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Background 
Schizophrenia is a complex and heterogeneous mental disorder and response to treatment varies 

depending on the nature of presenting symptoms. Electronic health records (EHRs) contain detailed 

information on the presenting symptoms of mental disorders. Natural language processing (NLP) can 

automatically extract symptom data from free text EHR documents. We applied NLP to EHR data to 

identify the presence of positive and negative symptoms in people with schizophrenia and assessed 

their associations with clinical severity measured using the Clinical Global Impression – Severity Scale 

(CGI-S) and with psychiatric hospitalization. 

Methods 
Data were obtained from 4,440 patients using Holmusk’s NeuroBlu™ platform, a Trusted Research 

Environment that supports the assembly and analysis of data from the MindLinc EHR system. 

MindLinc includes structured data from over 560,000 patients receiving care from 25 U.S. mental 

healthcare providers, including sociodemographics, psychiatric diagnoses, prescribed medications, 

CGI-S and psychiatric hospitalization, as well as NLP-derived data on symptoms documented during 

the Mental State Examination (MSE). The index date was defined as the date of the first recorded 

clinical event in the EHR. Data on 14 positive symptoms and 15 negative symptoms recorded within 

three months of the index date were included in the study. The associations of number of recorded 

positive and negative symptoms with CGI-S at index date and number of days spent in a psychiatric 

hospital within 12 months of the index date were analyzed using multiple linear regression with age, 

gender, race, and marital status as covariates. 

Results 
The mean age of patients was 39.4 years (standard deviation: 15.3), 2795 (63.0%) were male, 2,600 

(58.6%) were from a minority ethnic background, and 3,025 (68.1%) were single. The most 

frequently documented positive symptoms were paranoid thoughts/delusions (39.8%), auditory 

hallucinations (36.5%) and non-specific delusions (29.0%). The most frequently documented 

negative symptoms were blunted or restricted affect (50.4%), issues with grooming/hygiene (28.7%) 

and issues with eye contact (13.4%). 2948 (66.4%) patients had at least one and 2060 (46.4%) at 

least two positive symptoms. 3004 (67.7%) had at least one, and 1790 (40.3%) had at least two 

negative symptoms documented. Positive symptoms (β coefficient: 0.15, 95% CI 0.13 to 0.18, 

p<0.001) and negative symptoms (β coefficient: 0.11, 95% CI 0.09 to 0.14, p<0.001) were associated 

with greater CGI-S at index date. Positive symptoms (β coefficient: 2.74, 95% CI 2.31 to 3.18, 

p<0.001) and negative symptoms (β coefficient: 3.13, 95% CI 2.70 to 3.57, p<0.001) were associated 

with a greater number of inpatient days within 12 months of the index date. 

Discussion 
A greater number of recorded positive or negative symptoms was associated with greater illness 

severity at the first clinical visit and time spent in a psychiatric hospital. NLP is an effective method 

to estimate positive and negative symptom burden in EHR data and could be used to identify 



 
 

individuals who may benefit from specific treatments for predominantly positive or negative 

symptoms. 
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