPZ) and corresponding defined daily dose (DDD) were 
calculated as stated in the result part of the manuscript on the basis of the main average daily dose for each medication. CPZ-total were derivate from the overall dose during the whole 
treatment period for each patient. 
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Table 3 Results measured in cognitive tasks obtained during the three visits (Visit 0 (V0), Visit 4 (V4) and visit 6 (V6)) in the two groups with different treatment strategies (FGA 
and SGA), represented as mean ± standard deviation. 

TMT V0 V4 V6 V4–V0 V6–V0 

N MW ± SD (s) N MW ± SD (s) N MW ± SD (s) N MW ± SD (s) N MW ± SD (s) 

TMT-A FGA 51 41.41 ± 16.47 21 32.9 ± 11.74 17 31.35 ±9.71 20 −7.4 ± 13.24 17 −1.41 ±6.81 
SGA 59 40.81 ± 18.23 36 33.83 ± 13.23 17 36.53 ± 13.96 35 −4.97 ±12.15 17 −5.82 ±11.8 

TMT-B FGA 49 102.89 ± 53.25 20 79.9 ± 35.71 18 97.33 ±60.52 19 
−23.79 ±33.04 

17 −1 ± 34.4 

SGA 59 102.27 ±55.9 36 88.17 ±33.72 18 79.61 ±35.89 35 
−14.43 ±41.06 

18 −6.61 ± 37.03 

TMTB–TMTA FGA 49 61.51 ± 45.86 20 47.4 ± 26.37 17 60.65 ± 54.81 19 −15.58 ±
26.23 

16 −0.31 ±34.2 

SGA 59 61.46 ± 45.65 36 54.33 ± 28.33 17 45.23 ±31.1 35 −9.45 ±43.11 17 −1.47 ±35 
TMTB/TMTA Ratio FGA 49 2.55 ±1.02 20 2.46 ±0.59 17 2.96 ±1.66 19 −0.05 ±0.68 16 0.15 ±1 

SGA 59 2.56 ±0.94 36 2.74 ±0.94 17 2.35 ±0.9 35 0.04 ±1.26 17 0.08 ±0.91 

VLMT V0 V4 V6 V4–V0 V6–V0 

N MW ±SD N MW ±SD N MW ±SD N MW ±SD N MW ±SD 

Free recall (round 1) FGA 41 5.46 ±1.89 17 5.76 ±1.43 14 6.0 ± 1.3 16 0.06 ±0.85 14 −0.07 ± 1.2 
SGA 50 5.74 ±2.54 31 6.64 ±2.68 11 5.63 ±3.04 28 0.89 ±2.88 11 0.55 ±3.01 

Free recall (round 

1–5) 
FGA 41 40.34 ± 11.98 17 42.06 ± 10.07 14 46.07 ±9.52 16 2.69 ±7.68 14 1.5 ± 7.73 

SGA 50 43.42 ± 12.78 31 46.94 ± 13.18 11 46.09 ± 13.47 28 1.86 ±12.38 11 4.45 ± 8.91 
Loss by interference FGA 40 2.12 ±1.57 16 1.94 ±2.17 13 3.54 ±2.1 15 −0.27 ±2.12 13 1.62 ±2.81 

SGA 50 2.84 ±4.76 31 2.61 ±3.78 11 2.91 ±2.02 28 −0.75 ±5.05 11 1 ± 1.73 
Loss by delay FGA 41 1.83 ±1.84 17 2.65 ±1.8 14 4.21 ±3.46 16 0.69 ±1.89 14 2.21 ±3.92 

SGA 49 2.33 ±2.15 31 2.87 ±4.82 11 3.09 ±3.02 28 −0.25 ±3.09 11 0 ± 3.1 
Recognition FGA 39 10.33 ±5.25 17 10.53 ±3.37 13 10.08 ±4.85 16 0.38 ±4.45 13 −0.85 ±3.48 

SGA 44 9.68 ±4.81 29 11.38 ±3.76 11 10.81 ±3.57 28 0.65 ±4.54 11 0.27 ±4.07 

LNS V0 V4 V6 V4–V0 V6–V0 

N MW ±SD N MW ±SD N MW ±SD N MW ±SD N MW ±SD 

FGA 41 13.1 ± 3.6 17 13.53 ±3.26 16 13.0 ± 4.76 15 1.13 ±2.58 13 0.38 ±2.72 
SGA 51 12.1 ± 3.9 32 13.65 ±3.65 15 14.33 ±3.66 29 0.68 ±3.89 13 2.31 ±4.23 

( continued on next page ) 
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Table 3 ( continued ) 

RWT V0 V4 V6 V4–V0 V6–V0 

N MW ±SD N MW ±SD N MW ±SD N MW ±SD N MW ±SD 
vf/p (1 min) FGA 44 9.14 ±4.4 17 9.53 ±4.7 14 9.64 ±6.3 16 0.63 ±3.77 14 −0.43 ±4.3 

SGA 46 9.17 ±4.36 29 11.13 ±5 13 11.2 ± 2.74 24 0.75 ±3.8 12 1.42 ±3.3 
vf/p (2 min) FGA 43 14.33 ±7.4 15 14.6 ± 7.21 14 14.78 ±9.9 15 −0.2 ± 5.77 14 −0.79 ±5.9 

SGA 42 14.6 ± 9.13 25 16.4 ± 8.16 12 16.75 ±6.4 21 −0.33 ±6.6 11 −0.9 ± 8.6 
vf/s (1 min) FGA 43 15.9 ± 4.91 17 13.1 ± 5.84 14 14.21 ±4.6 14 −4.1 ± 4.3 14 −3.43 ±5.4 

SGA 45 16.4 ± 4.72 29 17.28 ±5.9 13 17.62 ±7.9 24 0.04 ±6.9 12 1.83 ±6.9 
vf/s (2 min) FGA 42 24.17 ±7.6 16 20.9 ± 11.1 14 21.5 ± 8.78 14 −5.21 ±8.13 14 −4.43 ±6.9 

SGA 42 25.2 ± 8.55 25 25.24 ±9.3 12 28.3 ± 14.5 21 −0.95 ±11.3 11 6 ± 13 
cc/p (1 min) FGA 39 10.1 ± 4.56 15 10.73 ±3.9 14 11.36 ±5.2 12 1.17 ±2.82 14 0.14 ±2.44 

SGA 44 10.14 ±3.8 27 12.26 ±4.3 12 11.25 ±3.4 23 2.34 ±3.9 11 0.2 ± 4.5 
cc/p (2 min) FGA 39 15.82 ±7.4 14 16.29 ±6.4 14 17.28 ±9.1 12 0.00 ±3.4 14 1 ± 4.2 

SGA 41 16.15 ±6.2 25 18.96 ±7.1 12 17.75 ±5.1 21 3.47 ±4.8 11 0.6 ± 4.6 
cc/s (1 min) FGA 39 10.67 ±3.1 15 9.53 ±3.5 14 10.14 ±3.7 12 −1.1 ± 3.9 14 −1.5 ± 3.7 

SGA 44 11.23 ±3.6 28 11.89 ±4.5 12 10.75 ±4.1 23 0.04 ±4.2 11 0.4 ± 4.8 
cc/s (2 min) FGA 39 16.05 ±5.2 14 14.0 ± 5.1 14 13.93 ±4.6 12 −3.2 ± 4.7 14 −4.78 ±6.1 

SGA 42 17.21 ±6.1 25 16.68 ±6.3 11 16.81 ±5.7 21 −0.86 ±5.84 10 1.2 ± 5.5 

Composite z -score V0 V4 V6 V4–V0 V6–V0 

N MW ±SD (s) N MW ±SD (s) N MW ±SD (s) N MW ±SD (s) N MW ±SD (s) 

FGA 45 0.07 ±0.64 26 0.29 ±0.59 16 0.05 ±0.47 26 0.13 ±0.56 16 −0.03 ±0.6 
SGA 50 −0.03 ±0.1 25 0.1 ± 0.76 13 0.31 ±0.85 24 0.16 ±0.56 13 0.03 ±0.48 

Abbreviations. 
FGA = first generation antipsychotics. 
SGA = second-generation antipsychotics. 
TMT-A – Trail Making Test, part A. 
TMT-B – Trail Making Test, part B. 
VLMT – verbal learning and memory test. 
LNS – Letter Number Span. 
RWT – verbal fluency task (Regensburger Wortfluessigkeitstest). 
vf /p – verbal fluency-phonemic. 
vf/s – verbal fluency semantic. 
cc/p – category change-phonemic. 
cc/s – category change semantic. 
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Fig. 1 Results of the Trail Making Test (TMT (A) and TMT (B)) measured on baseline (V0), after 6 weeks (V4) and after 24 weeks 
(V6) in the two treatment strategies (first-generation (FGA) and second generation (SGA) antipsychotics). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the exploratory analysis after the initial six weeks
treatment period between V0 and V4, we saw a significant
improvement in the time to complete both parts of the TMT
test (A and B) for both treatment groups (TMT(A): FGA: V0:
41.4 ± 16.5 s, V4: 32.9 ± 11.7 s; p = 0.009, ES 0.4; SGA: V0:
40.8 ± 18.2 s, V4: 33.8 ± 13.2 s; p = 0.022, ES 0.26; TMT(B):
FGA: V0: 102.9 ± 53.4 s; V4: 79.9 ± 35.7 s, p = 0.004, ES
0.44; SGA: V0: 102.3 ± 55.9 s, V4: 88.2 ± 33.7 s, p = 0.03,
ES 0.26) ( Fig. 1 ). The difference score (TMT(B)-TMT(A)) also
significantly declined in the FGA group (V0: 61.5 ± 45.9 s,
V4: 47.4 ± 26.4 s; p = 0.028, ES 0.35), indicating an im-
provement of executive functions ( Table 4 ). 

During the further treatment period, the performance in
TMT worsened in both groups, approaching statistical signif-
icance only in the FGA group for TMT-B: V4: 79.9 ± 35.7 s,
V6: 97.3 ± 60.5 s, p = 0.064, ES 0.42. At the final exami-
nation (V6), only the performance of the SGA group in the
TMT(A) part was improved in comparison to baseline in an
almost statistically significant extent (V6: 36.5 ± 14.0 s, V0:
40.8 ± 18.2 s; p = 0.081, ES 0.3). The results of the ex-
ploratory analysis were confirmed by a mixed model analysis
of variance with age as a covariate, which showed a statis-
tically significant interaction between group and time for
the variables TMT(A) ( p = 0.0012) and TMT(B) ( p = 0.0098)
( Table 5 ). 

3.2.2. Verbal memory 
VLMT (Verbaler Lern- und Merkfaehigkeitstest) test results
are also given in Table 3 . There were no significant changes
during the short-time treatment period (V4–V0) in the FGA
and SGA groups. There was a trend towards improvement of
the free recall for the SGA group in the first query session
(V0: 5.74 ± 2.54, V4: 6.64 ± 2.68, p = 0.072, ES 0.24) and
recognition (V0: 9.68 ± 4.81, V4: 11.38 ± 3.76, p = 0.088,
ES 0.24) ( Table 4 ). 
After the longer treatment period, in the V6 we saw a
significant deterioration in the FGA group for the param-
eters memory loss through interference (V0: 2.12 ± 1.57,
V6: 3.54 ± 2.1, p = 0.035, ES 0.4) and memory loss by de-
lay (V0: 1.83 ± 1.84, V6: 4.21 ± 3.46, p = 0.01, ES 0.47)
( Fig. 2 ). In the SGA group, all test parameters did not change
significantly in comparison with the baseline scores. In the
mixed model analysis of variance, with age as covariate,
only the strategy ∗visit interaction for the parameter loss by
delay showed a trend, although without reaching statistical
significance ( p = 0.09) ( Table 5 ). 

3.2.3. Working memory performance 

In the letter-number span there was a trend towards im-
provement at V6 in the SGA group (V0: 12.1 ± 3.9; V6:
14.3 ± 3.7, p = 0.078, ES 0.35). 

3.2.4. Verbal fluency 
Exploratory analysis of the verbal fluency task (Regens-
burger Wortfluessigkeitstest (RWT)) revealed a performance
deterioration to V4 in the FGA group in the categories of
semantic fluency after one minute (V0: 15.9 ± 4.91, V4:
13.1 ± 5.84, p = 0.003, ES 0.53) and two minutes (V0: 24.17
± 7.6, V4: 20.9 ± 11.1, p = 0.038; ES 0.39), as well as in
the semantic category change after two minutes (V0: 16.05
± 5.2, V4: 14.0 ± 5.1, p = 0.035; ES 0.43). In contrast, the
SGA group showed significant improvement in their perfor-
mance of phonemic category change after one minute (V0:
10.14 ± 3.8, V4: 12.26 ± 4.3, p = 0.01; ES 0.37) and after
two minutes (V0: 16.15 ± 6.2, V4: 18.96 ± 7.1, p = 0.006; ES
0.41). The comparison between the score differences (V4–
V0) of the two strategies was statistically significant for the
category semantic fluency after one minute ( p = 0.021, ES
0.37). 
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Table 4 Results of an explorative analysis of the cognitive performance in patients treated with the different antipsychotic 
strategies. 

TMT V4 vs. V0 V6 vs. V0 V6 vs. V4 

p r p r p r 

TMT-A FGA 0.009 

∗ 0.40 0.503 0.12 0.915 0.03 
SGA 0.022 

∗ 0.27 0.081 0.3 0.130 0.28 
FGA vs. SGA 0.575 0.08 0.227 0.21 0.466 0.14 

TMT-B FGA 0.004 

∗ 0.44 0.738 0.06 0.064 0.42 
SGA 0.030 

∗ 0.26 0.436 0.13 0.480 0.13 
FGA vs. SGA 0.355 0.13 0.680 0.07 0.384 0.17 

TMTB–TMTA FGA 0.028 

∗ 0.35 0.945 0.02 0.105 0.38 
SGA 0.340 0.12 0.990 0.01 0.680 0.08 
FGA vs. SGA 0.323 0.13 1 0.01 0.318 0.2 

TMTB/TMTA Ratio FGA 0.984 0.01 0.669 0.08 0.322 0.24 
SGA 0.824 0.03 0.644 0.09 0.934 0.02 
FGA vs. SGA 0.765 0.04 0.914 0.02 0.292 0.21 

VLMT V4 vs. V0 V6 vs. V0 V6 vs. V4 

p r p r p r 

Free recall- first session FGA 0.763 0.05 0.875 0.05 0.750 0.18 
SGA 0.072 0.24 0.641 0.12 0.055 0.44 
FGA vs. SGA 0.097 0.25 0.510 0.13 0.076 0.42 

Free recall total FGA 0.470 0.13 0.626 0.1 0.578 0.17 
SGA 0.302 0.14 0.141 0.32 0.111 0.37 
FGA vs. SGA 0.966 0.01 0.310 0.21 0.528 0.16 

Loss due to interference FGA 0.670 0.08 0.035 

∗ 0.4 0.375 0.29 
SGA 0.854 0.03 0.102 0.38 0.594 0.17 
FGA vs. SGA 0.823 0.04 0.718 0.08 0.648 0.12 

Loss due to delay FGA 0.156 0.25 0.010 

∗ 0.47 0.906 0.05 
SGA 0.426 0.11 0.943 0.15 0.391 0.2 
FGA vs. SGA 0.227 0.18 0.101 0.33 0.986 0.01 

Recognition FGA 0.750 0.06 0.422 0.18 0.219 0.34 
SGA 0.088 0.23 0.84 0.05 0.313 0.25 
FGA vs. SGA 0.372 0.14 0.921 0.02 0.417 0.2 

LNS V4 vs. V0 V6 vs. V0 V6 vs. V4 

p r p r p r 

FGA 0.057 0.25 0.328 0.21 0.281 0.28 
SGA 0.477 0.09 0.078 0.35 0.884 0.05 
FGA vs. SGA 0.375 0.14 0.563 0.12 0.543 0.13 

RWT V4 vs. V0 V6 vs. V0 V6 vs. V4 
p r p r p r 

vf/p (1 min) FGA 0.833 0.04 0.648 0.09 0.766 0.11 
SGA 0.389 0.13 0.215 0.27 0.934 0.03 
FGA vs. SGA 0.795 0.04 0.212 0.25 0.659 0.11 

vf/p (2 min) FGA 0.766 0.06 0.897 0.03 0.906 0.06 
SGA 0.790 0.04 0.904 0.03 0.854 0.08 
FGA vs. SGA 0.8 0.05 0.809 0.05 0.962 0.01 

vf/s (1 min) FGA 0.003 

∗ 0.53 0.031 0.4 0.375 0.29 
SGA 0.816 0.04 0.402 0.18 0.536 0.14 
FGA vs. SGA 0.021 

∗ 0.37 0.076 0.36 0.86 0.04 
vf/s (2 min) FGA 0.038 

∗ 0.39 0.020 0.43 0.063 0.54 
SGA 0.629 0.08 0.269 0.25 0.910 0.04 
FGA vs. SGA 

(p/r) 
0.293 0,18 0.029 

∗ 0.43 0.315 0.25 

cc/p (1 min) FGA 0.109 0.34 0.736 0.08 0.75 0.11 
SGA 0.010 0.37 1 0.01 0.047 

∗ 0.45 
FGA vs. SGA 0.644 0.08 0.893 0.03 0.193 0.33 

( continued on next page ) 



730 T. Veselinovi ć, M. Scharpenberg and M. Heinze et al. 

Table 4 ( continued ) 

cc/p (2 min) FGA 0.815 0.05 0.20 0.25 0.813 0.12 
SGA 0.006 

∗ 0.41 0.938 0.01 0.262 0.27 
FGA vs. SGA 0.113 0.28 0.344 0.19 0.601 0.13 

cc/s (1 min) FGA 0.369 0.2 0.193 0.26 0.813 0.11 
SGA 0.997 0.01 0.722 0.01 0.848 0.05 
FGA vs. SGA 0.668 0.08 0.467 0.16 0.813 0.07 

cc/s (2 min) FGA 0.035 

∗ 0.43 0.027 

∗ 0.42 0.625 0.18 
SGA 0.377 0.14 0.629 0.12 0.688 0.11 
FGA vs. SGA 0.518 0.12 0.026 

∗ 0.46 0.813 0.07 

Composite z -score V4 vs. V0 V6 vs. V0 V6 vs. V4 

p r p r p r 

FGA 0.367 0.11 0.918 0.01 0.088 0.26 
SGA 0.037 

∗ 0.24 0.972 0.01 0.05 

∗ 0.32 
FGA vs. SGA 0.437 0.11 0.792 0.01 0.875 0,04 

Abbreviations: 
FGA = first generation antipsychotics. 
SGA = second-generation antipsychotics. 
TMT-A – Trail Making Test, part A. 
TMT-B – Trail Making Test, part B. 
VLMT – verbal learning and memory test. 
LNS – Letter Number Span. 
RWT – verbal fluency task (Regensburger Wortfluessigkeitstest). 
vf /p – verbal fluency-phonemic. 
vf/s – verbal fluency semantic. 
cc/p – category change-phonemic. 
cc/s – category change semantic. 
Comparison between the scores in visit 4 respective visit 6 and scores achieved at baseline in each group were performed using the 
Wilcoxon signed-rank test. Statistically significant results ( p ≤ 0.05) are marked with asterisks. They are given in bold print, as well as 
values approaching significance ( p < 0.1). Wilcoxon test was also used to compare the two groups concerning the performance difference 
calculated between visit 4 and visit 0, visit 6 and visit 0 respective visit 6 and visit 4. Effect sizes (ES) were calculated using the formula: 
r = Z / �N . as proposed by Rosenthal, 1994. 

Fig. 2 Results of the verbal memory (verbal learning and memory test, VLMT) measured on baseline (V0), after 6 weeks (V4) and 
after 24 weeks (V6) in the two treatment groups (first-generation (FGA) and second generation (SGA) antipsychotics). Depicted are 
the results for the parameters loss by interference (A) and loss by delay (B). 
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Table 5 Strategy ∗visit interaction for assessed cognitive parameters as a results of mixed-model ANOVA. For each Variable 
effects of age were considerate as a covarite. 

Num DF Den DF F p 

TMT-A/ 
TMT-B 

TMT-A 4 194 4.69 0.0012 

∗∗

TMT-B 4 193 3.43 0.0098 

∗∗

TMTB-TMTA 4 191 1.80 0.13 
TMTB/TMTA 4 191 0.88 0.48 

VLMT Free recal 4 157 1.07 0.37 
Loss by interference 4 154 1.02 0.39 
Loss by delay 4 156 1.99 0.09 
Recognition 4 146 0.91 0.46 

BZT 4 165 1.79 0.13 

RWT vf/p (1 min) 4 156 1.46 0.217 
vf/p (2 min) 4 144 0.51 0.728 
vf/s (1 min) 4 154 1.14 0.342 
vf/s (2 min) 4 144 0.66 0.624 
cc/p (1 min) 4 144 1.84 0.125 
cc/p (2 min) 4 138 1.12 0.349 
cc/s (1 min) 4 145 0.49 0.743 
cc/s (2 min) 4 138 0.65 0.627 

Composite z -score 4 200 1.79 0.132 

Abbreviations: 
TMT-A – Trail Making Test, part A. 
TMT-B – Trail Making Test, part B. 
VLMT – verbal learning and memory test. 
LNS – Letter Number Span. 
RWT – verbal fluency task (Regensburger Wortfluessigkeitstest). 
vf /p – verbal fluency-phonemic. 
vf/s – verbal fluency semantic. 
cc/p – category change-phonemic. 
cc/s – category change semantic. 
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At V6, the FGA group demonstrated statistically signif- 
cant performance decline for the categories of semantic 
uency after one ( p = 0.031; ES 0.4) and two minutes
 p = 0.02; ES 0.43) as well as for semantic category change
fter two minutes ( p = 0.027; ES 0.42). The score changes
o V6 within the SGA group failed to reach statistical sig-
ificance in any category, but score changes to V6 differed
etween the treatment groups for the categories semantic 
uency after two minutes ( p = 0.029; ES 0.43) and seman-
ic category change after two minutes ( p = 0.026; ES 0.46)
 Fig. 3 ). 

.2.5. Composite z-score 

sing the procedure described at the end of the meth-
ds section we calculated composite z-scores for all eval- 
ated participants as follows: during V0 ( N = 95): 0.02
0.62, during V4 ( N = 51): 0.2 ± 0.68, and during V6

 N = 29): 0.17 ± 0.67. Values for FGAs and SGAs are shown in
able 3 , and values for each single substance are presented
s supplemental material (Supplement, Table 2s). In the 
GA treated patients a trend like deterioration in global 
ognition ( p = 0.088) between V4 (0.29 ± 0.59) and V6
0.05 ± 0.47) was observable, while in SGA treated patients 
cores on global cognition improved significantly ( p = 0.037)
etween V0 ( −0.03 ± 0.1) and V4 (0.1 ± 0.76) and also be-
ween V4 and V6 (0.31 ± 0.85; p = 0.05). 
The z-score differences between V4 and V0 (0.14 ±
.56, N = 50) in the whole sample slightly missed
o reach a statistically significant correlation with the 
hange of the self-rated subjective condition grasped 
ith the SF36 scale ( r = 0.397, p = 0.074). Here again,
he correlation with changes in the subscale for men-
al well-being (SF 36-mental) was statistically significant 
 r = 0.453; p = 0.039). The z-score differences did not
orrelate with changes in the PANSS total or any PANSS
ubscore, 

.2.6. Cognitive performance within the single 

edication groups 
n order to acknowledge the different modes of action of the
ingle drugs within the FGA and SGA strategy and consider-
ng the suggested neuroscience based nomenclature (NbN), 
e analyzed the cognitive outcome in each single medica-
ion group separately ( Zohar et al., 2014; Zohar and Kasper,
016 ). The test results and results of the corresponding sta-
istical analysis are shown in the supplementary material as 
ables 1s and 2s. 
Patients treated with aripiprazole (NbN: pharmacological 

omain: dopamine, serotonin; mode of action: D 2 and 
-HT 1A receptor partial agonist, 5-HT 2A receptor antagonist) 
howed a significant improvement in VLMT during the first
 weeks of treatment (Free recall- first session V0: 4.85 ±
.54, V4: 7.43 ± 2.7 ( p = 0.027, ES 0.49); free recall total
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Fig. 3 Results of the verbal fluency (Regensburg Test for Verbal Fluency) measured on baseline (V0), after 6 weeks (V4) and after 24 
weeks (V6) in the two treatment groups (first-generation (FGA) and second generation (SGA) antipsychotics). Results are depicted 
for the parameters semantic verbal fluency during one minute (vf/s (1 min)) (A) and during two minutes (vf/s (2 min)) (B) as well 
as semantic category change during one minute (cc/s (1 min) (C) and during two minut es (cc/s (2 min) (D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(V0: 41.3 ± 11.88, V4: 49.14 ± 12.29, p = 0.028, ES 0.49).
For both variables the performance after 24 weeks further
improved (Free recall- first session V6: 8 ± 4.36; free recall
total: V6: 54 ± 14.8), although the small sample size in
the last session hampered the statistical validation of this
improvement. Further, a trend like statistical improvement
could be shown for the semantic verbal fluency (V0: 22 ±
9.9; V4: 26.6 ± 10.15; p = 0.068, ES 0.43). 

Patients treated with flupentixol (NbN: pharmacological
domaine: dopamine, serotonin; mode of action: D 2 and
5-HT 2 receptor antagonist) showed a significant improve-
ment in executive functioning within the first 6 treatment
weeks (TMT-A: V0: 38.73 ± 14.68, V4: 32.07 ± 2.91,
p = 0.005 (ES 0.43); TMT-B: V0: 100.14 ± 54.09, V4:
80.77 ± 39.97, p = 0.03 (ES 0.3)). The TMT-B performance
decreased after 24 treatment weeks (V6: 103.3 ± 67.63),
though without reaching statistical significance. The se-
mantic verbal fluency (RWT) decreased in the short time
observation period (V0: 16.79 ± 5.6; V4: 13 ± 6.37;
p = 0.0015 (ES 0.4)). In contrast, the working memory
performance improved significantly in both observation
periods: (V0: 13.48 ± 3.78; V4: 14.08 ± 3.12; p = 0.021 (ES
0.38); V6: 14.3 ± 5; p = 0.042 (ES 0.34)). 
In the group treated with haloperidol (NbN: pharmacolog-
ical domain: dopamine; mode of action: D 2 receptor antago-
nist) a performance decrease on trend level was observed in
the semantic category change after longer term treatment
(V: 10.24 ± 3.38; V6: 8 ± 3.54; p = 0.068 (ES 0.39). 

Patients treated with olanzapine (NbN: pharmacological
domain: dopamine, serotonin; mode of action: D 2 and 5HT2
receptor antagonist) showed a significant improvement in
executive functioning within the first 6 treatment weeks
(TMT-B: V0: 111.81 ± 39.08, V4: 83.81 ± 24.3, p = 0.022
(ES 0.44)), as well as an improvement on trend level in
the VLMT (recognition improved V0: 9.08 ± 5.2, V4: 11.75
± 2.05; p = 0.084; ES 0.35). Further, they showed an
improvement in phonemic category change after 6 treat-
ment weeks (after 1 min: V0: 8.85 ± 2.96; V4: 12.13 ±
3.31; p = 0.028, ES 0.48; after 2 min: V0: 14.54 ± 5.06;
V4: 17.38 ± 5.8; p = 0.028, ES 0.48) and in semantic verbal
fluency after 24 weeks (after 1 min: V0: 15.38 ± 5.32; V6:
18.67 ± 6.15; p = 0.043, ES 0.46; after 2 minute: V0: 22.54
± 9.04; V6: 31.5 ± 14.65; p = 0.027; ES 0.051). 

In patients treated with quetiapine (NbN: pharmacolog-
ical domain: dopamine, serotonin, noradrenaline; mode of
action: D 2 and 5HT 2 receptor antagonist and NET reuptake
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nhibitor) significant improvement was apparent in phone- 
ic category change after 6 treatment weeks (after 2 min:
0: 17.22 ± 7.28; V4: 22.08 ± 6.68; p = 0.05, ES 0.33) as
ell as a trend towards TMT-A improvement after 24 weeks 
V0: 43.48 ± 21.74, V4: 28.25 ± 10.62, p = 0.068, ES 0.33).

.3. Changes of general psychopathology and 

ell-being 

he changes of general psychopathology and PANSS scores 
n the whole sample were reported in the main publication
 Gründer et al., 2016 ). To emphasize the relationship
etween cognitive performance and psychopathology 
e herein report the PANSS scores only in those partic-
pants who also underwent neuropsychological testing 
Supplement, Table 3s) during V0 ( N = 113), V4 ( N = 58) and
6 ( N = 36). In addition to the three classically used factors
positive syndrome, negative syndrome and general psy- 
hopathology) of Kay et al. (1987) , we also calculated scores
or the component disorganization symptoms of van der 
aag et al. (2006) . This score is thought to be inversely cor-
elated with cognitive function ( Minor and Lysaker, 2014 );
t includes the items stereotyped thinking (N7), poor atten- 
ion (G11), disorientation (G10), conceptual disorganization 
P2), difficulty in abstraction (N5), mannerism (G5), lack of 
udgment and insight (G12), disturbance of volition (G13), 
reoccupation (G15) and unusual thought content (G9). 
At baseline, none of the psychopathology scores differed 

ignificantly between the FGA and the SGA group. At the
nd of the treatment (V6), we found statistically significant 
ifferences between the two treatment strategies for PANSS 
otal score (FGA: 57.5 ± 16.9, SGA: 46.3 ± 14.1; p = 0.039,
S 0.35), PANSS positive (FGA: 12.9 ± 5.7; SGA: 9.9 ± 4.6;
 = 0.043, ES 0.34), PANSS negative (FGA: 17.7 ± 6.5, SGA:
3.1 ± 4.9; p = 0.03, ES 0.36), PANSS disorganization symp- 
oms (FGA: 18.4 ± 5.7, SGA: 14.4 ± 5.3; p = 0.025, ES 0.38)
nd CGI-S (FGA: 3.8 ± 0.9, SGA: 3.0 ± 1.2; p = 0.033, ES
.36). 
Subjective well-being scores in the SF36 did not differ 

ignificantly between the FGA and SGA group at baseline. 
t V6, the SGA group expressed a better general subjective 
ondition to the SF36 self-assessment (FGA: 83.8 ± 17.6; 
GA: 97.9 ± 11.0; p = 0.04, ES 0.42). 
Relevant tardive dyskinesia (according to the Schooler–

ane criteria ( Schooler and Kane, 1982 )), which could be
redictive for lack of neurocognitive response to antipsy- 
hotic treatment ( Caroff et al., 2011 ), was detected only in
our patients at baseline (two in the haloperidol group, one 
n the flupentixol group and one in the olanzapine group). 
Detailed information about adverse events and side ef- 

ects, which did not differ statistically significantly between 
he FGA and SGA groups, is provided in our main publication
f the NeSSy study ( Gründer et al., 2016 ) 

. Discussion 

n this multicenter study employing a novel double blind, 
ouble dummy design, with double randomization, we 
imed to compare the effects of typical (FGA) and atypical
SGA) antipsychotics on cognitive functions in schizophre- 
ia. We found beneficial effects on cognition with a small to
oderate effect size in the SGA group during the six weeks’
hort-term treatment period and at 24 weeks. While FGA 
reatment initially improved certain executive functions, 
here was a decline relative to baseline of moderate to large
ffect size at 24 weeks. 
Our findings of cognitive improvement with SGA are in

ccordance with previous reports showing small benefi- 
ial effects for olanzapine ( Keefe et al., 2004 ), quetiapine
 Hashimoto et al., 2015; Johnsen et al., 2013 ), risperidone
 Keefe et al., 2007b ) and aripiprazole ( Schlagenhauf et al.,
010 ). In particular, improvement in cognitive function 
uring clozapine treatment was replicated several times 
 Galletly et al., 2000; Hagger et al., 1993; Molina et al.,
014 ). Furthermore, a meta-analysis indicated that SGAs 
ere superior with respect to overall cognitive function (ES
.24), particularly for the domains learning and processing 
peed ( Woodward et al., 2005 ), as recapitulated for general
ognition in more recent meta-analyses ( Desamericq et al.,
014; Zhang et al., 2013 ). Another larger meta-analysis did
ot reveal any general differences between FGAs and SGAs 
n the composite cognitive score and also did not show a
niform positive cognitive profile for any of the observed an-
ipsychotics. However, certain trends in favor of some SGAs 
ere detected as well as superior effects of sertindole com-
ared to clozapine, quetiapine, and FGAs; yet these results
ere primarily driven by one single small study ( Nielsen
t al., 2015 ). Regarding the mechanisms underlying the ben-
ficial effects of SGAs on cognition, several pathways be-
ond the dopaminergic were proposed ( Meltzer, 2015 ), but
his will not be further discussed in this work. 
Practice effect can improve performance of conventional 

europsychological tests administered with test-retest in- 
ervals of weeks, or years ( Collie et al., 2003 ), notably be-
ween the first and second administrations of the test bat-
ery. Several authors reported a significant improvement in 
xecutive functions by practice effects ( Bird et al., 2004;
artels et al., 2010; Beglinger et al., 2005 ) in healthy,
ell-performing subjects. A lack of a placebo group in our
tudy makes it impossible to measure the effects of prac-
ice in our schizophrenia patients. However, the perfor- 
ance changes from V0 to V4 in the FGA group and to V6

n the SGA group seem unlikely to reflect solely practice ef-
ects. There were parallel improvements only in the TMT
uring the short observation period, whilst the two treat-
ent groups revealed opposite changes for verbal fluency 
o V4 and in executive functions, verbal fluency and verbal
emory to V6. Thus, even if the improvement in the SGA
roup were due to practice effects, the FGA group showed
o such improvement, or indeed blockade of a practice ef-
ect. Furthermore, the illness duration, as a potential indi-
ator of previously performed cognitive examinations during 
he course of illness (for diagnostic purposes) and additional
ractice effects had no influence on test results or on result
hanges. 
We discern a relevant association between impaired cog- 

itive performance and general well-being arising from ad- 
erse medication effects. Thus, small cognitive benefits 
een for our SGA group may indicate attenuated adverse
ffects rather than actual pro-cognitive benefits. Subjec- 
ive state of health and performance ability ratings showed 
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significantly higher scores in the SGA group for SF36 at V6.
Thus, better cognitive performance in the SGA group was
paralleled by higher self-ratings of health and performance
ability. We searched for correlations between the change
of the total cognitive z -score (at V4 and V6 relative to V0)
and changes in the subjective rating scales. This exploratory
analysis showed a trend towards significant correlation for
the SF 36 total score; while the correlation with changes in
the subscale for mental well-being was statistically signif-
icant, the subscore for physical well-being was not. This is
consistent with earlier findings in a considerably larger sam-
ple ( Keefe et al., 2007b ). 

While PANSS is normally evaluated as positive, negative
and total scores, the disorganization component score, is
thought to represent a clinical manifestation of cognitive
deficits ( Minor and Lysaker, 2014 ). This subscore was signif-
icantly lower in the SGA group than in the FGA group at
V6, indicating better cognitive status; this difference was
absent at V0, implying that overall cognitive function in-
deed improved with SGA treatment. However, we saw per-
formance deterioration in several cognitive domains at V6,
i.e. 24 weeks of FGA treatment. 

In contrast to our main finding based on the whole study
population, in which we did neither observe a statisti-
cally significant difference between the two treatment
strategies in CGI-S score nor in PANSS total score ( Gründer
et al., 2016 ), such difference was observed in the subgroup
reported here. In this subgroup, patients treated with SGAs
showed significantly lower scores of PANSS total, PANSS pos-
itive, PANSS negative as well as CGI-S at the last visit. The
very low PANSS and CGI-S Scores at V6 in this subgroup in-
dicate that only patients with a clear clinical improvement
were able to fulfill the study protocol und thus to accom-
plish all three neurocognitive test sessions. This has to be
considered as selection bias, which is difficult to avoid in
a longitudinal therapeutic study where a lack of treatment
response represents a predefined termination criterion. 

However, despite this bias, the performance deteri-
oration in several cognitive domains after 24 weeks of
treatment with FGAs remains one of the most noteworthy
findings in our study. This stands in contrast with findings
of the CATIE trial, where treatment with the FGA per-
phenazine for several months slightly improved cognitive
performance. This difference in outcome cannot be at-
tributed to the medication dosage – we observed cognitive
deterioration under a low to moderate FGA medication,
i.e. 3.8 mg/day haloperidol and 6.3 mg/day flupentixol,
corresponding to 0.5 and 1.1 DDD, respectively ( Leucht
et al., 2016 ), as compared to 21.5 mg/d perphenazine in
the CATIE trial, corresponding to nearly the same effective
dose, 0.7 DDD. Interestingly, at the same time the mean
medication dosage of the SGAs in our study (aripiprazole
12.6 mg/d (0.9 DDD), olanzapine 15.5 mg/day (1.6 DDD),
quetiapine 470.3 mg/day (1.1 DDD); all SGAs: 1.1 DDD) was
somewhat below the dosages used in the CATIE trail (olan-
zapine: 21.0 mg/d (2.1 DDD), quetiapine 566.3 mg/d (1.42
DDD), risperidone, 4.1 mg/d (0.82 DDD) and ziprasidone
(121.9 mg/d (1.52 DDD). Lower dosages may have been
partly responsible for the cognitive improvement described
above. 

Nevertheless, the present NeSSy study is not directly
comparable to the CATIE trial, among other aspects because
of our use of flupentixol, which is not approved in North
America. Despite its traditional classification as a FGA, the
pleotropic action of flupentixol, which acts as a powerful
antagonist of D 1 , D 2 and D 3 dopamine and 5-HT2A receptors
( Reimold et al., 2007; Benkert, 2017 ), indicates an in vivo
binding profile lying between typical and atypical antipsy-
chotics. This may account for it relatively minor or even
beneficial ( Ruhrmann et al., 2007 ) effects on cognition. In-
deed, examination of the test performance specifically in
the flupentixol group in our study revealed a significant de-
terioration solely for the parameter semantic verbal flu-
ency after one minute concerning the achievement in visit
4 (13.0 ± 6.4), which was significantly worse ( p = 0.016)
than at baseline (16.8 ± 5.6). Performance impairments
were not observed for any other cognitive parameter com-
pared to baseline. Then again, in the flupentixol group we
observed a significant executive function improvement in
the first six weeks of treatment as well as an improvement
in working memory performance in both observation peri-
ods. None of those performance enhancements were found
in the haloperidol group. This observation indicates that the
main part of cognitive decline observed under FGA ś, could
be attributed to the predominant dopaminergic antagonism
without an accompanying action on 5HT receptors. Similarly
to flupentixol, the high affinity of perphenazine for sero-
tonin 5HT2A receptors ( Gunes et al., 2007; Leysen et al.,
1993 ) may have accounted for the sparing of cognition noted
in the CATIE trial. Accordingly, a systematic review of neu-
roimaging findings showed that high affine, virtually isolated
D 2 receptor blockade induces most pronounced prefrontal
activation decrease while weaker D 2 antagonists with co-
incidently appreciable 5-HT 2A antagonism were found to
rather preserve or increase activation of the prefrontal cor-
tex ( Liemburg et al., 2012 ). 

The discussed findings are also interesting in the con-
text of the ongoing demand for a new classification of psy-
chotropic drugs ( Uchida, 2018 ), emphasizing the importance
of considering the precise mode of action when prescribing
antipsychotics rather than the traditional classification. In-
deed, the new version of the NbN acknowledges the differ-
ence between haloperidol and flupentixol, which were both
part of the FGA group in our study. Regarding our SGA strat-
egy group, aripiprazole shows a considerably different phar-
macological profile than olanzapine and quetiapine. Due to
its D 2 and 5-HT 1A partial agonism aripiprazole is sometimes
called a dopamine-serotonin system stabilizer. It is supposed
to be able to act as an antagonist in pathways where an
abundance of dopamine is producing psychosis, or to stim-
ulate receptors as an agonist at sites with low dopaminer-
gic tone ( Khanna et al., 2014 ). Although several previous
studies reported some superiority of aripiprazole over other
atypical antipsychotics regarding cognitive effects ( Kim et
al., 2009; Riedel et al., 2010b ) a recent meta-analysis could
not confirm this ( Khanna et al., 2014 ). Our findings are in
line with this report in that similar beneficial, but not signif-
icantly disparate effects of the three SGA substances were
revealed in our study. 

One further noteworthy finding of our study is the dif-
ferent time course of the cognitive performance changes
in the two treatment strategies. The FGA and SGA treat-
ment groups both showed similar initial improvements in
the TMT tasks upon short-term treatment. In this initial
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reatment period performance deterioration was only ob- 
erved in one cognitive domain (verbal fluency) in the FGA 
roup. With longer treatment duration the FGA groups de- 
eriorated in several cognitive domains (executive func- 
ions, verbal memory, semantic fluency), while the SGA 
roups did not. Although we could not demonstrate a cor-
elation between changes in cognitive performance and 
hanges in psychopathology, the initial cognitive improve- 
ent may have followed the general symptom and well- 
eing improvement, as has already been demonstrated pre- 
iously, particularly in relation to negative symptoms ( Anda 
t al., 2016; Bora and Murray, 2014; Riedel et al., 2010a ).
n view of the observed deterioration in the FGA group
uring the longer treatment period, the question arises, 
ight an early dose reduction have mitigated against the 
elayed negative effects of FGAs on cognition? This has in-
eed been reported previously ( Kawai et al., 2006; Takeuchi 
t al., 2013 ), and others report that reduction or discontin-
ation of antipsychotic treatment was associated with bet- 
er functional remission rates after seven years ( Wunderink 
t al., 2013 ). Furthermore, Harrow et al. (2014, 2017) ob-
erved fewer psychotic symptoms, less hospital admissions 
nd better work performance in the group without continu- 
us prescription of antipsychotics during 20 years. Similarly, 
lbert et al. (2018 ) reported that patients who discontin-
ed antipsychotic medication improved significantly more 
n global cognition than those who remained on antipsy- 
hotic medication during the course of the 3.5 years follow-
p from the naturalistic OPUS II trial. On the other hand,
 10 years long-term observation of patients with an early
reatment discontinuation from antipsychotic maintenance 
ollowing first-episode schizophrenia revealed a poorer 
utcome compared to patients in the maintenance treat- 
ent group ( Hui et al., 2018 ). Taken together, these find-

ngs call for rethinking of the prevalent approach of aiming 
igidly for high-dosage and long-term maintenance treat- 
ent of schizophrenia patients, even after a substantial de- 
line of acute symptoms. 
In this context, the very controversial and nowadays 

ntensively debated hypothesis of the potentially harm- 
ul effects of antipsychotic medications on brain structure 
 Andreasen et al., 2013 ) and function ( Abbott et al., 2013 )
hould be mentioned shortly. One meta-analysis showed 
hat higher daily doses of antipsychotics impaired process- 
ng speed in patients with schizophrenia ( Knowles et al.,
010 ). Long term observation of the Northern Finland Birth
ohort 1966 associated higher lifetime cumulative doses 
f antipsychotics (SGAs and FGAs) with declining verbal 
earning and memory and generally poorer cognitive per- 
ormance in middle aged schizophrenia patients ( Husa et 
l., 2014 ), as likewise seen in other naturalistic, cross- 
ectional studies ( Elie et al., 2010; Hori et al., 2006; Tor-
iainen et al., 2012 ). Despite the short observation pe-
iod, our present results draw attention to the potential 
f certain antipsychotics to have a net negative influence 
n cognition and potentially also on the progression of 
isease. 
The interpretation of our study results and their ex- 

rapolation to some more general conclusions demands a 
lear statement about the study limitation. The main lim- 
tation of our study certainly lies in the small sample size,
hich is indeed a shortcoming of many randomized clin- 
s  
cal trials in schizophrenia patients, despite involvement 
f multiple study centers. As reported previously ( Schulz
t al., 2016 ), most of our eligible patients declined to
articipate in the study. This could be due to excessive
emand placed by the complex study design, but also 
ikely reflects the symptom severity and general distrust in
chizophrenia patients. Indeed, many of our included pa- 
ients dropped out prematurely, and others were unwilling 
r unable to perform all scheduled examinations. This re-
ultant incompleteness of the data, especially in the do-
ain of cognitive testing, further reduced the statistical 
ower. Further, our lack of correction for multiple testing
s in keeping with the exploratory nature of our statistical
nalysis. 
Finally, a categorical limitation arises from the use of

he traditional classification in FGAs and SGAs, which was 
enerally accepted at the time point of the study con-
eption and is still widely in use, but appears somewhat
utdated in the context of the current demand for improved
lassification system of psychotropic drugs and implemen- 
ation of the Neuroscience-based Nomenclature (NbN) 
 Caraci et al., 2017; Uchida, 2018; Zohar et al., 2015 ).
ndeed, a precise consideration of the pharmacology and 
ode of action differences between the single substances is 

ndispensable for the correct interpretation of our results. 
Despite these limitations, our results should motivate fur- 

her efforts to define the best possible strategies against
ognitive impairments in schizophrenia. Besides identifying 
he most beneficial and least harmful substances, our find-
ngs direct the focus on further investigations on the optimal
osage and treatment duration. 
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