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FOR MENTAL HEALTH

Abstract. Mental health includes our emotional, psychological, and social well-being. It affects 
how we think, feel, and act. This paper will use the logistic regression to classify whether the per-
son sought to have some mental health treatment. The final model results show that our model has 
achieved an AUC value of over 0.86, indicating a powerful strength to predict the mental health re-
organization of individuals. Also, the report presented that the top factors that influence the mental 
health condition are age, gender and family history.
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Introduction
Research Background
Mental disorders are among the most common 

causes of disability. The resulting disease burden of 
mental illness is among the highest of all diseases. In 
any given year, an estimated 18.1% (43.6 million) of 
U.S. adults ages 18 years or older suffered from any 
mental illness and 4.2% (9.8 million) suffered from 
a seriously debilitating mental illness. Neuropsychi-
atric disorders are the leading cause of disability in 
the United States, accounting for 18.7% of all years 
of life lost to disability and premature mortality [2]. 
Moreover, suicide is the 10th leading cause of death 
in the United States, accounting for the deaths of ap-
proximately 43.000 Americans in 2014.

Mental health and physical health are closely 
connected. Mental health plays a major role in peo-
ple’s ability to maintain good physical health. Men-
tal illnesses, such as depression and anxiety, affect 
people’s ability to participate in health-promoting 
behaviors. In turn, problems with physical health, 

such as chronic diseases, can have a serious impact 
on mental health and decrease a person’s ability to 
participate in treatment and recovery.

Therefore, it is meaningful for people to judge 
whether one needs or recognize the mental health 
condition of himself or herself. Now the machine 
learning techniques can help.

Research Objectives
In this paper, we have several research objectives:
• Clean the data set and deal with the category 

variables;
• Construct the logistic regression model;
• Use the model to predict the testing set data;
• Evaluate the performance of the model.
Methodology
Data Set Overview
This dataset contains the following data features:
Timestamp;
Age;
Gender;
Country.
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state: If you live in the United States, which state 
or territory do you live in?

self_employed: Are you self-employed?
family_history: Do you have a family history of 

mental illness?
treatment: Have you sought treatment for a men-

tal health condition?
work_interfere: If you have a mental health con-

dition, do you feel that it interferes with your work?
no_employees: How many employees does your 

company or organization have?
remote_work: Do you work remotely (outside 

of an office) at least 50% of the time?
tech_company: Is your employer primarily a 

tech company/organization?
benefits: Does your employer provide mental 

health benefits?
care_options: Do you know the options for men-

tal health care your employer provides?
wellness_program: Has your employer ever dis-

cussed mental health as part of an employee wellness 
program?

seek_help: Does your employer provide resourc-
es to learn more about mental health issues and how 
to seek help?

anonymity: Is your anonymity protected if you 
choose to take advantage of mental health or sub-
stance abuse treatment resources?

leave: How easy is it for you to take medical leave 
for a mental health condition?

mentalhealthconsequence: Do you think that 
discussing a mental health issue with your employer 
would have negative consequences?

physhealthconsequence: Do you think that dis-
cussing a physical health issue with your employer 
would have negative consequences?

coworkers: Would you be willing to discuss a 
mental health issue with your coworkers?

supervisor: Would you be willing to discuss a 
mental health issue with your direct supervisor(s)?

mentalhealthinterview: Would you bring up a mental 
health issue with a potential employer in an interview?

physhealthinterview: Would you bring up a 
physical health issue with a potential employer in 
an interview?

mentalvsphysical: Do you feel that your employ-
er takes mental health as seriously as physical health?

obs_consequence: Have you heard of or ob-
served negative consequences for coworkers with 
mental health conditions in your workplace?

comments: Any additional notes or comments
Data Cleaning
First we deal with the missing data. We find that 

only four columns have missing data: comments, 
state, work_inference and self_employed. Here we 
tried to get rid of the variables of “comments”, “state” 
just to make our lives easier because those two col-
umns contain missing variable over 40%, meaning 
the features are not informational. Later on, we will 
drop the observations which contain the missing 
values or fill in the missing value with mean values.

For the variable gender, which is a category vari-
able, we categorized them into three types: male, 
female and trans. Later on we encode those three 
types by dummy variables and did similar encoding 
method to the other category variables.

Logistic Regression
Methodology Details
Logistic regression – also called binary logistic re-

gression – is commonly utilized in many fields, such 
as the health sciences.

The “logit” model solves these problems:
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The logistic distribution constrains the estimated 
probabilities to lie between 0 and 1.
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The estimated probability is:
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if you let � �� �X 0,  then p = .50
as � �� X  gets really big, p approaches 1
as � �� X  gets really small, p approaches 0

Figure 1.Comparing the LP and Logit Models

Figure 2.
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Model Limitations
Other techniques, such as MANOVA and 

discriminant function analyses, can also be used 
to compare groups on multiple variables. Never-
theless, whenever you want to compare only two 
groups – such as people who completed their the-
sis on time and people who did not complete their 
thesis on time – logistic regression is preferable. In 
particular:

• logistic regression is preferable when the sam-
ple size is reasonably large, such as more than 100 
individuals or units;

• the main reason is that, whenever the sample 
size is sufficiently large, the underlying assumptions 
of logistic regression will be fulfilled;

Implementation Results
Data Visualization
• Correlation Plot.
From the correlation plot we see that “supervi-

sor” and ”coworker” are two highly correlated vari-
ables but the correlation will not exceed 0.8. Other 
variables are having relatively low correlation mean-
ing that they are describing the different aspects thus 
they can all be put into the regression model.

• Age and Gender Details
The above plots show the distribution of the 

age and the gender information grouped by the age. 
The population age is focused during 15–25 for both 
treatments. However, we find that the male has the 
lowest probability of having a mental health problem 
among all three genders.

Figure 3.

Figure 4.
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Feature Importance
In order to find out which features are more im-

portant in deciding the mental health condition. 
The plot shows that the top three most influential 

factors in mental health condition is the age, gender 
and family history. According to the plot showing in 
section above, we can see that the female have high-

er probability to have mental issue. Meanwhile, the 
age density plots show that there exists clear trend 
of age for each gender that different age interval has 
different change of mental health condition. Also, 
the feature importance also suggests that the family 
history is another important factor that can influ-
ence people’s mental health condition.

Figure 5.

Model Evaluation
Model Accuracy
After the feature scaling, we built a logistic regres-

sion model using the data set and python packages. 
Here shows the regression output (Figure 6.)

The confusion matrix can help us calculate the 
True Positives Rates and the False Positives Rates. 
And later on, the AUC value is calculated by the TPR 
and FPR values. AUC ranges in value from 0 to 1. 
A model whose predictions are 100% wrong has an 
AUC of 0.0; one whose predictions are 100% correct 
has an AUC of 1.0.

AUC is desirable for the following two reasons:
1. AUC is scale-invariant. It measures how well 

predictions are ranked, rather than their absolute 
values.

2. AUC is classification-threshold-invariant. It 
measures the quality of the model’s predictions ir-
respective of what classification threshold is chosen.

Above we see that the AUC value has reached 
0.86, which is a very good value indicating that the 
classifier has strong ability to distinguish the differ-
ent classes.
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Figure 6.

Figure 7.

Model Improvement
Also, our model is currently not perfect. There 

are several ways to further improve it. First aspect is 
about the feature engineering. We can conduct some 
transformation like box-cox or dimension reduction 

techniques such as PCA to select the features. An-
other is about the model complexity. One can add 
more regularization such as lasso penalty to the origi-
nal logistic regression.
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Conclusion
In summary, we performed logistic regression 

to classify the mental health condition according to 
their basic information. We carried out the correla-
tion analysis to find the most important attributes 

meanwhile take care of the multi-collinearity. The 
results show that the model has a pretty good ability 
to predict the correct classification, with the AUC 
value reaches 0.86.
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