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Abstract
Background: Patients with schizophrenia (SCZ) display impaired executive functions compared with healthy controls (HCs).
Furthermore, unaffected first-degree relatives (FRs) of patients with SCZ independently perform worse executive functions
than do HCs. However, few studies have investigated the differences in executive functions assessed among patients with
SCZ, FRs, and HCs, and the findings are inconsistent.
Methods: We investigated diagnostic differences in executive functions, namely (1) numbers of categories achieved (CA),
(2) total errors (TE), and (3) percentage of perseverative errors of Nelson types (%PEN), using the Wisconsin card sorting test
among patients with SCZ (n = 116), unaffected FRs (n = 62), and HCs (n = 146) at a single institute. Correlations between these
executive functions and clinical variables were investigated.
Results: Significant differences existed in all executive functions among diagnostic groups (CA, F 2,319 = 15.5,
P = 3.71 × 10 –7; TE, F 2,319 = 16.2, P = 2.06 × 10–7; and %PEN, F2,319 = 21.3, P = 2.15 × 10–9). Patients with SCZ had fewer CA and
more TE and %PEN than those of HCs (CA, Cohen’s d = −0.70, P = 5.49 × 10 –8; TE, d = 0.70, P = 5.62 × 10–8; and %PEN, d = 0.82,
P = 2.85 × 10 −10) and FRs (TE, d = 0.46, P = 3.73 × 10 –3 and %PEN, d = 0.38, P = .017). Of the 3 executive functions, CA and %PEN
of FRs were intermediately impaired between patients with SCZ and HCs (CA, d = −0.41, P = .011 and %PEN, d = 0.41,
P = .012). In contrast, no significant difference in TE existed between FRs and HCs (d = 0.22, P = .18). Although CA and TE
were affected by the duration of illness (P < .017), %PEN was not affected by any clinical variable in patients with SCZ
(P > .017).
Conclusions: Executive function, particularly %PEN, could be a useful intermediate phenotype for understanding the genetic
mechanisms implicated in SCZ pathophysiology.
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Significance Statement
•
•
•
•

Differences in 3 executive functions assessed by the WCST were found among patients with SCZ, FRs, and HCs
The difference in %PEN was linearly different among the 3 diagnostic groups
%PEN was not influenced by any clinical variables
%PEN could be a sensitive intermediate phenotype for genetic studies of SCZ

Schizophrenia (SCZ) is characterized by widespread cognitive impairments, including executive functions (Palmer et al.,
1997; Heinrichs and Zakzanis, 1998; Weickert et al., 2000; Wilk
et al., 2005; Dickinson et al., 2008). Cognitive impairment is an
important predictor of daily life and social functioning and is
essential for the outcome, making it a valuable target for interventions and drug discovery (Lepage et al., 2014). Executive function, which is a higher order and complex cognitive function,
encompasses working memory, cognitive flexibility/set-shifting,
and inhibition (Miyake et al., 2000). Volumetric alterations in
prefrontal–thalamic–cerebellar networks may lead to executive
dysfunction in SCZ (Rusch et al., 2007). As the effects of existing
pharmacological and behavioral interventions on cognitive impairment in patients with SCZ are weak (Woodward et al., 2005,
2007; Simons et al., 2016), the development of more effective
interventions and/or medications is required.
Family, twin, and adoption studies of patients with SCZ
have indicated that the risk of occurrence is increased approximately 10-fold in first-degree relatives (FRs) of patients with
SCZ (Cardno and Gottesman, 2000; Tsuang, 2000; Okewole et al.,
2015). SCZ has a strong genetic component with an estimated
heritability of approximately 80% (Sullivan et al., 2003). In addition, most cognitive functions have a genetic basis with an estimated heritability of 33%–85% (Chen et al., 1998; Posthuma et al.,
2001; Berrettini, 2005; Husted et al., 2009). To date, genome-wide
association studies have identified more than 100 loci linked
to general cognitive function (Davies et al., 2018) and 108 loci
linked to SCZ (Ripke et al., 2014). These studies revealed that
substantial proportions of the heritability of cognitive function
and SCZ are explained by a polygenic component consisting of
many common genetic variants with small effects (Ohi et al.,
2018b). Therefore, cognitive impairments could be useful intermediate phenotypes for understanding the genetic mechanisms
implicated in the pathophysiology of SCZ.
To assess executive functions and the related genetic factors, most studies have utilized the Wisconsin card sorting
test (WCST) in patients with SCZ and healthy controls (HCs)
(Aydin et al., 2017). Patients with SCZ obviously displayed impaired executive functions as assessed by the WCST compared
with HCs (Cohen’s d = 1.33). In addition, a meta-analysis using a
large sample of 1181 FRs and 992 HCs indicated that unaffected
FRs of patients with SCZ perform worse than HCs on the WCST
outcome variables of categories achieved (CA) (d = −0.34) and
perseverative errors (PE) (d = 0.24) (Jameson et al., 2011). The effect sizes for impaired executive functions in FRs were intermediate between patients with SCZ and HCs. However, there
were few studies investigating the differences in executive functions assessed by the WCST among 3 diagnostic groups, that is,
patients with SCZ, FRs, and HCs, and the differences in executive functions among the 3 groups were inconsistent among
studies (Szöke et al., 2006a, 2006b; Breton et al., 2011; Hu et al.,
2011; Sanchez-Torres et al., 2013; Yang et al., 2015) because of the
relatively small sample sizes (n = 81–177). We hypothesized that

executive functions could be linearly impaired among HCs, FRs,
and patients with SCZ. Furthermore, to the best of our knowledge, few studies have examined whether executive functions
are affected by clinical variables, including age, years of education, antipsychotics, and psychotic symptoms, among the 3
diagnostic groups.
In this study, we first investigated the differences in executive functions: (1) numbers of CA, (2) total errors (TE), and (3)
%PE of Nelson types (%PEN). Functions are well-examined variables in SCZ, assessed by the WCST among patients with SCZ,
FRs, and HCs at a single institute using the largest sample sizes
(n = 324) in this field. Next, we investigated correlations between
executive functions and demographic and clinical variables in
each diagnostic group.

Methods
Participants
The participants consisted of 116 patients with SCZ (44 males/72
females, mean age ± SD: 44.0 ± 13.2 years), 62 unaffected FRs (29
mothers/19 fathers/8 sisters/2 brothers/3 offspring, 24 males/38
females, 59.4 ± 14.5 years), and 146 HCs (96 males/50 females,
37.0 ± 15.2 years). The study sample was recruited from the
Schizophrenia Non-Affected Relative Project at Kanazawa
Medical University (Ohi et al., 2019b, 2020). All participants were
of Japanese descent. Patients and their unaffected FRs were recruited from both the outpatient and inpatient populations of
Kanazawa Medical University Hospital. Most of unaffected FRs
were recruited from the family members of the SCZ patients
group. Each patient was diagnosed by at least 2 trained psychiatrists based on unstructured clinical interviews, medical records,
and clinical conferences (Ohi et al., 2016, 2017, 2018a, 2019b;
Yasuyama et al., 2017). The patients with SCZ were diagnosed
according to the criteria in the fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders. Their unaffected FRs
were evaluated using the non-patient version of the Structured
Clinical Interview for DSM-IV to exclude individuals who had
current or past contact with psychiatric services or who had received psychiatric medication. HCs were recruited through local
advertisements and from among hospital staff at Kanazawa
Medical University and were also evaluated using the nonpatient version of the Structured Clinical Interview for DSM-IV
to exclude individuals who had current or past contact with
psychiatric services, who had received psychiatric medication,
or who had a family history of any neuropsychiatric diseases
among second-degree relatives. Participants were excluded
from the analysis if they had neurological or medical conditions
that could affect the central nervous system, including atypical
headache, head trauma with loss of consciousness, chronic lung
disease, kidney disease, chronic hepatic disease, active cancer,
cerebrovascular disease, thyroid disease, epilepsy, seizures,
substance-related disorders, current steroid use, or intellectual
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Executive Function
Executive function, including cognitive flexibility in response to
feedback, was assessed using the WCST. We used a modified and
computerized Keio version of the WCST (Igarashi et al., 2002;
Tomida et al., 2010). According to the manual for the Keio version of the WCST, the participants classified a single card shown
at the bottom of a computer screen in terms of color (red, green,
yellow, blue), shape (triangle, star, cross, circle), and number
(1–4) and selected 1 type of card from 4 basic types of cards
shown at the top. Without letting the participants know the correct category, the computer gave feedback regarding whether
the selection was correct or incorrect. If the participants made
6 continuous correct selections, the categories in the computer
were changed, and the participants had to select another category to make a correct selection. This test was carried out for
up to 48 selections.
The main outcomes commonly used in the WCST were (1)
CA, (2) TE, and (3) %PEN. CA is the number of categories for which
6 consecutive correct responses are achieved (8 is the maximum
number of categories that can be achieved) and is frequently
used as a measure of overall WCST performance. TE is the total
number of incorrect responses (maximum TE is 48). PEN is the

number of incorrect responses in the same category as the immediately preceding incorrect response (maximum of PE is 47),
and %PEN is the percentage of PEN in TE (maximum %PEN is
98). Values for %PEN imply impairment in problem solving, set
shifting, mental flexibility, and abstract thinking (Baran et al.,
2009). Three executive functions (CA, TE, and %PEN) were correlated; however, the degrees of correlations among the variables
were not strong (Lee et al., 2009; Banno et al., 2012), suggesting
that these variables would be independent indicators of executive functions.

Statistical Analyses
All statistical analyses were performed using the IBM SPSS
Statistics 25.0 software (IBM Japan, Tokyo, Japan). Differences
in continuous variables, such as age and years of education,
among the 3 diagnostic groups were analyzed using the ANOVA.
Differences in categorical variables, such as gender, were analyzed using Pearson’s χ2 test. To control for confounding factors,
the effects of the diagnostic status on executive functions were
analyzed using the ANCOVA with the executive functions (CA,
PEN, and %PEN) as the dependent variables, diagnostic status
(SCZ, FR, or HC) as the independent variable, and age and gender
as the covariates. Post hoc tests with Fisher’s least significant
difference test were used to evaluate the significant differences
among groups. Correlations between the executive function and
clinical variables were evaluated using Pearson’s correlation
coefficient in each of the 3 diagnostic groups. Standardized effects were calculated using Cohen d method (https://lbecker.
uccs.edu/). The significance level was set at a 2-tailed P < .017
(α = 0.05/3 executive functions) to control for type I errors.

Results
Differences in Executive Functions Among Patients
with SCZ, FRs, and HCs
First, we examined correlations among 3 executive functions (CA, TE, and %PEN) in each diagnostic group. The CA, TE,
and %PEN were highly correlated with each other (Table 2, all

Table 1. Demographic Variables of the Included Diagnostic Groups
Schizophrenia

First-degree relatives

Controls

Variables

(n = 116)

(n = 62)

(n = 146)

P values (F2,321)

Post hoc

Age (y)
Gender (male/female)
Education (y)
Estimated premorbid IQ
CPZ-eq. (mg/d)
Biperiden-eq. (mg/d)
Age at onset (y)
Duration of illness (y)
PANSS positive symptoms
PANSS negative symptoms
CAb
TEb
%PENb

44.0 ± 13.2
44/72
12.6 ± 2.1
98.7 ± 10.6
550.4 ± 519.0
1.0 ± 2.7
27.5 ± 10.6
16.4 ± 11.8
16.3 ± 6.4
17.5 ± 6.7
2.7 ± 2.0
24.3 ± 9.9
31.6 ± 18.9

59.4 ± 14.5
24/38
12.8 ± 2.2
99.3 ± 9.2
–
–
–
–
–
–
2.5 ± 2.1
23.8 ± 10.4
30.4 ± 20.9

37.0 ± 15.2
96/50
16.0 ± 2.4
108.9 ± 7.6
–
–
–
–
–
–
4.4 ± 2.0
16.0 ± 9.1
13.9 ± 16.0

1.40 × 10–20 (52.9)
5.31 × 10–6 (24.3)a
1.76 × 10–30 (85.5)
3.71 × 10–17 (43.1)
–
–
–
–
–
–
3.36 × 10–13 (31.5)
4.02 × 10–12 (28.5)
4.85 × 10–15 (36.6)

FR > SCZ > HC
–
HC > FR, SCZ
HC > FR, SCZ
–
–
–
–
–
–
HC > FR, SCZ
SCZ, FR > HC
SCZ, FR > HC

Abbreviations: Biperiden-eq., Biperiden equivalent; CA, category achieved; CPZ-eq., chlorpromazine equivalents of total antipsychotics; FR, first-degree relatives; HC,
controls; IQ, intelligence quotient; PANSS, Positive and Negative Syndrome Scale; %PEN, percentage of perseverative errors of Nelson types; SCZ, schizophrenia; TE,
total errors.
Means ± SD are shown. Complete demographic information was not obtained for all participants (estimated premorbid IQ in HC, n = 122; in FR, n = 61). P < .017
(α = 0.05/3) are shown in boldface and post hoc analysis was performed.
a
χ2 test.
b
Raw scores of executive functions were indicated.
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disability. To measure the premorbid IQ, we administered the
Japanese version of the National Adult Reading Test. Current
clinical symptoms in patients with SCZ were evaluated using
the Positive and Negative Syndrome Scale (Kay et al., 1987).
Chlorpromazine equivalents of total antipsychotics (CPZ-eq.)
and the Biperiden equivalent of antiparkinsonisms were calculated based on the report by Inagaki (Inada and Inagaki, 2015).
The demographic information of the 3 diagnostic groups is summarized in Table 1. The mean age, gender ratio, years of education, and estimated premorbid IQ differed significantly among
the groups (P < .05). Written informed consent was obtained
from all participants after the procedures had been thoroughly
explained. This study was performed in accordance with the
Declaration of Helsinki from the World Medical Association and
was approved by the Research Ethical Committee of Kanazawa
Medical University.
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Table 2. Correlations Among 3 Executive Functions (CA, TE, and
%PEN) in Each Diagnostic Group

CA
TE
%PEN

–

TE
−0.86a/−0.81a/−0.86a
–

%PEN
−0.59a/−0.61a/−0.59a
0.73a/0.80a/0.73a
–

P < 1.00 × 10 ), and the degrees of these correlations were similar
among diagnostic groups. Consistent with previous studies (Lee
et al., 2009; Banno et al., 2012), these 3 indicators were not identical, particularly CA and %PEN.
We next investigated diagnostic differences in 3 executive
functions among patients with SCZ, FRs, and HCs. We found significant differences in all executive functions among patients
with SCZ, FRs, and HCs (Figure 1; CA, F2,319 = 15.5, P = 3.71 × 10–7;
TE, F2,319 = 16.2, P = 2.06 × 10–7; and %PEN, F2,319 = 21.3, P = 2.15 × 10–9).
Post hoc analyses showed that patients with SCZ had lower
CA and higher TE and %PEN than those of HCs (CA, Cohen’s
d = −0.70, P = 5.49 × 10–8; TE, d = 0.70, P = 5.62 × 10–8; and %PEN,
d = 0.82, P = 2.85 × 10−10). There were also significant differences in
TE and %PEN between patients with SCZ and FRs (TE, d = 0.46,
P = 3.73 × 10–3 and %PEN, d = 0.38, P = .017), while there was no significant difference in CA between these groups (d = −0.26, P = .10).
Of the 3 executive functions, CA and %PEN in FRs were lower
and higher than those in HCs, respectively (CA, d = −0.41, P = .011
and %PEN, d = 0.41, P = .012). In contrast, there was no significant
difference in TE between FRs and HCs (d = 0.22, P = .18).
–3

Correlations Between Executive Functions and
Demographic and Clinical Variables in Each
Diagnostic Group
To identify potential impacts of demographic variables on executive functions, we further investigated the correlations of
demographic variables, such as age and years of education, in
each diagnostic group (Table 3). Age was negatively correlated
with CA and positively correlated with TE and %PEN in most
diagnostic groups. In contrast, the estimated premorbid IQ was
positively correlated with CA and negatively correlated with TE
and %PEN only in patients with SCZ, except for a marginal negative correlation with TE in FRs. Years of education were positively correlated with CA and negatively correlated with TE and
%PEN in patients with SCZ and HCs but not in FRs.
We next investigated the correlations of clinical variables,
such as medications and psychiatric symptoms, in patients with
SCZ (Table 3). CPZ-eq. and duration of illness were negatively
correlated with CA and positively correlated with TE. There were
no significant correlations between %PEN and any clinical variables or correlations of Biperiden equivalent, age at onset, and
psychiatric symptoms with CA, TE, and %PEN (P > .017).

Discussion
We investigated the differences in executive functions assessed
by WCST among patients with SCZ, FRs, and HCs at a single institute using the largest sample sizes. Compared with previous
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Figure 1. Differences in the executive functions among patients with schizophrenia, their unaffected first-degree relatives, and healthy controls. Abbreviations: %PEN; percentage of perseverative errors of Nelson types; CA; categories
achieved; TE; total errors. Age- and gender-corrected scores of executive
functions were indicated. Error bars indicate the standard error of the mean
scores.*Post hoc P < .05, **post hoc P < .01, ***post hoc P < .001.

studies (Szöke et al., 2006a, 2006b; Breton et al., 2011; Hu et al.,
2011; Sanchez-Torres et al., 2013; Yang et al., 2015), the sample
sizes in the current study were the largest in this field. We found
significant differences in all executive functions, CA, TE, and
%PEN among the 3 diagnostic groups. Consistent with previous
studies (Ma et al., 2007; Birkett et al., 2008; Breton et al., 2011;
Hu et al., 2011; Sanchez-Torres et al., 2013; Yang et al., 2015), patients with SCZ showed lower CA and higher TE and %PEN than
did HCs. Patients with SCZ displayed higher TE and %PEN than
did FRs. Furthermore, FRs had lower CA and higher %PEN than
did HCs. Of the 3 measures, %PEN was significantly different
among each diagnostic group. Considering that %PEN was not
affected by clinical variables in patients with SCZ, our findings
suggest that executive function, especially in %PEN, could be a
useful intermediate phenotype for understanding the genetic
mechanisms implicated in the pathophysiology of SCZ.
We revealed that the difference in %PEN among the 3 diagnostic groups was the most significant and linearly different
among the 3 diagnostic groups. PEN is the number of incorrect responses in the same category as that of the immediately
preceding incorrect response, and %PEN is defined as the percentage of PEN in TE. To avoid conflating the tendency to perseverate with the tendency to make errors of all kinds, such as
TE and unique errors, the tendency to perseverate is expressed
as the percentage of PE in TE (Birkett et al., 2008). PE is regarded
as the main indicator of frontal dysfunction, and it provides a
robust and valid measure of executive attention processes related to the inhibition of prepotent responses, shifting set, cognitive control, and performance monitoring (Koren et al., 1998).
PE was strongly and negatively correlated with the gray matter
volume of the total left prefrontal cortex in healthy participants,
while there was a lack of correlation between PE and left prefrontal volumes in patients with SCZ because of floor effects
in both impaired phenotypes (Nestor et al., 2019). Compared
with HCs, reduced right prefrontal volumes were found in FRs
with cognitive impairments assessed by several cognitive tests,
including the WCST (Bhojraj et al., 2011). Considering that patients with SCZ failed to increase right prefrontal blood flow
during WCST performance compared with HCs (Ortuno et al.,
2006), impaired right prefrontal cortex in FRs as well as patients
with SCZ might contribute to differences in %PEN among the 3
diagnostic groups.
We examined correlations between the executive functions
and demographic variables in each diagnostic group. Years of
education was positively correlated with CA and negatively
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Abbreviations: CA, category achieved; %PEN, percentage of perseverative errors
of Nelson types; TE, total errors.
Pearson’s correlation coefficient in each diagnostic group (schizophrenia/
first-degree relatives/controls) is represented. P < .017 are shown in boldface.
a
P < .001.
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Table 3. Correlations Between Executive Functions and Clinical Variables in the 3 Diagnostic Groups
Schizophrenia

Controls

CA

TE

%PEN

CA

TE

%PEN

CA

TE

%PEN

−0.23b
0.32b
0.44b
−0.25b
−0.15
< 0.01
−0.27b
0.02
−0.17

0.27b
−0.29b
−0.42b
0.23b
0.13
−0.02
0.32b
−0.07
0.22a

0.13
−0.14
−0.38b
0.15
0.06
< 0.01
0.14
−0.12
0.18a

−0.23
0.05
0.17
–
–
–
–
–
–

0.26a
−0.13
−0.25a
–
–
–
–
–
–

0.29a
−0.16
−0.20
–
–
–
–
–
–

−0.42b
0.24b
−0.05
–
–
–
–
–
–

0.52b
−0.30b
−0.01
–
–
–
–
–
–

0.46b
−0.30b
0.03
–
–
–
–
–
–

Abbreviations: Biperiden-eq., Biperiden equivalent; CA, category achieved; CPZ-eq., chlorpromazine equivalents of total antipsychotics; PANSS, Positive and Negative
Syndrome Scale; PEN, percentage of perseverative errors of Nelson types; TE, total errors.
Pearson’s correlation coefficient is represented. P < .017 are shown in boldface.
a
P < .05.
b
P < .017.

correlated with TE and %PEN, while age was negatively correlated with CA and positively correlated with TE and %PEN in patients with SCZ and HCs but not in FRs. The reason why we did
not find a correlation between executive functions and these
demographic variables in FRs would be the relatively small
sample sizes, as the correlation coefficient was similar among
the 3 groups. On the other hand, the premorbid IQ was positively
correlated with CA and negatively correlated with TE and %PEN
only in patients with SCZ and not in FRs or HCs. Considering
that premorbid IQ and years of education were highly correlated in each group (SCZ, r = 0.37; FRs, r = 0.44; HCs, r = 0.33), low
variances (SD) of the premorbid IQ in FRs and HCs (FRs, 9.2; HCs,
7.6) would contribute to the lack of significant correlations between premorbid IQ and executive functions in the 2 groups.
In patients with SCZ, CA and TE were negatively and positively
correlated with CPZ-eq. and duration of illness, respectively. In
contrast, %PEN was not significantly correlated with any clinical variable. These findings suggest that %PEN might be a trait
marker but not a state marker in the pathophysiology of SCZ.
As age was a serious confounding factor (Rhodes 2004;
Miranda et al., 2019) and our findings might be driven by the significant age differences observed in the groups, we performed
subgroup analysis using age-matched samples (n = 58 in each
group; supplementary Table 1) selected from our participants.
Because the sample sizes were decreased, some differences in
executive functions between diagnostic groups became insignificant (supplementary Figure 1; P > .017). However, effect sizes
(d) for the differences between groups were not changed (supplementary Table 2). Furthermore, we checked differences in
3 executive functions between genders in each group because
gender would be a potential confounding variable for the 3 executive functions. There were no differences in 3 executive
functions between genders in any diagnostic groups (P > .05).
Therefore, our findings might not be driven by age and gender.
Because SCZ is a polygenic disorder caused by multiple susceptibility genes (Ripke et al., 2014), the severity of impairments
of intermediate phenotypes in patients with SCZ and their FRs
may increase with the increase in familial genetic loading for
SCZ. Supporting this notion is the familial aggregation on executive function in patients with SCZ and FRs (Lin et al., 2013).
Patients in multiplex families exhibited more prominent impairments of executive function than those in simplex families,
while the impairments were limited to multiplex families and
not simplex families in FRs (Lin et al., 2013). In contrast, another

study reported no familial aggregations on the executive function in patients with SCZ or FRs (Birkett et al., 2008). In this
study, we did not focus on familial aggregation on the executive
function in FRs in simplex or multiplex families because of the
relatively small sample sizes in the FR group (simplex, n = 60;
multiplex, n = 2). Further replication studies are needed to confirm the familial aggregation on the executive function in FRs.
There are some limitations to the interpretations of our
findings. We could not exclude the possibility of some methodological selection bias in our samples. Since 77% of the FRs
consisted of the parents of patients with SCZ, the mean age in
the FRs was increased. In contrast, the HC group had a lower
mean age and higher premorbid IQ, as the group included some
medical students. Compared with the sample sizes of patients
with SCZ and HCs, that of the FRs was relatively small. Thus,
false positive findings are possible. Future studies attempting to
replicate our findings using larger FR sample sizes are needed.
In this study, we investigated executive functions assessed
by the WCST among patients with SCZ, their unaffected FRs, and
HCs using the largest sample sizes at a single institute. The difference in %PEN but not in CA or TE was the most significantly
and linearly revealed among the 3 diagnostic groups. %PEN was
not significantly influenced by any clinical variable. Our findings
suggest that %PEN could be the most sensitive intermediate
phenotype of the WCST for understanding the genetic mechanisms implicated in the pathophysiology of SCZ as well as be
useful for the prevention for onset of SCZ and the early intervention of individuals at risk for SCZ.

Supplementary Materials
Supplementary data are available at International Journal of
Neuropsychopharmacology (IJNPPY) online.
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