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test, whether tests were one- or two-tailed, test used for each set of data, and correction factors, if any, 
for multiple comparisons. Data and figures should present or reflect standard deviations rather than 
standard error of means. All significant and relevant nonsignificant results must include test values, 
degree(s) of freedom, and probability.

Brief reports
Brief reports are intended for presentation of data on research projects which have progressed to a point 
where preliminary observations should be disseminated (eg, pilot studies, initial drug trials, significant 
findings in need of replication). Brief reports may not exceed four printed pages (approximately six 
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Clinical case studies
Clinical case reports should comprise two to four printed pages (approximately 4–6 manuscript pages 
including illustrations and tabular material). Studies should be divided into the following sections: 
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should be accompanied by appropriate patient releases/permissions.

Peer-reviewed letters
Letters are encouraged as a mechanism for rapid communication of novel observations or important 
research findings; however, space limitations do not enable the journal to publish all letters received. 
Letters are also welcomed from readers who wish to comment on investigations within the edito-
rial scope and content of Psychopharmacology Bulletin. Opinions and views expressed by authors in 
letters to the editor are their own and do not necessarily reflect the views of the MedWorks Media 
publisher James M. La Rossa Jr., the editor Dr. Michael E. Thase, or the editorial advisory board. 
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Sex Differences in Antipsychotic 
Related Metabolic Functioning in 

Schizophrenia Spectrum Disorders
By A. Zarina Kraal, Kristen M. Ward,  

Vicki L. Ellingrod

ABSTRACT ~ The adverse metabolic risks associated with second generation antipsychotics 
(SGAs) are well known, and likely contribute to the high rate of premature mortality due 
to cardiovascular disease in schizophrenia. Female schizophrenia patients appear to be 
diagnosed with metabolic diseases at higher rates than males, which may reflect disparate 
adverse responses to SGAs. However, the relationship between sex, metabolic risk, and 
drug use is less developed. We aimed to explore this relationship further by identifying 
rates of metabolic disease in community dwelling schizophrenia patients by sex and SGA 
risk. Schizophrenia participants (N = 287, 40.4% female) were included in this analysis. 
Oneway-ANOVA and Fisher’s Exact Test were used to compare groups, as appropriate, 
and Cohen’s d was employed to estimate the effect size of sex. In the group as a whole, 
the rate of metabolic syndrome was higher than previously reported, but did not differ 
by sex. For females, greater metabolic disturbances across all medication risk groups were 
seen in BMI and waist circumference (p < 0.005) but most commonly in those receiving 
high risk medication (clozapine or olanzapine). Additionally, the number of participants 
receiving medications for these metabolic disturbances was extremely low (<30%). These 
results suggest that female schizophrenia patients taking clozapine or olanzapine represent 
a group at uniquely high risk for metabolic dysfunction and future adverse cardiovascular 
outcomes, and warrant close monitoring by clinicians to prevent worsening of metabolic 
risk through proper monitoring and interventions. Psychopharmacology Bulletin. 
2017;47(2):8–21.

IntroductIon

Cardiovascular disease (CVD) is a primary cause of mortality among individuals 
with schizophrenia spectrum disorders, with up to 30 years of life lost compared 
to the general population.1,2 Although CVD occurrence is undeniably multifac-
torial, antipsychotic use may increase CVD risk due to greater risk of specific 
metabolic abnormalities.3–5 In particular, the second generation antipsychotics 
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(SGAs) are associated with weight gain leading to obesity, especially 
abdominal obesity; dyslipidemias such as hypercholesterolemia, hyper-
triglyceridemia, low high density lipoprotein (HDL), and elevated low 
density lipoprotein (LDL); and, impaired glucose homeostasis such as 
hyperglycemia, insulin resistance, and type 2 diabetes mellitus. 

Overall, up to 50% of patients receiving SGAs have been reported to 
meet metabolic syndrome criteria, which substantially increases the risk 
of CVD morbidity and mortality.6 In general, metabolic syndrome can 
be diagnosed when three of five criteria are met that focus on specific 
cardiovascular risk factors such as abdominal obesity, low high-density 
lipoprotein (HDL), elevated triglycerides (TG), hypertension, and 
impaired fasting plasma glucose.7 In looking at the findings from the 
Clinical Antipsychotics Trials of Intervention Effectiveness (CATIE), 
the largest clinical trial of antipsychotics to date, specific sex differ-
ences were noted in metabolic risk as females had a higher prevalence 
and risk for metabolic syndrome compared with males (36.6% and 
54.2%, respectively).8 Although research fousing on sex related differ-
ences for metabolic syndrome in the population have been ongoing, 
results are mixed.9–11

Most work focusing on sex related differences in metabolic syndrome 
risk are typically limited to participants within inpatient settings, limit-
ing ‘real world’ generalizability. Therefore, the primary aim of this study 
was to examine differences in metabolic functioning between commu-
nity dwelling females and males, investigating specific antipsychotic 
(AP) medication related risks. We hypothesized that females would 
have worse metabolic functioning and a greater prevalence of metabolic 
syndrome compared to males, and that this risk would be commensu-
rate with overall AP metabolic risk profiles. 

MaterIals and Method 

Participants

Participants were part of a larger study investigating pharmacoge-
netics predictors of CVD risk related to antipsychotic use and were 
recruited from the community and outpatient clinics primarily via 
advertisements. They were included if they: 1) had a DSM-IV diagno-
sis of schizophrenia, schizoaffective, or psychotic disorder not otherwise 
specified (American Psychiatric Association, 2000), 2) aged 18 to 90, 
and 3) receving antipsychotic treatment for at least six months with no 
significant recent medication changes. Participants were excluded if they 
were: 1) unable or unwilling to provide informed consent, 2) diagnosed 
with Type 2 diabetes mellitus prior to antipsychotic treatment, 3) had 
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a substance dependence disorder, or 4) currently pregnant or nursing. 
The inclusion criteria were broad to represent ‘real world’ ambula-
tory practice. The study was approved by the: University of Michigan 
Medical School Institutional Review Board, Washtenaw County 
Health Organization, Ann Arbor Veterans Affairs Medical Center, and 
Detroit-Wayne County Community Mental Health Agency, and is reg-
istered at clinicaltrials.gov (NCT00815854). This study was conducted 
in accordance with the latest version of the Declaration of Helsinki. 
Participants were assessed at the Michigan Clinical Research Unit at 
the University of Michigan. 

Procedure

Participants provided written informed consent after the study pro-
cedures had been explained. Participants fasted for 8 hours prior to 
enrolling in the study and all assessments were completed in one visit.
The blood draw assessed glucose and lipids. The physical examination 
assessed vital signs, height, weight, and hip and waist circumferences. 
Body mass index (BMI) and waist-to-hip ratio (WHR) were calcu-
lated from these measurements. The National Cholesterol Education 
Program’s Adult Treatment Panel III7 criteria were used to diagnose 
metabolic syndrome. 

The clinical interview included a psychiatric diagnostic assessment 
using the Structured Clinical Interview for DSM IV Axis I Disorders,12 
current and past medication history, and demographics. 

Data Analysis

Participants were divided into three AP metabolic risk groups: 1) 
high – clozapine and olanzapine; 2) moderate – quetiapine, risperi-
done, paliperidone, and iloperidone; 3) low – all other antipsychotics. 
This grouping is based on reports in the literature regarding the specific 
medications’ propensities for metabolic disturbances.13–15 

Analyses on categorical variables were conducted using Fisher’s Exact 
Test and a oneway-ANOVA for continuous variables. Cohen’s d was 
used to calculate the effect size of sex. Analyses on the prevalence 
of metabolic syndrome included the entire sample. Participants pre-
scribed a lipid medication were excluded from analyses on lipid vari-
ables. Participants receiving treatment for diabetes were excluded from 
analyses on plasma glucose. Given its weight controlling properties, 
analyses on BMI, waist circumference, and WHR excluded participants 
on an oral hypoglycemic (e.g., metformin). Participants receiving treat-
ment for hypertension were excluded from analyses on blood pressure. 
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The  exclusions are important methodologically, as these medications 
may attenuate the metabolically negative impact of the APs and 
therefore limit efforts to determine medication specific sex based dif-
ferences. A p-value of <0.05 was considered significant. 

results 

Overall, 287 participants were included, comprising 116 (40.4%) 
females with a mean age of 46.90 ± 11.34 (males: 44.16 ± 11.34 years, 
p > 0.05). Table 1 lists participant characteristics and rates of medica-
tion use. There were no differences in psychotropic exposure between 
males and females except in the high risk group in which females were 
on marginally more medications than their male counterparts. Overall 
antipsychotic exposure was calculated using chlorpromazine equiva-
lents,16 which was not different between sexes. 

Prevalence and Sex Differences of Metabolic Syndrome 

The prevalence of metabolic syndrome in the overall sample was 
49.1% with a higher prevalence in females compared to males (52.6% 
and 46.8%, respectively, p = 0.12). This prevalence was highest among 
participants in the high risk group (64.6%) although there was no sex 
difference (64.3% females and 64.7% males; p = 0.58). In the moderate 
risk group, metabolic syndrome prevalence was 41.1%, with a higher 
rate trend in females (52.5%) than males (34.7%), (p = 0.05). In the 
low risk group, metabolic syndrome prevalence was 45.8%, with no sex 
differences, p =  0.58. Table 2 contains values for the overall sample 
(N = 287) stratified by metabolic risk group.

Sex Differences in Metabolic Syndrome Components

Body Composition, Visceral Adiposity, and Fasting Plasma Glucose 
In the overall sample of participants not on an oral hypogly-

cemic (n  =  227), both females and males were obese on average 
(BMI • 30 kg/m2 (Table 3)). In particular, females had greater BMIs 
and higher abnormal waist circumference (WC) and waist-to-hip ratio 
(WHR) compared to males. These BMI sex differences were greatest in 
the high risk group (F (1, 59) = 8.59, p = 0.005,) and resulted in a fairly 
robust effect size (d = 0.7). A similar pattern though in smaller magni-
tude was seen in the low risk group (F(1, 68) = 5.39, p = 0.023, d = 0.5).

Abdominal obesity (WC • 102 cm for males and • 90 cm in females 
and WHR • 0.90 in males and • 0.80 in females)(NHLBI, 1998), 
was seen in 69.4% of participants without oral hypoglycemic treatment, 
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comprising 87.4% of females and 57.8% of males, p < 0.001. Higher 
rates of abdominal obesity in females compared to males were seen 
across the three metabolic risk groups (Table 3; Figure 1). 

For WHR, 97.7% of females and 77.8% of males (n = 227; p < 0.001) 
met or exceeded this criterion. Notably, 100% of females in the high 
and moderate metabolic risk groups and 93.9% of females in the low 
risk group had abnormal WHR compared to 74.2%–83.8% of males 
across the metabolic risk groups. These striking results trended towards 
significance (p ⩽ 0.06 for all), and are highlighted for their clinical 
relevance. Although few sex differences in fasting plasma glucose were 
seen overall, males in the low risk group alone had higher fasting plasma 
glucose compared to females (F(1, 67) = 4.92, p = 0.03), resulting in a 
moderate effect size (d = 0.5). The average fasting plasma glucose for 
all groups was <100 mg/dL, suggesting that these differences may not 
be clinically significant. In terms of clinical significance, however, more 
than twice as many males (36.1%) than females (17.6%), p = 0.04, had 
fasting plasma glucose levels at or above the risk level. 

Hypertension
For hypertension, in the overall sample of participants not on an anti-

hypertensive (n  =  190), males had higher diastolic BP (dBP) com-
pared to females (F(1, 188)  =  9.76, p  =  0.02), with a moderately 
sized sex effect, d = 0.46 (Table 3). Stratified by metabolic risk group, 
a larger effect of sex was found, showing higher dBP in males than 
females in the high (F(1, 48) =  4.03, p =  0.05), d =  0.57 and low  
(F(1, 59) = 12.93, p = 0.001), d = 0.92 risk groups (Table 3). Males in 
the low risk group alone also had higher systolic BP (sBP) compared to 

TABLE 2

Prevalence of Metabolic Syndrome and its Components

WHOLE  
SAMPLE

HIGH RISK  
GROUPa

MODERATE RISK 
GROUPb

LOW RISK  
GROUPc

MetS VARIABLES
MALE  

(n = 171)
FEMALE  
(n = 116)

MALE  
(n = 51)

FEMALE  
(n = 28)

MALE  
(n = 72)

FEMALE  
(n = 40)

MALE  
(n = 48)

FEMALE  
(n = 48)

% MetS 46.8 52.6 64.7 64.3 34.7 52.5* 45.8 45.8
% Abdominal Obesity 60.4 91.4*** 69.4 96.4*** 58.3 92.5*** 54.2 87.5***
% Hypertension 43.3 37.9 54.9** 32.1 31.9 42.5 47.9 37.5
% Elevated Triglycerides 48.2 45.7 66.7 57.1 37.7 45 43.8 39.6
% Low HDL 47.3 51.7 68.6 53.6 35.7 45 41.7 56.3
% Elevated FPG 45.6 45.7 52.9 53.6 36.1 45 52.1 41.7
Notes: *p < 0.1. **p < 0.05. ***p < 0.01. aHigh Risk Group = clozapine or olanzapine. bModerate Risk 
Group = quetiapine, risperidone, iloperidone, or paliperidone. cLow Risk Group = all other antipsychotics.
Abbreviations: FPG, fasting plasma glucose; HDL, high density lipoprotein; MetS, metabolic syndrome.
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females, (F(1, 59) = 7.67, p = 0.008), d = 0.71. However, these differ-
ences were considered clinically non-significant as dBP and sBP values 
were below the threshold for hypertension diagnosis. 

Lipids
The lipids analyses stratified by metabolic risk group examined total 

cholesterol (TC), triglycerides, LDL, and HDL. As lipid levels may 
be impacted by age,18 and slight sex differences in age were identi-
fied in the moderate risk group, a series of regressions were conducted 
to determine the impact of age and sex on predicting lipid laboratory 
values. No significant differences were noted and analyses were carried 
out as planned. 

In the overall sample of participants not on dyslipidemia medication 
(n  =  198), females had higher TC than males, (F(1, 196)  =  10.45, 
p = 0.001), with a medium sized effect, d = 0.50. Stratified by meta-
bolic risk group, higher TC in females than males carried across the high 
(F(1, 42) = 4.12, p = 0.049, d = 0.6) and moderate (F (1, 81) = 8.02, 
p = 0.006, d = 0.94) risk groups, with a larger sex effect. Although aver-
age TC values fell below the risk threshold (<200 mg/dL), and males’  
average TC across the three risk groups were normal and relatively 

FIGURE 1

Percentage of Participants Meeting Criteria for Abdominal  
Obesity by Sex

Notes: ***p < 0.001. **p < 0.01. *p < 0.05. High Risk Group = clozapine or olanzapine. Moderate 
Risk Group = quetiapine, risperidone, iloperidone, or paliperidone. Low Risk Group = all other 
antipsychotics. Abdominal obesity was defined by waist circumference and percentages represent those 
with waist circumference •102 cm for males and •90 cm in females.

PB-Kraal.indd   15 5/8/2017   5:56:30 PM

NOT F
OR R

EPRIN
T



Sex Differences in Antipsychotic Related Metabolic Functioning

16
Kraal, Ward, 

Ellingrod

PsychoPharmacology Bulletin:  Vol. 47 · No. 2

similar (170.13–175.32 mg/dl), females in the high and moderate risk 
groups (195.59–196.39 mg/dl), were much closer to the risk threshold. 
Additionally, the prevalence of high TC (•200  mg/dL) was more 
than twice as high among females (41.4%–50.0%) compared to males 
(18.5%–19.2%) in the high and moderate risk groups (p < 0.03 for all).

In addition to TC, higher LDL levels in females compared to males 
were found in the overall sample, (F(1, 196) = 6.14, p = 0.01), with 
a small sex effect, d = 0.36. Average LDL levels were within normal 
range across groups but females’ levels approached the risk threshold 
(•130 mg/dL) whereas males’ did not, specifically in the high, and to a 
lesser extent, moderate risk groups (Table 3). 

Although sex differences in HDL levels were found in the overall sam-
ple as well as the metabolic risk groups (Table 3), these were expected 
due to known sex differences (Grundy et al., 2004). No sex differences 
were found in the prevalence of low HDL but notably, 28.6% of the 
sample (47% female and 53.0% males) met the criterion. 

dIscussIon

This study investigated medication related sex differences in metabolic 
measures in individuals with schizophrenia spectrum disorders on long 
term AP treatment within the community. Within the whole sample 
(i.e., no treatment exclusions) almost 50% of participants met criteria 
for metabolic syndrome, with higher rates seen in the high risk medica-
tion group regardless of sex (Table 2). These findings contrast CATIE 
which showed a lower prevalence of metabolic syndrome overall (42.7%; 
McEvoy et al., 2005), and a higher prevalence in females compared to 
males. However approximately 14% of our participants were receiving 
clozapine relative to none of the participants in the CATIE trial. The 
higher incidence of metabolic syndrome within the high risk groups is 
also higher than that found in other studies of individuals on clozapine 
or olanzapine10,19 and suggest that long term use of such drugs may 
pose a higher metabolic risk than previously reported.

Results excluding those diagnosed and receiving treatment for glucose, 
blood pressure, or lipid dysregulation revealed more nuanced sex differ-
ences. To our knowledge this investigation is the first to conduct analy-
ses specifically excluding those receiving current treatment for these 
conditions, which is important, as these medications may attenuate the 
metabolically negative impact of the APs and therefore limit efforts to 
determine medication specific sex based differences. Overall, 70% of our 
participants were not receiving an oral hypoglycemic (n = 227) and com-
pared to males, females had greater BMI, higher rates of abnormal WC  
and WHR, and greater dysregulation of TC and LDL. Importantly, 
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high risk group females had the greatest risk across all metabolic factors 
considered, whereas there was more variability in the type and sever-
ity of risk factors among females in the moderate and low risk groups.
Thus, females in the high risk group appear to be at greatest risk for 
metabolic syndrome and overall CVD. In general, these findings were 
in line with expectations. Males, however, had higher fasting plasma 
glucose levels as well as higher diastolic and systolic blood pressure, 
with the greatest sex effect seen in the low risk group, contrary to expec-
tations. Our findings regarding the females were somewhat expected 
given the widely known weight gain propensity of clozapine and olan-
zapine (Klemettilä et al., 2014; Taylor and McAskill, 2000). However, 
higher BMI in females than males in the low risk group has not been 
previously reported.

Results in WC and WHR also aligned with predictions, lending fur-
ther credence to reports showing that visceral adiposity markers are 
predictive of AP associated CVD risk, especially compared to BMI.22 
More females had elevated WC and WHR compared to males across 
the three risk groups which parallels results from other groups10,23 and 
provides further evidence that females are at greater risk for AP associ-
ated visceral adiposity,7 insulin resistance, diabetes, and coronary artery 
disease risk17,24–26 and is a predictor of CVD mortality.27,28 The strik-
ing finding from this analysis is that 100% of females in the high and 
moderate risk groups met central adiposity criterion (WHR >  0.8) 
which is clinically significant, suggesting an important sex-specific risk 
to consider in long term AP therapy. Overall, our findings confirm that 
an overwhelmingly large proportion of individuals with schizophrenia 
spectrum disorders prescribed antipsychotic medication are at risk for 
obesity and visceral adiposity, which may be worsening despite available 
monitoring guidelines that recommend routine BMI measurements.29 
Though not specifically outlined in the monitoring guidelines, obtain-
ing routine waist and hip circumferences may be useful for medication 
management in the context of cardiovascular health and should be con-
sidered, especially for females.

Sex differences were also seen in fasting plasma glucose, where low 
risk group males had higher values compared to female counterparts. 
Although the average was below the current diabetes risk thresh-
old (<100 mg/dL), it is important to note that twice as many males 
(36.1%) than females (17.6%) met the criterion. This finding may also 
point to a nontrivial lack of preventive screening and treatment for 
elevated glucose within the low risk group. As 40.5% of those in the 
high risk group and 31.1% in the moderate risk group had an elevated 
glucose, adhering to metabolic monitoring guidelines, which recom-
mends annual checks is critical. Since only 21% of participants were 
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receiving an oral hypoglycemic agent at study assessment, our findings 
of widespread non-specific glucose dysregulation are clinically signifi-
cant and also highlight the need for continued metabolic monitoring. 

For our hypertension analysis, 66% (n = 190) of study participants 
were included, as 34% were currently receiving hypertension treatment. 
Given the APs’ intrinsic antagonistic action on adrenergic receptors, we 
expected higher values in all medication groups for males than females 
due to known sex differences in regulation (for a review, see Reckelhoff, 
2001).30 However, although males had higher dBP in the high risk 
group and higher dBP and sBP in the low risk group the average dBP 
and sBP values seen in both males and females fell within normal range, 
suggesting that blood pressure dysregulation may not be a sex-specific 
concern associated with AP maintenance therapy. Regardless, blood 
pressure should be routinely assessed, especially for those on SGAs in 
the high and moderate risk groups given their weight gain propensity. 

Sex differences were also found in regards to lipids, with females hav-
ing higher TC and LDL and males having lower HDL. This analysis 
included 70% (n = 189) of our total study participants, as the others were 
currently receiving a lipid lowering agent. Nervertheless, these findings 
are similar to our group’s previous work,31 except this current study further 
explores sex differences stratified by AP risk for metabolic disturbances. 
Specifically, within the high and moderate risk groups, females had 
higher TC than males. Most notably, the prevalence of abnormal TC  
(• 200 mg/dL) was much more common in females (41.4–50%) com-
pared to males (18.5–19.2%) in the high and moderate risk groups. 

Similarly, higher LDL in females was found in the high and moderate 
risk groups with females approaching the threshold of borderline high 
whereas values in males were closer to the “normal” range. This clini-
cally significant finding parallels other research showing increased LDL 
associated with AP use especially in clozapine and olanzapine therapy.

Overall males had lower HDL levels than females in the three groups 
which has been previously reported,20 although conflicting literature 
does exist.8,10,23 Therefore, comparisons between findings here and 
those in other studies must be done cautiously. 

Altogether, our results suggest that both females and males are at risk 
for medication specific lipid dysregulation and that these findings may 
be especially beneficial for clinicians to consider when initiating and 
maintaining antipsychotic therapy. 

lIMItatIons

Although this study revealed important findings, there are some limi-
tations to be acknowledged. Firstly, the cross-sectional design of the 
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study limits a definitive causal relationship on sex, AP use, and meta-
bolic parameters. Secondly, APs were analyzed in groups rather than in 
isolation due to sample size constraints. However, APs in each group 
have very similar metabolic risk propensity and participants had been 
using these medications chronically and were stable on them. Future 
research with large sample sizes should examine these APs individu-
ally. Lastly, p-value corrections for multiple comparisons were not used 
given a priori hypotheses and in order to decrease the likelihood of 
committing Type II error.

conclusIon

Based on our data we present three primary conclusions. Firstly, 
the prevalence of metabolic syndrome among those on maintenance 
AP therapy is notably high, especially among those in the high risk 
medication group, and this estimate may be higher than previously 
reported. Secondly, with respect to sex, females on APs considered 
to confer high or moderate metabolic risk appear to have the highest 
levels of metabolic dysfunction, specifically dyslipidemia and central 
adiposity, both of which increase risk for metabolic syndrome and 
overall CVD. Importantly, females on clozapine or olanzapine appear 
to represent a very high risk group for metabolic dysfunction and 
CVD, which has been previously reported. Conversely, males on these 
medications appear to be at highest risk for low HDL only. Clinicians 
should take note of these findings and consider the benefit-risk trad-
eoff when prescribing APs. In addition, preventative screening and 
adjunctive interventions aimed at decreasing risk for metabolic dys-
function should be utilized to help attenuate risks. As approximately 
35% of participants were prescribed medications for the treatment 
of hypertension, dyslipidemia, or glucose dysregulation, this study 
suggests a striking lack of metabolic monitoring, which unfortunately 
parallels other research which concludes that adherence to the moni-
toring guidelines is poor.32,33 D
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ABSTRACT ~ Objectives: The addition of amphetamine to a sedating medication may 
reduce sedation but does it augment reaction time and sustained attention for workers? 
The purpose of this exploratory study was gain insight into between group differences 
that would assist hypothesis formation for a subsequent hypothesis testing study. Methods: 
This study examined psychomotor vigilance task (PVT) performance for a group taking 
potentially sedating medications (opiates, benzodiazepines, anticholinergics, barbiturates 
or polypharmacy) while taking amphetamine to a group not taking amphetamine. Data 
was assessed using two-way between groups multivariate analysis of variance. Results: 
Multivariate testing found a (p = .05; η2 = .044) difference in combined PVT mea-
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IntroductIon

Health care providers wrote 259 million prescriptions for opioids and 
opiates in 2012 and roughly 75 million benzodiazepine prescriptions in 
2008.1,2 The increasing reliance of Americans upon prescription medica-
tions for pain, anxiety and other maladies suggests that many are report-
ing to work with potentially sedating agents in their systems and these 
substances may be associated with work related accidents.3–6 Stimulants 
are often co-administered with narcotics to mitigate sedation. Most 
research supporting this practice has been done in the palliative care 
setting, investigating pharmacologic treatment of overt sedation, but 
these studies fail to address cognitive function.7–9 Additionally, none of 
the studies specifically referenced a working population. 

Amphetamines have been used for cognitive and physical performance 
enhancement for nearly eight decades and are currently prescribed 
for several diagnoses, including narcolepsy, shift-work sleep disorder, 
appetite suppression and attention deficit hyperactivity disorder.10–12 
Functional magnetic resonance imaging and positron emission tomog-
raphy have identified the prefrontal and anterior cingulate cortices as 
principal sites of actions for these agents.13 It is in these areas that 
amphetamine increases extracellular norepinephrine and dopamine lev-
els inducing arousal.14,15

Improvements in overall performance have been demonstrated after 
intake of amphetamines with sustain attention or tonic-alertness tasks 
appearing to be the most sensitive measures of the drug’s effects.16,17 
Another study suggested that acute doses of amphetamine may also 
decrease several forms of impulsive behavior.18 However, it was demon-
strated shortly after the discovery of amphetamine sulfate that a dose of 
10 mg by mouth is incapable of significantly improving performance of 
a monotonous skilled task unless this performance has been reduced by 
previously existing fatigue.19 Users may perceive the drug as enhancing 
their cognition. However, objective measures indicate amphetamine has 
no more than small effects on cognition in healthy young adults and the 
effect may be related to their baseline dopaminergic tone.20,21 While 
amphetamine provides a low-level enhancement of function, it also 
causes less conservative movement estimation, incorrect signaling, fail-
ing to stop at a red traffic lights, reduced reaction times and increased 
risk taking behavior that might be responsible for amphetamine-related 
road fatalities.22–24 

The complexity of this topic makes hypothesis formation diffi-
cult. The addition of amphetamine may reduce sedation but does 
co-administration of amphetamine augment reaction time and sus-
tained attention for workers taking potentially impairing prescription 
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medications? The answer to this question is very important in this era 
of over prescribing. Hypothesis generation is the first step towards pur-
suing a line of research that will provide clinically significant infor-
mation that will ultimately be used to enhance workplace safety. The 
purpose of this exploratory study was to perform an uncontrolled ret-
rospective assessment to gain insight into between group differences 
to assist hypothesis formation. A secondary aim was to ascertain any 
testing issues to be addressed in the design of a subsequent hypothesis 
testing study. 

Methods

This study examined psychomotor vigilance task (PVT) performance 
for a group taking potentially sedating medications while taking pre-
scribed dextroamphetamine, amphetamine or lisdexamfetamine to a 
group not taking an amphetamine. Optimal PVT performance depends 
on activation of the sustained attention system and the motor system to 
provide an objective measure of reaction time and sustained attention.25 
Sustained attention is the specific class of attention most closely related 
to the alertness systems, more precisely the tonic-alertness system.17 
Reaction time is the elapsed time between the presentation of a sensory 
stimulus and the subsequent behavioral response and it is dependent 
upon arrival of the stimulus at the sensory organ, conversion to a neural 
signal, neural transmission and processing, and muscular activation.26 
Both of these measures are fundamental to the performance of safety 
sensitive duties. Powell and colleges, using PVT testing, found that a 
group with a BrAC of .02 gm/210 L had an average mean reaction 
time of 263 ms and an average of .84 minor lapses. When the group’s 
BrAC reached .08 gm/210 L the average mean reaction time increased 
to 276 ms and the number of minor lapses increased to 1.26.27

The population examined was males and females employed by a variety 
of industries from the confluence of Southern Indiana, Eastern Illinois 
and Western Kentucky that presented for pre-placement physical exam-
inations or annual fitness-for-duty examinations. PVT testing was per-
formed as an objective measure of sustained attention and reaction time 
per clinic protocol for any individual in a safety sensitive position taking 
a potentially impairing medication. Every physical examination com-
pleted from January 1, 2015 through December 31, 2015 that included 
PVT testing for potentially impairing medication use was chosen for 
this study. The electronic medical record (Systoc® 7.41) was searched 
and used for data collection. The age, gender, body mass index (BMI) 
and medications of each examinee were recorded along with the cor-
responding PVT results. The indication for amphetamine use varied 
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and was not recorded. The Institutional Review Board of St. Vincent 
Evansville Medical Center approved the study design and granted an 
inform consent waiver.

Psychomotor vigilance task testing was performed using PC-PVT© 
software.28 Our system used a Fujitsu Lifebook T732™ with an 
Intel core™ i5 processor and 8 gigabytes of RAM running Windows 
7 professional™ with a Razor™ Taipai gaming mouse. The PVT uses a 
10 minute protocol, during which a millisecond counter is presented on 
the computer screen as the visual stimulus. The response is an immedi-
ate mouse button click. Each stimulus was delayed for a random period 
of between 2 and 10 seconds. A response during the delay was reported 
as a “false start”. No response within 65 seconds of stimulus presen-
tation was described as “no-response”. A response between 500 ms 
and 1000 ms was described as a minor lapse and a response between 
1000 ms and 65 seconds was described as a major lapse. The number 
of major lapses, minor lapses, and false starts, as well as the minimum 
reaction time, maximum reaction time, mean reaction time and median 
reaction time were reported at the end of each test session. Studies have 
suggested that physical fatigue is associated with an increased number 
of minor lapses (>500 msec) after controlling for age, BMI, depression 
and sleep apnea.29 According to video data, lapses greater than 2669 ms 
were 95% likely to be eyes closed episodes (micro-sleep), while those 
500–549 ms were 95% likely to be eyes open episodes (inattention) and 
reaction times of 1217 ms had an equal probability of being eyes open 
or closed episodes.30

Data analysis began with generation and exploration of descriptive 
statistics. Comparisons between amphetamine use and no amphetamine 
use group characteristics were performed using χ2 tests for dichotomous 
variables and Mann-Whitney U test for continuous variables. Natural 
logarithmic transformation was performed on continuous dependent 
variables to mitigate the effects of non-normal distribution prior to 
further analysis. Statistical outliers were identified by calculation of 
Mahalanobis distances. Identified outliers were excluded from further 
analysis.31 Two-way between groups multivariate analysis of variance 
(MANOVA) was accomplished with the independent variables being 
the type of impairing medication used by each subject and the status of 
amphetamine use. The type of impairing medication was categorized as 
prescribed use of opiates, benzodiazepines, anticholinergics, barbiturates 
or polypharmacy. The dependent variables were the natural logarithms 
of the seven PVT measures. Analysis suggested that three measures 
fit the model. These measures were the number of major lapses, the 
number of minor lapses, and the mean reaction time. Missing data was 
handled by pairwise exclusion. 
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results

The study began with 199 cases. However, two cases were excluded 
for illicit drug use identified by urine drug testing, and 10 (5.1%) 
cases were excluded for being statistical outliers, leaving 187 valid cases. 
Concomitant amphetamine use was noted for 25 (13.4%) of the cases. 
Demographic, anthropometric and PVT measures stratified by stimu-
lant use category are summarized in Tables 1 and 2. Of the 187 cases, 
83 were men (44.4%) and 104 were women (55.6%). There appeared 
to be no significant difference in the distribution of the sexes between 
the amphetamine use groups. The mean age of subjects was 41.43 years 
with 24.1% being greater than 30 years, 48.1% between 30 years and 
50 years and 27.8% greater than 50 years. There was a significant differ-
ence in the age make-up of the amphetamine use groups with the group 
using amphetamine being younger. The mean BMI was 31.21 kg/m2; 
20.3% having a BMI less than or equal to 25 kg/m2, 25.7% being 
between 26 and 30 kg/m2 and the remainder having a BMI greater 
than 30 kg/m2. The group not using amphetamine had a significantly 
higher mean BMI than the group using an amphetamine. Most of the 
PVT assessments were performed because of polysubstance use (39.0%) 
or opiate use (32.1%), while the rest were performed for benzodiazepine 
(21.4%) or anticholinergic (7.5%) use. There were no individuals pre-
scribed barbiturates. There appeared to be no difference in the sedating 
medication use patterns between the amphetamine use groups. 

TABLE 1

Frequency Table for Demographic and Anthropometric Characteristics 

VARIABLE GROUP

USING AMPHETAMINE
N = 25

NOT USING 
AMPHETAMINE

N = 161
P VALUE
(2-SIDED)FREQUENCY

VALID 
PERCENT FREQUENCY

VALID 
PERCENT

Sex Male 8 32 75 46.6 *.251
Female 17 68 86 53.4

Impairing 
Medication

Opiate 6 24 54 33.5 .586
Benzodiazepine 7 28 32 19.9
Anticholinergic 1 4 13 8.1
Polypharmacy 11 44 62 38.5

Age (years) <30 years 11 44 34 21.1 .028
30–50 years 7 28 83 51.6
>50 years 7 28 44 27.3

Body Mass 
Index (kg/m2)

≤25 10 40 28 17.5 .030
26–30 6 24 42 26.3
>30 9 36 90 56.3

Notes: Chi-square test for independence (α = .05). *Yates’ correction for continuity.

PB-Price.indd   26 5/9/2017   11:51:45 AM

NOT F
OR R

EPRIN
T



The Addition of Amphetamine to Potentially Sedating Medication Regimens

27
Price

PsychoPharmacology Bulletin:  Vol. 47 · No. 2

TA
B

LE
 2

D
es

cr
ip

ti
ve

 S
ta

ti
st

ic
s f

or
 C

on
ti

nu
ou

s V
ar

ia
bl

es
 S

tr
at

if
ie

d 
by

 A
m

ph
et

am
in

e 
U

se
 

VA
RI

AB
LE

GR
OU

P
N

M
EA

N
 

(S
TA

N
DA

RD
 D

EV
IA

TI
ON

)
SK

EW
N

ES
S 

(S
TA

N
DA

RD
 E

RR
OR

)
KU

RT
OS

IS
 

(S
TA

N
DA

RD
 E

RR
OR

)
*P

 V
AL

UE
(2

-S
ID

ED
)

A
ge

 (y
ea

rs
)

Ta
ki

ng
 A

m
ph

et
am

in
e

25
37

.2
0 

(1
4.

33
)

.1
3 

(.4
6)

−
1.

57
 (.

90
)

.0
97

N
ot

 T
ak

in
g 

A
m

ph
et

am
in

e
16

1
42

.0
0 

(1
1.

66
)

.0
6 

(.1
9)

−
.8

1 
(.3

8)
BM

I (
kg

/m
2 )

Ta
ki

ng
 A

m
ph

et
am

in
e

25
28

.9
8 

(7
.9

8)
1.

50
 (.

46
)

2.
99

 (.
90

)
.0

43
N

ot
 T

ak
in

g 
A

m
ph

et
am

in
e

16
0

31
.5

6 
(7

.0
2)

.5
1 

(.1
9)

.2
2 

(.3
8)

M
ajo

r l
ap

se
s

(>
10

00
 m

s)
Ta

ki
ng

 A
m

ph
et

am
in

e
25

.1
6 

(.3
7)

1.
97

 (.
46

)
2.

06
 (.

90
)

.0
58

N
ot

 T
ak

in
g 

A
m

ph
et

am
in

e
16

1
.0

6 
(.2

3)
3.

90
 (.

19
)

13
.4

0 
(.3

8)
M

in
or

 la
ps

es
(5

00
–1

00
0 

m
s)

Ta
ki

ng
 A

m
ph

et
am

in
e

25
1.

16
 (1

.4
9)

1.
26

 (.
46

)
.7

3 
(.9

0)
.3

15
N

ot
 T

ak
in

g 
A

m
ph

et
am

in
e

16
0

.7
6 

(1
.0

6)
2.

28
 (.

19
)

8.
37

 (.
38

)
Fa

lse
 st

ar
ts

Ta
ki

ng
 A

m
ph

et
am

in
e

25
3.

40
 (2

.6
0)

.7
0 

(.4
6)

−
.1

1 
(.9

0)
.0

27
N

ot
 T

ak
in

g 
A

m
ph

et
am

in
e

16
1

2.
48

 (3
.1

5)
3.

03
 (.

19
)

12
.3

3 
(.3

8)
M

in
im

um
 re

ac
tio

n 
tim

e 
(m

s)
Ta

ki
ng

 A
m

ph
et

am
in

e
25

18
4.

53
 (1

8.
04

)
.2

9 
(.4

6)
−

.8
8 

(.9
0)

.4
14

N
ot

 T
ak

in
g 

A
m

ph
et

am
in

e
16

1
18

8.
88

 (2
3.

79
)

.5
5 

(.1
9)

.4
8 

(.3
8)

M
ax

im
um

 re
ac

tio
n 

tim
e 

(m
s)

Ta
ki

ng
 A

m
ph

et
am

in
e

25
72

3.
08

 (5
69

.4
5)

2.
33

 (.
46

)
5.

22
 (.

90
)

.7
86

N
ot

 T
ak

in
g 

A
m

ph
et

am
in

e
16

0
60

6.
42

 (3
48

.7
5)

3.
58

 (.
19

)
16

.0
3 

(.3
8)

M
ea

n 
re

ac
tio

n 
tim

e 
(m

s)
Ta

ki
ng

 A
m

ph
et

am
in

e
25

26
8.

32
 (3

9.
76

)
.6

5 
(.4

6)
−

.6
2 

(.9
0)

.9
41

N
ot

 T
ak

in
g 

A
m

ph
et

am
in

e
16

1
26

3.
76

 (3
0.

03
)

.6
7 

(.1
9)

.5
6 

(.3
8)

M
ed

ia
n 

re
ac

tio
n 

tim
e 

(m
s)

Ta
ki

ng
 A

m
ph

et
am

in
e

25
25

3.
88

 (3
5.

26
)

.9
3 

(.4
6)

.7
2 

(.9
0)

.9
33

N
ot

 T
ak

in
g 

A
m

ph
et

am
in

e
16

1
25

2.
24

 (3
0.

47
)

.7
3 

(.1
9)

.6
9 

(.3
8)

N
ot

e:
 *

M
an

n-
W

hi
tn

ey
 U

 te
st

 (α
 =

 .0
5)

.

PB-Price.indd   27 5/9/2017   11:51:45 AM

NOT F
OR R

EPRIN
T



The Addition of Amphetamine to Potentially Sedating Medication Regimens

28
Price

PsychoPharmacology Bulletin:  Vol. 47 · No. 2

PVT measures were evaluated and violated the assumption of normal 
distribution (Table 2). These measures were transformed logarithmi-
cally for subsequent MANOVA testing. The data met the assumption of 
linearity and homogeneity of variance-covariance matrices. Multivariate 
testing (Table 3) found a 95% probability (p = .05) of a difference in 
combined PVT measures between the amphetamine groups with 4.4% 
(η2 = .044) of the variance between the PVT measures explained by 
the amphetamine use of the subjects. No other statistically significant 
differences were found.

Levene’s test was used to test the assumption of equality of variances. 
The assumption was not met for major lapses and mean reaction time. 
This finding was mitigated by using an alpha level of .025 for these 
variables during testing of between-subjects effects. The alpha level for 
minor lapses remained .05. 

Tests of between-subjects effects examined how the independent 
variables affected each of the three PVT measures (Table 3). Bonferroni 
adjustment was performed on the alpha levels of each of the dependent 
variables to reduce the chance of type 1 error. The adjusted alpha level 
for major lapses and mean reaction time was .008 and the adjusted 
alpha level for minor lapses was .017. Comparison of the individual 
PVT measures with the amphetamine use groups established, with 
greater than 99% probability (p = .006), a difference in the number of 
minor lapses between the groups. 4.2% (η2 = .042) of the variance in 
minor lapses between the groups is explained by amphetamine use. This 
was the only statistically significant difference discovered.

TABLE 3

Two-way Between Groups Multiple Analysis of Variance

MULTIVARIATE TESTS OF SIGNIFICANT DIFFERENCES AMONG THE GROUPS ON A LINEAR COMBINATION 
OF PVT MEASURES

EFFECT
PILLAI’S 
TRACE F-VALUE

HYPOTHESIS 
DF

ERROR 
DF SIG.a

PARTIAL 
ETA2

Impairing Medication (A) .069 1.385 9.0 531.0 .191 .023
Stimulant use (B) .044 2.655 3.0 175.0 .050 .044b

A * B .056 1.131 9.0 531.0 .339 .019

TESTS OF BETWEEN SUBJECTS EFFECTS

SOURCE OF VARIATION
MAJOR LAPSESc MINOR LAPSESd

MEAN REACTION 
TIMEc

F SIG. F SIG. F SIG.
Impairing Medication (A)  .468 .705 1.822 .145 2.860 .038
Amphetamine use (B) 1.039 .309 7.695 .006e 2.585 .110
A * B  .088 .967 2.817 .041 1.164 .325
Notes: aα = .05. bConsistent with a small to moderate effect-size. cα = .008 after mitigating for violation 
of the assumption of equality of variance and subsequent Bonferroni adjustment. dα = .017 after 
Bonferroni adjustment. ePartial Eta Squared = .042, small to moderate effect-size.
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TABLE 4

Estimated Marginal Means for Between Subjects Effects Tests 

DEPENDENT 
VARIABLE

IMPAIRING 
MEDICATION

STIMULANT USE 
GROUP MEAN

STANDARD 
ERROR

95% CONFIDENCE 
INTERVAL

LOWER 
BOUND

UPPER 
BOUND

Major Lapses
(>1000 ms)

Aggregate Taking 
Amphetamine

.123 .076 −.027 2.73

Not Taking 
Amphetamine

.042 .024 −.006 .090

Opiates/Opioids Taking 
Amphetamine

.167 .105 −.040 .373

Not Taking 
Amphetamine

.037 .035 −.031 .106

Benzodiazepines Taking 
Amphetamine

.143 .097 −.048 .334

Not Taking 
Amphetamine

.031 .045 −.058 .121

Anticholinergics Taking 
Amphetamine

0 .256 −.506 .506

Not Taking 
Amphetamine

0 .071 −.140 .140

Polypharmacy Taking 
Amphetamine

.182 .077 .029 .334

Not Taking 
Amphetamine

.098 .033 .034 .163

Minor Lapses
(500–1000 ms)

Aggregate Taking 
Amphetamine

2.007 .324 1.368 2.646

Not Taking 
Amphetamine

.708 .103 .504 .912

Opiates/Opioids Taking 
Amphetamine

.933 .447 −.048 1.715

Not Taking 
Amphetamine

.704 .149 .410 .997

Benzodiazepines Taking 
Amphetamine

1.286 .413 .470 2.102

Not Taking 
Amphetamine

.594 .193 .212 .997

Anticholinergics Taking 
Amphetamine

5.000 1.094 2.841 7.159

Not Taking 
Amphetamine

.615 .303 .017 1.214

Polypharmacy Taking 
Amphetamine

.909 .330 .258 1.560

Not Taking 
Amphetamine

.918 .140 .642 1.194

Mean 
Reaction 
Time (ms)

Aggregate Taking 
Amphetamine

281.756 8.900 264.192 299.321

Not Taking 
Amphetamine

265.038 2.845 259.424 270.652

(Continued)
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Inspection of estimated marginal means of minor lapses for the 
amphetamine use groups revealed that the group taking amphetamines 
had 2.8 times the mean number of minor lapses than the group not 
taking amphetamines (Table 4). A non-statistically significant trend 
was noted upon examination of the estimated marginal means for each 
impairing medication class and the use or nonuse of amphetamines. 
It appears that the group taking amphetamines had more minor 
lapses if they were taking anticholinergic medications (factor of 8.13), 
benzodiazepines (factor of 2.16) and opiate/opioids (factor of 1.32) 
than the corresponding groups not taking amphetamines (Table 4).

dIscussIon

PVT performance is known to be sensitive to differences in sex, 
medication use, age and BMI17,25. The sex distribution and sedating 
medication use patterns were not meaningfully different between the 
studied groups and do not appear to be a source of bias in this investiga-
tion. There was a significant difference in age distribution between the 
amphetamine use and not-use groups, with the amphetamine use group 
being much younger than the not-use group. The BMI makeup of the 
two groups was also considerably dissimilar with the amphetamine use 
group having a lower mean BMI. The disparity of both of these vari-
ables should have biased the results towards better performance of the 

DEPENDENT 
VARIABLE

IMPAIRING 
MEDICATION

STIMULANT USE 
GROUP MEAN

STANDARD 
ERROR

95% CONFIDENCE 
INTERVAL

LOWER 
BOUND

UPPER 
BOUND

Opiates/Opioids Taking 
Amphetamine

255.000 12.282 230.763 279.237

Not Taking 
Amphetamine

252.889 4.094 244.810 260.968

Benzodiazepines Taking 
Amphetamine

273.571 11.371 251.132 296.011

Not Taking 
Amphetamine

270.812 5.318 260.317 281.308

Anticholinergics Taking 
Amphetamine

332.000 30.084 272.631 391.369

Not Taking 
Amphetamine

269.385 8.344 252.919 285.851

Polypharmacy Taking 
Amphetamine

266.455 9.071 248.554 284.355

Not Taking 
Amphetamine

267.066 3.852 259.464 274.667

TABLE 4 (Continued)
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amphetamine use group yet the group underperformed. This suggests 
that the actual difference between the amphetamine use and not-use 
groups may have been greater than reported. 

The results suggest that individuals from the group taking amphet-
amine had significantly greater number of minor lapses consistent 
with impaired sustained attention. The estimated marginal means 
for between subjects’ effects revealed a tendency toward more minor 
lapses for the anticholinergic medications, benzodiazepines and opi-
ate/opioids groups if they were taking amphetamine. There is a plau-
sible physiologic explanation for these findings (Figure 1). Attention 
processing of stimulating cues is largely mediated by norepinephrine 
release from neurons originating in the locus coeruleus and terminat-
ing in the basal forebrain prompting acetylcholine release.32 Activation 
of the basal forebrain cholinergic projections is required for sus-
tained attention performance. These projections stimulate the anterior 

FIGURE 1

A Schematic Representation of The Sustained Attention System 
and its Relationship to Impairing Substances

ACh dependent enhancement & biasing of sensory input processing

Amphetamine

Amygdala
(Stress/Fear Area)

Parietal Cortices
(Visual/Auditory

Sensory Processing)

ACh dependent
regulation of
basal forebrain
activity

ACh

ACh
NE NE

NENE

Basal Forebrain
(Cholinergic Regulation)

Locus Coeruleus
(Noradrergic Regulation)

NE
NE

Thalamus
(Arousal Regulation)

Anterior Cingulate & Dorsolateral Prefrontal Cortices
(Attention System)

Amphetamine

Anticholinergics

Benzodiazepines

Amphetamine Opiates

Opiates, benzodiazepines and anticholinergic medications disrupt acetylcholine (Ach) dependent regulation 
of basal forebrain activity and sensory input processing. Co-administered amphetamine stimulates release and 
inhibits reuptake of norepinephrine (NE) and dopamine augmenting arousal, stress and fear but not attention. 
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cingulate, dorsolateral prefrontal and parietal cortices which modulate 
the function of the sensory regions by enhancing and biasing sensory 
input processing.17 Norepinephrine release from neurons originat-
ing in the locus coeruleus terminating in the amygdala initiate stress 
or fear responses and neurons terminating in the thalamus result in 
arousal.33 Different classes of medication upset this system by varying 
degrees with anticholinergic medications having the largest impact fol-
lowed by benzodiazepines then opiates. Anticholinergic medications 
antagonize acetylcholine receptors in the attention and sensory areas, 
inhibiting acetylcholine dependent processes critical to sustained atten-
tion. Benzodiazepines produce GABA mediated attenuation of acetyl-
choline release disrupting acetylcholine dependent regulation of basal 
forebrain activity and sensory input processing. Opiates disrupt this 
system by suppressing norepinephrine release and subsequent acetyl-
choline release in the face of presenting stimuli. Amphetamines act 
by stimulating release and inhibiting reuptake of norepinephrine and 
dopamine augmenting arousal and contributing to stress and fear while 
lending little to bolster cholinergic dependent processes; the degree of 
which being dependent upon the mechanism inhibiting the choliner-
gic system.34,35 Essentially, the addition of a stimulant to a potentially 
impairing medication may leave the individual aroused and stressed, 
with deficient sustained attention.

Based on the findings suggested by this study I hypothesize that the 
addition of amphetamine to a medication regiment that includes a 
sedating medication may result in arousal but will adversely affect sus-
tained attention and possibly reaction time. The degree of the attention 
deficit will depend on the mechanism and degree of cholinergic impair-
ment imparted by the sedating medication.

This study has several sources of systematic and random error. There 
is inherent selection bias in the design where subjects prescribed 
amphetamines for subjective complaints and objective deficits are 
likely to have poor PVT performance relative to a group not prescribed 
amphetamines. The PVT is sensitive to variations in sleep deprivation 
which may have also introduced error.25 Random error may have been 
introduced based on the examinee’s medication compliance, degree of 
motivation and level of stress.25,17 These issues have little effect upon 
hypothesis formation, but will need to be controlled for in the design of 
a subsequent hypothesis testing study.

suMMary

PVT performance has ecological validity in that it can reflect real-
world risks. Deficits in sustained attention and timely reactions adversely 
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affect many safety sensitive duties, especially those in which work-pace 
or timely reactions are essential.36 The findings suggest that many 
employed people have levels of sustained attention equal to or worse 
than people with BrAC concentrations of .08 gm/210 L. Using PVT 
data, this exploratory study has provided information useful for gener-
ating the hypothesis that co-administration of an amphetamine with a 
sedating medication will result in arousal, but with a sustained attention 
deficit which is dependent upon the mechanism of cholinergic impair-
ment of the sedating medication.

There were several sources of systematic and random error which 
need to be addressed in the design of a subsequent hypothesis testing 
study. The design will require controlling for sleep deprivation, age, 
BMI, motivation and level of stress. Only stimulant naive subjects tak-
ing a stable dose of potentially sedating medication ought to be enrolled 
into the study. A third group that is not taking any potentially sedation 
or stimulating medications may also be added. We shall also consider 
adding a brief PVT practice session to assure understanding of proper 
test taking technique by examinees to mitigate random error presenting 
as statistical outliers. 

This study was a first step toward providing clinically relevant data 
to be used for the improvement of workplace safety. As medical profes-
sionals we must be cognizant that each of our patients is part of a social 
system including the workforce. When therapies have the potential for 
causing cognitive impairment they not only put the patient at risk, but 
also put non-consenting third parties at risk. This study has provided 
useful information for hypothesis formation but it is clear that much 
work is to be done to test this hypothesis and provide actionable clinical 
recommendations. D
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Original research
Key Words: depression, medication reconciliation, student pharmacist, treatment-resistant,  
medication history, ambulatory care, telephone, antidepressive agents

Impact of a Student Pharmacist 
Driven Medication Reconciliation 

and Antidepressant Treatment History 
Project at a Depression Clinic:  

A Pilot Study
By Stella S. Tang, Leanna Jaward, Kristen Ward, 

Sagar V. Parikh, Jolene R. Bostwick

ABSTRACT ~ Objectives: To improve treatment of patients with depression, a new pilot 
service project involving student pharmacists who would conduct medication reconciliation 
and review of antidepressant treatment history was created and evaluated. Experimental 
design: A prospective study conducted at the University of Michigan Depression Center. 
Principal observations: From an initial sample of 78 referrals, 41 subjects were reached by 
phone, with 34 completing medication reconciliation and antidepressant treatment history. 
Of the 34 patients, 25 (73.5%) had at least one discrepancy identified in their medication 
list, resulting in 164 medication changes in the electronic medical record (EMR). A total of 
105 past antidepressant trials were documented in the 34 individuals, with 34 (32.4%) trials 
found to be inadequate. Thirteen (38.2%) patients reported failure to respond to two different 
antidepressants from different classes. All 34 patients participated well in the phone calls and 
were willing to consult a pharmacist at their upcoming clinic visit. Conclusions: A student 
pharmacist pilot was feasible, identified many discrepancies in the medication record, and 
identified important medication treatment history in patients with depression in advance of 
the clinic visit. The project provides support for a specialized role for student pharmacists and 
demonstrates that interprofessional care can contribute to improved treatment of depression. 
Psychopharmacology Bulletin. 2017;47(2):36–41.

Medication reconciliation is a key part of medication therapy management that 
involves evaluating a patient’s medication regimen for medication errors and comparing 
existing and previous medication regimens.1 The American Pharmacists Association 
(APhA) and the American Society of Health-System Pharmacists (ASHP) have 
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established the goal of medication reconciliation as “to obtain and maintain 
accurate and complete medication information for a patient and use this 
information within and across the continuum of care to ensure safe and 
effective medication use.”1 Medication reconciliation reduces medication 
errors in prescribing, assures safe medication use by patients, and facilitates 
appropriate monitoring and adjustment of drug therapy.1

Several studies that assessed the impact of pharmacy driven medica-
tion reconciliation programs in various settings found pharmacy per-
sonnel, including technicians, student pharmacists, and pharmacists, 
were able to identify discrepancies in up to 88% of patients studied.2–4 
Such discrepancies can be clinically significant, with one study identify-
ing 17.1% of discrepancies as serious or potentially life-threatening.4

To the best of our knowledge, a similar study has not been conducted 
in an outpatient depression clinic setting. In this setting, medication 
reconciliation is particularly important. The STAR*D trial demon-
strated only 36.8% of patients achieved remission after initial treatment 
for depression, so most patients required many additional medication 
trials.5,6 Individuals presenting to depression clinics frequently have 
histories of multiple medication trials without good documentation, 
making psychiatric evaluation more challenging. To improve care, 
interprofessional approaches such as having pharmacists clarify medi-
cation treatment history can contribute to effective clinic evaluation 
and treatment. We report here a pilot study exploring implementation, 
feasibility, and outcomes of a medication reconciliation and antide-
pressant treatment history program led by a pharmacy team including 
student pharmacists in a large, Midwestern academic setting.

Methods

The study received an exempt, not regulated status, from the University 
of Michigan Institutional Review Board. A team of five student phar-
macists and two pharmacist preceptors practicing in psychiatry con-
ducted this pilot over a 12-week period beginning on February 18, 2016 
and ending on May 12, 2016. All individuals scheduled for an initial 
referral at the University of Michigan Depression Clinic were contacted 
to participate in a pharmacy telephone encounter approximately one 
week prior to the clinic visit. During the first part of the telephone 
call, students requested a list of current medications, including: (1) all 
prescription products, including both psychiatric and non-psychiatric 
medications, (2) non-prescription products, including over-the-coun-
ter medications, vitamins, herbals, and supplements. The second part 
of the telephone call documented past antidepressant trials as well as 
adjunctive therapies, with details on dose, duration of therapy, side 
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effects experienced, response to therapy, and reason for discontinuation. 
Finally, students encouraged patients to share any concerns and also 
asked whether they would be willing to discuss their medications with 
a pharmacist if a medication change was made at the clinic visit. The 
length of telephone calls was recorded.

Students used the duration of therapy information to classify anti-
depressant trials as adequate (trial length of at least two months) or 
inadequate, and whether criteria for treatment-resistant depression 
(TRD) were met (failure to respond to two adequate trials of two dif-
ferent classes of antidepressants).7 A drug interaction screen was also 
performed. Information gathered from the calls were documented in a 
clinic note in the electronic medical record (EMR). 

Results

Data were analyzed using descriptive statistics. Of the 78 patients 
attempted, 41 (52.6%) were reached by telephone and 34 (43.6%) 
successfully completed the pharmacy encounter. Of these 34 patients, 
24 (70.6%) were women and patients had an average age of 40.7 years 
(range 17 to 69 years). Seven patients who declined the service cited 
reasons as inconvenient timing (57.1%, n = 4), clinic appointment 
cancellation (28.6%, n = 2), and preference for reviewing medica-
tions with a clinician (14.3%, n = 1). Call durations for the 34 patients 
who successfully completed the pharmacy encounter ranged from 5 to 
50  minutes, and the average call length was 18.4 minutes.

In the patient population (n = 34), a total of 76 psychiatric medi-
cations were being taken, with an average of 2.2 medications per 
patient. The total number of medication changes made in the EMR 
was 164 (Table 1), with an average of 4.8 changes per patient. A total 
of 25 (73.5%) patients had at least one discrepancy identified in their 
medication list. Over the course of the project, 31 potentially clinically 

TABLE 1

Medication Changes Made % (n)

TOTAL NUMBER  
OF DELETIONS

TOTAL NUMBER  
OF ADDITIONS

TOTAL NUMBER  
OF DOSE CHANGES

Prescription medications  
(n = 109)

93.1 (27) 57.6 (72) 100.0 (10)

Nonprescription medications  
(n = 9)

3.4 (1) 6.4 (8) 0.0 (0)

Vitamins/herbals/supplements 
(n = 46)

3.4 (1) 36.0 (45) 0.0 (0)

Total 100 (29) 100 (125) 100 (10)
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significant drug-drug interactions were identified. A total of 18 (52.9%) 
patients had at least one drug-drug interaction in their current medica-
tion list. Patient-reported medication lists included between 0 and 5 
drug-drug interactions.

Seventeen (50.0%) patients shared the following medication concerns: 
side effects from current medications (35.3%, n = 6), financial issues 
(35.3%, n = 6), decreased effectiveness of current medications (35.3%, 
n = 6), persistent depression symptoms (23.5%, n = 4), and adherence 
difficulties (11.8%, n = 2). Further, one (5.9%) patient each identified 
the following: lack of understanding about medications, incorrect diag-
nosis, and lack of access to psychiatric services.

A total of 105 antidepressant medications were tried by the surveyed 
population, with an average of 3.1 past medication trials per patient. 
Nearly one-third (32.4%) of antidepressant medication trials were 
considered inadequate trials (Table 2). Of the 105 past antidepres-
sant medication trials with documented reasons for discontinuation, 
the most common reason was attributed to no improvement in mood 
symptoms (45.7%, n = 48), with the second most common reason being 
medication side effects (28.6%, n = 30). A total of 13 patients (38.2%) 
were considered to have TRD.

Of the 34 patients who completed the pharmacy encounter, all 
(100.0%) reported they would be willing to discuss their medications 
and associated side effects with a pharmacist if a medication change was 
made at the clinic visit.

liMitations

The students attempted to contact 78 patients and reached only 52.6% 
of those patients. Additionally, of the seven patients who declined the 

TABLE 2

Description of Antidepressant Treatment Histories % (n)

TOTAL NUMBER 
OF PATIENTS WHO 
TRIED EACH CLASS

TOTAL NUMBER OF 
PATIENTS WITH AN 
ADEQUATE TRIALa

TOTAL NUMBER OF 
PATIENTS REPORTING 

IMPROVED SYMPTOMS

TOTAL NUMBER OF PATIENTS 
WHO EXPERIENCED SIDE 

EFFECTS
SSRI 61.8 (21) 85.7 (18) 52.4 (11) 47.6 (10)
SNRI 47.1 (16) 62.5 (10) 12.5 (2) 31.3 (5)
TCA 11.8 (4) 100 (4) 25 (1) 75 (3)
MAOI 8.8 (3) 66.7 (2) 33.3 (1) 100 (3)
Other 47.1 (16) 75 (12) 31.3 (5) 31.3 (5)
Note: aDefined as a length of at least 2 months.
Abbreviations: MAOI, monoamine oxidase inhibitor; SNRI, serotonin-norepinephrine reuptake 
inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.
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service, 57.1% cited their reason as inconvenient timing. An additional 
limitation is the lack of external health records to validate the history of 
medication use and response.

ConClusions

The student pharmacist driven pilot project proved to be valuable. The 
pharmacy team identified patient-reported discrepancies in 73.5% of 
patients reached by telephone. This result is similar to those of previous 
studies involving student pharmacists.2,3 The record of treatment failure 
was also a valuable contribution to the patient record and was of assis-
tance to psychiatrists evaluating the patients. These findings highlight 
the positive impact of a medication reconciliation service in an out-
patient depression clinic setting and demonstrates a role for interpro-
fessional care. Further evaluation is necessary to establish the clinical 
impact of identification of such discrepancies.

In addition, the student pharmacist-patient interactions disclosed 
patient concerns that may be addressed by pharmacy intervention. For 
example, of the 17 patients who voiced concerns, 35.3% revealed that 
they had difficulty paying for their medications. A pharmacy team 
may refer such patients to patient assistance programs or recommend 
more cost-effective alternatives to clinicians. Additionally, the find-
ings of the pilot project showed 32.4% of antidepressant medication 
trials were inadequate, and the most common reason for discon-
tinuing antidepressant medications was no improvement in mood 
symptoms. These results signify an opportunity for pharmacists to 
provide patient education, specifically to provide support and rein-
force onset of action of antidepressant medications. All patients 
surveyed were willing to engage with a pharmacist regarding their 
medications, which suggests that this is an appropriate future direc-
tion to explore within the clinic.

The pilot confirmed student pharmacists are well-suited for pro-
viding the service. Additional considerations include that this service 
may be integrated into the required Introductory Pharmacy Practice 
Experiences (IPPE) after students complete required training. Such 
training would include an orientation to the EMR system, as well as a 
review of the telephone call script and mock interactions with a phar-
macist preceptor and/or psychiatrist.The results of the pilot project sup-
port the need for pharmacy services in an outpatient depression clinic 
setting. Student pharmacists can lead this type of service with the over-
sight of pharmacist preceptors.
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Long-Acting Injectable Paliperidone 
Palmitate: A Review of Efficacy 

and Safety
By Matthew T. Morris, Sandip P. Tarpada

ABSTRACT ~Objective: Summarize and synthesize the current literature regarding long-
acting injectable paliperidone palmitate for the treatment of schizophrenia. Methods: 
A literature search of PubMed, Embase, and Web of Science was conducted in February 
2016, using the following search terms in varying permutations: schizophrenia; antipsy-
chotic medication; long-acting injectable; paliperidone palmitate; 3-monthly injectable. 
Results: Once-monthly injectable paliperidone palmitate (PDP) has demonstrated compa-
rable eff icacy as 1st-generation long-acting injectable antipsychotics (LAIAs) in reducing 
disease severity and re-hospitalizations in schizophrenic patients. However, PDP leads 
to significantly less extrapyramidal symptoms than these older medications indicating a 
superior safety profile. Compared to oral 2nd-generation antipsychotics, PDP has shown 
less incidence of disease relapse related to medication non-compliance, particularly in real 
world populations. It also showed a similar safety profile as oral 2nd-generation antipsy-
chotics, but with greater incidence of mild injection-site pain. A novel 3-monthly formu-
lation of PDP has shown similar safety and eff icacy as once-monthly PDP compared to 
placebo. Conclusions: Overall, both 1-month and 3-month formulations of PDP are safe 
and effective in the treatment of schizophrenia and schizoaffective disorder. They may be 
most effective in patients with prior failed treatment of oral antipsychotics or other LAIAs, 
in patients with a history of medication noncompliance, or in patients with an individual 
preference for less frequent dosing. Psychopharmacology Bulletin. 2017;47(2):42–52.

IntroductIon

Schizophrenia is a chronic mental disorder characterized by deficiencies in 
thought processes, perceptions, and emotions. This disorder is relatively common, 
affecting roughly 1.1% of the US adult population, more often in men than in 
women.1,2 It can also be severely disabling, making it difficult for those affected 
to hold jobs, form relationships, and even attend to their activities of daily living. 
Schizophrenia typically presents in early adulthood and follows a chronic course 
throughout the patient’s life, significantly affecting quality of life and ultimately 
leading to an average 10-year reduction in life expectancy.3 Due to the prevalence 
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and severity of this disease, it remains one of the most burdensome 
and devastating illnesses in the world today.4 Nonetheless, the develop-
ment of novel pharmacological treatments has dramatically improved 
our ability to manage this disease.

The advent of antipsychotic medication in the mid-20th century has 
allowed for good control of positive symptoms of schizophrenia, elimi-
nating or reducing them to a tolerable level in up to 70% of patients.5,6 
Maintenance treatment with antipsychotics is recommended indefi-
nitely, even for those who have achieved remission following a first psy-
chotic break. Furthermore, oral formulations of these drugs allowed this 
treatment to take place in the outpatient setting, thereby reducing the 
burden of disease on the patient. However, this first generation of anti-
psychotics carry considerable side effects, most notably extrapyramidal 
symptoms (EPS), including akathisia, pseudoparkinsonism, and dysto-
nia. These motor symptoms have been shown to be dose-dependent, 
occurring with greater frequency and severity at higher doses.7 Due in 
part to a combination of poor side effect profiles and patient cognitive 
dysfunction, noncompliance with these drugs is very common.8 Newer 
medications, collectively termed 2nd-geneneration (“atypical”) anti-
psychotics were able to achieve similar suppression of positive symp-
toms while reducing the incidence and severity of EPS.9,10 However, 
despite improved side-effect profiles, noncompliance continues to be an 
issue with 2nd-generation antipsychotics. In fact, compliance with oral 
maintenance therapy for schizophrenia is estimated at merely 40%–60% 
1-year after discharge from an acute episode.7,11

Long ActIng InjectAbLe AntIpsychotIc (LAIA) MedIcAtIon

Noncompliance with maintenance treatment in schizophrenic 
patients is associated with greater rates of disease relapse.12  Disease 
relapse often leads to re-hospitalization, creating potentially immense 
cost and burden to the patient and their family, as well as poorer long-
term outcomes.12,13  Long-acting injectable antipsychotics (LAIAs) 
were created largely to address the issue of noncompliance by allow-
ing the medication to be administered only once every 2–4  weeks 
rather than each day. Also referred to as “depot” injections, these medi-
cations are administered via gluteal or deltoid IM injection. In gen-
eral, LAIAs result in more stable serum levels of the drug and fewer 
dose-related side effects compared to oral medication. For example, 
Ereshefsky et al compared pharmacodynamics and pharmacokinetics 
between comparably bioavailable doses of oral and LAI risperidone. 
The authors found that, compared to oral risperidone, LAI risperidone 
showed closer correlation between administered dose and serum levels, 
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resulting in more precise dosing and less difference between peak and 
trough serum drug levels.7 There is a direct relationship between serum 
drug levels and EPS, so by reducing peak serum levels, LAIAs can theo-
retically reduce the occurrence of these side effects, although clinical 
studies have shown mixed results.14–16

Several studies have shown the efficacy of these drugs in improv-
ing outcomes in schizophrenia compared to placebo control. For 
example, in a double-blind RCT of 403  patients who had achieved 
good stabilization of acute schizophrenia, Kane et al administered 
either aripiprazole-IM-depot injection or placebo every 4  weeks 
for 1  year. They observed significantly greater improvement in the 
Positive and Negative Syndrome Scale (PANSS) and lower rates 
of impending relapse with aripiprazole than with placebo, indicat-
ing that LAI aripiprazole is a safe and effective alternative to oral 
aripiprazole.17 Furthermore, other studies have compared LAIAs to 
their oral equivalent to better establish the case for their use. Chue 
et al randomized 640 patients with well-controlled schizophrenia to 
receive either LAI or oral risperidone for 12  weeks, finding simi-
lar improvement in PANSS between groups and no reported adverse 
events.15  In a case series of 38  chronically psychotic, hospitalized 
patients previously receiving oral haloperidol, Deberdt et al injected 
haloperidol decanoate every 4  weeks at varying doses. They found 
that LAI haloperidol resulted in equally effective control of psychotic 
symptoms and no increase in EPS or injection-site pain compared to 
daily oral administration.16 These results suggest comparable efficacy 
and safety between LAI and oral antipsychotics.

Despite intuitive assumptions that LAIAs can lead to superior 
compliance rates compared to oral antipsychotics in schizophrenic 
patients, several studies have found no difference in compliance rates 
between treatment modalities. For example, Rosenheck et al random-
ized 369  VA patients with unstable schizophrenia to receive either 
LAI risperidone or an oral antipsychotic. They found no significant 
difference between groups in terms of re-hospitalization, reported 
compliance, psychiatric symptoms, quality of life, and neurological 
side effects, but patients receiving LAI risperidone reported more 
injection-site pain and EPS than those receiving oral medica-
tion.14 In addition, a 2005 meta-analysis of 6 RCTs comparing LAI 
fluphenazine to oral antipsychotics found no reduction in relapse 
with injectable medication.18 However, some have argued that these 
results can be confounded by highly compliant study populations 
that are not representative of the general schizophrenic population. 
Addressing this source of bias, a claims-based analysis by Marcus 
et al compared compliance and re-hospitalization rates in Medicaid 
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patients with recent history of noncompliance who were recently 
hospitalized for schizophrenia and prescribed either oral or LAI 
antipsychotics upon discharge. The authors found that LAIAs led 
to lower rates of both noncompliance and re-hospitalization than 
oral medication, but that this difference was only significant with 
2nd-generation LAIAs.19 Several other studies have come to simi-
lar conclusions, finding improved compliance and long-term out-
comes in patients prescribed LAIAs than in patients prescribed oral 
antipsychotics.31,39 Overall, research has demonstrated that LAIAs, 
particularly 2nd-generation, are as safe and effective for mainte-
nance treatment of schizophrenia as oral antipsychotics, suggesting 
that compliance can potentially be improved without sacrificing 
medication efficacy.14–17,20

pALIperIdone pALMItAte

Paliperidone palmitate (PDP) is a LAI formulation of the atypical 
antipsychotic paliperidone, the primary active metabolite of risperidone. 
It was approved by the FDA for acute and maintenance therapy of 
schizophrenia and schizoaffective disorder in 2009. This drug is a 
palmitate ester of paliperidone, prepared in an aqueous suspension of 
nanocrystals equipped with a sustained-release mechanism, resulting 
in slow dissolution in vivo. These nanocrystals are roughly 10  times 
smaller than the particles that one would find in a standard drug powder, 
creating substantially increased drug-solution surface area. Therefore, 
the drug solution is both able to more rapidly achieve steady state 
and maintain this steady state for a longer period of time than other 
LAIAs.21,22 Effects of the drug are usually seen roughly 8 days follow-
ing injection, and peak plasma level is reached roughly 13  days after 
injection. Serum half-life is roughly 25–49 days, and standard dosing 
schedule is induction therapy with 2 injections one week apart, followed 
by maintenance dose every 4 weeks.23,24

PDP in Acute-Phase Therapy

PDP injection has proven to be effective in improving psychotic 
symptoms in both acute and maintenance phases of schizophrenia. In a 
double-blind RCT of 652 patients with acutely exacerbated schizophre-
nia, Pandina et al administered either PDP 150 mg or placebo injection 
on day 1, followed by a set dose of PDP on placebo on day 8  and 
monthly thereafter.25 They found significantly greater improvement in 
PANSS with PDP over placebo, and sufficient serum levels of drug to 
exert effects by day 8. The most common side effects they observed in 
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the PDP group were injection-site pain (7.6%), dizziness (2.5%), and 
sedation (2.3%).25 Several other studies were performed with similar 
designs, and unanimously observed that monthly PDP injections sig-
nificantly improved PANSS outcomes over placebo.26–28  The PDP 
groups generally experienced higher rates of headache, nausea, and 
extremity pain than placebo, as well as slightly elevated BMI and 
weight in a dose-dependent fashion. Some studies reported higher 
levels of patient-evaluated injection-site pain with PDP injection, 
but others reported no difference. There was generally no difference 
observed between PDP and placebo groups in terms of extrapyramidal 
symptoms, although parkinsonism was the most commonly occurring 
movement disorder in the treatment groups. Overall, numerous double-
blind RCTs of LAI PDP are in agreement that it constitutes a safe and 
effective treatment for acutely exacerbated schizophrenia with relatively 
few side effects.23,25–28

PDP in Maintenance-Phase Therapy

PDP injection has also been demonstrated to be effective in 
maintenance therapy for schizophrenia. Hough et al transitioned 
410 patients with schizophrenia from previous oral antipsychotic to 
PDP injection therapy, stabilized them on PDP maintenance therapy, 
and subsequently randomized them to either continue receiving PDP 
or switch to placebo for the remainder of the study.29  They found 
that a majority of patients in the placebo group experienced disease 
relapse, with a median time-to-relapse of 163  days, while less than 
25% of patients in the PDP group relapsed. Mean PANSS outcomes 
were similar between groups at baseline, but at 40  weeks were sig-
nificantly lower in the PDP group. There was no difference between 
groups with respect to adverse events, but the PDP group experi-
enced a mean 1.9 kg weight-gain while the placebo group experienced 
none.29 Moreover, many patients in which LAI therapy is indicated 
have experienced persistent symptoms despite oral antipsychotic 
medications. In a double-blind RCT, Silwa et al evaluated the use of 
monthly PDP injections versus placebo in schizophrenic patients who 
remained symptomatic after a trial of oral risperidone therapy.30 They 
found that PDP significantly improved PANSS, global illness ratings, 
and functional outcomes over placebo. The most commonly observed 
adverse events were insomnia, anxiety, and headache. Similar to its 
primary use in acute-phase schizophrenia, use of PDP in mainte-
nance-phase and persistent schizophrenia has been shown to yield 
positive outcomes, with the most consistently observed adverse effects 
being weight gain and insomnia.30
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PDP in Relation to Oral Antipsychotics

In comparison with oral antipsychotic medications, LAI PDP therapy 
has shown positive results, both in terms of efficacy and safety. Alphs 
et  al investigated PDP therapy in a “real world” schizophrenic popu-
lation, defined as those with complicated disease, a history of incar-
ceration, and previous oral antipsychotic use.31 They designated these 
patients to receive open-label treatment with either LAI paliperidone 
or one of seven different daily oral antipsychotics. No differences were 
seen between groups in terms of social functioning or severity of ill-
ness, but medication compliance was higher and treatment failure rate 
was significantly lower with PDP than with oral medication. In terms 
of adverse events, only injection-site pain was seen more frequently in 
the PDP group.31 These results support previous findings that disease 
relapse is associated with medication noncompliance, and suggest that 
PDP may be a particularly suitable treatment option for patients with 
a high likelihood of noncompliance.31  In their previously mentioned 
Medicaid claims-based study, Marcus et al observed a lower rate of re-
hospitalization in patients receiving PDP than in those receiving any 
other available drug formulation, further supporting its efficacy at main-
taining disease remission.19  Furthermore, many patients initiated on 
PDP therapy are transitioned from 2nd-generation oral antipsychotics, 
and must be instructed when to discontinue their previous medication 
to avoid both over-dosing and gaps in therapy. Doshi et al examined 
current approach to this issue in an observational claims-based study by 
looking for simultaneous prescription of LAI and oral antipsychotics in 
recently-discharged schizophrenic patients.32  They found that, of all 
available LAIAs, PDP was least frequently prescribed with an oral anti-
psychotic, likely due to its fast-achievement of steady-state and subse-
quent therapeutic effect. However, they note that when co-prescription 
occurred, in a majority of instances it overlapped substantially with 
time therapeutically covered by the LAI medication.32  These results 
suggest that some degree of over-dosing exists during the transition 
from oral to LAI antipsychotic therapy following hospitalization for 
acute exacerbation of schizophrenia. However, more research must be 
done to determine the clinical consequences of such over-dosing, and 
ultimately to determine an optimal transition-dosing schedule based on 
clinical evidence.

PDP in Relation to Other LAIAs

While PDP therapy appears superior to placebo and at least non-
inferior to oral antipsychotics, we still must determine its relative safety 
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and efficacy compared to other available LAIAs to make recommen-
dations regarding its use. Gopal et al conducted a meta-analysis of 
RCTs investigating LAIAs versus placebo to calculate relative number-
needed-to-treat (NNT) and number-needed-to-harm (NNH) for 
these medications.33  In the acute phase of schizophrenia, they found 
NNT to be 6, defined as a 30% improvement in PANSS, and found 
NNT in maintenance phase to be 2, defined as prevention of relapse 
for 12 months. These values were similar to those calculated for first-
generation LAIAs, such as haloperidol-decanoate (HPD), indicating 
similar efficacy. In terms of developing movement disorders, such as 
akathisia, tremor, and tardive dyskinesia, NNH varied considerably, 
but was significantly higher with PDP than with first-generation 
drugs. These same results were observed with regard to anticholinergic 
use, indicating a lower propensity for movement disorders to occur 
with PDP injections.33  McEvoy et al corroborated these findings in 
a double-blind RCT comparing PDP to HPD injections in schizo-
phrenic patients deemed to be at risk of relapse, and therefore good 
candidates for LAIA use. They observed similar rates of efficacy failure 
with PDP (33.8%) as with HPD (32.4%), but observed greater weight 
gain (+2.17  vs −0.96 kg) and serum prolactin levels with PDP and 
greater rates of akathisia with HPD.9 Furthermore, although primary 
clinical research comparing PDP to other 2nd-generation LAIAs is 
lacking, Einarson et al conducted a cost-effectiveness analysis of PDP, 
LAI risperidone, and LAI olanzapine in acute and maintenance schizo-
phrenia.34 In their analysis, they conclude that PDP exhibits superior 
clinical outcomes, determined using Quality-Adjusted Life-Years, days 
in remission, hospital re-admissions, and emergency room visits as out-
comes measures. They also found that PDP costs significantly less over-
all when the aforementioned clinical factors are taken into account, 
resulting in the conclusion that PDP is more cost effective than either 
LAI 2nd-generation antipsychotic.34 However, to make a recommen-
dation regarding their relative safety and efficacy, further research must 
directly compare their clinical use.

pALIperIdone pALMItAte 3-MonthLy InjectIons

Paliperidone palmitate 3-monthly injectable (PDP3M) is a novel for-
mulation of IM injectable paliperidone palmitate with a significantly 
longer half-life than the once-monthly formulation. It was approved by 
the FDA in 2015 for use in schizophrenia and schizoaffective disorders. 
Ravenstjin et al completed a phase 1 pharmacokinetics study of the novel 
drug, finding that peak serum concentration was reached at 23–34 days 
post-injection, and half-life in vivo was roughly 2–4 months.35 Of note, 
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while the half-life of PDP is equivalent between gluteal and deltoid 
injection sites, the half-life of PDP3M is slightly greater with gluteal 
injection. The most commonly occurring adverse events that they noted 
were headache and nasopharyngitis, followed by weight-gain and back 
pain. Due to the extremely long half-life of PDP3M, it is recommended 
to only begin treatment in patients who have received at least 4 months 
of PDP, in order to assess individual tolerability.36  When switching 
these patients from PDP to PDP3M, it is important to give the first 
dose of PDP3M at the time of their next scheduled dose of PDP, 
and to initiate treatment with a dose 3.5 times greater than scheduled 
dose.36  Following that induction dose, a regular maintenance dosing 
schedule of one injection every 3 months should be followed.36

Berwaerts et al evaluated the clinical safety and efficacy of this drug in 
a double-bind RCT comparing the use of PDP3M to placebo in patients 
diagnosed with schizophrenia.37  They initially administered monthly 
injections of PDP during a 17-week transition phase, subsequently 
administered 1 dose of PDP3M in a 12-week maintenance phase, and 
finally randomized patients to receive a fixed dose of PDP3M or placebo 
for the remainder of the study. The authors observed significantly 
greater rates of disease relapse with placebo than with PDP3P, sup-
porting its efficacy in maintaining remission in schizophrenia. In terms 
of treatment-emergent adverse events, the PDP3M group experienced 
greater incidence of headache (9%), weight gain (9%), nasopharyngitis 
(6%), and akathisia (4%) than the control group.37 In a phase 3 non-
inferiority study, Savitz et al stabilized 1,016 schizophrenic patients on 
monthly PDP injections for 17  weeks, and subsequently randomized 
these patients to either switch to PDP3M or continue receiving PDP 
injections.38 The authors observed similar disease relapse rates and clin-
ical measures of disease severity between groups. They also observed 
similar safety/tolerability profiles between groups, with the most com-
mon treatment-emergent adverse event being weight gain, experienced 
by 21% of patients in each group.38 Therefore, PDP3M has demon-
strated equal safety and efficacy as PDP, and may be preferable to select 
patients due to less frequent dosing schedule.

concLusIons

Schizophrenia is an incredibly devastating and relatively common 
disease, but advancements in antipsychotic medication has proved to 
dramatically lessen the burden of this disease. However, due to cognitive 
and judicial compromise of those who suffer from it, medication non-
compliance commonly leads to poorer outcomes for patients. Compared 
to oral antipsychotics, LAIAs have been shown to improve compliance 
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and lead to lower disease relapse and re-hospitalization rates in real-
world populations. PDP, a once-monthly LAIA, has demonstrated good 
efficacy in reducing disease severity and re-hospitalizations in schizo-
phrenic patients, with a similar safety profile as many 2nd-generation 
oral antipsychotics. PDP exhibits similar efficacy as 1st-generation 
LAIAs, such as haloperidol-decanoate, but is associated with signifi-
cantly less EPS and greater metabolic effects. PDP3M, a once-three-
monthly LAIA, is a recently-approved formulation of paliperidone 
palmitate that exhibits similar efficacy and safety as PDP in preliminary 
trials. Overall, both 1-month and 3-month formulations of PDP are 
safe and effective in the treatment of schizophrenia and schizoaffective 
disorder. They may be most effective in patients with prior failed treat-
ment of oral antipsychotics or other LAIAs, in patients with a history of 
medication noncompliance, or in patients with an individual preference 
for less frequent dosing. However, further research directly compar-
ing both PDP formulations to other 2nd-generation LAIAs to make a 
definitive recommendation. D
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Aripiprazole-induced Asymptomatic 
Hypertension: A Case Report

by Hilal Seven, Medine Giynaş Ayhan, Ayşe Kürkcü, 
Süleyman Özbek, İbrahim Eren

ABSTRACT ~ Aripiprazole is a second generation antipsychotic widely prescribed for the 
treatment of psychiatric diseases. It is generally known that antipsychotics have hypoten
sive effects. In this case report, however, we present the case of a medically healthy patient 
with schizophrenia who developed hypertension (HT) after the initiation of aripiprazole. 
The patient’s blood pressure returned to normal after discontinuation of aripiprazole, sug
gesting that aripiprazole may have led to asymptomatic acute HT. Psychopharmacology 
Bulletin. 2017;47(2):53–56.

IntroductIon

Aripiprazole is a second-generation antipsychotic used safely in the treatment 
of schizophrenia, bipolar disorder and other psychiatric diseases because of milder 
metabolic side effects compared to other antipsychotics. Aripiprazole acts as a 
strong partial agonist of D2 and 5-HT1A receptors. Common side effects include 
headaches, sleeplessness, agitation and anxiety.1 It has been reported that one of 
the most frequent cardiovascular side effect of second-generation antipsychotics is 
postural hypotension.2 However, there is little information on the development of 
acute hypertension (HT) due to antipsychotics. Here, a case of acute HT induced 
by aripiprazole is reported and the possible mechanisms of HT are discussed.

case

A 56 year-old woman with a 25-year history of schizophrenia was admitted to 
our clinic due to an acute exacerbation of her psychiatric disorder. Upon admis-
sion, loss of appetite, irritability, paranoid delusions and self-talking were present. 
Medical history and physical examination (including blood pressure) revealed 
no somatic disorder. No history of drug and alcohol abuse was reported. The 
patient had been treated for 2 years with olanzapine 10 mg/day and risperidone 
37.5 mg/15 days and recovered partially. During the follow up period, olanzapine 
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and risperidone were discontinued because of the adverse effects of 
sedation and weight gain. The patient underwent no treatment for 
3 months until the current admission. The vital signs and blood tests 
were within normal limits in admission to the hospital. Aripiprazole 
5  mg/day was then started, which was increased to 15  mg/day.  
About 9  days after the first intake of aripiprazole, blood pressure of 
180/100 mmHg was measured indicating arterial HT. The patient had 
no symptoms like palpitation, headache or confusion. Physical exami-
nation (temperature, pulse), laboratory studies (complete blood count, 
liver and kidney function, serum electrolytes, lipids, coagulation) and 
electrocardiograms were within normal limits. She had no endocrine 
or reno-vascular disease that could explain the etiology of HT. Two 
days later aripiprazole was discontinued and the patient’s HT resolved 
within 24  hours without treatment. At a subsequent follow up, the 
blood pressure was in the normal range.

dIscussIon

In the case report presented here, HT after the initiation of aripipra-
zole and recovery after aripiprazole discontinuation was observed. The 
case had no other medication or systemic disease that could explain the 
mechanism of HT. Based on these clinical features; it was thought that 
the patient developed asymptomatic HT due to aripiprazole.

It is well-known that second-generation antipsychotics may cause 
arrhythmia, prolonged QTc interval and orthostatic hypotension in 
patients who have no cardiovascular disease.2  However, case reports 
suggest that HT may develop with the use of aripiprazole.3–6 Borras 
et al. reported that a patient with schizophrenia who used aripiprazole 
30 mg/day developed HT (220/110 mmHg) and tachycardia, and that 
the blood pressure returned to normal after discontinuation of aripip-
razole.3 Supporting this, another study reported that the blood pressure 
increased (200/110  mmHg) in a patient who was taking venlafaxine 
150  mg/day and aripiprazole 5  mg/day and that the blood pressure 
decreased to normal 48 hours after stopping aripiprazole.4 Additionally, 
Bat-Pitault and Derlome reported the development of HT in an ado-
lescent patient taking aripiprazole.5  Moreover, it was reported that 
a patient with depression using duloxetine 90  mg/day and aripipra-
zole 5  mg/day developed HT (220/110  mmHg) and headache. The 
blood pressure of this patient didn’t respond to antihypertensive drugs 
and the HT resolved only after reducing the dose of aripiprazole to 
2.5  mg/day.6  In another case report, it was presented that the blood 
pressure increased after adding aripiprazole to the therapy; a decrease 
was seen after the discontinuation of aripiprazole.7
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For the majority of the case reports mentioned above, it was thought 
that a history of HT or cardiovascular disease4,7  and use of addi-
tional drugs4,6 might have contributed to the increase in blood pres-
sure. However, in the current case, as corroborated in the reports by 
Borras3  and Pitault and Delorme’s,5  the patient had been using only 
aripiprazole and had no history of HT or cardiovascular disease. 
Moreover, other etiologic factors that may contribute to HT could not 
be found and it was observed that blood pressure resolved after stopping 
aripiprazole treatment.

It may be necessary to review the receptors that aripiprazole acts on 
to understand the mechanism of hypertension induced by aripiprazole. 
It is known that 5-HT 2A and a-1 adrenergic receptors play important 
roles in the development of hypertension.8 Aripiprazole may cause an 
increase in blood pressure by binding with high affinity to the a-1A 
adrenergic receptors. It is also thought that aripiprazole causes HT by 
acting an as agonist for on 5-HT 2A receptors; however, this is contro-
versial since some articles suggest that aripiprazole acts as an antagonist 
for 5-HT 2A receptors.1 While one study suggested that use of aripip-
razole resulted in higher blood pressure compared to placebo,9 there are 
other studies that report that no relationship between the development 
of blood pressure abnormality and the use of aripiprazole.10 Although 
individual differences may be important, these conflicting results need 
to be clarified with long term follow-up studies.

In this case report, we presented a case that developed asymptomatic 
HT with the use of aripiprazole, which resolved after the discontinu-
ation aripiprazole. We think that this rare side effect seen in clinical 
practice should not be neglected and that blood pressure needs to be 
monitored closely regardless of whether the patient has a cardiovascular 
disease or not. D
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Combined Antipsychotics and 
Electroconvulsive Therapy in an 
Acutely Psychotic Patient with 

Treatment-resistant Schizophrenia
by Ruth Rayikanti, Iga Lentowicz,  

Badari Birur, Li Li

ABSTRACT ~ Treatment of patients with Treatment-resistant Schizophrenia (TRS), who 
fail to respond to multiple antipsychotic trials, including clozapine (CLZ), is challenging. 
Several alternative strategies are reported in studies, one of which includes augment-
ing antipsychotics (AP) with Electroconvulsive therapy (ECT). We discuss a case of an 
acutely psychotic patient with TRS who responded effectively and sustained remission to 
this strategy which was ECT combined with two AP, CLZ and aripiprazole. Notable 
improvement in clinical and cognitive outcomes was seen with just f ive right unilateral 
ECT sessions, CLZ titrated up to 62.5 mg/d and aripiprazole 20 mg/d with no adverse 
effects. Nine days into the psychiatric hospitalization, patient had decreased total scores on 
the Positive and Negative Syndrome Scale by 44% and an improved score on the St. Louis 
University Mental Status Exam by increasing from 3 to 22. This case report suggests that 
a subgroup of patients with TRS could benefit from a trial of adjunct ECT combined with 
AP to achieve a rapid alleviation of positive and negative symptoms which allows patients 
to have greater functional stability. Psychopharmacology Bulletin. 2017;47(2):57–62.

IntroductIon

With a global prevalence of 1% and significant functional impairment, schizo-
phrenia is a disabling disease.1 Complicating this further is the heterogeneity 
among patient presentations, course of illness and treatment responses. Despite 
treatment with at least two adequate trials of antipsychotics (AP), 10%–30% of 
patients do not respond to treatment with AP and meet criteria for Treatment-
resistant Schizophrenia (TRS).2,3 Clozapine (CLZ) is recognized as the most 
effective AP medication for TRS, but  a subgroup of  40%–70% fail to see an 
improvement with CLZ or require its suspension due to adverse effects such as 
neutropenia.4 These patients often struggle with debilitating symptoms and face 
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a higher degree of functional and social disability.5 Adjunct treatment 
strategies have been investigated, one of which is augmenting CLZ with 
Electroconvulsive therapy (ECT).6 There is some preliminary evidence 
suggesting the safety and efficacy of CLZ augmentation with ECT 
(CLZ + ECT) in TRS.7 Here we report a case of a 38 year-old female 
with TRS who responded effectively and sustained remission to this 
treatment strategy combining AP (i.e. CLZ + aripiprazole) with ECT.

case PresentatIon

A 38 yrs. old Caucasian female presented to a local emergency room 
with a 2 week history of psychotic symptoms and cognitive impair-
ment secondary to psychosis. Patient was diagnosed with TRS and has 
a history of Cannabis, Alcohol and Cocaine use disorder, but was in 
sustained remission for over 18 years under the care of assertive com-
munity treatment team (ACTT). One month prior to her presentation, 
she failed a second re-challenge with CLZ which was discontinued 
due to mild neutropenia with an Absolute Neutrophil Count (ANC) 
of 1400 μL (Normal range ANC 1500 μL in the general population). 
Patient was switched to aripiprazole (Ari) and titrated up to 20 mg/d 
and lorazepam 0.5 mg/d. However, this transition did not yield ade-
quate control of symptoms. Following her admission, the Positive and 
Negative Syndrome scale (PANSS) was administered and she scored 
135 out of 210, with prominent negative symptoms (Figure  1). Her 
acute cognitive impairment, as assessed by the St. Louis University 
Mental Status (SLUMS) exam was a total of 3. She had no significant 
past medical history or any active use of substances. After medical clear-
ance, she agreed to a voluntary psychiatric hospitalization.

Patient’s previous psychiatric admission was nearly 16 years ago, when 
she was first diagnosed with Schizophrenia at age 22. Since then, she 
had trials of quetiapine, risperidone, olanzapine and ziprasidone at 
adequate doses and duration before meeting criteria for TRS. For 9 years, 
she remained in partial remission on the most effective combination of 
AP, including CLZ 800 mg/d and ziprasidone 320 mg/d, along with 
bupropion XL 150 mg/d, clonazepam 1.5 mg/d and risperidone 3 mg/d 
as needed. Routine monthly blood draws were within normal limits for 
8.5 years until bimonthly ANC monitoring was warranted. Six months 
later, a dramatic decrease in ANC was noted over two weeks (2100 μL 
to 1700 μL) warranting biweekly blood draws. She declined this level 
of monitoring and CLZ was discontinued at age 37.

Over that next year, multiple combinations of AP were attempted, 
and she had periods of non-compliance with medications. Later, she 
was adamant about being on a single AP; hence a second CLZ trial was 
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started and titrated up to 800 mg/d, as monotherapy for 4 months, only 
to be suspended again due to mild neutropenia (ANC 1400 μL). It was 
this second CLZ discontinuation and replacement with Ari 20 mg/d 
that led to this current ER visit. Given the gravity of her presentation, 
she was re-challenged with her third CLZ trial started at 25 mg/d, and 
continued on Ari 20 mg/d.

Clinicians recognized the urgent necessity to alleviate symptoms, so 
they obtained consent from patient’s mother to implement treatment 
with right unilateral ECT combined with two AP (CLZ + Ari). In 
just 9 days, patient had a significant clinical improvement with five right 
unilateral ECT sessions as adjunct to CLZ, titrated up slowly from 25 to 
62.5 mg/d, while being maintained on Ari 20 mg/d with stable ANC 
counts at 2510 μL. Rating scales also correlated with this improvement: 
PANSS score decreased by 44% (total, and a more prominent reduction 
in negative than positive (47.8% vs. 32%) was noted. The SLUMS total 
score increased from 3 to 22, indicating the rapid response to this com-
bined treatment. Noting her improvement, patient declined any further 
ECT, which was granted as she had medical decision capacity.

Slow titration of the third CLZ trial continued due to past history 
of neutropenia, though further improvement was slight and gradual 

FIGURE 1

Positive and Negative Syndrome Scale (PANSS) was used to measure 
patient’s response to combined treatments at the 3 time points: 
baseline, following 5 right unilateral ECTs and following 12 right 
unilateral ECTs
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Abbreviations: Olz, olanzapine; Li, lithium; Ari, Aripiprazole.
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compared to the five ECT treatments. By the end of 34 days of hos-
pitalization, patient’s CLZ was titrated up to 200 mg/d, but required 
immediate discontinuation after ANC dropped to 1410 μL. CLZ was 
replaced with Olanzapine (Olz) 10 mg/d and within three days of this 
transition, ANC improved to 2100 μL. Given the prolonged hospitaliza-
tion, her notable clinical and cognitive improvement, she requested to be 
discharged. With close ACTT weekly out-patient follow-up and patient 
being at her baseline mentation with non-bothersome hallucinations, she 
was deemed stable for discharge under her family’s care on the following 
medications: Ari 20 mg/d, Olz 10 mg/d and mirtazapine 15 mg/d.

Four months later, patient discontinued Ari due to akathisia and 
lithium (1200 mg/d) was added to stabilize her mood. She has contin-
ued to decline any further re-challenges with CLZ to date due to her 
previous experiences. Eight months after the discharge from the hos-
pital, she agreed to maintenance ECT and received 12 right unilateral 
treatments to target persistent positive symptoms, while being on the 
aforementioned doses of Lithium, Olz, and mirtazapine. Not only does 
she remain in partial remission to date, she has not required any further 
hospitalizations in over two years.

dIscussIon

Treatment of TRS is challenging. A staggering 40%–70% of TRS 
patients fails to respond to CLZ or is unable to tolerate it due to adverse 
effects leaving clinicians with the difficult task of finding alternate treat-
ment strategies.4,8 This subgroup faces insurmountable disabilities, has 
higher annual medical costs, and is often subject to frequent and pro-
longed hospitalizations compared to the non-TRS patients.9,10 Multiple 
adjunct treatments to AP have been studied, including ECT. Current 
indications for the use of ECT in Schizophrenia are: prior response 
to ECT, ineffective pharmacotherapy and as second line for TRS.11 
Current data regarding this combined strategy stems mainly from case 
reports and open labeled trials, with limited information about imple-
menting CLZ + ECT in patients who previously could not tolerate 
CLZ due to developing neutropenia, like the patient in this report.12 
Our case serves as an example for the safety and efficacy of this treat-
ment strategy in TRS, especially with predominant negative symptoms.

In this reported case, clinicians required consideration of several fac-
tors in determining this patient’s suitability for treatment with combined 
AP (CLZ + Ari) with ECT, including a past history of non-compliance 
with frequent blood draws, uncertainty over reinitiating a third CLZ 
trial in a patient who failed it twice due to neutropenia, her tolerance 
of this combined therapy and balancing her autonomy, beneficence and 
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non-maleficence given limited decision making capacity on admission. 
Based on a higher benefit versus risk ratio, the gravity of clinical pre-
sentation and lack of her capacity, informed consent was obtained from 
the patient’s mother. Compared to the average ECT sessions for treat-
ment of major depression, TRS patients likely need a higher number 
of treatments, with one systematic review finding the average to be 
11.3 (range 4–20).12,13 However, our patient achieved good results with 
just five right unilateral sessions, further supporting the growing evi-
dence on the safety and effectiveness of this combined treatment strat-
egy. Her rapid shift in symptoms correlated with improved total scores 
on SLUMS. Psychopathology as assessed by the PANSS also reflected 
her good response as seen by a decrease in all sub-scales, especially with 
the highest change in negative symptoms by 47.8% (Figure 1). This is 
significant as most previous studies found that severity rating scales saw 
higher reductions in positive symptoms with either little to no change 
or worsening of the negative symptoms in TRS with combination of 
CLZ + ECT.14–16 There are likely multiple factors that may contrib-
ute to different observations between our case and others. This could 
include a much higher degree of illness severity prior to treatment, tools 
to assess severity changes (PANSS vs. other scales), combining specific  
AP like CLZ + Ari, frequency and type of ECT, patients’ age and 
duration of psychotic episode.12,17

conclusIon

The combination of AP (CLZ + Ari) with adjunct ECT is safe and 
effective in improving prominent negative and cognitive symptoms in 
patients with TRS. This case report suggests that a subgroup of patients 
with TRS could benefit from a trial of adjunct ECT combined with AP 
to achieve a rapid alleviation of positive and negative symptoms which 
allows patients to have greater functional stability. Clinicians should 
consider this treatment option when managing patients with TRS. D
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