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Context

2



Ahmed claims that his insurance company is 
unfair and he decides to sue them.

Context
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Research questions

What is the effect of the interactions between region, age, children, 
smoking, gender and the BMI on the insurance charges?
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What variables affect insurance charges more? Is it the region, age, 
children, smoking, gender or the BMI?



Dataset variables

BMI
Body mass index

03
Children

Number of children covered 
by health insurance

04

Age
age of primary 

beneficiary

01
Gender

insurance contractor 
gender( female, male)

02

Smoker
Smoking habit

05
Charges

Individual medical costs 
billed by health insurance

07
Region

the beneficiary's residential 
area in the US

06
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Our data is from Kaggle on an unknown US insurance company.
Our data frame is composed of 7 columns and 1338 observations (rows).

6

Dataset variables

https://www.kaggle.com/datasets/mirichoi0218/insurance


Transformations
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Before we start our analysis, we will do some transformations and new variables:

● smoker → smoker_bin : factor variable (0 for no / 1 for yes)
● gender → gender_fct : factor variable (0 for female / 1 for male)
● region → region_fcts : factor variable where Northeast is 1, Northwest is 2, Southeast is 3 

and Southwest is 4.
● age_centered : Centered the age on the minimum age of data (18 y.o)
● bmi_centered : Centered bmi around the mean BMI of the data (30.66 kg/m2)
● bmi_cat : a new integer variable BMI category (-1 for underweight [bmi <= 18.5], 0 for 

healthy [bmi between 30 and 18.5], +1 for overweight and obese [bmi >= 30])

NOTE: The bmi_cat was based on the Center for Disease Control and Prevention’s categorization 

https://www.cdc.gov/obesity/basics/adult-defining.html#:~:text=Adult%20Body%20Mass%20Index&text=If%20your%20BMI%20is%20less,falls%20within%20the%20obesity%20range.


Highest correlation for charges with:
● smoker_bin : 0.7872
● age : 0.2990
● bmi : 0.1983

Least correlation for charges with:
● children : 0.0679
● gender_fct : 0.0573
● region_fcts : -0.006208

We also check for multicollinearity between the 
independent variables: no correlation > 0.9 
→ No risk of multicollinearity!

Correlation between variables

8



Causal diagram
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smoker charges

age

Exposure 
variable

Outcome 
variable

Confounding variables

gender

region

children

bmi
lifestyle Collider 

variable
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Exploratory 
Data Analysis



EDA - PART 1
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EDA - PART 1 
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● Smokers generally have higher charges
● Smoker + overweight -> higher charges
● Underweight + smoker > underweight + 

non smoker
● Normally, we expect the healthy people to 

have the least insurance charges.
➔ There is interaction between smokers and 

bmi_cat.

EDA - PART 2
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● Smokers have higher insurance charges 
regardless of the gender

● Male smokers have higher charges than 
female smokers

● Non smoker’s charges are slightly equal 
between Females and Males

➔ There is interaction between smokers and 
gender 

EDA - PART 2
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● No smokers have approximately the same 
charges in different regions 

● Smoking in the south regions is more 
expensive than the north regions

EDA - PART 2
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● Charges increase faster as bmi increases 
for a smoker than for a non smoker.

● In general, there is a linear relationship 
between smoker and charges.

● This shows that there is probably an 
interaction between bmi and smoking that 
affects the charges.

EDA - PART 2
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● Generally, smokers have higher insurance 
charge.

● Insurance charges increase as the age 
increases as well.

● Special cases : There is some cases when 
the non smokers have high insurance 
charge, and the smokers have less 
insurance charges.

● This shows that there are other variables 
that interact with smoking habit to affect 
the charges.

EDA - PART 2
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EDA - PART 2

→ There is no visually clear interaction between gender and age
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Models



MODEL 1: Multiple linear Regression without Interactions
Model 1: Including all the variables & 
without interactions

● A childless female of age 18 with an 
average bmi, doesn’t smoke and 
lives in the northeast, pays          
3,085.7 $.

● For every child, this female payes 
and additional amount of 475.5$

● For a childless male of age 18 with 
an average bmi, doesn’t smoke and 
lives in the northeast, payes 
38085.7 - 131.3 = 30 725,7 $
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MODEL 1: Multiple linear Regression without Interactions
Model 1: Including all the variables & 
without interactions

●  A childless female of age 18 with an 
average bmi, doesn’t smoke and 
lives in the northeast, pays 3085.7 $.

● For every child, this female pays an 
additional amount of 475.5$

● For a childless male of age 18 with 
an average bmi, doesn’t smoke and 
lives in the northeast, payes 
38085.7 - 131.3 = 30 725,7 $
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MODEL 1: Multiple linear Regression without Interactions
Model 1: Including all the variables & 
without interactions

●  A childless female of age 18 with an 
average bmi, doesn’t smoke and 
lives in the northeast, pays 3085.7 $.

● For every child, this female payes 
and additional amount of 475.5$

● For a childless male of age 18 with 
an average bmi, doesn’t smoke and 
lives in the northeast, pays          
3,085.7 - 131.3 = 2,954.4 $
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Highest correlation for charges with:
● smoker_bin : 0.7872
● age : 0.2990
● bmi : 0.1983

Least correlation for charges with:
● children : 0.0679
● gender_fct : 0.0573
● region_fcts : -0.006208

MODEL 1: Multiple linear Regression without Interactions
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Model 2: using most correlated 
variables with our outcome variable 

● A non smoker person with an 
average bmi and age of 18 
pays: 2,887.50$

● A smoker person with an 
average bmi and age of 18 
pays: 
2,887.50+23,823.68=26,711.18$ 

Approximately the same AIC with 
model 1

MODEL 2: Multiple linear Regression without Interactions
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MODEL 2: Multiple linear Regression without Interactions
Model 2: using most correlated 
variables with our outcome variable 

● A non smoker person with an 
average bmi and age of 18 
pays: 2,887.50$

● A smoker person with an 
average bmi and age of 18 
pays: 
2,887.50+23,823.68=26,711.18$ 

Approximately the same AIC with 
model 1
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We anticipate that charges could be best represented by a polynomial function of the bmi.
MODEL 3: Non linear regression: Polynomial

26Previous model



When we add the other variables to this 
model, we get a lower AIC compared to 
all models 

→ This model is better than the 
previous ones

MODEL 3: Polynomial
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● The predicted charges for a non 
smoker 18 years old with an average 
bmi : 2,729.6$

● The predicted charges for a 1 unit  
increase in bmi for an 18yo non 
smoker: 2,729.6+7.11=2,736.71$

● For a smoker with an  extra unit of 
bmi means they will pay: 
7.109+23,783.4+1,430.9=25,221.41$

 

MODEL 4: Multiple linear Regression with Interactions
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charges = 2,729.6 +  7.109*bmi_centered + 23,783.4*smoker_bin + 266.7*age_centered + 1,430.9*bmi_centered*smoker_bin



● The predicted charges for a non 
smoker 18 years old with an average 
bmi : 2,729.6$

● The predicted charges for a 1 unit  
increase in bmi for an 18yo non 
smoker: 2,729.6+7.11=2,736.71$

● For a smoker with an  extra unit of 
bmi means they will pay: 
7.109+23,783.4+1,430.9=25,221.41$

 

MODEL 4: Multiple linear Regression with Interactions
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charges = 2,729.6 +  7.109*bmi_centered + 23,783.4*smoker_bin + 266.7*age_centered + 1,430.9*bmi_centered*smoker_bin



MODEL 4: Multiple linear Regression with Interactions
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charges = 2,729.6 +  7.109*bmi_centered + 23,783.4*smoker_bin + 266.7*age_centered + 1,430.9*bmi_centered*smoker_bin

● The predicted charges for a non 
smoker 18 years old with an average 
bmi : 2,729.6$

● The predicted charges for a 1 unit  
increase in bmi for an 18yo non 
smoker: 2,729.6+7.11=2,736.71$

● For a smoker with an  extra unit of 
bmi means they will pay: 
7.109+23,783.4+1,430.9=25,221.41$

 



Limitations

Living expenses 
03

Salary
01

Job type & risk
02

Lifestyle
05

Chronic health 
issues & disabilities

06
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Ahmed is unable to prove his claim due to lack 
of data. He chooses to change his insurance 

company.
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Case Closed!


