
ARTICLE OPEN

Treatment of schizophrenia evaluated via the pharmacopsychometric
triangle—An integrative approach with emphasis on well-being and
functioning
Pernille Kølbæk1,2✉, Ole Mors1,2, Christoph U. Correll3,4,5 and Søren D. Østergaard 1,2,6

Quantification of treatment response is crucial to optimize outcomes for patients with schizophrenia. In this study, we evaluated the
relationship between quantitative measures of clinician-rated symptom severity and self-rated side effects, well-being, and
functioning among inpatients with schizophrenia using the six-item version of the Positive and Negative Syndrome Scale (PANSS-
6), the Glasgow Antipsychotic Side-effect Scale (GASS), the WHO-Five Well-being Index (WHO-5), and the Sheehan Disability Scale
(SDS). All measurements were conducted as close to admission and discharge as possible. Well-being and functioning were found
to be most strongly associated with the additive effect of symptoms and side effects, while changes in side effects, well-being, and
functioning appeared to be relatively independent from changes in symptom severity. The use of both symptom and side effect
measures should inform clinical decision-making in the treatment of schizophrenia, as it has the potential to optimize functioning
and well-being.
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INTRODUCTION
Schizophrenia is a severe mental disorder characterized by
symptoms such as delusions, hallucinations, disorganized think-
ing, blunted affect, and social withdrawal1. Antipsychotics
represent a cornerstone in the treatment of schizophrenia2.
Unfortunately, both residual symptoms of the condition itself
and potential side effects of antipsychotics are associated with
reduced functioning and quality of life3–6. Rating scales are used
to quantify symptom severity and other treatment outcomes in
clinical trials for schizophrenia. However, the use of rating scales in
routine clinical practice has yet to gain momentum. Possible
reasons include a lack of psychometrically valid and clinically
relevant clinician-rated and self-rated scales, time constraints, and
a lack of formal training among clinical staff7–9. This situation
impedes the translation of research into clinical practice10, and
efforts to rectify it were among the forces driving the
conceptualization of measurement-based care (MBC)11,12, i.e., the
systematic administration of rating scales and the subsequent use
of these ratings to guide individualized clinical decision mak-
ing12–14. MBC has primarily been studied in relation to affective
disorders, where the results have been promising12,15,16. Most
notably perhaps, as demonstrated by the randomized controlled
trial by Guo et al.17. showing the superiority of MBC over
treatment-as-usual in achieving response and remission among
outpatients with major depression.
While MBC in psychiatry has traditionally and predominantly

focused on assessment of symptom severity, the treatments
employed affect a range of other domains that are crucially
important to quantify and monitor—and thereby optimize—
successful treatment outcomes. In 2009, Bech suggested the so-
called pharmacopsychometric triangle as a way of applying

psychometrics to clinical psychiatry18. This model proposes use
of rating scales to measure (i) the desired effects of psychotropic
drugs—i.e., reduction in the severity of the core symptoms of the
disorder, (ii) undesirable drug effects (side effects), and (iii) health-
related quality of life assessments, such as self-perceived
psychological well-being. In turn, the model uses these measures
to inform clinical decision-making with the ultimate purpose of
improving the quality of life. The pharmacopsychometric triangle
has proven valuable in the treatment of depression by providing
an integrated overview of treatment effects12,19. Specifically, Bech
and colleagues employed the pharmacopsychometric triangle to
assess the effectiveness of different augmentation therapies for
depression. This includes the comparison of bupropion sustained
release (SR) and buspirone augmentation of citalopram, finding
that bupropion-SR was superior in terms of antidepressive
efficacy, side effects, and quality of life20. Likewise, a study
evaluating the effect of transcranial pulsed electromagnetic fields
(T-PEMF) concomitant with antidepressants, demonstrated that
active T-PEMF was superior to sham within the pharmacopsycho-
metric triangle, with a clinically significant effect size of −0.48 on
the 5-item World Health Organization Well-being Index (WHO-5)
(higher scores reflecting higher quality of life, explaining the
negative effect size), and 0.91 and 0.90 on the clinician-rated 17-
item Hamilton depression scale and the self-reported 6-item
Hamilton depression scale, respectively19.
Balancing the desired and undesired effects of pharmacological

treatment remains a significant challenge in treating schizophre-
nia1,3,4. Recent research by Baandrup et al. has identified and classified
subjective and objective outcome measures within the pharmacop-
sychometric triangle21, while citing the importance of including
measures for medication side effects in addition to measures for
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symptom burden and quality of life. To our knowledge, only one prior
study has evaluated treatment of schizophrenia in the context of the
pharmacopsychometric triangle. However, this study was based on
re-analysis of data from a placebo-controlled clinical trial in which the
quality of life domain was assessed only via a proxy measure, i.e., a
clinician-rated symptom subscale22. Moreover, associations between
symptoms and quality of life and between symptoms and side effects
were not assessed separately for positive and negative symptoms.

Aims of the study
This study aimed to apply the pharmacopsychometric triangle to
assess the relationship and potential covariation among the
following: (i) core symptom severity assessed via the clinician-
rated six-item Positive And Negative Syndrome Scale (PANSS-
6)23–25, including its positive and negative symptom subscales, (ii)
self-reported side effects via the Glasgow Antipsychotic Side-effect
Scale (GASS), and (iii), self-reported quality of life via the WHO five-
item well-being index (WHO-5) and the Sheehan Disability Scale
(SDS). The study sample comprised inpatients with schizophrenia
receiving standard care at a Danish psychiatric university hospital.

RESULTS
A total of 77 inpatients with schizophrenia participated in the study.
Of these, 63 individuals (82%) completed the self-reported ques-
tionnaires at least once (yielding a total of 92 completed
questionnaires, i.e., 57 at baseline close to admission, and 35 at
endpoint close to discharge). The mean age of the 63 respondents
was 35.5 years (standard deviation(SD)= 11.4), 56% were male
(n= 35), and 68% (n= 43) had a diagnosis of paranoid schizophrenia.
The vast majority of the respondents, i.e., 98% (n= 62), were treated
with psychotropic medications (97% with antipsychotic medications),
while 92% (n= 58) were treated with a second-generation anti-
psychotic, 21% (n= 13) were treated with a first-generation
antipsychotic, and 46% (n= 29) were treated with an antidepressant
in addition to an antipsychotic. The respondents (n= 63) and non-
respondents (n= 14) did not differ significantly with regard to age
(35.4 vs. 33.2 years, p= 0.518), sex (p= 0.550), PANSS-6 total scores
(18.8 vs. 18.8, p= 0.986), or GAF-F scores (47 vs. 46, n= 45, p= 0.973).
Table 1 lists the baseline means of the PANSS-6 total and

subscale scores, GAF-S and GAF-F scores, SDS total and subscale
scores, WHO-5 total score, and GASS total score. Stratification on
sex and age (<32 and ≥32 years [median split]) revealed no
difference between males and females or between those aged
<32 or ≥32 years, respectively. At baseline, the mean GAF-F score
was 46.6 (SD= 15.3) (n= 45), indicating a severe impairment in
functioning. The mean WHO-5 total score at baseline was 40.4
(SD= 21.9) (n= 57), and 67% of respondents (n= 38) had a WHO-
5 total score <50 (poor well-being). Among those with a WHO-5
score <50, 55% (n= 21) were treated with an antidepressant.
The Spearman’s correlation coefficient (rho) for the comparison

of GAF-S and PANSS-6 total scores at baseline (n= 44) was −0.36,
p= 0.016. The association was strongest between the GAF-S and
the positive subscale of PANSS-6 (rho=−0.43, p= 0.003) and
weaker between the GAF-S and the negative subscale of PANSS-6
(rho=−0.12, p= 0.456). The correlation between GAF-F and SDS
was weak and not statistically significant (rho= 0.08, p= 0.644).
The correlation also failed to reach statistical significance between
any of the three SDS subscales and for GAF-F.
Figure 1 shows the correlations between the PANSS-6 total

score, its positive and negative subscales scores, the GASS, and
the WHO-5. Among these correlations, the additive effect of
PANSS-6+ GASS vs. WHO-5 demonstrated the strongest associa-
tion (rho=−0.49, p < 0.001, n= 86). The Spearman’s rank
correlation coefficients for the relationship between the individual
PANSS-6 items and the WHO-5 total scores at baseline (n= 57)
were as follows: Item P1 Delusions: rho=−0.25, p= 0.06; Item P2Ta
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Conceptual disorganization: rho= 0.29, p= 0.03; Item P3 Halluci-
natory behavior: rho=−0.36, p= 0.005; Item N1 Blunted affect:
rho=−0.34, p= 0.001; Item N4 Passive/apathetic social with-
drawal: rho=−0.18, p= 0.18; and Item N6 Lack of spontaneity
and flow of conversation=−0.16, p= 0.24.
Figure 2 presents the correlations between the PANSS-6 total

score, its positive and negative subscale scores, GASS scores, and
SDS scores. Among those variables, the additive effect of PANSS-
6+ GASS vs. SDS demonstrated the strongest association (rho=
0.33, p= 0.002, n= 84).
The Spearman’s rank correlation coefficients for the PANSS-6

total and subscale scores and the GASS total score were as follows:

PANSS-6 total vs. GASS: rho= 0.13, p= 0.216; PANSS-6 positive
subscale vs. GASS: rho= 0.35, p < 0.001; and PANSS-6 negative
subscale vs. GASS: rho-0.21, p= 0.054. None of the Spearman’s
rank correlation coefficients for baseline-endpoint differences
were statistically significant. Supplementary material Table 1 lists
all comparisons and 95% CI.
The WHO-5 and SDS total scores and the baseline-endpoint

differences were moderately correlated (rho=−0.41, p < 0.001,
n= 89 and rho=−0.47, p= 0.011, n= 28, respectively).
The mean baseline-to-endpoint difference on the self-reported

measures was 11.4 (SD= 19.5) for the WHO-5, −2.5 (SD= 7.8) for
the GASS, and 2.4 (SD= 9.2) for the SDS. The 29 participants who

Fig. 1 The association between core schizophrenia symptoms, side effects, and quality of life. Spearman’s rank correlation coefficient (rho)
for (a) the PANSS-6 total and subscale scores and the GASS total scores versus the WHO-5 total score and (b) the additive effect of PANSS-
6+ GASS versus the WHO-5 total score.

Fig. 2 The association between core schizophrenia symptoms, side effects, and functioning. Spearman’s rank correlation coefficient (rho)
for (a) the PANSS-6 total and subscale scores and the GASS total scores versus the SDS total score and (b) the additive effect of PANSS-
6+ GASS versus the SDS total score.
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completed the WHO-5 at both time points improved significantly
(33.7 (SD= 17.0) at baseline vs. 45.1 (SD= 21.2) at endpoint,
p= 0.004). Figures 3 and 4 illustrate the correlation between
changes in baseline-to-endpoint scores on the PANSS-6, its
subscales and GASS and the WHO-5, and SDS, respectively. The
strongest correlation was found for the baseline-to-endpoint
difference between GASS and SDS: rho= 0.52 (p= 0.008, n= 28).
For the baseline-to-endpoint differences on the individual PANSS-
6 items, a trend was only detected in the inverse relationship
between the severity of N1 Blunted affect and well-being (WHO-5
total score, rho=−0.33, p= 0.087, [n= 29]).

DISCUSSION
The overall results of this study attest to the disability and
diminished well-being associated with schizophrenia. The specific
main findings were as follows: (i) psychological well-being and
functioning were most strongly associated with the additive effect
of core schizophrenia symptoms and antipsychotic side effects, (ii)
changes in symptom severity alone were not correlated at the
level of statistical significance with functioning, well-being, or side
effects, (iii) levels of self-reported side effects and well-being were
correlated at the level of statistical significance, and (iv) levels of
self-reported side effects and functioning were correlated at the
level of statistical significance, as were the changes between these
measures over time.
Traditionally, measures of symptom severity have constituted

the primary outcome in the evaluation of mental health
treatment. Our results lend support to the importance of including
additional outcomes when monitoring schizophrenia and its
treatment effects. Notably, the additive effect of symptoms and
side effects exhibited the strongest correlation with well-being,
thereby supporting the key principle of the pharmacopsycho-
metric triangle18, which identifies core symptom severity, side
effects, and psychological well-being as its three cornerstones.
Unlike studies of other mental disorders, such as mood
disorders26, however, we found a less straightforward relationship
between severity of symptoms and psychological well-being in
schizophrenia; i.e., well-being did not necessarily increase as core
symptom severity decreased and vice versa. Clinical explanations
of this finding may include the presence of grandiose delusions,

which may increase the perception of well-being, or lack of
insight, which may, in some cases, prevent the affected individual
from realizing the significant impact and serious consequence of
the disease. Nevertheless, as reported previously27, the change in
core symptom severity in our study population was minimal.
Hence, the apparent independence of symptom severity and well-
being may derive simply from the lack of variance in symptom
severity over time. In addition, a relatively large portion of the
study population (46%) was treated with antidepressant medica-
tion. Therefore, the overall improvement in their mental well-
being may have been caused by an overall reduction in their
symptoms of depression9. This possibility is supported by the
multivariate analysis of a pooled sample comprising 886
individuals with schizophrenia by Priebe et al.28, who report
statistically significant associations only between changes in
depression/anxiety and hostility subscales and changes in quality
of life measures.
The additive effect of symptoms and side effects also exhibited

the strongest correlation with functioning, thereby underlining
the importance of the integrated view of treatment effects, which
the pharmacopsychometric triangle provides18. Conversely, the
relationship between severity of core schizophrenia symptoms
and functioning was not statistically significant, which aligns with
the literature on this topic26,29,30. Interestingly, prior studies have
suggested that anxiety and depressive symptoms are associated
with the level of functioning among individuals with schizo-
phrenia31–33 with the most pronounced impairments seen for the
domains of work and social life31. These domains were also those
who appeared to be most negatively affected among the
participants of the present study. Taken together, this result
underlines the importance of identifying and treating comorbid
anxiety and depressive symptoms, as these comorbidities may
represent an additional burden for individuals with an already
compromised quality of life due to psychosis. Notably, although
the participants of the present study improved significantly on the
WHO-5 well-being index, their mean value at the endpoint
assessment (42) was still considerably lower than the mean score
for the general population of Denmark (62–70), but similar to
other populations with schizophrenia34–38. These findings under-
score the importance of self-reported quality of life as an
independent outcome in the evaluation of treatment effect in

Fig. 3 The association between changes in core schizophrenia symptoms, side effects, and quality of life. The Spearman’s rank correlation
coefficient (rho) for the baseline-endpoint differences (Δ) on (a) the PANSS-6 total, the positive and negative subscale, and the GASS total
scores versus the WHO-5 total score and (b) the additive effect of PANSS-6+ GASS versus the WHO-5 total score.
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schizophrenia, while also underlining the importance of monitor-
ing the severity of concurrent depressive symptoms. Notably, for
the measurement of depressive symptoms among individuals
with schizophrenia, scales with the ability to discriminate
depressive symptoms from negative symptoms, such as the
Calgary Depression Scale for Schizophrenia39, are recommended.
Interestingly, the self-reported SDS score did not correlate with

the clinician-rated GAF-F score. Notably in this regard, we did not
test the reliability of staff conducting the GAF-F ratings, and
studies have reported that the reliability of GAF-F rating is often
not satisfactory in routine clinical settings40. However, an
alternative explanation may be that the two measures capture
different sub-constructs of functioning. Specifically, self-reported
measures may predominantly measure the patient’s subjective
experience of social dysfunction (e.g., loneliness and perceived
social support), whereas clinician-rated scales may gauge more
objective aspects of social dysfunction (e.g., social network size
and social cognition assessed with tasks)41,42. Thus, both clinician-
rated and patient-reported measures are clinically relevant since
they may capture different but equally important constructs.
Including self-reported side effects in assessing the pharmaco-

logical treatment of schizophrenia is important because physicians
may overestimate the tolerability of antipsychotic medication37. In
the assessment of the relationship between clinician-rated
symptoms and self-reported side effects, we found that positive
symptoms were associated with side effects. Since positive
symptoms are treatment responsive, an association between side
effects and positive symptoms may reflect higher doses of
antipsychotic medication. Conversely, the association between
positive symptoms and side effects may reflect a lack of insight
among these patients43, which could hinder their ability to
differentiate between illness symptoms and side effects. Notably,
the GASS has only been validated against the clinician-rated UKU
in an outpatient sample44. Thus, future studies should assess the
degree to which side effects reported by severely ill inpatients are,
in fact, side effects and not symptoms of the illness being treated.
While the additive effect of symptom severity and side effect
burden on quality of life could provide valuable insights into the
distinctions between antipsychotics and potentially lead to
measurement-based care approaches in the treatment of schizo-
phrenia, it is crucial to evaluate symptom severity and side effects

separately to inform clinical decision-making45. For instance, in
managing common side effects of antipsychotics, like dystonia
and parkinsonism, strategies may include switching to an
alternative medication to enhance treatment outcomes, with the
ultimate goal of improving patients’ quality of life46. Although,
psychological well-being and functioning were most strongly
associated with the additive effect of core schizophrenia
symptoms and antipsychotic side effects, the change over time
was most strongly associated with change in antipsychotic side
effect burden. While these results should be interpreted with
caution due to small sample sizes, minimal change in core
schizophrenia symptom severity, and short follow-up periods
between assessments, they support a practice in which core
schizophrenia symptoms and antipsychotic side effects are
evaluated separately.
Self-reported side effects were also associated with well-being

and functioning. Side effects of common antipsychotics include
adverse mood effects, which may be captured by the WHO-5 as
poor well-being. Conversely, the severity of depressive symptoms
may also affect subjective evaluations of the severity of side
effects47. Regardless, the association between side effects and
well-being both in this study and in a previous study among
outpatients with schizophrenia44 underlines the importance of
granting equal weight to side effect and symptom evaluations.
This is further emphasized by studies identifying side effects as
one of the main reasons for non-adherence and treatment
discontinuation48.
A number of limitations should be taken into account when

interpreting the results of this study. First, it is important to note
that this paper is based on secondary analyses of data from a
study, which was not specifically designed to evaluate the
treatment of schizophrenia from the perspective of the pharma-
copsychometric triangle. Most notably in this regard, the absence
of a specific intervention has likely contributed to the minimal
change in core symptom severity from baseline to endpoint.
Moreover, although the method of combining the scales is
commonly used49–51 and feasible for clinical practice due to its
simplicity (rescaling the scales and adding the scores), it may not
be the ideal way to handle this. Hence, future studies should
evaluate the impact of alternative strategies such as that
suggested by Kraemer et al.45. Second, the sample size for the

a) 

b) 

rho=0.52 (p=0.008), n=26 rho=0.08 (p=0.680), n=26 

Fig. 4 The association between changes in core schizophrenia symptoms, side effects, and functioning. The Spearman’s rank correlation
coefficient (rho) for the baseline-endpoint differences (Δ) on (a) the PANSS-6 total, the positive and negative subscale, and the GASS total
scores versus the SDS total score and (b) the additive effect of PANSS-6+ GASS versus the SDS total score.
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analysis of change over time was small (n= 29) although sufficient
to conclude that scores on the GASS and SDS covary over time.
The small sample size, differences in the reference periods
between measures, and the minimal change on the PANSS-6
between the two points of assessment may collectively explain
the lack of statistically significant associations between the PANSS-
6 and the GASS, SDS and WHO-5. Also, it is important to note that
the analysis comparing respondents and non-respondents may
not fully capture potential heterogeneity within the non-
respondent group since this group may comprise subpopulations
with varying symptom profiles. Third, while this study exclusively
incorporated a measure for self-reported side effects related to
antipsychotics, it is equally important to assess side effects of
other medications, such as antidepressants. To address this
concern, we have developed the Aarhus Side Effect Assessment
Questionnaire (ASAQ), a self-reported tool with global coverage
across side effect domains and psychotropic drug classes and with
strong measurement properties52. We intend to employ this tool
in future studies and clinical practice. Self-report measures may
hold several advantages over clinician-rated measures such as
being independent of the availability of trained, reliable raters,
being less time-consuming, and allowing for out-of-hospital
assessments; however, self-report may be biased by participants’
lack of illness insight, which may challenge patients in differ-
entiating between constructs under evaluation such as symptoms
and medication-induced side effects. To reduce the impact of this
bias, we employed the validated GASS, which has demonstrated
high sensitivity and specificity among individuals with psychotic
disorders using the clinician-rated UKU as a gold standard.
Relatedly, there may be conceptual overlap between the
measures of well-being and functioning. However, the SDS53

and the WHO-534 have been validated in populations similar to
the present study and hence, we find it reasonable to assume that
these instruments measure the constructs of interest namely
different subdomains of quality of life. Nonetheless, to gain clarity
about the relationship between symptoms, side effects and
quality of life, we evaluated these relationships separately for
each of the subdomains of quality of life i.e., functioning and well-
being. Fourth, the lack of assessment of affective and cognitive
symptoms precluded this study from assessing their potential
impact on well-being and functioning. Fifth, the diagnoses of the
participants were provided by the treating psychiatrist and not
confirmed by diagnostic interviews. However, diagnostic semi-
structured interviews such as the Present State Examination and
Schedules for Clinical Assessment in Neuropsychiatry54 are
routinely used in clinical practice in Denmark. Moreover, a
previous study has reported high validity of schizophrenia
diagnoses in Danish medical records55. Sixth, excluding individuals
under the influence of psychoactive substances including alcohol
or being treated via involuntary measures at the time of potential
recruitment and interview may reduce the generalizability of the
results. The rationale behind applying these exclusion criteria was
mainly for ethical reasons, i.e., to ensure that the consent to
participate in the study was both informed and voluntary. Seventh
and lastly, the sample included only Danish inpatients with
schizophrenia. Therefore, the results of this study should be
replicated in other settings, e.g., in other countries and among
individuals with other psychotic disorders, and in other stages of
illness.
In conclusion, the results of this study provide evidence for a

relationship between self-reported side effects, functioning, and
mental well-being among inpatients with schizophrenia. Some-
what counter-intuitively, neither of these measures was clearly
associated with positive and negative symptom severity. However,
the additive effect of symptom severity and side effects was
more strongly associated with well-being than were side effects
alone. Thus, the integrated overview of desired and
undesirable treatment effects—as conceptualized by the

pharmacopsychometric triangle—may aid decision making when
treating individuals with schizophrenia in clinical practice.

METHODS
Data source
Data for this analysis derive from a recent study, which aimed to
validate ratings on the six-item version of the Positive And
Negative Symptom Scale (PANSS-6) obtained via the Simplified
Negative And Positive Symptoms Interview (SNAPSI)27. The data
used for the present analysis are described briefly below and the
sampling of participants is illustrated in Supplementary material
Fig. 1.

Participants
Participants were recruited from inpatient wards at the Depart-
ment for Psychosis at Aarhus University Hospital—Psychiatry,
Denmark from January 2018 to October 2019. Eligibility criteria
were as follows: (i) meeting the International Classification of
Disease, 10th Revision (ICD-10) criteria for schizophrenia according
to the treating psychiatrist (verified by the diagnosis in the
patient’s medical chart), (ii) being aged ≥ 18 years, and (iii)
understanding written and spoken Danish. Patients were ineligible
if they were (i) diagnosed with comorbid organic mental disorder
(ICD-10: F0x.x), (ii) diagnosed with mental retardation (IQ < 70), (iii)
influenced by psychoactive substances including alcohol at the
time of potential recruitment (as per clinical assessment by the
referring clinician), or (iv) being treated via involuntary measures
at the time of potential recruitment.
All participants provided written informed consent. In Denmark,

ethical review committee approval is not required for studies
based on interviews and questionnaires. All data were processed
and stored in accordance with the European Union General Data
Protection Regulation.

Measures
Participants were assessed as close to admission and discharge as
possible. In the present study, the following measures were used:

The six-item positive and negative syndrome scale. The six-item
Positive And Negative Syndrome Scale (PANSS-6) consists of the
following items: P1 Delusion, P2 Conceptual disorganization, P3
Hallucinatory behavior, N1 Blunted affect, N4 Passive/apathetic
social withdrawal, and N6 Lack of spontaneity and flow of
conversation during a reference period of the preceding week25.
In a recently published study, we found strong agreement
between PANSS-6 ratings obtained via the SNAPSI and PANSS-6
ratings extracted from the full PANSS-30 ratings obtained via the
comprehensive Structured Clinical Interview for PANSS27. Trained
and reliable raters obtained the information for PANSS-6 ratings
via the brief Simplified Positive And Negative Symptoms Interview
(SNAPSI; ICC of the PANSS-6 total score was 0.74 [F= 2.84,
p= 0.03])10. Detailed information regarding the raters (including
training and inter-rater reliability) can be found elsewhere23. The
information obtained from each SNAPSI patient interview was
supplemented by the SNAPSI informant interview of a staff
member.

The Glasgow antipsychotic side-effect scale. The Glasgow Anti-
psychotic Side-effect Scale (GASS) is a self-report questionnaire
consisting of 22 questions probing for side effects to antipsychotic
agents56. The frequency of each side effect is rated on a four-point
Likert scale ranging from 0 (Never) to 3 (Every day). The reference
period for 20 GASS items is the preceding week. For the remaining
two items, “weight gain” and “menstrual disturbances,” the
reference period is the preceding three months. The frequency
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rating is supplemented by an assessment of subjective distress
associated with each reported side effect. Recently, we found that
among outpatients with psychotic disorders, self-reported side
effects using the GASS exhibited strong agreement with clinician-
rated side effects assessed with the Udvalg for Kliniske Under-
søgelser (UKU) side effect rating scale44.

The Sheehan disability scale. The Sheehan Disability Scale (SDS) is
a three-item self-reported questionnaire assessing disability across
three domains: work, social life, and family life53. The degree to
which the patient’s symptoms have disrupted each domain over
the time frame of interest is rated on a 11-point Likert scale (with
visual-spatial, numeric, and verbal descriptive anchors ranging
from 0 [Not at all] to 10 [Extremely]). The reference period for the
Danish version of the SDS is the preceding two weeks. Previous
studies on the SDS have reported good psychometric properties
with high internal consistency, reliability and construct validity57.

The five-item World Health Organization well-being index. The
five-item World Health Organization Well-being Index (WHO-5) is a
self-reported questionnaire measuring psychological well-
being34,58. The scale contains five statements (i) “I have felt
cheerful and in good spirits,” (ii) “I have felt calm and relaxed,” (iii)
“I have felt active and vigorous,”(iv) “I woke up feeling fresh and
rested,” and (v) “My daily life has been filled with things that
interest me.” The reference period is the preceding two weeks and
each statement is rated on a six-point Likert scale ranging from a
score of 0 (At no time) to a score of 5 (All of the time). The total
score, obtained by multiplying the sum score (range: 0–25) by 4,
yields a range of 0–100 with higher scores indicating greater
psychological well-being. The WHO-5 has been validated against
the World Health Organization Quality of Life assessment among
individuals with psychotic disorders and has demonstrated
satisfactory levels of reliability and validity59.

The Global assessment of functioning scale. The Global Assess-
ment of Functioning Scale (GAF) is a clinician-rated scale of
symptom severity and functioning. The reference period is the
preceding week and functioning is rated on a single dimension
going from 100 (extremely high functioning) to 1 (severely
impaired)60. To isolate functioning from symptom severity, we
used the version of GAF that includes separate scores for
symptoms (GAF-S) and for functioning (GAF-S). After attending
an instruction session on the principles of GAF rating (held prior to
study initiation on the wards where study participants were
recruited), inpatient staff members performed the GAF ratings.

Statistical analysis
To test for differences between respondents (i.e., participants who
completed the self-reported questionnaires at least once) and
non-respondents, a two-sample t-test was employed to compare
means of continuous variables (age, PANSS-6 total score, and GAF-
F score), and Pearson’s chi-squared test was employed for
categorical variables (sex). Baseline-endpoint differences in the
respondent group at follow-up were tested via a paired t-test. The
pairwise relationship between the following measures were
analysed using Spearman’s rank correlation: PANSS-6 (total score,
positive and negative subscale scores, and individual item scores),
WHO-5 (total score), SDS (total score and subscale scores), and
GASS (total score). Additionally, (i) the GAF-S and the PANSS-6
total and subscale scores and (ii) the GAF-F and the SDS scores
were compared using Spearman’s rank correlation. 95% two-tailed
confidence intervals were calculated using a bootstrap method. All
analyses were repeated using the baseline-endpoint difference for
each measure to test for potential covariation of the measures
over time. To test for an additive effect of symptoms and side

effects on psychological well-being, the sum of the PANSS-6 total
score and the GASS total score (PANSS-6+ GASS) was compared
to the WHO-5 total score and the SDS total score, respectively,
using Spearman’s rank correlation. In order to weight symptoms
and side effects equally in the combined PANSS-6+ GASS score,
the PANSS-6 total score was rescaled from a range of 6–42 to a
range of 0–66 (the range of the GASS) by subtracting 6 and
multiplying by 1.83 (the ratio between the highest possible total
scores of the GASS and PANSS-6).

DATA AVAILABILITY
The participants of this study did not agree to their data being shared publicly.

Received: 8 July 2023; Accepted: 23 November 2023;

REFERENCES
1. Eack, S. M. & Newhill, C. E. Psychiatric symptoms and quality of life in schizo-

phrenia: a meta-analysis. Schizophr. Bull. 33, 1225–1237 (2007).
2. Awad, A. G., Voruganti, L. N. P. & Heslegrave, R. J. The aims of antipsychotic

medication. CNS Drugs 4, 8–16 (1995).
3. Awad, A. G. & Voruganti, L. N. The impact of newer atypical antipsychotics on

patient-reported outcomes in schizophrenia. CNS Drugs 27, 625–636 (2013).
4. Awad, A. G. & Voruganti, L. N. P. Quality of life and new antipsychotics in schi-

zophrenia are patients better off? Int. J. Soci. Psychiatry 45, 268–275 (1999).
5. Bora, E., Yucel, M. & Pantelis, C. Cognitive functioning in schizophrenia,

schizoaffective disorder and affective psychoses: meta-analytic study. Br. J. Psy-
chiatry 195, 475–482 (2009).

6. Ritsner, M. et al. Quality of life outcomes of risperidone, olanzapine, and typical
antipsychotics among schizophrenia patients treated in routine clinical practice: a
naturalistic comparative study. J. Clin. Psychopharmacol. 24, 582–591 (2004).

7. Correll, C. U., Kishimoto, T., Nielsen, J. & Kane, J. M. Quantifying clinical relevance
in the treatment of schizophrenia. Clin. Ther. 33, B16–B39 (2011).

8. Kølbæk, P. et al. Standardized training in the rating of the six-item Positive And
Negative Syndrome Scale (PANSS-6). Schizophr. Res. 228, 438–446 (2021).

9. Kølbæk, P. et al. Clinical validation of the Symptom Self-rating Scale for Schizo-
phrenia (4S) among inpatients. Nord. J. Psychiatry, 1–11 https://doi.org/10.1080/
08039488.2021.1881821 (2021).

10. Østergaard, S. D., Opler, M. G. A. & Correll, C. U. Bridging the measurement gap
between research and clinical care in schizophrenia: Positive and Negative
Syndrome Scale-6 (PANSS-6) and other assessments based on the Simplified
Negative and Positive Symptoms Interview (SNAPSI). Innov. Clin. Neurosci. 14,
68–72 (2017).

11. Crismon, M. L. et al. The Texas medication algorithm project: report of the Texas
consensus conference panel on medication treatment of major depressive dis-
order. J. Clin. Psychiatry 60, 142–156 (1999).

12. Trivedi, M. H. et al. Evaluation of outcomes with citalopram for depression using
measurement-based care in STAR*D: implications for clinical practice. Am. J.
Psychiatry 163, 28–40 (2006).

13. Harding, K. J., Rush, A. J., Arbuckle, M., Trivedi, M. H. & Pincus, H. A. Measurement-
based care in psychiatric practice: a policy framework for implementation. J. Clin.
Psychiatry 72, 1136–1143 (2011).

14. Fortney, J. C. et al. A tipping point for measurement-based care. Psychiatr. Serv.
68, 179–188 (2017).

15. Trivedi, M. H. et al. Clinical results for patients with major depressive disorder in
the Texas Medication Algorithm Project. Arch. Gen. Psychiatry 61, 669–680 (2004).

16. Cerimele, J. M., Goldberg, S. B., Miller, C. J., Gabrielson, S. W. & Fortney, J. C.
Systematic review of symptom assessment measures for use in measurement-
based care of bipolar disorders. Psychiatr. Serv. 70, 396–408 (2019).

17. Guo, T. et al. Measurement-based care versus standard care for major depression: a
randomized controlled trial with blind raters. Am. J. Psychiatry 172, 1004–1013 (2015).

18. Bech, P. Applied psychometrics in clinical psychiatry: the pharmacopsychometric
triangle. Acta Psychiatr. Scand. 120, 400–409 (2009).

19. Bech, P., Gefke, M., Lunde, M., Lauritzen, L. & Martiny, K. The pharmacopsycho-
metric triangle to illustrate the effectiveness of T-PEMF concomitant with anti-
depressants in treatment resistant patients: a double-blind, randomised, sham-
controlled trial revisited with focus on the patient-reported outcomes. Depress.
Res. Treat. 2011, 806298 (2011).

P. Kølbæk et al.

7

Published in partnership with the Schizophrenia International Research Society Schizophrenia (2023)    88 

https://doi.org/10.1080/08039488.2021.1881821
https://doi.org/10.1080/08039488.2021.1881821


20. Bech, P., Fava, M., Trivedi, M. H., Wisniewski, S. R. & Rush, A. J. Outcomes on the
pharmacopsychometric triangle in bupropion-SR vs. buspirone augmentation of
citalopram in the STAR*D trial. Acta Psychiatr. Scand. 125, 342–348 (2012).

21. Baandrup, L., Rasmussen, J., Mainz, J., Videbech, P. & Kristensen, S. Patient-
reported outcome measures in mental health clinical research: a descriptive
review in comparison with clinician-rated outcome measures. Int. J. Qual. Health
Care 34, ii70–ii97 (2022).

22. Bech, P., Tanghøj, P., Andreasson, K. & Overø, K. F. Dose-response relationship of
sertindole and haloperidol using the pharmacopsychometric triangle. Acta Psy-
chiatr. Scand. 123, 154–161 (2011).

23. Kølbæk, P. et al. Inter-rater reliability of ratings on the six-item Positive and
Negative Syndrome Scale (PANSS-6) obtained using the Simplified Negative
and Positive Symptoms Interview (SNAPSI). Nord. J. Psychiatry 72, 431–436
(2018).

24. Kølbæk, P. et al. Clinical validation of ratings on the six-item Positive and
Negative Syndrome Scale obtained via the Simplified Negative and Positive
Symptoms Interview. J Psychopharmacol 35, 1081–1090 (2021).

25. Østergaard, S. D., Lemming, O. M., Mors, O., Correll, C. U. & Bech, P. PANSS-6: a
brief rating scale for the measurement of severity in schizophrenia. Acta Psychiatr.
Scand. 133, 436–444 (2016).

26. Porcelli, S. et al. Social dysfunction in mood disorders and schizophrenia: clinical
modulators in four independent samples. Prog. Neuropsychopharmacol. Biol.
Psychiatry 99, 109835 (2020).

27. Kølbæk, P., Opler, M., Mors, O., Correll, C. U. & Østergaard, S. D. T22. Clinical
validation of the six-item positive and negative syndrome scale (panss-6). Schi-
zophr. Bull. 45, S211–S212 (2019).

28. Priebe, S. et al. Association between symptoms and quality of life in patients with
schizophrenia: a pooled analysis of changes over time. Schizophr. Res. 133, 17–21
(2011).

29. Troisi, A., Pompili, E., Binello, L. & Sterpone, A. Facial expressivity during the
clinical interview as a predictor functional disability in schizophrenia. a pilot
study. Prog. Neuropsychopharmacol. Biol. Psychiatry 31, 475–481 (2007).

30. Rocca, P. et al. Depressive and negative symptoms in schizophrenia: different
effects on clinical features. Compr. Psychiatry 46, 304–310 (2005).

31. Braga, R. J., Mendlowicz, M. V., Marrocos, R. P. & Figueira, I. L. Anxiety disorders in
outpatients with schizophrenia: prevalence and impact on the subjective quality
of life. J. Psychiatr. Res. 39, 409–414 (2005).

32. Huppert, J. D. & Smith, T. E. Longitudinal analysis of subjective quality of life in
schizophrenia: anxiety as the best symptom predictor. J. Nerv. Ment. Dis. 189,
669–675 (2001).

33. Huppert, J. D., Weiss, K. A., Lim, R., Pratt, S. & Smith, T. E. Quality of life in
schizophrenia: contributions of anxiety and depression. Schizophr. Res. 51,
171–180 (2001).

34. Topp, C. W., Østergaard, S. D., Søndergaard, S. & Bech, P. The WHO-5 Well-Being
Index: a systematic review of the literature. Psychother. Psychosom. 84, 167–176
(2015).

35. Sønderskov, K. M., Dinesen, P. T., Santini, Z. I. & Østergaard, S. D. The depressive
state of Denmark during the COVID-19 pandemic. Acta Neuropsychiatr. 1–3
https://doi.org/10.1017/neu.2020.15 (2020).

36. Sønderskov, K. M., Dinesen, P. T., Vistisen, H. T. & Østergaard, S. D. Variation in
psychological well-being and symptoms of anxiety and depression during the
COVID-19 pandemic: results from a three-wave panel survey. Acta Neuropsychiatr.
1–4 https://doi.org/10.1017/neu.2020.47 (2021).

37. Schottle, D. et al. The use of long-acting Aripiprazole in a multi-center, pro-
spective, uncontrolled, open-label, cohort study in Germany: a report on global
assessment of functioning and the WHO wellbeing index. BMC Psychiatry 20, 77
(2020).

38. Baandrup, L., Fagerlund, B. & Glenthoj, B. Neurocognitive performance, subjective
well-being, and psychosocial functioning after benzodiazepine withdrawal in
patients with schizophrenia or bipolar disorder: a randomized clinical trial of add-
on melatonin versus placebo. Eur. Arch. Psychiatry Clin. Neurosci. 267, 163–171
(2017).

39. Lako, I. M. et al. A systematic review of instruments to measure depressive
symptoms in patients with schizophrenia. J. Affect. Disord. 140, 38–47 (2012).
Epub 2011 Nov 1017.

40. Aas, I. H. Guidelines for rating Global Assessment of Functioning (GAF). Ann. Gen.
Psychiatry 10, 2 (2011).

41. Porcelli, S. et al. Social brain, social dysfunction and social withdrawal. Neurosci.
Biobehav. Rev. 97, 10–33 (2019).

42. van der Wee, N. J. A. et al. Working definitions, subjective and objective
assessments and experimental paradigms in a study exploring social withdrawal
in schizophrenia and Alzheimer’s disease. Neurosci. Biobehav. Rev. 97, 38–46
(2019).

43. Engh, J. A. et al. Delusions are associated with poor cognitive insight in schizo-
phrenia. Schizophr. Bull. 36, 830–835 (2010).

44. Schouby Bock, M. et al. Clinical validation of the self-reported Glasgow Anti-
psychotic Side-effect Scale using the clinician-rated UKU side-effect scale as gold
standard reference. J. Psychopharmacol. 0269881120916122 https://doi.org/
10.1177/0269881120916122 (2020).

45. Kraemer, H. C. & Frank, E. Evaluation of comparative treatment trials: assessing
clinical benefits and risks for patients, rather than statistical effects on measures.
JAMA 304, 683–684 (2010).

46. Stroup, T. S. & Gray, N. Management of common adverse effects of antipsychotic
medications. World Psychiatry 17, 341–356 (2018).

47. Solmi, M. et al. Safety, tolerability, and risks associated with first- and second-
generation antipsychotics: a state-of-the-art clinical review. Ther. Clin. Risk Manag.
13, 757–777 (2017).

48. Velligan, D. I., Sajatovic, M., Hatch, A., Kramata, P. & Docherty, J. P. Why do
psychiatric patients stop antipsychotic medication? A systematic review of rea-
sons for nonadherence to medication in patients with serious mental illness.
Patient Prefer. Adherence 11, 449–468 (2017).

49. Kay, S. R., Fiszbein, A. & Opler, L. A. The positive and negative syndrome scale
(PANSS) for schizophrenia. Schizophr. Bull. 13, 261–276 (1987).

50. Østergaard, S. D. et al. Measuring treatment response in psychotic depression:
the Psychotic Depression Assessment Scale (PDAS) takes both depressive and
psychotic symptoms into account. J. Affect. Disord. 160, 68–73 (2014).

51. Østergaard, S. D. et al. Measuring psychotic depression. Acta Psychiatr. Scand.
129, 211–220 (2014).

52. Kølbæk, P. et al. Clinical validation of the Aarhus Side effect Assessment Ques-
tionnaire(ASAQ). J. Psychopharmacol. 36, 507–515 (2022).

53. Sheehan, D. V., Harnett-Sheehan, K. & Raj, B. A. The measurement of disability. Int.
Clin. Psychopharmacol. 11, 89–95 (1996).

54. Wing, J. K. et al. SCAN. Schedules for Clinical Assessment in Neuropsychiatry. Arch
Gen Psychiatry. 47, 589–593 (1990).

55. Uggerby, P., Østergaard, S. D., Røge, R., Correll, C. U. & Nielsen, J. The validity of
the schizophrenia diagnosis in the danish psychiatric central research register is
good. Dan. Med. J. 60, A4578–A4578 (2013).

56. Waddell, L. & Taylor, M. A new self-rating scale for detecting atypical or second-
generation antipsychotic side effects. J. Psychopharmacol. 22, 238–243 (2008).

57. Leon, A. C., Olfson, M., Portera, L., Farber, L. & Sheehan, D. V. Assessing psychiatric
impairment in primary care with the sheehan disability scale. Int. J. Psychiatry
Med. 27, 93–105 (1997).

58. Staehr Johansen, K. (World Health Organization, Regional Office for Europe,
Geneva, 1998).

59. Kong, C. L. et al. Validation of the Hong Kong Cantonese Version of World Health
Organization five well-being index for people with severe mental illness. East
Asian Arch. Psychiatry 26, 18–21 (2016).

60. Endicott, J., Spitzer, R. L., Fleiss, J. L. & Cohen, J. The global assessment scale. A
procedure for measuring overall severity of psychiatric disturbance. Arch. Gen.
Psychiatry 33, 766–771 (1976).

ACKNOWLEDGEMENTS
The authors are grateful to the participating patients and staff at the Department for
Psychoses, Aarhus University Hospital—Psychiatry, Aarhus, Denmark. This work was
supported by grants from the Independent Research Fund Denmark, the Aarhus
University Research Foundation, the Riisfort Foundation and the Faculty of Health—
Aarhus University.

AUTHOR CONTRIBUTIONS
P.K. and S.D.O. designed the study. P.K. undertook the statistical analyses. All authors
contributed to the interpretation of the results. P.K. drafted the first version of the
manuscript, which was subsequently revised critically for important intellectual
content by the remaining authors. All authors approved the final version of the
manuscript prior to submission.

COMPETING INTERESTS
C.U.C. has been a consultant and/or advisor to or has received honoraria from Acadia,
Alkermes, Allergan, Angelini, Axsome, Gedeon Richter, Gerson Lehrman Group,
Indivior, IntraCellular Therapies, Janssen/J&J, LB Pharma, Lundbeck, MedAvante-
ProPhase, Medscape, Merck, Neurocrine, Noven, Otsuka, Pfizer, Recordati, Rovi,
Servier, Sumitomo Dainippon, Sunovion, Supernus, Takeda, and Teva. He provided
expert testimony for Janssen and Otsuka and served on a Data Safety Monitoring
Board for Lundbeck, Rovi, Supernus, and Teva. He has also received grant support
from Janssen and Takeda and is a stock option holder of LB Pharma. S.D.O. received
the 2020 Lundbeck Foundation Young Investigator Prize. Furthermore, S.D.O owns
units of mutual funds with stock tickers DKIGI, NBIDE and WEKAFKI, as well as units of

P. Kølbæk et al.

8

Schizophrenia (2023)    88 Published in partnership with the Schizophrenia International Research Society

https://doi.org/10.1017/neu.2020.15
https://doi.org/10.1017/neu.2020.47
https://doi.org/10.1177/0269881120916122
https://doi.org/10.1177/0269881120916122


exchange traded funds with stock tickers TRET, 2B76 and L0CK. The remaining
authors declare no conflicts of interest. Aarhus University, the Feinstein Institute for
Medical Research, and MedAvante-ProPhase Inc. each hold one-third of the copyright
for the Simplified Negative and Positive Symptoms Interview (SNAPSI).

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41537-023-00420-6.

Correspondence and requests for materials should be addressed to Pernille Kølbæk.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

P. Kølbæk et al.

9

Published in partnership with the Schizophrenia International Research Society Schizophrenia (2023)    88 

https://doi.org/10.1038/s41537-023-00420-6
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Treatment of schizophrenia evaluated via the pharmacopsychometric triangle—An integrative approach with emphasis on well-being and functioning
	Introduction
	Aims of the�study

	Results
	Discussion
	Methods
	Data�source
	Participants
	Measures
	The six-item positive and negative syndrome�scale
	The Glasgow antipsychotic side-effect�scale
	The Sheehan disability�scale
	The five-item World Health Organization well-being�index
	The Global assessment of functioning�scale

	Statistical analysis

	DATA AVAILABILITY
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




