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		Abstract

		Background: Dysregulation of immunohematologic function (IHF) promotes cardiovascular disease and impairs protective responses to cancer and infection. A pragmatic method to identify those as risk due to IHF could improve the precision of preventive interventions and provide insight into the heterogeneity of immunologic capacity. We developed and validated a method to distill complete blood cell count data into distinct IHF profiles of prognostic relevance. 

Methods: We adapted latent profile analysis methods to simultaneously identify distinct groups of patients with respect to 10 immunohematologic indicators and regress time to all-cause mortality on this latent IHF profile. The model was developed using data from 30274 National Health and Nutrition Examination Survey participants and externally validated in 49851 outpatients in the Veterans Heath Administration (VHA) system and 44142 SARS-CoV-2 positive VHA patients.

Findings: Ten distinct IHF profiles were identified. Profile 1, with relative mild pan-leukopenia in absence of red cell abnormalities, was associated with the best long term survival in each setting. Profiles 8-10, featuring anemia/anisocytosis especially in the setting of lymphopenia (Profiles 9-10) were associated with adjusted hazard ratio (HR) estimates of 1.76-2.62 for mortality across the three cohorts, compared to Profile 1. Profiles 6-7, featuring relative neutrophilia, were less common but also independently associated with mortality risk, especially after COVID-19 infection (Profile 7 HR [95% CI]: 2.51 [1.63 â€“ 3.86]). The magnitude of adjusted risk conveyed by IHF profiles was greater than individual clinical risk factors (i.e., smoking, diabetes) or prevalent co-morbidities.

Interpretation: Distinct immunohematologic endotypes can be identified during routine blood panels which project to mortality risk on par with a decade of life, additive to demographic and clinical factors. Applications that consider immunohematologic dysfunction may improve prevention of common fatal diseases, including COVID-19.

Funding Information:This study was funded in part by The National Institute on Aging (R01AG055480; Dalton and Perzynski), the National Cancer Institute (U01CA260513; Zidar and Chan), and the United States Veteran Administration (COVID19-8900-05; Zidar). The content is solely the responsibility of the authors and does not necessarily represent the official views of the Department of Veteran Affairs or the National Institutes of Health.

Declaration of Interests: No conflict of interest exists between any of the authors and the contents of this paper.

Ethics Approval Statement: The study was approved by the Institutional Review Board of the Louis Stokes Cleveland VAMC. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: phenotypes; inflammation; anisocytosis; lymphopenia; immunohematologic function

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	

























    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Zidar,  David  A. and Wilson,  Brigid  M. and Al-Kindi,  Sadeer and Chan,  Timothy  A. and Chung,  Mina and Anthony,  Donald  D. and Berg,  Kristen  A. and Bej,  Taissa and Osnard,  Michael and Wass,  Sojin  Y. and Sundaram,  Varun and Jain,  Mukesh  K. and Simon,  Daniel  I. and Bonomo,  Robert  A. and Nguyen,  Anh  Tram and Perzynski,  Adam  T. and Dawson,  Neal V and Liu,  Yongmei and Gunzler,  Douglas  D. and Dalton,  Jarrod  E., Pre-Existing and Pragmatically-Derived Immunohematologic Phenotypes Predict All-Cause and COVID-19-Specific Mortality: A 'Population Immunology' Approach.  Available at SSRN: https://ssrn.com/abstract=3861559 or http://dx.doi.org/10.2139/ssrn.3861559 
		
	

	

	
	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						David  A. Zidar (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Case Western Reserve University - School of Medicine  ( email )

			

			
			
				
				
				
					2511 Overlook Road
Cleveland Heights, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Brigid  M. Wilson

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Louis Stokes Cleveland Veterans Affairs Medical Center - Department of Medicine  ( email )

			

			
			
				
				
				
					810 Vermont Avenue NW
Washington, DC  20420
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Sadeer Al-Kindi

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Case Western Reserve University - Harrington Heart and Vascular Institute  ( email )

			

			
			
				
				
				
					11100 Euclid Ave
Cleveland, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Timothy  A. Chan

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Case Western Reserve University - Cleveland Clinic Foundation and the Lerner College of Medicine  ( email )

			

			
			
				
				
				
					9980 Carnegie Ave
Cleveland, OH  44195
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Mina Chung

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Cleveland Clinic - Department of Cardiovascular and Metabolic Sciences  ( email )

			

			
			
				
				
				
					United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				Case Western Reserve University - Cleveland Clinic Foundation and the Lerner College of Medicine 

			

			
			
				
				
				
					9980 Carnegie Ave
Cleveland, OH  44195
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Heart Vascular and Thoracic Institute, Cleveland Clinic  ( email )

			

			
			
				
				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Donald  D. Anthony

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Case Western Reserve University - School of Medicine  ( email )

			

			
			
				
				
				
					2511 Overlook Road
Cleveland Heights, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Kristen  A. Berg

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Case Western Reserve University at MetroHealth - Center for Healthcare Research and Policy  ( email )

			

			
			
				
				
				
					10900 Euclid Ave.
Cleveland, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Taissa Bej

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Louis Stokes Cleveland Veterans Affairs Medical Center - Department of Medicine  ( email )

			

			
			
				
				
				
					810 Vermont Avenue NW
Washington, DC  20420
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Michael Osnard

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				University of Iowa Hospitals & Clinics  ( email )

			

			
			
				
				
				
					IA
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Sojin  Y. Wass

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				University Hospitals Cleveland Medical Center - Harrington Heart and Vascular Institute  ( email )

			

			
			
				
				
				
					11100 Euclid Ave
Cleveland, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Varun Sundaram

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Case Western Reserve University - School of Medicine  ( email )

			

			
			
				
				
				
					2511 Overlook Road
Cleveland Heights, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Mukesh  K. Jain

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Case Western Reserve University - School of Medicine  ( email )

			

			
			
				
				
				
					2511 Overlook Road
Cleveland Heights, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Daniel  I. Simon

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Case Western Reserve University - School of Medicine  ( email )

			

			
			
				
				
				
					2511 Overlook Road
Cleveland Heights, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Robert  A. Bonomo

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Case Western Reserve University - School of Medicine  ( email )

			

			
			
				
				
				
					2511 Overlook Road
Cleveland Heights, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Anh  Tram Nguyen

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Duke University - Duke Molecular Physiology Institute  ( email )

			

			
			
				
				
				
					NC
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Adam  T. Perzynski

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Case Western Reserve University at MetroHealth - Center for Healthcare Research and Policy  ( email )

			

			
			
				
				
				
					10900 Euclid Ave.
Cleveland, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Neal V Dawson

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Case Western Reserve University at MetroHealth - Center for Healthcare Research and Policy  ( email )

			

			
			
				
				
				
					10900 Euclid Ave.
Cleveland, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yongmei Liu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Duke University - Duke Molecular Physiology Institute 

			

			
			
				
				
				
					NC
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Douglas  D. Gunzler

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Case Western Reserve University at MetroHealth - Center for Healthcare Research and Policy  ( email )

			

			
			
				
				
				
					10900 Euclid Ave.
Cleveland, OH  44106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jarrod  E. Dalton

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Case Western Reserve University - Department of Population and Quantitative Health Sciences  ( email )

			

			
			
				
				
				
					10900 Euclid Ave.
Cleveland, OH  44106
United States

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				
					
						

						
						Please enable JavaScript to view the comments powered by Disqus.

					

				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Click here to go to TheLancet.com

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Go to TheLancet.com
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       54

			

		
		
		
			Abstract Views

			      537

		

		
		
	


	

	
		
			
				       42 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					
						
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Preprints with The Lancet Specialties
									

									
										
											All Journals (16812)
										
											Allergy & Immunology (1063)
										
											Anaesthesia & Analgesia (51)
										
											Cardiology & Vascular Medicine (1167)
										
											Child & Adoloscence Health (1321)
										
											Critical Care (577)
										
											Dermatology (104)
										
											Digital Health (826)
										
											Endocrinology (963)
										
											Gastroenterology (986)
										
											Genetics & Genomics (2205)
										
											Geriatrics (204)
										
											Global Health (1326)
										
											Haematology (651)
										
											Infectious Diseases (5606)
										
											Nephrology (340)
										
											Neurology (1488)
										
											Nutrition (495)
										
											Obstetrics & Gynaecology (775)
										
											Oncology (3356)
										
											Ophthalmology (231)
										
											Otolaryngology (113)
										
											Planetary Health (261)
										
											Primary Care (853)
										
											Psychiatry (1095)
										
											Public Health (3555)
										
											Radiology & Medical Imaging (454)
										
											Respiratory Medicine (713)
										
											Rheumatology & Orthopaedics (612)
										
											Surgery (398)
										
											Urology (97)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    COVID-19 eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                COVID-19 eJournal

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              818

                                    

                                    
                                        PAPERS

                                            6,818

                                    

                                

                                
                            

                        

                    

                
	
                    Preprints with The Lancet

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Preprints with The Lancet

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              262

                                    

                                    
                                        PAPERS

                                           16,812

                                    

                                

                                
                            

                        

                    

                


            

            
                
                

                	
                    World Health Day eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                World Health Day eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                                1

                                    

                                    
                                        PAPERS

                                            5,742

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	


	
	
	






		
		









	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright Â© 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l100 in   0.282 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
