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Abstract
A large proportion of individuals with schizophrenia show an inadequate response to treatment with antipsychotics. It can be unclear whether this
is secondary to subtherapeutic antipsychotic plasma levels or to medication ineffectiveness. The purpose of the present study was to determine the
extent of subtherapeutic antipsychotic plasma levels in a group of patients clinically identified as treatment-resistant. In addition we investigated the
frequency of antipsychotic plasma level monitoring in standard clinical practice. Antipsychotic plasma levels were measured in 36 patients identified
as having treatment-resistant schizophrenia by their treating clinicians. Sixteen (44%) patients showed either undetectable (19%) or subtherapeutic
levels (25%), and 20 (56%) patients had levels in the therapeutic range. Subtherapeutic plasma levels were significantly associated with black
ethnicity, shorter duration of current treatment and antipsychotics other than olanzapine and amisulpride. Antipsychotic plasma levels had been
measured in only one patient in the year prior to our study. We found over one-third of patients identified as treatment-resistant have subtherapeutic
antipsychotic levels. This indicates that they may be under-treated rather than treatment-resistant, and thus should receive different management.
Currently the measurement of antipsychotic levels may be under-utilised.
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Introduction
About one-third of patients with schizophrenia are treatment
resistant (Mortimer et al., 2010). Definitions of treatment resistance in schizophrenia vary in the stringency of their criteria
(Suzuki et al., 2012). A universally necessary condition is that
patients should have not responded satisfactorily to adequate
treatment. Adequate treatment typically refers to taking antipsychotic medication at a therapeutic dose for a sufficient duration
(National Institute for Health and Care Excellence, 2014; Suzuki
et al., 2012; Taylor et al., 2012). The rationale for this specification is to ensure that patients receive sufficient exposure to an
antipsychotic prior to it being deemed ineffective. This inference
is unlikely to be valid, however, if the antipsychotic plasma level
is sub-therapeutic, be that secondary to poor-adherence or to
pharmacokinetic factors.
Multiple factors can contribute to sub-therapeutic drug plasma
levels. These include the rapid metabolism of antipsychotics due to
genetic factors (Nikisch et al., 2011) or the use of substances that
induce metabolic enzymes, such as smoking in the case of olanzapine (Patel et al., 2011). Poor absorption of the drug from the gastrointestinal tract could also play a role (Gandelman et al., 2009).
Adherence also has a major impact, and is recognised as a problematic issue throughout medicine (Stephenson et al., 1993). Within
psychiatry, adherence can become especially relevant due both to
the high side effect burden associated with many psychotropic medications (Lambert et al., 2004), and also as a result of the lack of
insight that frequently accompanies psychotic disorders (Bartkó et
al., 1988). The concept of adherence occupies a spectrum and there

is no universal definition (Velligan et al., 2006). In both research
and clinical practice, patient self-report and clinician opinion are the
most common methods used for identifying non-adherence. These,
however, are often unreliable when compared to more objective
measures such as medication blood plasma levels, pill counts or
direct observations (Velligan et al., 2007).
The monitoring of antipsychotic plasma levels is recommended when adherence is in doubt or response is inadequate
(Taylor et al., 2012; Velligan et al., 2009). However, apart from
clozapine, this is rarely performed in clinical practice (Conca et
al., 2011). Current guidelines (Gardner et al., 2010; National
Institute for Health and Care Excellence, 2014; Taylor et al.,
2012) do not state whether plasma level monitoring should be
used in assessing treatment resistance, but local guidelines recommend their use (Beck et al., 2014). Notwithstanding this,
accurately determining plasma levels in this population is of
major importance as a diagnosis of treatment resistance implies
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the patient should be offered clozapine whereas subtherapeutic
antipsychotic plasma levels will be managed quite differently
(National Institute for Health and Care Excellence, 2014).
However, it is not known how common subtherapeutic plasma
levels of antipsychotic treatment are in patients who are identified as treatment-resistant. Our primary aim was therefore to
determine the extent of subtherapeutic antipsychotic levels in a
group of patients who had been designated as treatment-resistant
by their treating community mental health team.
Secondary aims were to examine how frequently plasma level
monitoring is used in clinical practice when evaluating treatment
resistance and to identify potential risk factors associated with
subtherapeutic plasma levels in this patient population. We also
investigated the relationship between antipsychotic plasma levels
and inpatient admission rates.

Materials and methods
Participants
Potential participants were all patients referred to an outpatient
service for the assessment and management of treatment-resistant schizophrenia between January 2012 and September 2013.
Referrals are accepted from all the community mental health
teams in Lambeth and Southwark in South East London (total
population 591,400) (Office of National Statistics, 2011). The
most common reason for referral is for consideration of clozapine initiation. As such referring clinicians were of the opinion
that the patient had had an adequate trial of at least two antipsychotics. To be included in the study patients needed to be referred
for a treatment-resistant psychotic disorder, to be taking an oral
antipsychotic other than clozapine, and to consent to give a
blood sample for antipsychotic plasma level testing. Patients
taking clozapine were excluded from the study. The audit committee of the South London and Maudsley NHS foundation trust
approved the study.

Measurements
Thirty-six patients met inclusion criteria and were included in the
study. As part of their assessment the Positive and Negative
Syndrome Scale (PANSS) was completed and treatment history
was recorded. The dose of each drug was converted into chlorpromazine equivalents (using the method specified in Gardner et
al. (2010)). Further details including ethnicity, diagnosis, current
medication dose and length of current treatment were obtained
during the assessment and from patient notes. In addition patient
notes were later reviewed to see if there had been any inpatient
admissions during the period following the initial assessment up
until February 2014. In order to determine the extent of plasma
level monitoring in standard clinical practice, patient notes and
laboratory records were reviewed to see if antipsychotic plasma
levels had been measured by the patient’s referring team in the year
prior to the assessment.
Blood samples were taken at the time of initial assessment
(ethylenediaminetetraacetic acid–anticoagulated whole blood).
The samples were analysed using liquid chromatography-tandem
mass spectrometry at the local hospital laboratory (Fisher et al.,
2013). Lower limits of quantification were as follows: aripiprazole and dehydroaripiprazole 5 µg/L; amisulpride, and quetiapine

Table 1. Demographic and clinical data.
n

36

Age in years (SD)
Male gender, n (%)
Ethnicity, n (%)

40.6 (11.1)
28 (78)
19 (53)
11 (31)
6 (17)
27 (75)
7(19)
2(6)
19 (53)
6 (17)
5 (14)
2(6)
3 (8)
1 (3)
586 (251)

Black
White British
Other
Diagnosis, n (%)
Schizophrenia
Schizoaffective
Other
Antipsychotic, n (%)
Olanzapine
Amisulpride
Aripiprazole
Quetiapine
Risperidone
Haloperidol
Daily dose - chlorpromazine equivalent12, mean
(SD)
Length of treatment with current antipsychotic
in months (SD)
PANSS, mean (SD)
Positive
Negative
General
Total

57 (49)
21.7 (9.9)
16.7 (6.9)
39.1 (13.8)
77.1 (25.2)

PANSS: Positive and Negative Syndrome Scale; SD: standard deviation

2 µg/L; olanzapine, risperidone and 9-hydroxyrisperidone, 1
µg/L. Coefficients of variation were 8% or less across the assay
ranges.
If a participant was on multiple antipsychotics only the medication taken at the highest dose (expressed as chlorpromazine
equivalents) was included in the analysis. To be classified as
therapeutic an individual’s plasma level had to be above a minimum target concentration as specified in the Maudsley
Prescribing Guidelines (Taylor et al., 2012). For amisulpride this
was 200 µg/L, for aripiprazole 150 µg/L, for olanzapine 20 µg/L,
for quetiapine 100 µg/L, and for risperidone 20 µg/L (total risperidone and 9-hydroxyrisperidone) (Taylor et al., 2012). Levels
were classified as subtherapeutic if the level was measurable but
below the minimum, and as undetectable if no antipsychotic was
detected.

Statistical analysis
Analyses were carried out using commercial software (IBM
SPSS Statistics for Macintosh, Version 21.0. Armonk, New
York, USA: IBM Corp). Normally distributed continuous variables were compared using the independent samples t-test.
Mann–Whitney U tests were used to compare groups on any
continuous variable with a significant deviation from normality
at p<0.05 as measured using the Shapiro–Wilks test. Categorical
variables were compared Fisher’s exact test. Survival curves
were estimated using the Kaplan-Meier procedure. The hazard
ratio was calculated using Cox’s regression model and the significance of differences between the two groups was measured
by the Mantel–Cox log-rank test. All tests were two tailed with
p<0.05 identified as significant.
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Table 2. Relationship between plasma levels and demographic/clinical factors.

n, %
Age in years (SD)
Male gender, n (%)
Ethnicity, n

White British/ other
Black
Diagnosis, n
Schizophrenia
Schizoaffective
Other
Antipsychotic, n
Olanzapine or Amisulpride
Other
Length of treatment with current antipsychotic in months (SD)
Daily dose - chlorpromazine equivalent12, mean (SD)
Average level, % min range (SD)
PANSS, mean (SD)
Positive
Negative
General
Total
Admission, n (%)
Antipsychotic plasma levels measured in the previous year

Therapeutic level

Subtherapeutic/ undetectable

20 (56)
43 .1 (11.0)
16 (80)
12
7
15
5
0
17
3
79 (48)
664 (294)
354 (232)
20.2.4 (9.9)
17.4 (7.1)
36.2 (12.2)
73.8 (22.8)
1 (5)
0

16 (44)
37.6 (10.8)
12 (75)
4
13
12
2
2
8
8
30 (32)
487 (138)
37 (25)d
23.1 (10.0)
16.1 (6.9)
41.7 (15.0)
80.3 (27.8)
3 (19)
1

p
0.15a
0.51b
0.02b
0.29b

0.03b
0.001c
0.06a
0.38c
0.63a
0.24c
0.58c
0.19e

PANSS: Positive and Negative Syndrome Scale: SD: standard deviation.
aIndependent samples t-test; bFisher’s Exact test; cMann-Whitney; dundetectable values not included in calculation; eMantel-Cox log rank.

Results

Relapse

Demographics
Demographic details of the 36 participants for whom plasma levels were obtained are shown in Table 1. PANSS scores were not
available for two of the participants with subtherapeutic levels
and for seven of the therapeutic level group.

Hospitalisation rates in the period following assessment were
lowest in the group with therapeutic plasma levels (5% of patients
were hospitalised) compared to the subtherapeutic group (19%),
though this did not reach statistical significance (p=0.18, log rank
test, hazard ratio 4.22, 95% confidence interval (CI) 0.43–41.4).
Survival curves are shown in Figure 1.

Antipsychotic plasma levels

Discussion

Of the 36 participants included in the study 20 (56%) were classified
as having a therapeutic plasma level, 16 (44%) were classified as
subtherapeutic, and of these seven had no antipsychotic detectable in
their plasma sample. The plasma levels classified as therapeutic had
a mean (S.D.) concentration of 354 (232)% of the minimum target
concentration, whereas those classified as subtherapeutic had a
mean of 37 (25)% (excluding those with an undetectable level).
Three participants were prescribed multiple antipsychotics.
One was prescribed aripiprazole 30 mg and olanzapine 10 mg,
another amisulpride 900 mg and olanzapine 20 mg, and another
was receiving a pipotiazine depot and also prescribed olanzapine
20 mg. Of these, three had levels above the minimum target concentration while one was below.
Only one participant had had antipsychotic plasma levels
measured by their treating clinical team in the year prior to their
assessment.
The relationship between plasma levels and various clinical
and demographic factors is shown in Table 2. Individuals with
subtherapeutic plasma levels were significantly more likely to be
of black ethnicity, to be taking an antipsychotic other than olanzapine or amisulpride and to have been treated with their current
antipsychotic for a shorter duration.

Our main finding is that 44% of patients on oral antipsychotics
who were identified by their treating team as having treatmentresistant schizophrenia were found to have subtherapeutic antipsychotic plasma levels. To our knowledge this is the first study to
have examined antipsychotic plasma levels in this population.
The proportion of patients with undetectable antipsychotic
plasma levels was 19%. For comparison purposes, out of 2929 routine clinical samples sent for antipsychotic plasma level measurement for a range of clinical indications, at the same drug monitoring
service, only 6% had undetectable levels (Fisher et al., 2013).
Black participants were significantly (p=0.02) more likely to
show subtherapeutic plasma levels, with only 35% of black individuals having adequate levels compared to 75% of individuals
from non-black ethnic backgrounds. This result is in accordance
with previous research suggesting that black patients are more
likely to be non-adherent (Valenstein et al., 2004). Other factors
may also contribute, for example there is some evidence that
black ethnicity is associated with greater olanzapine clearance
than other ethnic backgrounds (Bigos et al., 2008).
A significantly higher proportion of participants taking olanzapine and amisulpride had therapeutic plasma levels (68% therapeutic) compared to other medications (27% therapeutic). Although
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Figure 1. Time to hospitalisation for patients with therapeutic plasma levels (green line) and those with levels below the minimum therapeutic
range (blue line).

there is the possibility this finding could have been amplified by a
lack of correspondence between various therapeutic ranges; this is
in agreement with evidence suggesting these drugs are the most
effective and least discontinued of non-clozapine antipsychotics
(Leucht et al., 2013). Participants with subtherapeutic plasma levels
had on average been taking their current antipsychotic for a significantly (p=0.001) shorter period (30 months) than those with adequate levels (79 months).
The association between poor adherence and increased rates of
hospital admission is well established (Law et al., 2008; Weiden et
al., 2004). Possibly due to the small sample size the rate of hospital
admission was not significantly different between individuals with
adequate plasma levels and those with subtherapeutic levels.
The fact that only one participant had had plasma levels
monitored in the previous year suggests this may be an underutilised resource in assessing adherence, particularly when determining whether a patient is treatment-resistant. These findings
have relevance for current guidelines (National Institute for
Health and Care Excellence, 2014; Taylor et al., 2012) on the
assessment and management of treatment resistance which at
present do not explicitly refer to measuring antipsychotic
plasma levels.

Strengths of the current study
While previous research has suggested that non-adherence with
medication is a risk factor for later development of treatment
resistance (Huber et al., 2008) this is the first study to specifically
examine anti-psychotic plasma levels in a group of patients
believed to be treatment-resistant. The broad inclusion criteria
mean the study sample is representative of a general clinical population. Although a treatment responsive control group is not
included, the findings still have relevance for clinical practice as
they show a proportion of patients considered to be treatment
resistant may have not had sufficient exposure to antipsychotics
for this conclusion to be drawn.

Limitations of the current study
Antipsychotic plasma levels can be seen as a gold standard in
terms of objectivity. In isolation, however, they are unable to
indicate the reasons for a low level. A subtherapeutic plasma
level could be due to an individual’s rapid metabolism, reduced
drug absorption or poor adherence.
In addition levels are dependent on the length of time since
the last dose, and samples were not taken at a set time. When
viewed as a marker of adherence, plasma levels only reflect the
patient’s most recent behaviour and so can both over or underestimate the general pattern of adherence. For the majority of
antipsychotics, reference ranges refer to trough samples so our
results may in fact overestimate the number of patients with a
therapeutic level. The one exception in the study is olanzapine
where a 20–40 µg/L range is for a 12 h post dose sample (Perry,
2001), and so the classification of some levels as subtherapeutic
could be related to timings of samples if they were taken late in
the day. This is unlikely to have had a major impact though seeing as patients taking olanzapine were some of the most likely to
have a therapeutic level. Furthermore, the long plasma half-life
of olanzapine means sample timing is less likely to have a significant effect on the measured plasma concentration (Kassahun
et al., 1997).
While one can conclude that a patient with undetectable
plasma levels has been non-adherent for a period, the dividing line
between full and partial adherence is more arbitrary, and the reference ranges for different antipsychotics are not absolutely equivalent. That being said, the average level was markedly higher in the
therapeutic level group. In addition, measuring trough levels
could have allowed conclusions to be drawn about what proportion of patients may be exposed to overly high plasma levels of
anti-psychotics.
As only 36 participants were included in the study the power
to detect statistically significant risk factors for non-adherence
was limited. While a number of statistically significant findings
were observed, only the finding relating to differences in length
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of current treatment would survive a Bonferroni correction for
multiple comparisons. Future studies should include a control
group of treatment-responsive patients to enable comparisons as
to the prevalence of subtherapeutic levels in each group.

When should plasma levels be monitored?
Guidelines for therapeutic drug monitoring encourage its use in
cases of suspected non-adherence or a lack of treatment response
(Hiemke et al., 2011). This recommendation, however, is not present in guidelines for the assessment of treatment resistance.
With the exception of clozapine, testing of antipsychotic plasma
levels is not part of routine clinical practice. This was the case in
our study with only one participant having had antipsychotic
plasma levels monitored in the previous year. The rationale for
this is often that it is better practice to titrate medication dose
against clinical response than a plasma level. This is an appropriate strategy when clinical response is satisfactory.
However if response is unsatisfactory, assuming medication
ineffectiveness without further inquiry may be premature. Partial
or non-adherence occurs in close to half of patients (Lacro et al.,
2002) and patient self-report or clinician opinion tends to markedly overestimate adherence compared to more objective measures (Velligan et al., 2007, 2009). Accurately determining
adherence, or investigating pharmacokinetic factors, may be of
lesser importance if a patient remains relatively well. However,
where a patient is considered treatment-resistant this is clearly
not the case and establishing that the patient has received adequate exposure to an antipsychotic is critical to their on-going
management, at least until a diagnostic test for resistant schizophrenia is developed (Demjaha et al., 2012). While the relationship between plasma level and clinical response is not well
defined for all antipsychotics (Mauri et al., 2007), a trial of an
antipsychotic cannot be considered adequate if the plasma level
is well below the suggested minimum level.
Monitoring may not be suitable in all situations. Cost and lack
of availability may be significant barriers. Whether these obstacles
are insurmountable will likely depend on the location and funding
of the clinical service. At the South London and Maudsley NHS
Foundation Trust, plasma level monitoring is available for about
£35 per test at the Toxicology Unit, Department of Clinical
Biochemistry, King’s College Hospital, London, UK. This cost
needs to be weighed against the potential cost saving of identifying
medication that is prescribed but not taken as well as the potential
clinical benefit. Given that costs for new antipsychotics are £150
–£250/month (Taylor et al., 2012), potential cost savings may be
large. Lack of access to plasma level monitoring may also be a
problem for patients taking typical antipsychotics, as the availability of assays for these drugs is limited (Flanagan, 2006).
Monitoring can have disadvantages. Plasma levels provide
only a snapshot in time, and in chronic psychiatric conditions
adherence tends to decline with time (Kane, 1985; Razali and
Yahya, 1995). In addition there are common risk factors for nonadherence (Higashi et al., 2013) and treatment resistance (Huber
et al., 2008), and medication ineffectiveness is one of the primary
reasons for non-adherence (Adams and Howe, 1993; Velligan et
al., 2009). As such, a patient who has a subtherapeutic level may
well be treatment-resistant. There are routinely significant delays
in patients receiving treatment with clozapine, with underuse
more of a concern than overuse (Howes et al., 2012). Furthermore,

there is evidence that clozapine may improve adherence
(Valenstein et al., 2004). It could be argued that the use of plasma
level monitoring risks further prolonging ineffective treatments.
However, if it is felt that further time is needed to address the
cause of a subtherapeutic level the additional delay in starting
clozapine will be insignificant compared to the average delay of
four years seen in clinical practice (Howes et al., 2012). There is
an argument for plasma levels to be used early in treatment when
poor response is first apparent – thereby potentially clarifying
adherence, pharmacokinetic factors and accelerating the route to
clozapine.
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