Bowling Green State University

ScholarWorks@BGSU
Honors Projects

Honors College

Summer 7-14-2017

Visualizing Lab and Phenotype Associations Using PheWAS and
Electronic Health Records
Brenda Emerson
brendae@bgsu.edu

Miriam Goldman
Arizona State University

Sahiti Kolli
The University of Illinois at Chicago

Follow this and additional works at: https://scholarworks.bgsu.edu/honorsprojects
Part of the Biostatistics Commons, Categorical Data Analysis Commons, and the Statistical Models
Commons

How does access to this work benefit you? Let us know!
Repository Citation
Emerson, Brenda; Goldman, Miriam; and Kolli, Sahiti, "Visualizing Lab and Phenotype Associations Using
PheWAS and Electronic Health Records" (2017). Honors Projects. 727.
https://scholarworks.bgsu.edu/honorsprojects/727

This work is brought to you for free and open access by the Honors College at ScholarWorks@BGSU. It has been
accepted for inclusion in Honors Projects by an authorized administrator of ScholarWorks@BGSU.

Visualizing Lab and Phenotype Associations Using PheWAS and Electronic Health Records
1
Emerson ,

2
Goldman ,

3
Kolli

Brenda
Miriam
Sahiti
University of Michigan Big Data Summer Institute 2017
1. Bowling Green State University, 2. Arizona State University, 3. University of Illinois

6. Results

1. Background and Objective

4. Methods - Significance

Digitization of patient records is becoming much more common, 86.9% of
doctors use electronic health records (EHR). Records include information on
diagnoses, lab values, and treatment history. Electronic health records provide
longitudinal data over a large sample size and are relatively easy to obtain. Data
often has entry errors, missing information on care outside of the system, and
incomplete consent.

• A large number of association tests requires an FDR (False Discovery rate) cut
off of .0001 to choose a p-value cut off

Objective:
• Look for novel phenotype associations with mean lab values
• For a large proportion of labs, not all patients were tested so we wanted to test
whether the presence of a lab has associations with a phenotype
• Creating an interactive application to visual the associations between labs and
phenotype
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• This provided a p-value of 5e-05 for the mean test and 1.63e-05 for the
presence test. This result was verified by running a permutation test. 4e-4 the
total permuted values were significant with that p-value respectively. This is
the line that appears in the shiny app.
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Table 2: Potentially Novel Associations
PheCode
Phenotype

Lab
Lipase (LIP)

385.5

Prolactin (PRL)
B-Type
Natriuretic
Peptide (BNP)

-log(p-value)
10.229

41.2

Tympanosclerosis and middle
ear disease related to
otitis media
Streptococcus infection

145.1

Cancer of the lip

18.747
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2. The Data
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Figure 3: PheWAS plot for lab values, showing Lipase Lab

1

• High levels of lipase are related to problems with the pancreas. We did not
expect to see that tympanosclerosis and middle ear disease was significant
(Figure 3).
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• Electronic health records obtained through the Michigan Genomics
Initiative
• Analyzed 197 numeric labs present in at least 5% of the data
• Phenotype Wide Association Studies (PheWAS) analysis are run on ICD9
codes which are diagnosis codes for each patient
3. Methods - Model
• A PheWas package to create a matrix of codes for phenotypes and whether or
not patients were diagnosed with that phenotype was used
• Created two linear models each controlling for age and sex. The first model
tested the association between mean lab values for each patient for each given
lab and resulting phenotype. The second model tested whether presence of a
lab has an effect on resulting phenotype and subsetted the data for those who
had followup times greater than one year
• Initially, a logistic model was used, but due to the expense of running 350,000+
tests with 18,402 observations, a linear model was switched to
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Linear Model -log(p-values)
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• Cancer of the lip was highly related to the B-Type Natriuretic Peptide (BNP)
test. BNP is released when the heart is working hard to pump blood, so high
levels of BNP are used to detect and diagnose heart failure (Table 2).

5. Methods - Visualization
• To visualize the data, an interactive shiny web application in R was created,
which includes two PheWAS plot, one for each model
• When looking at one graph, the user can choose which lab code they wish to
see plotted, can select or hover over the points they are interested in, and can
search a specific PheCode and have the p-value returned
• The application displays two data tables ordered from most significant p-value
to least significant p-value; one for each model. These data tables only include
the points with p-values higher than the cutoff line.
• This application gives researchers the opportunity to quickly see data and
results relevant to labs or diseases of study
Lab

Figure 1: The p-values for both the linear and logistic models were similar. Since we are only
looking for associations, and not trying to predict the phenotype a linear model does not
interfere with the conclusions.
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Figure 2: Large number of significant tests, and null test uniformly distributed
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Hemoglobin A1C (A1C)
Hemoglobin A1C (A1C)
Body Mass Index (BMI)
Creatinine Level (CREAT)
Glucose Level (GLUC)
Hemoglobin (HGB)
Urea Nitrogen (UN)
Red Cell
Distribution Width (RDW)

Top Hits Table
PheCode
Phenotype
250.1
250.2
278.1
585
250
285
285.2
280

-log(p-value)

Type 1 Diabetes
Type 2 Diabetes
Obesity
Renal Failure
Diabetes mellitus
Other anemias
Anemia of chronic disease

>325
> 325
> 325
> 325
> 325
> 325
320.171

Iron Deficiency Anemias

289.63

Table 1: A number of most significant points from PheWAS, many of these were expected, such
as A1C and Diabetes.

Figure 4: PheWAS plot for missing values showing Cholesterol Lab for those with followup
greater than one year.

• Figure 4 coincides with what we would expect for cholesterol labs as the
significant values are mostly for those with respiratory or circulatory problems
Disscussion: In the future we would like to do a meta analysis and combine
the two models. More research into our unanticipated results would have to be
done to confirm any relationships; follow up studies are required to confirm these
results.
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