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Methods
• Persistent effects of SARS-CoV-2 infection (Long COVID, 

LC) remain a major post-pandemic burden, posing 
diagnostic and management challenges1

• Electronic health records (EHRs) enable large-scale study 
of LC but often contain missing data
• Missingness in EHRs often reflects clinical stability or 

physician judgment rather than randomness, introducing 
bias that overrepresents sicker patients2

• Incorporating informative missingness directly into analytic 
models may improve predictive accuracy, interpretability, 
and generalizability

Introduction

Figure 1. Overview of N3C processes and infrastructure 
Haendel et al., The National Covid Cohort Collaborative (N3C): Rationale, design, infrastructure, and deployment 3

N3C Database
Sites: 67 
Persons: 20.6 million
COVID+ Cases: 8.05 million
Table 1. Number of sites and 

patients in N3C database (As of 
11/01/2025).

1Biomedical Informatics, Emory University, Atlanta, GA, 2Hematology and Medical Oncology, Emory University, Atlanta, GA

This study evaluates the role of informative missingness in EHR 
laboratory data, with a case example of lymphocyte trajectories 

predicting Long COVID.
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• Lymphocyte Risk Pattern. Both abnormally low and high 
lymphocyte counts were linked to increased risk of LC

• Informative Missingness. Testing occurred when clinically 
indicated, producing a Missing Not at Random (MNAR) 
pattern where absence of testing reflected clinical stability

• Selection Bias. As tests were more frequently ordered for 
patients displaying severe symptoms, potentially skewing 
analyses that rely exclusively on recorded laboratory data
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Future Works

Figure 4. Longitudinal trends by Long COVID status and case definition (Model, NASEM, 
U09.9, and no LC). Medians (line) and interquartile ranges (bars) shown; time indexed to 

date of COVID-19 diagnosis (day 0) and spans 100 days before to 360 days after infection.

• Standardize Detection. Develop reproducible methods to 
identify and encode informative missingness across multi-
institutional EHR datasets

Figure 5. Adjusted odds ratios for long COVID using latest lymphocyte absolute 
measurement measured 90-180 days post COVID-19 infection. Measurement selected with 

visit priority to outpatient, inpatient, and intensive care, respectively. 

Figure 2. Long COVID Machine Learning (ML) Model 
Time Window Selection. Use overlapping 100-day 

periods to gather data, rather than COVID-19 index date 

Crosskey et al., Re-engineering a machine learning phenotype to adapt to the changing COVID-19 landscape4

LC Definition
• Training: At least 2 

U09.9 ICD Code or 
LC Clinic Visit

• Features: conditions 
and observations

Top: Number of outpatients 
visits, Dyspnoea, Attentiveness 
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Results

Figure 3. Study flow diagram of cohort and baseline characteristics of COVID-19 positive 
patients by Long COVID and hospitalization status. 


