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SUMMARY 
Background: Although an inverse relationship between body mass index (BMI) and Parkinson disease (PD) has been repeatedly re-

ported, to our knowledge, the relationship between BMI and antipsychotic-induced extrapyramidal symptoms (EPS) has rarely been stu-
died in patients with schizophrenia. Our study aimed to evaluate the relationship between BMI and EPS in patients with schizophrenia. 

Subjects and methods: Using data from the Research on Asian Psychotropic Prescription Patterns for Antipsychotics (REAP-AP) 
study, we compared the prevalence of EPS in 1448 schizophrenia patients stratified as underweight, normal range, overweight pre-
obese, overweight obese I, overweight obese II, and overweight obese III according to the World Health Organization (WHO) 
classification system for body weight status, and with underweight, normal range, overweight at risk, overweight obese I, and 
overweight obese II according to the Asia-Pacific obesity classification. 

Results: In the first step of the WHO classification system for body weight status, adjusting for the potential effects of confoun-
ding factors, the multinomial logistic regression model revealed that underweight was significantly associated with greater rates of 
bradykinesia and muscle rigidity, and a lower rate of gait disturbance. In the second step of the Asia-Pacific obesity classification, 
adjusting for the potential effects of confounding factors, the multinomial logistic regression model revealed that underweight was 
significantly associated with a higher rate of muscle rigidity. 

Conclusion: Findings of the present study consistently revealed that underweight was associated with a greater rate of muscle 
rigidity in a stepwise pattern among Asian patients with schizophrenia. Although the mechanism underlying the inverse relationship 
between BMI and muscle rigidity cannot be sufficiently explained, it is speculated that low BMI may contribute to the development of 
muscle rigidity regardless of antipsychotic "typicality" and dose in patients with schizophrenia. 

Key words: antipsychotics - Asian, body mass index (BMI) - extrapyramidal symptoms (EPS) - muscle rigidity - schizophrenia 

*  *  *  *  *  

INTRODUCTION

An inverse relationship between body mass index 

(BMI) and Parkinson disease (PD) has been reported by 

previous studies, despite several controversies. Low BMI 

has been regarded as a risk factor for PD regardless of 

the confounding factors including smoking, caffeine 

and alcohol (Logroscino et al. 2007, Noyce et al. 2017). 

5-hydroxytryptamine-1A (5-HT1A) receptor agonist can 

reduce the motor deficits in PD as well as antipsychotic-
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induced extrapyramidal symptoms (EPS) in schizo-

phrenia because serotonergic input from the dorsal 

raphe nucleus can modulate dopaminergic neurons of 

the substantia nigra. Hence, 5-HT1A receptor agonist has 

been regarded as a promising therapeutic agent for PD 

and schizophrenia (Haleem 2015, Ohno 2011). Also, 

from the viewpoint of neuro-inflammation, the micro-

glial activation associated with both PD and EPS can be 

a cause for prostaglandin release (Arora et al. 2018). 

Furthermore, because the facilitatory role of dopamine 

D2 receptor agonists on movement can be potentiated by 

blocking the cannabinoid CB1 receptor, the endogenous 

cannabinoid system has been suggested as a novel thera-

peutic target for dopamine-related diseases including 

PD and psychosis (De Fonseca et al. 2001). It can, there-

fore, be speculated that common biological underpin-

nings may be shared by both core parkinsonian symp-

toms in PD and antipsychotic-induced EPS in schizo-

phrenia. However, to our knowledge, the relationship 

between BMI and antipsychotic-induced EPS has been 

rarely studied. Therefore, using data from the Research 

on Asian Psychotropic Prescription Patterns for Anti-

psychotics (REAP-AP) study, the largest international 

collaborative psychiatric survey in Asia (Park et al. 

2018), we aimed to clarify the relationship between BMI 

and EPS in Asian patients with schizophrenia. Among 

Asian patients with schizophrenia, BMI groups were 

categorized according to the World Health Organization 

(WHO) classification system for body weight status 

(World Health Organization 1998) and the Asia-Pacific 

obesity classification (International Obesity Task Force 

2000). Additionally, we aimed to compare findings re-

garding the relationship between BMI and EPS accor-

ding to the different obesity classification systems. 

SUBJECTS AND METHODS 

As described elsewhere (Park et al. 2018), in the 

fourth REAP-AP, a consecutive recruitment of 3,744 

patients with schizophrenia was conducted from 71 

survey centers in 15 Asian countries including Bangla-

desh, China, Hong Kong, India, Indonesia, Japan, Korea, 

Malaysia, Myanmar, Pakistan, Singapore, Sri Lanka, 

Taiwan, Thailand and Vietnam from March to June 2016. 

The institutional review boards of Taipei City Hospital, 

Taipei, Taiwan (receipt number: TCHIRB-10412128-E) 

and other survey centers approved the study protocols 

and informed consent forms. All study subjects signed 

the informed consent form prior to their participation in 

the study. Using the predefined case report form, the 

baseline characteristics and pharmacotherapy-related 

details were collected by the study coordinators, under 

the supervision of clinical psychiatrists. In our study, the 

analysis of data from the REAP-AP study was per-

formed, and the subjects who met the following inclu-

sion criteria were selected: (i) a diagnosis of schizo-

phrenia according to the International Classification of 
Diseases, 10th Revision (ICD-10) (World Health Organi-

zation 1992), (ii) pharmacotherapy with antipsychotics, 

and (iii) availability of the complete Drug-induced 

Extrapyramidal Symptom Scale (DIEPSS) data (Inada 

2009, Kim et al. 2002). Finally, we included 1448 

schizophrenia patients recruited from India, Indonesia, 

Japan, Taiwan and Malaysia.  

In the first step, BMI, defined as weight in kilograms 

(kg) divided by height in meters squared (m2), was used 

to categorize schizophrenia patients into 6 groups ac-

cording to the WHO classification system for body 

weight status (World Health Organization 1998) as 

follows: underweight (<18.50 kg/m2), normal range 

(18.50–24.99 kg/m2), overweight (pre-obese (25.00–

29.99 kg/m2)), overweight obese I (30.00–34.99 kg/m2), 

overweight obese II (35.00–39.99 kg/m2), and overweight 

obese III (>40.00 kg/m2). However, compared with Euro-

peans, Asians who exhibit risks associated with obesity 

are increased in those with lower BMIs, and Pacific 

Islanders exhibit lower body fat levels for the same BMI. 

Therefore, in the second step, schizophrenia patients were 

categorized into 5 groups according to the Asia-Pacific 

obesity classification (International Obesity Task Force 

2000) as follows: underweight (<18.50 kg/m2); normal 

range (18.50–22.99 kg/m2); overweight at risk (23.00–

24.99 kg/m2); overweight obese I (25.00–29.9 kg/m2); and 

overweight obese II (>30.00 kg/m2).

The DIEPSS was used to evaluate the antipsychotic-

induced EPS among the study subjects. All the DIEPSS 

items, which are gait, bradykinesia, sialorrhea, muscle 

rigidity, tremor, akathisia, dystonia, dyskinesia and ove-

rall severity, were rated on a 5-point Likert scale with 

scores 0 (normal) to 4 (severe). The inter-rater reliabi-

lity, test-retest reliability and concurrent validity were 

assessed. According to the confirmed metric characte-

ristics, the presence of gait, bradykinesia, sialorrhea, 

muscle rigidity, tremor, akathisia, dystonia, dyskinesia 

and overall severity was indicated by a score of 2 or 

higher in each of the items and the presence of parkinso-

nism was indicated by a total sum score of 5 or higher in 

5 items including gait, bradykinesia, sialorrhea, muscle 

rigidity and tremor (Inada 2009, Kim et al. 2002). 

The Brief Psychiatric Rating Scale (BPRS) (Leucht 

et al. 2005, Overall & Gorham 1962), the Charlson Co-

morbidity Index (CCI) (Charlson et al. 1987, Quan et al. 

2005) and the Anatomical Therapeutic Chemical (ATC) 

classification (World Health Organization 2019) were 

used to evaluate the psychiatric symptoms, quantify the 

comorbid physical disease and classify the used psycho-

tropic drugs among the study subjects, respectively. The 

BPRS items - somatic concern, anxiety, emotional with-

drawal, conceptual disorganization, feelings of quilt, ten-

sion, mannerism and posturing, grandiosity, depressed 

mood, hostility, suspiciousness, hallucinatory behavior, 

motor retardation, uncooperativeness, unusual thought 
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content, blunted affect, excitement and disorientation - 

were rated on a 7-point Likert scale from scores 1 (not 

present) to 7 (very severe) (Leucht et al. 2005, Overall 

& Gorham 1962). The CCI evaluated the comorbid 

physical diseases based on their weight and was regar-

ded as a predictive factor for long-term outcome. Also, 

in our study, the CCI level was classified into 3 groups 

according to 1- and 2-year survival rates: 0-1, 2-3 and 4-

5 (Charlson et al. 1987, Quan et al. 2005). Both the 

BPRS and the CCI were validated and confirmed by the 

study findings (Charlson et al. 1987, Leucht et al. 2005, 

Overall & Gorham 1962, Quan et al. 2005). In addition, 

based on the ATC classification system (World Health 

Organization 2019), psychotropic drugs were classified 

into antipsychotics (N05A), anticonvulsants (antiepilep-

tics; N03A), antidepressants (N06A), anxiolytics (N05B 

and N05C) and antiparkinsonian drugs (N04). Accor-

ding to the definition of Tandon and coworkers (2010),

antipsychotic medications were dichotomized into first- 

or second-generation antipsychotics in an association 

with "atypicality", which is defined as a favorable anti-

psychotic effect with a reduced risk of EPS.  

In the first step for the WHO obesity classification, 

using analysis of covariance (ANCOVA) for continuous 

variables and the chi-squared ( 2) test for discrete vari-

ables, baseline characteristics and antipsychotic-induced 

EPS in schizophrenia patients with underweight, normal 

range, pre-obese, obese I, obese II, and obese III were 

compared. Multinomial logistic regression analyses were 

used to adjust for the potential effect of confounding 

factors in terms of the differences in the proportions of 

antipsychotic-induced EPS according to the WHO 

obesity classification. In the second step for the Asia-

Pacific obesity classification, using ANCOVA for con-

tinuous variables and the 2 test for discrete variables, 

baseline characteristics and antipsychotic-induced EPS in 

schizophrenia patients with underweight, normal range, at 

risk, obese I, and obese II were compared. Multinomial 

logistic regression analyses were used to adjust for the 

potential effect of confounding factors in terms of the 

differences in the proportions of antipsychotic-induced 

EPS according to the Asia-Pacific Obesity classification. 

Statistical significance was set at P<0.05 (two-tailed) for 

all the tests. All statistical analyses were conducted using 

IBM SPSS 24 (IBM Co., Armonk, NY, USA). 

RESULTS 

As shown in Table 1, among 1448 Asian patients 

with schizophrenia, the percentages of underweight, 

normal range, pre-obese, obese I, obese II, and obese III 

were 8.4% (n=122), 56.1% (n=812), 25.3% (n=366), 

7.4% (n=107), 1.7% (n=25), and 1.1% (n=16), res-

pectively. The percentage representation of the country 

( 2=60.692, P<0.0001), regional classification ( 2=21.989, 

P=0.015), income group ( 2=32.548, P<0.0001), enroll-

ment as an outpatient ( 2=41.957, P<0.0001), duration 

of illness ( 2=60.630, P<0.0001), duration of untreated 

psychosis ( 2=20.028, P=0.029), antidepressants 

( 2=21.864, P<0.0001), age (F=1767.2, P<0.0001) and 

BPRS total score (F=1325.9, P<0.0001) were signifi-

cantly different among schizophrenia patients with nor-

mal range, pre-obese, obese I, obese II, and obese III in 

terms of the WHO classification system for body weight 

status. Multinomial logistic regression analyses were 

used to adjust for the potential effects of age, regional 

classification, income group, enrollment as an outpa-

tient, duration of illness, duration of untreated psychosis, 

antidepressants and BPRS total score. Additionally, 

underweight was defined as the reference category of 

the BMI classification in the multinomial logistic re-

gression analyses. After adjusting for the effect of con-

founding factors, the presence of gait disturbance (nor-

mal range, adjusted odds ratio aOR=0.626, P=0.248; 

pre-obese, aOR=0.644, P=0.335; obese I, aOR=0.395, 

P=0.151; obese II, aOR=3.868, P=0.041; obese III, 

aOR=0.770, P=0.821), bradykinesia (normal range, 

aOR=0.518, P=0.035; pre-obese, aOR=0.246, P=0.671; 

obese I, aOR=0.387, P=0.054; obese II, aOR=1.451, 

P=0.544; obese III, aOR=1.704, P=0.474), and muscle 

rigidity (normal range, aOR=0.432, P=0.004; pre-obese, 

aOR=0.717, P=0.308; obese I, aOR=0.333, P=0.031; 

obese II, aOR=0.596, P=0.523; obese III, aOR=0.344, 

P=0.333) were significantly different among the divided 

patient groups based on the WHO classification system 

for body weight status. 

As shown in Table 2, the percentages of under-

weight, normal range, at risk, obese I, and obese II were 

8.4% (n=122), 37.1% (n=537), 19.0% (n=275), 25.3% 

(n=366), and 10.2% (n=148), respectively. The percen-

tage representation of the country ( 2=62.437, P<0.0001), 

regional classification ( 2=23.577, P=0.003), income 

group ( 2=32.841, P<0.0001), enrollment as an outpatient 

( 2=42.164, P<0.0001), duration of illness ( 2=54.674, 

P<0.0001), antidepressants ( 2=21.484, P<0.0001), and 

age (F=3557.8, P<0.0001) were significantly different 

among schizophrenia patients with underweight, normal 

range, at risk, obese I, and obese II in terms of the Asia-

Pacific obesity classification. Multinomial logistic re-

gression analyses were used to adjust for the potential 

effects of age, regional classification, income group, en-

rollment as an outpatient, duration of illness, and anti-

depressants. Additionally, underweight was defined as 

the reference category for the BMI classification in 

multinomial logistic regression analyses. After adjusting 

for the effect of confounding factors, the presence of 

muscle rigidity (normal range, aOR=0.569, P=0.035; at 

risk, aOR=0.387, P=0.003; obese I, aOR=0.241, P=0.715; 

obese II, aOR=0.430, P=0.034) and akathisia (normal 

range, aOR=0.641, P=0.176; at risk, aOR=0.440, 

P=0.034; obese I, aOR=0.643, P=0.214; obese II, 

aOR=0.436, P=0.094) were significantly different 

among the divided patient groups based on the Asia-

Pacific obesity classification system.  
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DISCUSSION 

In summary, in terms of the WHO classification 

system for body weight status, underweight (rather than 

normal range, pre-obese, obese I, obese II, or obese III) 

was associated with greater rates of bradykinesia and 

muscle rigidity and lower rates of gait disturbance 

among Asian patients with schizophrenia. Furthermore, 

in terms of the Asia-Pacific obesity classification, under-

weight (rather than normal range, at risk, obese I, or 

obese II) was associated with greater rates of muscle 

rigidity and akathisia. Although different obesity classi-

fication systems were used, our findings consistently 

revealed that underweight was associated with a greater 

rate of muscle rigidity, in a stepwise pattern, among the 

1448 Asian patients with schizophrenia.  

Previous investigations on the relationship between 

BMI and muscle rigidity have been rare and insuf-

ficient. Since muscle rigidity is regarded as a typical of 

PD, based on the speculations about the relationship 

between BMI and PD (Logroscino et al. 2007, Noyce et 

al. 2017), an inverse relationship between BMI and 

muscle rigidity can be elucidated. First, the alterations 

in the autonomic nervous system, which are associated 

with appetite or metabolism regulation, may increase 

the vulnerability to muscle rigidity. The appetite and 

weight regulation is closely implicated in hypothalamus. 

Also, schizophrenia patients usually have structural and 

functional disturbances in the hypothalamus (Klomp et 

al. 2012). Thus, there is a possibility that the hypotha-

lamic disturbances may precede the decrease in BMI 

and vulnerability to muscle rigidity in patients with 

schizophrenia. Second, increased body fat may have a 

protective effect on the vulnerability to EPS in patients 

with schizophrenia (Cheshire & Wszolek 2005). 

Namely, the levels of circulating and central insulin, 

which can be affected by the high level of BMI, may 

reduce neurodegeneration (Craft and Watson 2004). 

Third, brain-derived neurotrophic factor (BDNF) and 

regulatory-associated protein of mTOR (RAPTOR) have 

been proposed as the candidate genes for the link 

between BMI and PD (Logroscino et al. 2007, Noyce et 

al. 2017). Since BDNF is a potential therapeutic agent 

for neurodegenerative diseases (Nagahara & Tuszynski 

2011) and RAPTOR contributes to the links between the 

mTOR pathway, macroautophagy, and PD (Bove et al. 

2011), these genes may also be associated with the 

inverse relationship between BMI and muscle rigidity. 

Fourth, poor nutrition-related weight loss, anemia, and 

other physical complications might be a contributory 

factor to the occurrence of muscle rigidity. 

Our study has several limitations. First, the REAP-

AP was designed as a cross-sectional study. The infe-

rences about temporal causality were limited. Second, 

physical activity may be inversely associated with both 

BMI and EPS (Xu et al. 2010). Third, the possibility 

that statistical significance may be different from 

clinical significance cannot be excluded. The potential 

effects of physical activity on the relationship between 

BMI and EPS were not adjusted in our study. Despite 

these limitations, our study sufficiently demonstrates 

that the BMI is inversely related with muscle rigidity 

in Asians with schizophrenia. Our findings suggest 

that low BMI may be a risk factor for motor rigidity 

irrespective of antipsychotic "typicality" and dose in 

patients with schizophrenia. 

CONCLUSION 

Findings of the present study consistently revealed 

that underweight was associated with a greater rate of 

muscle rigidity in a stepwise pattern among Asian 

patients with schizophrenia. Although the mechanism 

underlying the inverse relationship between BMI and 

muscle rigidity cannot be sufficiently explained, it is 

speculated that low BMI may contribute to the 

development of muscle rigidity regardless of anti-

psychotic "typicality" and dose in patients with 

schizophrenia. 
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