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INTRODUCTION

METHODOLOGY

- In 2019, more than a third of high school students persistently felt sad 
or hopeless (CDC, 2021)

- Traditional intervention is psychotherapy consultation, which tends to be 
held back by financial barriers and stigma (Rowan et al., 2014)

- Even psychologists are only able to accurately diagnose 46% of 
depressive and 50% of anxiety disorder cases (Al-Huthail, 2008)

- We can utilize novel advances in statistics and machine learning to help 
psychologists improve their diagnoses and proactively identify cases in 
urgent need of intervention
- These methods have been used successfully to predict other types of 

diagnoses in healthcare settings (Davenport & Kalakota, 2019)
- For this study, we compared the cross-test accuracies of two models in 

predicting anxiety and depression outcomes:

1:  Data Collection and Setup

2: Model Creation and Evaluation

- This study was conducted on aggregated, anonymized survey responses of 
6.9 million patients in state hospitals in 2020 (Substance Abuse and Mental 
Health Services Administration’s Mental Health Client-Level Data (MH-CLD))

- The data was cleaned and summarized in the Jupyter Notebooks 
environment using the pandas library (see Table 1 & 2)

- In the cleaned data for young adults, aged 15 to 24, 26.5% had anxiety and 
35.7% had depression

- The logistic regression model was set up in Jupyter 
Notebooks and neural network in Google Colab with an 
“Adam” optimizer and “ReLU” activator
- Logistic regression was trained on a randomized three 

k-fold subset of the dataset, whereas the neural network 
was trained on 10% of the data and evaluated against 
the remaining 90%

- For logistic regression and neural network models, the first 
training variable set, V1, included 38 of 40 available 
variables

- As we aimed to determine the model with the highest 
cross-test accuracy, we stepwise removed variables with 
the least predictive correlation in sets V2 to V5

- All sets (V1 to V5) included the minimum of the following 
variables, as suggested by previous literature:
- Race, gender, demographics, overall living situation, and 

stressor events (Afifi, 2007; Businelle et al., 2013; CDC, 
2021; Koneru et al., 2007)

DATA AND RESULTS

Table 1. Summary of Raw Data for Most Correlated Variables

Table 2. Summary of Clean Data for Most Correlated Variables

Figure 2. Logistic Regression vs. Neural Network Accuracy for Depression

Age Education Race Gender Mental 
Health 
Diagnosis 1

Mental 
Health 
Diagnosis 2

Mental 
Health 
Diagnosis 3

Martial 
Status

Employment

Count 6.9⋅106 6.9⋅106 6.9⋅106 6.9⋅106 6.9⋅106 6.9⋅106 6.9⋅106 6.9⋅106 6.9⋅106

Min -9 -9 -9 -9 -9 -9 -9 -9 -9

25% 3 -9 3 1 1 -9 -9 -9 -9

50% 7 -9 5 2 6 -9 -9 1 -9

75% 10 4 5 2 7 2 -9 1 4

Max 14 5 6 2 13 13 13 4 5

Age Education Race Gender Mental 
Health 
Diagnosis 1

Mental 
Health 
Diagnosis 2

Mental 
Health 
Diagnosis 3

Martial 
Status

Employment

Count 3.8⋅105 3.8⋅105 3.8⋅105 3.8⋅105 3.8⋅105 3.8⋅105 3.8⋅105 3.8⋅105 3.8⋅105

Min 3 1 1 1 0 0 0 1 0

25% 3 3 5 1 2 0 0 1 0

50% 4 3 5 2 6 0 0 1 4

75% 5 4 5 2 7 2 0 1 5

Max 5 5 6 2 13 13 13 4 5

Figure 1. Logistic Regression v.s. Neural Network Accuracy for Anxiety

CONCLUSIONS

FUTURE RESEARCH

- Both logistic regression (65.5% to 92.5%) and neural network (90% to 
99%) models are relatively accurate in predicting anxiety and depression 
diagnoses and tend to be more precise than the average therapist 
consultation (46% to 50%) 

- Neural networks are superior to logistic regression in all cases (see 
Figure 1 & 2), confirming previous studies that have shown that, unlike 
logistic regression, the weight systems of neural networks can address 
the negative effects of redundant variables while not falling susceptible 
to overfitting (McCaffrey, 2018)

- Neural network accuracy is optimized with set V3 of 32 variables
- Indicates that models must retain specificity for variables that are 

highly correlated with mental health outcomes (e.g. demographics, 
living situation) but should not fit for inter-correlated (e.g. race and 
ethnicity) and insignificant (e.g. state of collection) variables

- This neural network model, with high testing accuracy, can be used by 
therapists alongside their consultation sessions to help guide the mental 
health diagnoses of their patients
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- Additional research is needed to analyze the impact of other specialized 
variables not tracked in our data (e.g. neighborhood and school location, 
exact number of stressor events) on model accuracy

- Moving forward, an important step is in-field implementation of the 
proposed approach and understand accuracy, efficacy, and refinements 
needed for successful use
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