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Simpson's paradox is a statistical paradox which occurs 

when a trend in data disappears or reverses when 

additional factors are included in the analysis. Our project 

focuses on simulating this paradox in a large-scale 

simulated healthcare dataset. The dataset we worked with 

was created by reverse engineering admission histories 

and engineering analytical features from simulated data 

sources on an existing dataset about hospital readmission 

rates for diabetic patients. The simulated data sources 

include grocery purchases and wearable vital sign sensors 

and were used to engineer features such as percent 

calories from carbohydrates and minutes spent walking. 

In order to simulate Simpson's paradox, we extended this 

dataset by adding a genetic trait to act as a statistical 

confounder.

ABSTRACT

BACKGROUND

Description of the Data

Response Variables

– readmitted - categorical variable, places patients in one 

of three groups: {NO, >30, <30}

– readmit30 - logical variable, TRUE if patients are 

readmitted within the first 30 days 

Predictors

– bmi: Body mass index

– pct_calories_from_carbs: percentage of calories from 

carbohydrates consumed

– sd_glucose: standard deviation of glucose level

– minutes_walking: minutes spent walking

SIMULATING THE DATA

After storing the new data set with the IRS1 allele, we proceeded to doing an exploratory analysis of the data as if we have no prior knowledge of 

the given data set.

ANALYZING THE SIMULATED DATA

ANALYSIS (cont.)

The first image shows the summary of the coefficients of the model with the 

interactions and we can see that the IRS1 RR allele “flipped” the coefficient 

of the percentage of calories from carbohydrates consumed. After getting 

the subset of the data with the IRS1 RR allele, we the coefficient of the 

percentage of c calories from carbohydrates consumed is still negative 

indicating that the patients possessing this allele has a lower likelihood of 

being readmitted despite having more calories consumed than other 

patients.

CONCLUSION

Some unusual results surfaced when taking into account a patient’s IRS1 

genotype.

Specifically, patients with the IRS1 RR genotype appear to be less likely to 

be readmitted even with a higher percentage of calories from carbohydrates 

in their diet.

We recommend that more research be conducted on this gene in diabetic 

patients in regard to how it affects the way their body metabolizes calories 

from carbohydrates.

RECOMMENDATION

How can this project be further improved?

• Adding more confounders

• Simulating more data sources from which more features can be 

engineered (ie. nutrition database, more sophisticated vital sensor data, 

etc.)
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Simulating Simpson’s Paradox

Simple example of Simpson's Paradox:

Considered on their own, the red and blue lines display a positive correlation. 

However, when considered together, a negative correlation (the dotted line) 

appears.

This is scatterplot of the data set with the 

different colors representing the readmission of 

the patients

We separated the data into 25 stripes/groups 

and we aimed to choose a group that was 

around has 60-65% from carbohydrates 

consumed

We chose group 16 as the group with the IRS1 

RR allele. The groups that consumed higher 

percentage of calories from carbohydrates 

consumed were assigned GR and the rest were 

assigned GG.

Adding the Confounding variables

We selected the gene IRS1 as the confounding variable. We selected 

a subgroup from the data set to assign the rare IRS1 allele (RR). We 

looked at the different plots to see which group would be good for 

assigning the allele

After adding the IRS1 column to the data set, we checked the model 

fit to check the coefficient of the IRS1 RR and percentage of 

calories from carbohydrates consumed interaction to see if it is 

negative.

Comparing the models with and without the IRS1 gene we can see that coefficient of pct_calories_from_carbs dropped after adding gene IRS1 to 
the model. Perhaps certain values of IRS1 are causing this so we fitted a model that includes the interaction of the IRS1 gene to the other variables.


