
ARIC Manuscript Proposal # 1167 
 
 

PC Reviewed:  __06/_20_/06  Status: _A_   Priority: _2_ 
SC Reviewed: __06/23/06_   Status: _A_   Priority: _2_ 
 
 
1.a. Full Title:  Reliability of Flow Cytometric Parameters 
 
   b. Abbreviated Title (Length 26 characters): Reliability of Flow Cytometry 
 
2. Writing Group:  Diane Catellier, Nena Aleksic 
 
I, the first author, confirm that all the coauthors have given their approval for this manuscript 
proposal. __DJC_____ [please confirm with your initials electronically or in writing] 
 
 First author: Diane Catellier DrPH 
 Address: University of North Carolina 
   Department of Biostatistics 
   137 E. Franklin Street, Chapel Hill, NC 27514 

 
Phone:  919-966-1895   Fax:  919-962-3265 
E-mail:  diane_catellier@unc.edu 

 
Corresponding/senior author (if different from first author correspondence will be sent to both the first author & 
the corresponding author):   

 Address:  
Phone:     Fax:   
E-mail:   
 

3. Timeline: Begin analyses when approved by Pubs committee 
 
4. Rationale: The purpose of this paper is to report on the reliability of flow cytometry 
measurement of antigen expression in stabilized blood samples in a multicenter study.  An 
extensive series of monoclonal antibodies (platelet markers: CD41, CD61, CD62P, CD154; 
monocytes markers: CD14, TLR2, TLR4, CD162, MPO, COX-2; pan-leukocyte marker: CD45) 
were tested using 2-color or 3-color protocols.  A description of the basic aspects of multi-color 
flow cytometry protocols is given by Baumgarth et al. (1); Michelson et al. (2) and Li et al. (3) 
provide specific details of evaluation of platelet markers; Sabroe and colleagues (4) describe the 
analysis of TLR2 and TLR4; and Hazen discusses the link between MPO and atherosclerotic 
plaque (5).  The variables derived from flow cytometry are proportion of cells expressing the 
antigen of interest, and the relative level of antigen expression (mean or median fluorescence 
intensity).   
 
We can think of an individual’s measurement as being made up of two components, the true value 
and random error.  Reliability is the proportion of “truth” in the measurement, or the ratio of the 
true score variance to the observed score variance.  Reliability can be estimated by taking repeated 



measurements of the same group of people to determine how much their measurements fluctuate.  
Fluctuations from one person’s measurements are attributed to error.  If reliability is low, the 
ability to differentiate between the subjects with different risk factors or disease states decreases.  
The ARIC Carotid MRI quality control program was designed to monitor the reliability of flow 
cytometry measurements over time, and to identify factors that might affect reliability. 
 
Potential sources of error in measurement include variability in the drawing or processing of blood 
(e.g., fasting status, time between drawing and processing), variation in quality of the blood 
sample after shipping to the central laboratory, variation in the reagent (from one lot to the next), 
variation between technicians performing the measurements, and variation over time within an 
individual.  Three sub-studies were designed to evaluate additional sources of variation. The first 
study has the fewest sources of variation.  A convenience sample of 20 tubes of blood was selected 
at the laboratory for replicate testing.  Each tube of blood was split into two aliquots and measures 
obtained from independent flow cytometry analysis were compared.  Measurement error variation 
estimated from this data cannot be attributed to variation in blood drawing, processing, or 
shipment procedures, or within-subject variation over time.  In the second study, a random sample 
of 50 subjects was selected to have a second tube of blood drawn by the same technician during 
venipuncture and sent to the flow cytometry laboratory.  These additional QC specimens are 
labeled with a phantom participant ID that is indistinguishable from other ID numbers, so that the 
laboratory is blinded to the QC process.  Measurement error variation estimated from this second 
study will include the analysis sources of error present in Study 1 and variation in blood drawing, 
processing, or shipment procedures.  In the third study, 60 participants repeated the entire clinic 
visit within one month of their original visit.  Again, the replicate sample was labeled with a 
phantom participant ID so that the laboratory was blinded to the QC process. Measurement error 
variation from this study will include measurement variability that is due to errors in the analysis 
process, blood drawing, processing and shipping, as well as variability within-subject variation 
over time.   
 
5. Main Hypothesis/Study Questions: What is the reliability of flow cytometry for 
determination of antigen expression in stabilized blood samples in a large multicenter study?  Are 
there factors that are associated with reliability (e.g., quality of the sample)?  Using results from 
all three sub-studies, estimate the component of variation that is attributable to laboratory error, 
sample drawing and processing error, and short-term within-subject variation in antigen 
expression.    
 
6. Data (variables, time window, source, inclusions/exclusions): Internal QC pool: 20 
unblinded replicates selected (non-randomly) at the laboratory.  External QC pool: 50 replicates 
selected at random, unblinded to the venipuncture technician but blinded to laboratory staff.   
Repeatability study data: repeated venipuncture one month part on 60 participants selected (non-
randomly) at the field centers. 
 
Exclusions/Inclusions: none 
 
Variables: 

1. Antigens: CD61, CD62P, CD41, CD154, COX2, TLR2, TLR4, CD14, CD45, CD162, 
MPO 



- the proportion of cells expressing the antigen of interest 
- the relative level of antigen expression (mean or median fluorescence intensity) 
 
2. Blood processing and shipping variables:  
- technician 
- problems during venipuncture (non-fasting state, multiple venipuncture attempts, tourniquet 
reapplied, needle movement, excessive bleeding) 
- blood processing variables (volume collected, time sample left at room temperature before 
shipping) 
- quality of sample upon shipping (clotted, hemolyzed, lipemic, other contamination)  
- quality when received at the laboratory 
 
3. Repeatability study variables:  
- time between visits 
- technician (same or different on two visits) 
 

For each of the 3 sub-studies, we will compute standard indices of reliability including: (1) mean, 
standard deviation of paired measurements; (2) the mean difference, and associated confidence 
interval, between paired measurements on the same subject; (3) variances (within- and between-
subject); (4) proportion of total variance attributable to measurement error (e.g., reliability).    
 
We will estimate reliability (R) from a one way analysis of variance with subject as the only 
factor.  That is, R = (MSb - MSw)/ (MSb + MSw), where using the MSb and MSw are the between 
and within-subject mean square values, respectively.  We can also estimate reliability by treating 
subject as a random effect in a mixed model.  Using this model, the total variance is partitioned 
between the variance of the random effect parameter (within-subject) and residual components of 
variation.  Using this modeling framework, we will also examine the effect of various factors on 
reliability.  In particular, we will examine whether inclusion of fixed effects such as field center, 
technician, sample quality, reagent lot number, time trends significantly reduces or “explains” the 
within-subject component of variance.   Note that the proportion of cells expressing the antigen of 
interest is not normally distributed (i.e., it is constrained to lie between 0 and 1).  Therefore, 
generalized logistic mixed models (rather than linear mixed models) will be used to estimate the 
variance components and to explore whether the measurement error component differs as a 
function of field center, technician, sample quality, etc (6).  
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