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Objective: Classical studies demonstrated Neuroleptic Induced Extrapyramidal Side—effects (NIES; Neuroleptic threshold) to cor—
relate with the efficacy of first generation antipsychotics, Second generation antipsychotics (SGASs), in addition to the ex—
trapyramidal side effects, are also associated with metabolic side effects, This prospective study on antipsychotic—naive schizo—
phrenia patients, for the first—time, examined concurrently the relationship between clinical improvement and these side—effects
NIES and Neuroleptic Induced Metabolic Side—effects,

Methods: Thirty six—antipsychotic—naiive schizophrenia (DSM—IV) patients were examined at baseline and after 5 weeks of treatment
with antipsychotics, At baseline and follow—up, we recorded the body mass index (BMI) and assessed psychopathology using Scale
for Assessment of Positive—symptoms (SAPS) and Scale for Assessment of Negative—symptoms (SANS), extrapyramidal symptoms
using Simpson—Angus Extra Pyramidal Scale (SAEPS) and improvement using Clinical Global Impression Improvement (CGl).
Results: After treatment, patients showed significant reduction in SAPS (baseline, 27,97 +14.47; follow—up, 14.63+13.25; p<0.001)
and SANS total scores (baseline, 63.77£28.96; follow—up, 49.30+2877; £=0.001) and a significant increase in BMI (baseline,
18,5+3.37; follow—up, 19.13+3.17; p<0.001), At follow—up CGl-Improvement score was (2,55+0.65) and SAEPS score was
(0.8+1.32). CGlI-Improvement score had a significant negative correlation with magnitude of increase in BMI (re=—0.39; p=0.01)
and SAEPS symptom score at follow—up (rs==—0.58; »<0.001), In addition, magnitude of increase in BMI showed positive correla—
tion with the magnitude of reduction in SAPS total score (rs=0.33; ©=0.04).

Conclusion: The study findings suggest a possible relation between clinical improvement and antipsychotic—induced neuroleptic
as well as metabolic side—effects in schizophrenia, Though the mechanism of this relation is yet to be elucidated, insulin signaling
pathways and lipid homeostasis are potential mechanisms in addition to the established neurotransmitter hypothesis, Theoretically
findings support the novel hypothetical construct of ‘Neuro—Metabolic threshold” in the treatment of schizophrenia,
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INTRODUCTION

The antipsychotic efficacy of first generation anti-
psychotics (FGA) was shown to be associated with
“neuroleptic” side effect of the drug and gave rise to neu-
roleptic threshold theory. According to this theory, the
minimum effective dose of antipsychotic correlates with
appearance of fine motor symptoms and about half of
acute schizophrenia patients responded to this dose."”
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This was supported by the findings of imaging studies
which suggested a minimum of 50% D2 occupancy by an-
tipsychotic for a clinical response and 80% striatal D2 re-
ceptor occupancy for extra-pyramidal symptoms (EPS).3'5)

On the other hand atypical antipsychotics in addition to
extrapyramidal side-effect (though less than FGA) are al-
so associated with excessive weight gain and related met-
abolic side effects.”” Interestingly, increasing number of
reports support a significant relationship between benefi-
cial therapeutic effects and antipsychotic-induced weight
gain.*” Indeed, link between weight gain and favorable
therapeutic response has been documented even during
the era of FGA.'” Among the atypical antipsychotics, the
link between weight gain and better clinical outcome has

.89 . 10,11
been demonstrated for clozapine, ) olanzapine ) as
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well as risperidone.'>"”

However, most of these studies are post hoc analysis or
retrospective studies and we are unaware of any study that
has prospectively examined concurrently the relationship
between clinical improvement and these side-effects -
Neuroleptic Induced Extrapyramidal Side-effects (NIES)
and Neuroleptic Induced Metabolic Side-effects (NIMS).
Thus, we, for the first time, examined concurrently the re-
lationship between clinical improvement and NIES and
NIMS in antipsychotic-naive schizophrenia patients. We
hypothesized that increase in NIMS and NIES would pos-
itively correlate with reduction in psychopathology and
clinical improvement.

METHODS

Patients attending the clinical services of the National
Institute of Mental Health and Neurosciences (India), who
fulfilled Diagnostic and Statistical Manual of Mental
Disorders (DSM)-IV criteria for schizophrenia and were
never treated with any antipsychotics medications and not
having substance abuse were referred by the screening
clinical psychiatrist to the “Metabolic Clinic in Psychia-
try” as a part of ongoing neurobiological studies in
schizophrenia. Among these, 36 patients (age, 30.28+7.8
years; 25 women) who fulfilled all the study criteria
(antipsychotic-naive status at baseline, no co-morbid sub-
stance dependence, treatment with risperidone as de-
termined by the clinician, no co-morbid chronic medical
disease) are described in this report. The diagnosis of
schizophrenia was established using Mini International
Neuropsychiatric Interview Plus. 'Y The details related to
illness onset and antipsychotic-naive status were carefully
ascertained by reliable information obtained from at least
two adult relatives (with minimum one being a first-de-
gree relative/spouse). The age-at-onset of psychosis was
27.3748.16 years and duration of untreated psychosis was
34.72+31.08 months. Psychosis symptoms were assessed
using Scale for Assessment of Positive-symptoms (SAPS)IS)
and Scale for Assessment of Negative-symptoms (SANS).
Body mass index (BMI; kg/m’) was calculated for all sub-
jects as per their weight (kg) and height (m). The propensity
to develop diabetes mellitus was assessed in all subjects us-
ing the Simplified Indian Diabetes Risk Score (SIDRS)."”
All subjects had a SIDRS of <50.

Patients were examined to rule out any substance
dependence. None had history or clinical feature sugges-
tive of neurological/medical disorder. None had abnormal
movements as assessed by Abnormal Involuntary Move-

16)

ments Scale. Baseline clinical assessments were per-
formed on the same day before starting antipsychotics.
After complete description of study to the subjects, writ-
ten informed consent was obtained. The study had the ap-
proval of the institute’s ethics committee. Subsequent to
baseline assessments, the patients were started on risper-
idone (4.05+0.53 mg/day). Follow-up assessments were
done after about 5 weeks of treatment with antipsychotics
(meantstandard deviation, 34.1+4.1 days). During fol-
low-up, the patients were re-examined using the same
clinical rating scales as during baseline assessments; a
comprehensive account of interval history was carefully
ascertained and the adherence to antipsychotic treatment
was ensured as per reliable information obtained from the
care-giver.

The statistical analyses were performed using the
Statistical Package for Social Sciences (version 11; SPSS
Inc., Chicago, IL, USA). The socio-demographic data were
analyzed using the Independent samples t-test and the chi
square test. Paired samples t-test was used to examine for
differences between baseline and follow-up assessments.
Pearson’s test was used to perform correlational analyses.
The statistical significance was set at p <0.05 (two-tailed).

RESULTS

After treatment, patients showed significant reduction
in SAPS and SANS total scores (Table 1). BMI was sig-
nificantly increased during follow-up assessments in
schizophrenia patients (Table 1). The Clinical Global
Impression Improvement (CGI)-Improvement score was
2.55+0.65. None of them had extrapyramidal symptoms at
baseline and the extrapyramidal symptom score during
follow-up was 0.8+1.32. The magnitude of increase in
BMI was calculated by subtracting the baseline value
from the follow-up value (i.e., Follow-up minus Base-
line). The magnitude of reduction in SAPS total score was
calculated by subtracting follow-up score from baseline

Table 1. Comparative profile of Schizophrenia patients at
baseline and follow-up

: . Analysis
Variable Baseline Follow-up
(N=36) (N=36) +* o
SAPS score 27.97+14.47 14631325 609 <0.001
SANS score 63.77+28.95 49.30+28.77 3.58 0.001
BMI (kg/m?) 18.5+3.37 19.13+3.17 470  <0.001

Values are presented as meantstandard deviation.

*Paired samples t-test.

SAPS, Scale for Assessment of Positive-symptoms; SANS, Scale for
Assessment of Negative-symptoms; BMI, body mass index.
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score (Baseline minus Follow-up). The magnitude of re-
duction in SANS total score was calculated by subtracting
follow-up SANS total score from baseline SANS total
score (i.e., Baseline minus Follow-up).

The magnitude of reduction in SAPS total score showed
significant positive correlation with the increase in BMI
(r=0.33; p=0.04) as well as extrapyramidal symptom score
at follow-up (r=0.37; p=<0.02). The CGI-Improvement
score (the lower the score better the improvement) had a
significant negative correlation with magnitude of increase
in BMI (r&=—0.39; p=0.01) and extrapyramidal symptom
score at follow-up (r=—0.58; p=<0.001). That is higher the
increase in BMI and extrapyramidal score, better was the
clinical improvement.

To control for the potential confounding effects of anti-
psychotic dose effect, we re-analyzed the relationship be-
tween the CGI-Improvement score and the neuro-metabolic
side-effect scores (i.e., extrapyramidal symptoms as well as
change in BMI) using partial correlation analysis with chlor-
promazine equivalence as the confounding variable. The sig-
nificance of the correlations persisted even after partialling
out the potential antipsychotic dose effect (CGI-Improvement
score and BMI change [r=-0.46; p=0.004]; CGI-Improvement
score and EPS score [r=-0.42; p=0.009]).

DISCUSSION

To the best of our knowledge, this is the first study to ex-
amine prospectively the link between clinical improve-
ment and both NIMS and NIES in antipsychotic-naive
schizophrenia patients. In this study, we observed that
greater the EPS and weight gain the greater was the clin-
ical improvement. The study findings are in tune with the
neuroleptic threshold hypothesis described earlier and al-
so with earlier studies. The novel finding is the significant
negative correlation between CGI-improvement and BMI
suggesting the higher the weight gain the greater the
improvement. The findings are in accord with earlier stud-
ies which had documented relation between weight gain
and therapeutic response on posthoc or retrospective
analysis.lg)

Different theories have been proposed to explain the re-
lation between metabolic side effects due to antipsychot-
ics and clinical improvement. Insulin signalling pathway
abnormalities have been proposed to explain the intrigu-
ing relation between the therapeutic efficacy and magni-
tude of metabolic disturbances.'”

Different studies have shown abnormalities in Insulin
signalling pathway in schizophrenia. Though these could

be secondary to antipsychotic treatment, insulin resistance
has been reported even in the pre-neuroleptic era and anti-
psychotic-naive schizophrenia patients were shown to
have significantly increased insulin resistance.'”*” Also
in our earlier study, schizophrenia patients had a sig-
nificantly higher plasma insulin level and mean insulin re-
sistance scores but a lower plasma insulin-like growth fac-
tor-1 levels.”” The mechanistic basis for the dopamine
link being common to both NIMS and NIES is im-
pressively elucidated in a comprehensive review. Insuling
signalling system is linked with Akt/GSK pathways. It has
been traditionally documented that dopamine receptors
being associated with G-protein regulation and cyclic
AMP/protein kinase A signalling. However recent devel-
opments have uncovered a cyclic AMP-independent
mechanism of dopaminergic behaviors and signaling that
involves Akt/GSK pathways at the D2 receptor. Dopa-
mine transporter (DAT) knockout mice exhibit hyper-
active behaviors and stereotypic movements. Interestin-
gly, these DAT knockout mice demonstrated Akt/GSK ab-
normalities in their striatum that improved with dopamine
depletion and by D2 receptor antagonism. It is noteworthy
that inhibition of GSK-3 in DAT knockout mice also in-
hibited the dopamine-dependent behaviours."” These
novel insights might explain the shared mechanistic basis
for NIMS and NIES in schizophrenia and potentially offer
the theoretical support to the concept of ‘Neuro-Metabolic
Threshold’.

It is important to note that evaluation of evidence for
neuro-metabolic threshold in a naturalistic clinical study
is difficult especially in context various potential con-
founding factors (duration and severity of clinical symp-
toms, inpatient or outpatient treatment, starting dosage
and dose range of antipsychotics, evaluation of symptoms
and titration method of antipsychotics, influence of other
medications such as anticholinergics and benzodiaze-
pines). Given this myriad of potential confounding varia-
bles, we consider that our modest attempt in elucidating
such evidence is strengthened by the following methodo-
logical issues: evaluation of antipsychotic-naive schizo-
phrenia patients, analysing the patients who were treated
uniformly with risperidone (as decided by the treating
clinician); however, further studies need to address other
potential confounding factors that could not be controlled
in this study.

In conclusion, our study findings are in support of the
possibility of a relation between antipsychotic induced ad-
verse effects (NIMS and NIES) and therapeutic effects.
Though the mechanism of this relation is yet to be eluci-
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dated, both receptor level and intracellular pathways may
play a significant role. Abnormalities in dopamine system
and insulin signalling pathway and their interactions may
underlie both the pathogenesis and therapeutic effects of
antipsychotics. However, the evidence to support the ac-
tion of antipsychotic through insulin signalling pathway is
preliminary and further studies are needed. In conclusion,
there is a possibility of neurometabolic threshold with sec-
ond generation antipsychotic treatment in schizophrenia,
however further molecular studies are needed to ascertain
a cut-off for metabolic threshold similar to neuroleptic
threshold.
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