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Abstract: 

Purpose 

Individuals who self-report as Black or African American are historically underrepresented in 

genome-wide studies of disease risk, a disparity particularly evident in pediatric disease 

research. To address this gap, Cincinnati Children’s Hospital Medical Center (CCHMC) 

established a biorepository and developed a comprehensive DNA sequencing resource 

including 15,684 individuals who self-identified as African American or Black and received care 

at CCHMC. 

Methods 

Participants were enrolled through the CCHMC Discover Together Biobank and sequenced. 

Admixture analyses confirmed the genetic ancestry of the cohort, which was then linked to 

electronic medical records. 

Results 

High-quality genome-wide genotypes from common variants accompanied by medical record-

sourced data are available through the Genomic Information Commons. This dataset performs 

well in genetic studies. Specifically, we replicated known associations in sickle cell disease 

(HBB, p = 4.05 × 10⁻¹��), anxiety (PLAA3, p = 6.93 × 10⁻�), and asthma (PCDH15, p = 5.6 × 

10⁻¹�), while also identifying novel loci associated with asthma severity.  

Conclusion 

We present the acquisition and quality of genetic and disease-associated data and present an 

analytical framework for using this resource. In partnership with a community advisory council, 

we have co-developed a valuable framework for data use and future research. 
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Introduction 

Individuals of self-reported African ancestry have historically been underrepresented in genetic 

studies of diseases, reflecting broad disparities in genetic research and clinical medicine1, 2. This 

underrepresentation stems from systemic inequities in research funding, recruitment practices, 

and access to healthcare, which together limit the inclusion of diverse populations in study 

cohorts1-4. As a result, most genomic data have been derived from individuals of European 

ancestry, leading to significant gaps in understanding the genetic underpinnings of diseases 

affecting Black or African American adults and children5, 6. This lack of diversity undermines the 

ability to identify ancestry-specific genetic variants, which reduces the applicability of genomic 

findings, precision medicine interventions, and risk prediction models for certain populations1, 7, 

8. Addressing ancestry-based disparities in research is critical for ensuring equitable advances 

in healthcare and bridging gaps in disease prevention and treatment outcomes for 

underrepresented groups1. 

 

The underrepresentation of individuals of African ancestry in genome-wide studies of disease 

risk has been a persistent issue, particularly in the context of pediatric diseases2, 9. This lack of 

representation not only limits our understanding of disease etiology across ancestries, but 

hampers the development of effective, equitable healthcare solutions1, 3. In 2024, 19.8% of the 

patients who received care at CCHMC and 15.6% of patients enrolled in the Discover Together 

Biobank with a DNA sample available identified as Black or African American. To address this 

critical gap, CCHMC has undertaken a significant initiative to create a comprehensive 

sequencing resource focused on broadly expanding opportunities to identify the genetic basis of 

health and disease in children of African ancestry.  

 

The primary objective of this study was to acquire high-quality genetic data from participants in 

the Discover Together Biobank who self-identified as Black or African American and had 
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accompanying electronic medical records. To achieve this goal, we employed a low-pass 

sequencing strategy10-12, which yielded an average genomic coverage of around 3X (i.e. 

meaning that the average number of reads per base is ~3). The low pass approach enabled us 

to significantly broaden the scope of our study compared to what would have been feasible with 

standard 30X read depth whole genome sequencing.  

 

To demonstrate the utility of this resource, our secondary objective was to conduct GWAS 

analyses for three diverse human disorders; sickle cell disease (OMIM #603903), anxiety 

disorder (OMIM #607834), and asthma (OMIM #600807). Sickle cell disease is a severe 

inherited blood disorder that predominantly affects Black and African American children in the 

United States, with an estimated prevalence of approximately 1 in 365 African American births 

in this population13, 14. It is almost always caused by at least one hemoglobin S allele in 

combination with a second pathogenic variant in the HBB gene, resulting in the production of 

abnormal hemoglobin S14, 15. When deoxygenated, hemoglobin S polymerizes, leading to the 

characteristic sickling of red blood cells, increased hemolysis, and vaso-occlusive events16. 

Clinically, sickle cell disease manifests with episodes of severe pain (vaso-occlusive crises), 

anemia, increased susceptibility to infections, and progressive organ damage, significantly 

impacting quality of life and life expectancy13.  

 

Anxiety disorders are among the most common mental health conditions in children, with 

prevalence estimates ranging from 7% to 10%, though rates may be higher due to 

underdiagnosis in some populations17. Black and African American children experience anxiety 

at similar or higher rates than their White peers, yet they are less likely to receive a diagnosis or 
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access appropriate mental health care18, 19. While genetic studies have identified variants 

associated with anxiety risk, there has been limited research specifically examining genetic 

contributors in African American youth, leading to gaps in understanding potential ancestry-

specific risk factors. 

 

Asthma is one of the most common chronic diseases in children, with a disproportionate burden 

among Black and African American children, who experience higher prevalence, increased 

severity, and greater rates of hospitalization and mortality compared to other racial and ethnic 

groups20, 21. In the United States, Black children have nearly twice the prevalence of asthma as 

White children, with environmental, socioeconomic, and genetic factors contributing to this 

disparity22, 23. Genetic studies have identified multiple loci associated with asthma risk, including 

variants in genes such as TSLP24, GSDMB25-27, and IL1RL128, though much of the research has 

been conducted in populations of European ancestry, limiting insights into genetic contributors 

in African American pediatric cohorts29. 

 

Herein, we present a CCHMC-based biobank resource, which encompasses deep genetic and 

phenotypic data from 15,684 individuals who self-identified as African American or Black and 

received care at CCHMC. We detail the acquisition and quality of the genetic and health data 

contained in this resource, and we also recommend an analytical framework for using these 

data alongside various analyses that demonstrate the power and potential of this unique 

resource. Importantly, this initiative has been developed in partnership with a community 

advisory council, ensuring that the framework for data use and future research is aligned with 

community needs and perspectives (see accompanying perspectives piece).  
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Methods 

 

Collaboration with a community advisory committee 

Meeting every other month over the course of two years, the committee facilitated discussions 

focused on ensuring that data and biological samples were kept safe while promoting 

transparency in research practices. A key focus was increasing the representation of historically 

underrepresented populations, particularly Black and African American children, in genomic 

studies to address longstanding disparities in research participation. The committee worked 

collaboratively to develop and review community engagement strategies, identify effective 

methods of communication, and strengthen relationships between community-engaged 

research and partners. The insights from this group directly influenced how we presented data 

from the cohort and shaped our decision to prioritize genetic studies of asthma and anxiety, 

conditions that disproportionately impact Black and African American children (See co-

submitted Perspective article submitted by members of this advisory committee).  

 

Discover Together Biobank 

The CCHMC Discover Together Biobank is an actively-enrolling, multifaceted initiative that 

collects biospecimens with associated phenotypic and genotypic data while combining clinical 

research protocols with appropriate governance and accession processes. Discover Together 

Biobank serves as a key piece of infrastructure to aid the research of CCHMC investigators and 

currently contains samples and electronic medical record data from over 100,000 participants. 

Discover Together Biobank is constructed from a patient-based participant population that 

spans multiple institutional biobanking consent periods at CCHMC.  

 

Participants for this study were consented to the CCHMC IRB approved study during a consent 

period as part of our “Better Outcomes for Children” cohort, which used broad consent to enroll 
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CCHMC patients to ascertain clinical residual blood samples for approved research use. The 

Better Outcomes for Children consent allows for use of DNA and associated medical record 

data for research, including genomics.  

 

Deposition of Data in the Genetic Information Commons 

Data from this sequencing resource is available through the Genomic Information Commons 

(GIC). The GIC is a research initiative allowing researchers to collaborate across multiple 

academic medical centers to share consented patient genomic data for large-scale research 

projects aimed at discovery of genetic mechanisms of health and disease and improving patient 

health outcomes (https://www.genomicinformationcommons.org/)30. The GIC facilitates 

collaborative research by enabling sharing of genomic data, phenotypic information, and 

biospecimen metadata across participating institutions.  

 

DNA preparation and sequencing: See Supplemental Note (Supplemental Methods) 

 

Assessment of relatedness between samples 

Family relationships were determined using the KING software package (version 2.1.6)31. 

Supplemental Dataset 3 provides relatedness information for this cohort. 

 

Principal component analysis and ancestry assessment 

Principal component analysis was performed using the software package Plink2 (version 2.0-

161017). An LD pruned data set was generated with Plink2 (independent-pairwise 50kb 

window, 5 step, 0.8 r2 threshold and minor allele frequency between 0.15 and 0.4). The first 10 

principal components were approximated using Plink2. Admixture for each sample was 
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calculated using the software program admixture version 1.3.0 assuming 4 populations32. 155 

individuals had less than 2% African admixture and were removed from this cohort. 

 

Genome-wide association studies  

Study cohorts were generated by identifying cases in the biorepository samples with matching 

ICD 10 codes. Only one case per family was used for analysis. All families with an affected 

sample were dropped as a source for potential control samples. Cases were matched to 

controls using the R package PCAmatchR (5th release) based on the first three principal 

components33. Cases were matched to controls with a match distance less than 0.1 as 

determined by PCAmatchR. The number of controls per case was dependent on the total 

number of cases and available potential controls.  

 

Quality control of genotype data was performed on each cohort. Variants with a case minor 

allele frequency less than 1% or a variant call rate below 85% were dropped. In addition, any 

variant with a control HWE p-value below 0.0001 was dropped. All QC measurements and 

association analyses were performed with the Plink1.90b6.2634.  

 

Interactive Locus Zoom results are available for the association studies presented in this 

manuscript: 

Sickle cell disease vs controls: 

https://my.locuszoom.org/gwas/378516/?token=788c8c35d21348b996cd25c638d4ebc3  

Anxiety vs controls: 

https://my.locuszoom.org/gwas/852976/?token=57f16f9e8123412192f061c71246f89c  
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Asthma vs controls: 

https://my.locuszoom.org/gwas/407471/?token=ab55b1868cb141ac979a84b3e6859c10  

Severe versus controlled asthma: 

https://my.locuszoom.org/gwas/48795/?token=6823af24c2f94f89af20ce3a20b0b6ca  

 

See Supplemental Note for a suggested protocol for case - control studies using this resource. 

 

Partnerships to connect expert clinical phenotyping with high quality genetic data: acute 

asthma exacerbation 

We partnered with clinical experts in the Asthma Learning Health System,21 an asthma-focused 

learning network at Cincinnati Children’s, to identify carefully phenotyped groups and perform 

clinically directed analyses. The Asthma Learning Health System aims to advance equitable 

asthma care, with the goal that all children with asthma can live their best lives. The network’s 

clinical team identified children treated at Cincinnati Children’s to manage a diagnosis of 

asthma, further identifying two key groups: 99 participants who required acute care in the 

emergency department for asthma and 393 participants who managed their condition without 

needing acute interventions during the study period. Leveraging genomic data from this 

sequencing resource, we conducted a genome-wide association study (GWAS) to investigate 

genetic factors contributing to asthma severity and healthcare utilization. 

 

Results 

 

 A Community Advisory Committee played a critical role in guiding the way we developed this 

sequencing research. Including Community Advisory Committee perspectives was and remains 

critical as we strive for maximally ethical and inclusive conduct of pediatric genetic research, 
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particularly in relation to biorepositories and data security (see co-submitted Perspectives 

article authored by members of advisory committee).  

 

The final dataset contains high quality sequence data for 15,684 samples that correspond to 

consented patients with electronic medical record data at Cincinnati Children’s. In this 

sequencing resource, 53.5% of the samples were from females (Figure 1A). The average 

genomic coverage was 2.66 (median: 2.60, interquartile range: 1.12) (Figure 1B). The mean 

age of enrollment was 9.68 (with a standard deviation of 7.33) years old, and the average 

current age of participants is 19.77 years. Samples had an average of 3,155,811 called variants 

with allele frequencies greater than 1%, with a range from 2,542,625 to 3,417,031 (Figure 1C). 

The average per variant call rate was 93.2%, ranging from 84.4%-96.7% (Figure 1D). 

 

A total of 77.8% of the participants in this study self-identified as Black or African American in 

their corresponding electronic medical record data, with the remaining individuals identifying as 

more than one race and/or ethnicity or did not provide data (Figure 2A). We performed principal 

component and admixture analysis to identify genetic ancestry, using 1000 genomes data as a 

reference (Figure 2 B and C). As expected, most participants in this study had 75-85% African 

admixture. Strikingly, there was a large range of African admixture in this cohort, ranging from 2-

98% (Figure 2C and Supplemental Dataset 1). The number of non-reference (alternative) 

alleles called within each sample was strongly correlated with the proportion of African ancestry 

(Figure 2D), which is consistent with the enhanced genetic diversity of the populations from 

Africa relative to other global populations 35, 36. 

 

As expected from a pediatric biobank-based study, there was substantial relatedness between 

participants in the cohort (Table 1). A total of 1,050 siblings were identified in addition to 41 

monozygotic twin pairs. Also, 98 parent-offspring pairs were identified, providing opportunities to 
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study genetic heritability in the context of specific health outcomes; 134 2nd degree relatives 

were also identified (Table 1). A relatedness matrix was developed to support additional studies 

using this cohort (Supplemental Dataset 2). Altogether, these results highlight opportunities to 

study health outcomes within families and underscore the importance of accounting for relatives 

in case-control based studies within this resource.  

 

Clinical characteristics of the cohort  

Electronic medical records linked to the subjects in this study include 10,472 distinct ICD 10 

codes, with the top 20 codes listed in (Table 2). The most common codes include those for 

infections, common symptoms of childhood illnesses, gastrointestinal complaints, attention-

deficit hyperactivity disorder, obesity, and dermatitis. Other top ICD 10 codes were associated 

with routine medical care of children including encounters for immunizations. Current Procedure 

Terminology (CPT) codes are used to report medical, surgical, and diagnostic procedures and 

services, while Healthcare Common Procedure Coding System (HCPCS) codes report medical 

procedures, supplies, and services that are not included in CPT. In this cohort, 18,708 distinct 

CPT and HCPCS codes were reported. The top reported codes in this cohort were for medical 

visits (ranging from routine visits for established patients to complex emergent encounters), 

venipuncture (with associated blood tests), vaccination, urinalysis, tonsillectomy with 

adenoidectomy, and spirometry (Table 3). Of the 11,717 distinct medication codes used in this 

cohort, the most common were analgesics, intravenous saline, antiemetics, albuterol, 

antibiotics, and steroids (Table 4). Although participants are largely from Metropolitan 

Cincinnati, the area surrounding CCHMC, home addresses were reported across most of the 

United States (Figure 3). Because street addresses and zip codes are available from each 

medical encounter of a participant within the CCHMC’s system, studies integrating genetic data 

with environmental data gleaned from geocoding are possible.  
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Exemplary case control genome wide association studies using this cohort. 

Sickle-cell Disorder: In our cohort, 754 individuals had the D57 ICD-10 code (coding for sickle-

cell disorders) and were identified as “cases”. Using the framework presented in Supplemental 

Figure 3, 4,484 controls were identified. Because this sequencing resource includes common 

variants, this analysis was intended to identify modifiers of sickle-cell disorder. The most 

significant genetic association identified in this analysis consisted of a group of variants in a 

genetic haplotype tagged by rs4426157 (p-value = 4.05x10-148; odds ratio = 4.38) (Figure 4A 

and Supplemental Table 3), which is located six kilobases downstream of HBB. Variants in this 

haplotype have also been identified in independent cohorts assessing hemolysis in sickle cell 

anemia (10-10 < p-values <10-29)37 and thromboembolic events in sickle cell disease (10-6 < p-

values <10-8)38.  

Anxiety disorders: Using a clinical phenotyping algorithm developed by CCHMC investigators, 

we identified 3,733 subjects with anxiety in this cohort. After identifying 7,341 controls, we 

performed an association study and found three variants with genome-wide association (Figure 

4B and Supplemental Dataset 3): rs78667939 near PLAAT3 (p-value = 6.93x10-9; odds ratio = 

1.55), rs77200838 in an intergenic region (p-value = 2.75x10-8; odds ratio of risk allele = 1.58), 

and rs181943174 near FAM98A and RASGRP3 (p-value = 2.12x10-8; odds ratio = 2.09).  

Asthma: After identifying 4,303 cases with electronic medical record codes of ICD-10 J45 and 

8,342 principal component-matched controls, we performed a genome wide association study. 

We identified one locus with a variant exceeding genome-wide significance: rs185118029 near 

PCDH15 (5.6x10-10; odds ratio = 1.71) (Figure 4C and Supplemental Dataset 3). Variants at 

the PCDH15 locus have not previously been identified for asthma. Additionally, numerous risk 

loci from our analysis with p-values ranging from 10-4 to 10-7 included variants that were 

previously reported as increasing asthma risk in independent studies. These included replication 
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of known asthma risk loci at GSDMB26, 27, IL1RL139, 40, TSLP41, RAD5042, D2HGDH39, 40, 42-50, 

CDHR342, and PRDM1144 (Supplementary Dataset 4). 

 

Asthma Learning Health System acute asthma GWAS results 

The Asthma Learning Health System dataset analysis yielded suggestive associations at 

rs35317849 near CUL2 (p-value = 3.98 x10-7; odds ratio = 2.14) and rs73846614 between 

VGLL3 and CHMP2B (p-value = 8.16x10-7; odds ratio = 3.48), highlighting potential genetic 

markers that may influence asthma exacerbations and emergency care needs (Figure 5A).  

 

To further understand the role of combined genetic individual risk for individuals in this cohort, 

we calculated polygenic risk scores using a tool that was previously developed and validated 

across multiancestral asthma cohorts51. While not significantly different, the participants who 

required more acute care trended towards having a higher burden of asthma risk variants (one 

sided p-value of 0.109) (Figure 5B). Moreover, because we were able to provide a single 

datapoint that quantifies the cumulative genetic risk for each individual in this study, the clinical 

investigators were able to use this score to adjust for genetic risk when assessing other 

environmental and clinical factors. Together, these results highlight opportunities for integrating 

genetic research into precision medicine approaches for asthma management. 
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Discussion 

In this study, we established a comprehensive sequencing and phenotyping resource that 

addresses the historical underrepresentation of individuals of African ancestry in genetic 

studies, particularly in pediatric disease research. By leveraging the Discover Together Biobank 

at CCHMC, we produced a rich dataset comprising deep genetic and phenotypic data from 

15,684 children who self-identified as African American or Black. The study was made possible 

using low-coverage (3.3X) whole genome sequencing and an innovative imputation method to 

accurately call genotypes. We demonstrate that the resulting data are of high quality using 

heterozygous concordance of samples from the 1000 genomes project as well as samples from 

this cohort for which we had corresponding 30X whole genome sequencing data. We present a 

framework for case-control assessment using this cohort and show opportunities for discovery 

by presenting exemplary analyses. Our GWAS identified new and replicated previously known 

significant genetic associations for sickle cell disease, asthma, anxiety, and severe asthma - 

demonstrating the power of this resource to advance our understanding of the genetic 

underpinnings of pediatric diseases. 

 

Our collaboration with a Community Advisory Committee has been instrumental in ensuring 

that our research is conducted ethically and inclusively. The committee’s insights guided our 

efforts to increase the representation of historically underrepresented populations in genomic 

studies and to develop community engagement strategies that promote transparency and trust. 

This partnership has also informed our decision to prioritize genetic studies of conditions that 

disproportionately impact Black and African American children, such as asthma and anxiety.  

 

The genetic diversity observed in our cohort, of African ancestry ranging from 2% to 99%, 

highlights the potential to uncover ancestry-specific genetic variants that may contribute to 

disease risk. This range of admixture also creates an opportunity for admixture-based genetic 
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studies that leverage the differences in local and global admixture to identify variants 

associated with phenotypes with ancestry-specific differences. These opportunities are 

particularly relevant for conditions such as sickle cell disease, anxiety, and asthma, each with 

morbidity which disproportionately affect Black and African American children. Gaining 

information from people of diverse ancestral backgrounds is also essential to fully capture the 

biological mechanisms underlying health and disease 52.  

 

The inclusion of related individuals, such as multi-generational parent-child dyads and siblings, 

further enhances the utility of this resource for future family-based studies. This allows for the 

investigation of heritability and the identification of genetic factors that contribute to health 

outcomes within families. Additionally, the integration of electronic medical record data with 

genetic data enables the exploration of gene-environment interactions and the impact of socio-

environmental factors on health outcomes. 

 

Since this sequencing dataset was derived from Discover Together Biobank and made 

searchable via the Genomic Information Commons cohort builder, the dataset is well positioned 

to be easily accessible via a transparent, equitable, and tracked request system. The review 

process is built around the Genomic Information Commons sample request tool, with review 

procedures following the Discover Together Biobank protocols in place for institutional samples 

and data. 

 

In conclusion, the unique sequencing resource we developed represents a significant step 

towards addressing the disparities in genomic research and advancing precision medicine for 

all. By providing high-quality genetic and phenotypic data, this resource has the potential to 

drive discoveries that improve health outcomes for children of African ancestry. Future 
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research should continue to leverage this resource to explore the genetic basis of pediatric 

diseases and to develop targeted interventions that promote health equity.  
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Data Availability 

The data described in this manuscript have been deposited in the GIC 

(https://www.genomicinformationcommons.org/). 
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Figure Legends 

 

Figure 1. Genotype data of the cohort. A. Distribution of female and male participants. B. 

Genomic coverage with a line indicating the median. C. Distribution of total genetic variants 

called with a line indicating the median. D. Per participant call rate of variants included in the 

final dataset.  

 

Figure 2. Ancestry of children in the cohort. A. Self-reported race as collected in the 

electronic medical record for each participant. B. Principal component analysis of each 

participant (black dots) in the context of reference individuals from the 1000 Genomes Project, 

whose ancestry is indicated by color (see legend). C. Distribution of African admixture across 

individuals in the cohort. D. The number of variants called per sample (dots) in relationship to 

the genomic proportion of African admixture. CCHMC: Cincinnati Children’s Hospital Medical 

Center. 

 

Figure 3. Geographic distribution of children in this cohort. Each dot represents a zip code 

with at least one participant in this study. Dots are sized and have transparency adjusted based 

on the number of participants who lived in the corresponding zip code. All zip codes were 

geocoded and plotted with Esri ArcGIS Pro 3.4. Map sources: Esri, TomTom, Garmin, FAO, 

NOAA, USGS, EPA, USFWS. 

 

Figure 4. Exemplary case-control genome-wide associations studies using this cohort. 

Genome-wide association studies were performed using the framework presented in 

Supplemental Figure 3 for sickle cell disease (note break on y-axis) (A), Anxiety (B), and 

Asthma (C). For each study, the negative log p-value of a logistic regression analysis that 
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accounts for the first three principal components is shown. Genomic inflation for these analyses 

were 1.033, 1.048, and 1.042 for sickle cell disease, anxiety, and asthma, respectively.  

 

Figure 5. Partnerships to connect expert clinical phenotyping with high quality genetic 

data: acute asthma exacerbation. A. Individuals who were identified by clinicians as having 

controlled asthma and those with acute asthma exacerbations (labeled as severe asthma) were 

compared in a genome-wide association study. The genomic inflation for this analysis was 

1.021. B. A polygenic risk score for asthma was used to quantify the cumulative burden of 

asthma genetic risk loci for each individual in the study51. The difference in the distribution of 

polygenic risk was not statistically significant (one sided p-value of 0.108).  

 

Supplemental Figure 1. Quality assessment of sequencing data. Heterozygous 

concordance refers to the rate at which a variant is correctly identified as heterozygous (having 

one copy of each allele) across sequencing studies. A. Heterozygous concordance (y-axis) of 

GM12878 for each sequencing run of this study was assessed using corresponding 30X 

sequencing and is shown in the context of genomic coverage (x-axis). Heterozygous 

concordance (B) and full concordance (C) is presented for each control sample from which 

there was corresponding 30X sequencing data (see Methods). 

 

Supplemental Figure 2. Impact of variant-level quality control thresholds. Heterozygous 

concordance for low-pass sequencing of GM12878 is presented with no filters, with a 1% allele 

frequency filter, with a Hardy-Weinberg equilibrium threshold of 0.0001, and with both allele 

frequency and Hardy-Weinberg filters.  

 

Supplemental Figure 3. General recommended analytical strategy for case control 

analyses using this cohort. 
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Tables 

 

Table 1. Relatedness of cohort out of 15,684 individuals. A full list of individuals in our 

cohort and their relatedness to other participants in the cohort can be found in Supplemental 

Dataset 2.  

Relation Count 

Monozygotic twins 41 

Parent - Offspring 98 

Siblings 1,050 

2nd degree 134 
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Table 2. Top 20 International Classification of Diseases (ICD)-10 codes associated with 

cohort 

Number ICD-10  
code Description 

2,916 J06.9 Acute upper respiratory infection, unspecified 

2,446 R50.9 Fever, unspecified 

2,137 R05 Cough 

2,033 J45.909 Unspecified asthma, uncomplicated 

1,963 R11.10 Vomiting, unspecified 

1,915 K59.00 Constipation, unspecified 

1,813 B34.9 Viral infection, unspecified 

1,769 R10.9 Unspecified abdominal pain 

1,751 Z23 Encounter for immunization 

1,747 J02.9 Acute pharyngitis, unspecified 

1,745 Z20.822 Contact with and (suspect exposure to covid-19) 

1,548 R51 Headache 

1,326 R09.81 Nasal congestion 

1,305 Z32.02 Encounter for pregnancy test, result negative 

1,257 B97.89 Other viral agents as the cause of diseases classified elsewhere 

1,235 E66.9 Obesity, unspecified 

1,220 Z53.21 Procedure and treatment not carried out due to patient leaving prior 
to being seen by health care provider 

1,204 F90.9 Attention-deficit hyperactivity disorder, unspecified type 

1,155 R19.7 Diarrhea, unspecified 

1,086 L30.9 Dermatitis, unspecified 
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Table 3. Top 20 Current Procedural Terminology (CPT) and Healthcare Common 

Procedure Coding System (HCPCS) Codes associated with cohort 

 

Number CPT or 
HCPCS code Description 

14,078 99213 Established patient office visit, 20-29 minutes 
13,444 36415 Routine venipuncture 

11,569 85025 
Comprehensive blood count (CBC) with automated differential 
count 

11,216 99283 Emergency department visits that require moderate complexity 
medical decision making 

10,231 99214 Office or outpatient visit for an established patient 

10,058 90471 
The administration of a single vaccine or combination vaccine by 
injection 

9,946 99212 An evaluation and management (E/M) visit for an established 
patient 

9,572 94760 A single noninvasive pulse oximetry measurement 

8,790 99284 
An emergency department (ED) visit for a patient with a high-
severity problem 

8,176 99211 An office or outpatient visit for an established patient that may not 
require a physician 

7,991 84443 Laboratory test that measures thyroid-stimulating hormone (TSH) 
levels 

7,831 85027 Complete blood count (CBC) that doesn't include a white blood 
cell differential 

7,695 90472 Additional vaccine given after the first vaccine 
7,534 80061 Lipid panel 
7,418 99282 Emergency department visit for a new or established patient. 
7,405 1445253 Closed Reduction, Splinting Right Thumb 

7,354 81001 Urinalysis performed with a dipstick or tablet reagent and 
microscopy 

7,182 506675 Hypertrophy of Tonsils and Adenoids 
7,150 1435700 Spirometry Pre & Post Bronchodilators 
7,123 1481540 Tonsillectomy and Adenoidectomy 
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Table 4. Top 20 Medications associated with cohort 

Number Medicine Name 

8,692 Ibuprofen 100 mg/5mL oral suspension 

8,678 Normal saline flush for medications 

8,598 Acetaminophen 160 mg/5mL oral suspension 

7,962 Intravenous fluids 

7,094 Sodium chloride 0.9% intravenous / injectable solution 

6,601 Influenza virus vaccine split intramuscular suspension 

6,502 Sodium chloride 0.9% injectable solution 

6,444 Acetaminophen 325 mg oral tabs 

6,303 Ibuprofen 200 mg oral tabs 

6,049 Ondansetron HCL 4 mg/2mL injectable solution 

5,526 Hepatitis A vaccine 720 el u/0.5mL intramuscular suspension 

5,303 Morphine sulfate (preservative-free) 1 mg/mL injectable solution 

5,273 Sodium chloride 0.9 % intravenous bolus infusion 

5,158 Albuterol sulfate HFA 108 (90 base) mcg/act inhaled Aerosol 

4,935 Albuterol sulfate (2.5 mg/3mL) 0.083% inhaled nebulizer 

4,892 Amoxicillin 400 mg/5mL oral suspension 

4,891 Lactated ringers intravenous solution 

4,694 Fentanyl citrate 0.05 mg/mL injectable solution 

4,569 Dexamethasone sodium phosphate 4 mg/mL injectable solution 

4,545 Acetaminophen 10 mg/mL intravenous solution 
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Identify Cases

Identify one case per family 

Remove potential controls with any case family
ID based on cohort relateness matrix 

Find optimal controls based on principal 
component analysis of cases

Association analysis using logistic regression
analysis and including the first three principal

components as covariates 

Reapply quality thresholds: call rate over 85%
Hardy Weinberg disequilibrium in the controls 

p>0.01   

Assess genomic inflation
(no need for further correction if λ<1.05
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