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EHR-Based Study of Long-Term Infectious Diseases Connor Olson1, Yanqing Gui2, Siddharth Madapoosi2 University of Wisconsin – Madison1, University of Michigan – Ann Arbor2



Background & Objectives



Cohort Definition



• Infectious diseases are extremely common, leading to 19.3 million annual visits to physician offices in the United States alone.6 • Infectious disease studies using widely available Electronic Health Record (EHR) databases has largely been nonexistent, especially using the Michigan Genomics Initiative (MGI). • Utilized the Ninth Revision of the International Classification of Diseases (ICD-9) to identify the three most common chronic infectious diseases: Viral Hepatitis C (n=203), Sarcoidosis (n=96), and HIV (n=48). • Hypothesized that the presence of Viral Hepatitis C or HIV in patients would increase their likelihood of developing postoperative complications, as supported by other medical studies1,7,8 • Further targeted our analysis of Sarcoidosis toward utilizing lab measurements as to identify novel lab biomarkers for Sarcoidosis.



Figure 2: Algorithm used to generate the cohorts for each of the three diseases. The six covariates are • Age • Sex, • Ischemic Heart Disease • Congestive Heart Failure • Cerebrovascular disease • Type 2 Diabetes We identified these as major risk factors for post-operative complications.



Exploratory Data Analysis • First examined the association of comorbidities with each of our three infectious diseases



Packages Used: MatchIt works to preprocess data with nonparametric propensity score matching methods in order to improve parametric statistical models.4 The package works efficiently with the Zelig package and is therefore conducive to our goal of matching our disease of interest on a number of likely covariates directly followed by generation of a CLR. The Zelig package streamlines utilization of a number of statistical models with matched data.2



• Sarcoidosis is a relatively common diagnosis, and can greatly benefit from an understanding of biomarkers collected through labs. • PCA reduces the dimensionality of high dimensional datasets. • Applied to lab data relating to Sarcoidosis after matching. • Using the first six PCs covered 74% of our data. • Reduced 20 dimensions of data down to 6 with minimal loss of info. • PCs do not describe a major difference between cases and controls. • Backwards Selection on the CLR model returned 4 significant predictors, chloride, creatinine, red blood cell count and distribution.



Infectious Diseases and Postoperative Complications • • • • •



Over 18,000 patient records in the original data set, only 48 patients with HIV. 3 HIV patients had developed postoperative complications. CLR revealed that the parameter for HIV in the model was not significant. The lack of cases could be due to HIV patients only receiving surgery when it is absolutely necessary due to all the risks that come with an HIV infection. Viral Hepatitis C had a sample size of 203 with 79 patients having complications.



(A)



Figure 1: In the network model of common HIV (n=48) comorbidities, nodes and edges, which show both non-significant differences from population prevalence (dashed) and significant differences with p < 0.05 (solid) are sized relative to number of occurrences in patients. All nodes and edges are greater than 9 co-occurrences. This shows the connections between common HIV comorbidities, grouped by disease type, but lacks true prevalence counts. This method of data visualization is great at seeing underlying structure. This network was generated using iGraph3.



Lab Biomarkers for Sarcoidosis



Covariate



Pre-Matching PValue



Post-Matching P-Value



Ischemic Heart Disease



3.37e-05



0.88



Congestive Heart Failure (Nonhypertensive)



2.30e-05



0.36



Congestive Heart Failure



7.89e-06



0.38



Cerebrovascular Disease



2.30e-05



0.95



Type 2 Diabetes



3e-10



0.77



Age



0.15



0.045



Sex



8.40e-06



0.51



(B) Figure 3: Propensity score nearest-neighbor matching on all 6 covariates for Viral Hepatitis C is effective in reducing confounding by factors linked to postoperative complications. (A) Welch’s two-sample t-test of means showed a marked increase in p-value of all covariates but Age following matching. (B) In addition, matching resulted in a similar distribution of propensity scores among cases and controls.



Sampling Distribution of CLR P-Values by Matching Algorithm over 50 Iterations



Figure 6: PCA on Sarcoidosis using 20 lab measurements showed no major difference between cases and controls in and of the PCs. These scatterplots between 6 PCs generated through PCA show no major difference between cases (blue) and controls (red).



Conclusion •Infectious disease research can benefit from the ease of access of EHR datasets to study long term effects of infectious diseases. •EHRs have many pitfalls with missing data, loss of patient data during subsetting, and lack of cases. •HIV did not have enough cases with post-operative complications to suggest a meaningful conclusion. •Sarcoidosis PCA did not show relationships with lab data values. •Backwards selection onto the CLR for Sarcoidosis showed four labs as significant biomarkers, but calcium was not identified despite being the diagnostic biomarker for the disease. •Viral Hepatitis C propensity score matching reduced confounding in CLR on the association with postoperative complications. •Given the risk factors matched on, it appears that Viral Hepatitis C is associated with an increased likelihood of developing postoperative complications. •Subsequent corroboration with Nail Dermatophytosis shows necessity of matching on risk factors for proper conclusions.



References Figure 2: Common comorbidity frequencies in the sample of Viral Hepatitis C patients (n=203) are shown as well as whether their prevalence among Viral Hepatitis C patients is (blue) or is not (red) significantly different from that of the entire population. This approach retains the true prevalence of each disease but loses any connections between diseases that could be easily identified in the network model.



Figure 4: In algorithms that do not match on all 6 risk factors for postoperative complications, Nail Dermtophytosis appears to be associated with postoperative complications, but matching on all 6 risk factors removes this effect. This demonstrates the necessity of matching to remove false signals caused by other covariates.



Figure 5: In all four matching algorithms, Viral Hepatitis C remains a significant predictor of postoperative complications, though the average p-value using CLR increases following matching on all 6 risk factors. Propensity score matching on known risk factors thus appears to reduce the confounding present in data for association studies.
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