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  Abstract 

  Background:  Although a variety of biochemical markers 
are used to help predict the risk of cardiovascular disease, 
the prognostic utility of any marker used as a risk assess-
ment tool is dependent on the long- and short-term bio-
logical variability that the marker shows in different 
individuals. 
  Methods:  We measured total, low-density lipoprotein 
(LDL), and high-density lipoprotein (HDL) cholesterol; 
triglycerides; high-sensitivity C-reactive protein (hsCRP); 
total fibrinogen; and  γ  ′  fibrinogen in blood samples col-
lected from 15 apparently healthy individuals over the 
course of 1 year. Repeated measures variation estimates 
were used to calculate short- and long-term intraclass 
correlation coefficients (ICC), within- and between-sub-
ject coefficients of variation (CV I  and CV G , respectively), 
validity coefficients, and indices of individuality for each 
marker. 
  Results:  HDL cholesterol demonstrated the lowest vari-
ability profile, with an ICC of 0.84 and CV I  of 11.1 (95% CI: 
8.3, 17.0). hsCRP showed the highest levels of short- and 
long-term within-subject variability [CV I  (95% CI): 54.8 
(32.8, 196.3) and 77.1 (53.3, 141.3), respectively]. Stated 
differently, it would require five separate measurements 
of hsCRP, performed on samples collected over multiple 
days, to provide the risk assessment information provided 
by a single measurement of HDL cholesterol.  γ  ′  Fibrinogen 
demonstrated an ICC of 0.79 and CV I  of 14.3 (95% CI: 10.6, 
21.9). 
  Conclusions:  hsCRP showed very high biological variabil-
ity, such that a single measurement of hsCRP lacks suf-
ficient clinical utility to justify routine measurement. The 
variability profile of  γ  ′  fibrinogen was not markedly dif-
ferent than HDL cholesterol, necessitating only a limited 
number of measurements to establish an individual ’ s risk 
of cardiovascular disease.  
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   Introduction 
 Clinical laboratory tests provide information for a variety 
of purposes, including diagnosis, monitoring of disease, 
and risk assessment. With respect to the latter, the prog-
nostic utility of markers of risk assessment is often based 
on epidemiologic studies involving tens or hundreds of 
thousands of individuals. Although these large-scale epi-
demiologic studies enable the identification of markers 
associated with increased or decreased risk of cardio-
vascular disease (CVD), they fail to account for the prog-
nostic utility of the marker when it is applied to a single 
measurement in a single individual. For any marker of risk 
assessment to have good prognostic utility in an individ-
ual subject, the biological variability of the marker must 
be low enough to enable appropriate risk stratification 
using as few serially collected blood samples as possible. 

 The magnitude of variability seen in a biological 
marker used to diagnose a disease or assess risk is influ-
enced primarily by two parameters: the analytical varia-
tion that is observed in the measurement of the analyte, 
and the within- and between-subject biological varia-
tion that the analyte shows over time. For an analyte to 
have good clinical utility for risk assessment, the vari-
ability associated with measurement of the analyte 
should be relatively small compared with the within- and 
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between-subject variance. Analytes with large between-
subject (inter-individual) variability relative to the other 
sources of variance are generally considered to be more 
reliable, and allow better estimation of an association of 
the marker with disease [ 1 ]. 

 Serum high-density lipoprotein (HDL) cholesterol, 
low-density lipoprotein (LDL) cholesterol, total choles-
terol, non-HDL cholesterol, triglycerides, fibrinogen, 
and basal high-sensitivity C-reactive protein (hsCRP) 
concentrations have been identified as risk markers for 
CVD in numerous large-scale epidemiological studies [ 2 ]. 
However, these analytes show significant differences in 
biological variability, which adversely affects the prognos-
tic utility when only a single measurement of the analyte 
is performed in an individual patient. 

 In an effort to assess the impact of biological vari-
ability of various cardiac risk markers on their prognos-
tic utility when measured in an individual patient, we 
examined the short- and long-term biological variability 
of several markers of cardiovascular risk in a cohort of 15 
healthy adults. We measured the concentrations of HDL, 
LDL, total cholesterol, triglycerides, hsCRP, and total 
fibrinogen over the course of 1 year to determine the bio-
logical variability of each of these markers. 

 In addition to the currently used risk markers 
described above, we also measured  γ  ′  fibrinogen concen-
trations. The  γ  ′  isoform of fibrinogen has been proposed 
as a cardiovascular risk marker independent of total 
fibrinogen, and is significantly associated with inflamma-
tion. This isoform, which represents approximately 10% 
of an individual ’ s circulating fibrinogen, has a high-affin-
ity thrombin-binding site that may mediate its effect on 
thrombosis risk. Studies have linked it to coronary artery 
disease [ 3 ], myocardial infarction [ 4 ,  5 ], and ischemic 
stroke [ 6 ]. In this study, we examine the biological vari-
ability of this analyte for the first time and compare it with 
biomarkers currently used for the assessment of CVD risk.  

  Materials and methods 

  Study subjects 
 We recruited 15 apparently healthy adults (nine women and six men) 
to participate in a 12-month study designed to quantify the magnitude 
of changes over time in commonly measured risk factors for CVD. 
Subjects ranged in age from 21 to 54 years at the time of recruitment. 
Information was collected on each participant ’ s general health and 
medication use. Individuals taking cholesterol-lowering medications 
were excluded. The study has been approved by the Institutional Re-
view Committee of the Oregon Health and Science University, and the 

study subjects gave informed consent for participation in the study. 
The study complies with the principles laid down in the Declaration 
of Helsinki, adopted by the 18th World Medical Assembly, Helsinki, 
Finland, June 1964, and recently amended at the 59th World Medical 
Assembly, Seoul, Korea, October 2008.  

  Blood sample collection 
 Venous blood samples were collected from each participant between 
0700 and 1000 following an overnight fast. Participants were encour-
aged to reschedule blood collection if they felt ill. Samples were col-
lected on days 1, 3, 5, 7, 14, 21, and 28, and then monthly for 1 year. 
Thus, a total of 18 samples were collected over 1 year for subjects who 
completed the entire protocol. 

 Blood was collected into plain evacuated serum tubes, EDTA 
tubes, and citrate tubes depending on the analyte to be measured. 
Blood samples were processed within 45 min of collection, and se-
rum and plasma were aliquoted into 1.5 mL screw-cap tubes for pro-
cessing and storage. Samples were stored at 4 ° C for measurements 
completed within 24 h, and then stored long term at  − 70 ° C.  

  Measurement of cardiac risk factors 
 Analysis of total cholesterol, HDL cholesterol, LDL cholesterol, tri-
glycerides, and hsCRP were performed in duplicate using serum sam-
ples within 24 h of blood collection at the Oregon Health and Science 
University clinical chemistry laboratory. Measurement of these ana-
lytes was performed using a Beckman Synchron DxC (Beckman Coul-
ter, Inc., Brea, CA, USA) using reagents from the manufacturer and 
according to the manufacturer ’ s instructions. Non-HDL cholesterol 
was calculated as total cholesterol minus HDL cholesterol. Long-
term imprecision based on analysis of quality control sera shows a 
%CV of   <  3.0% for total and HDL cholesterol, and   <  5% for LDL cho-
lesterol, triglycerides, and hsCRP. Aliquots from each patient were 
stored at  − 70 ° C until measurement of other markers. Measurement 
of total # brinogen and  γ  ′  # brinogen was performed in batch mode 
using previously frozen citrated plasma a$ er the conclusion of the 
study, and within a maximum of 16 months a$ er collection. Fibrino-
gen is known to be stable under these storage conditions [ 7 ,  8 ]. Total 
# brinogen was measured according to the clotting method of Clauss 
using an STA Compact analyzer (Diagnostica Stago, Inc., Parsippany, 
NJ, USA). 

 Analysis of  γ  ′  # brinogen was performed using a microsphere-
based bioassay developed at Gamma Therapeutics (Portland, OR, 
USA). The calibrator for the assay was  “ Peak 2 # brinogen ”  (Enzyme 
Research Laboratories, South Bend, IN, USA). The total # brinogen 
in this fraction was determined by measuring the absorbance at 280 
nm. The  γ  ′  # brinogen content was determined by (1) separating  γ  ′  
and  γ A subunits on SDS-PAGE/Western blot, (2) measuring their re-
spective intensities using a polyclonal anti- γ  chain detector antibody 
coupled to an infrared imaging dye, and (3) using these values to de-
termine the fractional amount of total # brinogen that is the  γ  ′  vs.  γ A 
form, assuming that both  γ  ′  and  γ A chains randomly incorporate into 
# brinogen hexamers and that  γ  ′  chains constitute only a small minor-
ity (approx. 3.5%) of the chains. 

 To perform the assay, a monoclonal antibody (2.G2.H9) specif-
ic for the # brinogen  γ  ′  chain was covalently coupled to Microplex 
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Microspheres (Luminex Corp., Austin, TX, USA). Approximately 
2500 microspheres per well were then preloaded onto 96-well # l-
ter plates (MABVN1250; EMD Millipore Corp., Billerica, MA, USA) 
and excess bu% er was removed by vacuum. One hundred-micro-
liter samples of diluted plasma (1:1000 dilution in assay bu% er: 
PBS + 0.1% BSA/0.1% Tween/0.05% sodium azide/1 mM EDTA) were 
then added to each well. Filter plates were incubated for 2  h at 
room temperature with gentle shaking, and washed three times 
with assay bu% er. Microsphere samples then underwent two se-
quential 30-min incubations with 100  µ L of 4  µ g/mL biotinylated 
anti-# brinogen polyclonal antibody (IASHFBGN-GF-BIO; Innova-
tive Research, Novi, MI, USA) followed by 4  µ g/mL Streptavidin-R-
Phycoerythrin (S-866; Life Technologies, Grand Island, NY, USA). 
The # lter plates were then washed # ve times, the beads were resus-
pended in 100  µ L/well of assay bu% er, and median R-Phycoerythrin 
& uorescence/microsphere was determined by & ow cell & uorometry 
using a Luminex 200 system. The  γ  ′  # brinogen concentrations of 
plasma samples were determined by comparing their values with 
those of duplicate calibrators (six 1:2 dilutions of a 2  µ g/mL solu-
tion) run with each plate. Curve # tting of calibrators and back cal-
culation of plasma values were performed using Luminex Xponent 
so$ ware (weighted # ve-parameter logistic analysis).  

  Statistical analysis 
 A thorough descriptive analysis was performed including assess-
ment of analyte distributions and the pattern of analyte variation 
over time by subject. To account for repeated measures and obtain 
between-subject   2

G(s ) and within-subject, or biological   2
I(s )  variance 

components, a random-e% ects analysis of variance was # tted for 
each analyte using maximum likelihood estimation. For this study, it 
was assumed that there was no systematic within-subject error and 
that the within-subject variance remained constant at di% ering ana-
lyte concentrations. The within-subject variance estimates included 
method-dependent analytical error. To account for skewed distribu-
tions, hsCRP and triglycerides were log-transformed before these 

analyses. In addition, all variance components and statistics were 
calculated to describe both short- and long-term variation. All meas-
ures within the # rst 30 days were included in the short-term analysis, 
whereas the long-term analysis included all measures obtained from 
each participant. 

 To provide multiple methods for comparison across studies, 
several statistics were computed to describe analyte variation. For 
comparisons between tests, variance estimates from the repeated 
measures analyses were presented as within-subject and between-
subject CVs (CV I  and CV G , respectively). The CV I  was calculated as 
100×  2

I(s /mean) and the CV G  as 100×  2
G(s /mean). The 95% con# dence 

interval (95% CI) for each CV was computed using exact methods. 
For analytes with a skewed distribution, CV estimates and 95% CIs 
were calculated using a lognormal distribution. Variance estimates 
were also used to compute the intraclass correlation coe'  cient (ICC), 
a reliability measure de# ned as the proportion of the total variance 
attributed to between-subject variance   2 2 2

G I G[s /( s s )]+  and the index of 
individuality (II: CV I /CV G ). The validity coe'  cient (VC), representing 
the di% erence between a measured value and the true value due to 
variability, was calculated as (1/(1 +   2 2

I G(s / ks ))) 1/2 , with k equal to the 
number of measurements performed on an individual. Thus, using a 
set value for the validity coe'  cient, the minimum number of meas-
urements required to reach this value was determined. Owing to the 
non-speci# c nature of hsCRP, analyses were completed with and 
without measures   >  9.9 mg/L. This threshold was chosen to mimic the 
clinical utility of this test in which a hsCRP   >  9.9 mg/L warrants re-
peat testing owing to the re& ection of an acute phase response rather 
than actual CVD risk. 

 To apply the results of this 12-month study to clinical practice 
where thresholds are used for CVD risk classi# cation, we performed 
an analysis describing the misclassi# cation of each analyte when 
used as a single measure. The median value for each analyte was 
computed for every participant and assumed to be their  “ true ”  value. 
CVD risk thresholds were set at the high end of the normal range for 
each analyte and applied to each participant ’ s  “ true ”  value ( Table 1 ). 
The number and percent of single measurements across the 12-month 
study that deviated from this  “ true ”  risk classi# cation were tabulated 

 Table 1      Number and percentage of misclassification of biomarkers as individual tests and as part of a cardiovascular panel in 15 apparently 
healthy adults over 1 year of follow-up.  

 Biomarker, units 
  

 Normal range 
classification   

 Individual biomarker misclassification a   Cardiovascular panel 
misclassification b     Low  Correct  High 

 Total cholesterol, mg/dL    <  200  28 (11)  216 (85)  10 (4)  36 (17) 
 LDL cholesterol, mg/dL    <  130  21 (8)  218 (86)  15 (6)  34 (16) 
 HDL cholesterol, mg/dL     ≥   40  2 (1)  242 (95)  10 (4)  11 (5) 
 Non-HDL cholesterol, mg/dL    <  160  14 (6)  211 (83)  29 (11)  40 (18) 
 Triglycerides, mg/dL    <  150  6 (2)  238 (94)  10 (4)  16 (7) 
 hsCRP, mg/L    <  1.00  16 (7)  197 (80)  32 (13)  47 (21) 
 Fibrinogen, mg/dL    <  391  0 (0)  232 (93)  17 (7)  16 (7) 
  γ  ′  Fibrinogen, mg/dL    <  30  6 (2)  230 (91)  16 (6)  20 (9) 
 Full panel          220 (12) 

  Data are presented as number (%). SI conversion factors: to convert total cholesterol, LDL, HDL, and non-HDL to mmol/L, multiply by 
0.0259; triglycerides to mmol/L, multiply by 0.0113; hsCRP to nmol/L, multiply by 9.524. A total of 254 measures are available for each 
biomarker except hsCRP, fibrinogen, and  γ  ′  fibrinogen (n = 245, n = 249, and n = 252, respectively).  a The median value for all biomarkers 
was computed for each participant and used as the  “ true ”  measure. Categorization was performed at clinical and reported thresholds for 
the normal range.  b Panel misclassification analysis was restricted to days with no missing measures for any individual test (n = 238) and 
includes a total of 1904 measures.  
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for each analyte. In addition, we determined the total number and 
percent of measures misclassi# ed when all biomarkers were per-
formed as a multi-analyte cardiovascular panel. The contribution of 
each analyte to that total is presented.  

 Statistical analyses were performed using SAS so$ ware version 
9.3 (SAS Institute, Inc., Cary, NC, USA).   

  Results 
 The mean and median age of the study subjects was 39.9 
and 39.0 years, respectively. Two participants were unable 
to complete the protocol; one moved away from the study 
site and the other was disqualified after beginning treat-
ment with statins for high cholesterol. The mean number 
of blood samples per subject was 16.9, and the lowest 
number of samples from any subject was 11. 

 The assay for  γ  ′  fibrinogen showed good precision. 
Measurement of quality control material over 20 separate 

runs showed total %CVs of 8.1%, 5.5%, and 8.5% at  γ  ′  
fibrinogen concentrations of 9.0, 26.4, and 53.1 mg/dL, 
respectively. The limit of detection was   <  0.1 mg/dL. Long-
term storage up to 18 months showed a   <  10% change in  γ  ′  
fibrinogen concentrations when comparing values obtained 
using fresh vs. frozen samples. Freeze-thaw studies showed 
a   <  5% decrease in  γ  ′  fibrinogen concentrations following 
three freeze-thaw cycles. 

 The mean, standard deviation, and coefficients of 
variation for each of the cardiovascular biomarkers are 
shown in  Table 2 . Total cholesterol had the lowest long-
term within-subject variance, with a CV I  of 7.6 (95% CI: 
5.7, 11.7), followed by non-HDL cholesterol [CV I  (95% CI): 
9.4 (7.0, 14.3)] and LDL cholesterol [CV I  (95% CI): 10.3 (7.6, 
15.7)]. The low within-subject variance for non-HDL cho-
lesterol is not surprising, given the low values for this 
source of variance seen in both total and HDL cholesterol, 
from which it is calculated. hsCRP exhibited the highest 
long-term within-subject variance by far, with a CV I  of 

 Table 2      Short- and long-term descriptive statistics for CVD markers measured in a cohort of 15 apparently healthy adults over 1 year of 
follow-up.  

 Biomarker, units  n  Mean (SD)  CV I  (95% CI) a   CV G  (95% CI) b  

 Total cholesterol, mg/dL         
  Short-term  89  190 (27.7)  6.4 (4.0, 15.8)  13.0 (9.7, 20.0) 
  Long-term  254  191 (27.9)  7.6 (5.7, 11.7)  12.1 (8.8, 19.3) 
 LDL cholesterol, mg/dL         
  Short-term  89  126 (27.8)  7.8 (4.8, 19.2)  20.4 (15.0, 31.7) 
  Long-term  254  126 (28.1)  10.3 (7.6, 15.7)  19.3 (14.0, 31.1) 
 HDL cholesterol, mg/dL         
  Short-term  89  45.5 (13.0)  9.1 (5.7, 22.7)  27.0 (19.8, 42.8) 
  Long-term  254  47.2 (13.0)  11.1 (8.3, 17.0)  25.2 (18.2, 41.2) 
 Non-HDL cholesterol, mg/dL         
  Short-term  89  144.2 (29.1)  7.3 (4.5, 17.9)  18.6 (13.8, 28.9) 
  Long-term  254  144 (29.5)  9.4 (7.0, 14.3)  18.4 (13.4, 29.7) 
 Triglycerides, mg/dL c          
  Short-term  89  81.9 (38.4)  24.8 (15.3, 65.6)  33.8 (24.4, 55.5) 
  Long-term  254  81.6 (40.8)  27.5 (20.3, 43.0)  34.0 (24.5, 55.8) 
 hsCRP, mg/L (all measures) c          
  Short-term  85  1.12 (2.45)  54.8 (32.8, 196.3)  107.6 (71.4, 240.1) 
  Long-term  245  1.20 (2.43)  77.1 (53.3, 141.3)  76.2 (53.3, 148.0) 
 hsCRP, mg/L (measures    ≤   9.9) c          
  Short-term  83  1.05 (1.84)  40.4 (24.6, 121.8)  101.1 (67.6, 218.4) 
  Long-term  239  1.13 (1.84)  58.9 (42.0, 102.0)  77.4 (53.5, 148.9) 
 Fibrinogen, mg/dL         
  Short-term  88  304 (50.7)  8.8 (5.5, 21.9)  14.0 (10.4, 21.5) 
  Long-term  249  300 (47.7)  10.8 (8.0, 16.6)  11.9 (8.7, 18.9) 
  γ  ′  Fibrinogen, mg/dL         
  Short-term  89  23.2 (7.1)  13.9 (8.6, 35.0)  27.1 (19.9, 42.9) 
  Long-term  252  22.9 (6.8)  14.3 (10.6, 21.9)  27.4 (19.7, 45.1) 

  SI conversion factors: to convert total cholesterol, LDL, HDL, and non-HDL to mmol/L, multiply by 0.0259; triglycerides to mmol/L, multiply 
by 0.0113; hsCRP to nmol/L, multiply by 9.524.  a CV I  indicates within-subject variation.  b CV G  indicates between-subject variation.  c Owing 
to skewed distributions, triglycerides and hsCRP were log-transformed for all calculations. For presentation, log-transformed values were 
transferred back to original units as a geometric mean (SD).  
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77.1 (95% CI: 53.3, 141.3). This variation remained high 
after excluding hsCRP measures   >  9.9 mg/L [CV I  (95% CI): 
58.9 (42.0, 102.0)]. The second highest CV I  of 27.5 (95% CI: 
20.3, 43.0) was for triglycerides. Between-subject variance 
showed a similar trend, with the lowest values seen for 
total cholesterol, and the highest for hsCRP and triglycer-
ides. The overall variance for hsCRP was much higher than 
for the other analytes, with a standard deviation exceed-
ing the mean value. The short-term CV I  and CV G  estimates 
derived from repeated measures performed during the 
first month of follow-up were very similar to the long-term 
variance estimates. For all but one analyte, the short-term 
CV I  and CV G  fell within the 95% CI of the long-term esti-
mate. hsCRP was the only analyte where a difference was 
observed between the short- and long-term within-subject 
variance [CV I  (95% CI): 40.4 (24.6, 121.8) and 58.9 (42.0, 
102.0), respectively].  

 The proportions of the total variance attributed to 
each source are presented in  Table 3 . In this study, the 
long-term II ranged from 0.44 for HDL cholesterol to 0.99 
for hsCRP, and the ICCs were between 0.50 (hsCRP) and 
0.84 (HDL cholesterol). The long-term II and ICC for  γ  ′  
fibrinogen were 0.52 and 0.79, respectively, whereas 
these values for total fibrinogen were 0.91 and 0.55, 
respectively. This reflects the finding that  γ  ′  fibrinogen 
has a reduced proportion of within-individual variance, 
which is approximately half that of total fibrinogen. Of 
note, the II and ICC calculated for total fibrinogen were 
nearly identical to the II of 0.92 and the ICC of 0.56 found 
in similar studies [ 9 ,  10 ]. Short-term II and ICC estimates 
show the greatest amount of variation for triglycerides 
(0.73 and 0.64, respectively), followed by total fibrinogen 
(0.63 and 0.72, respectively) and hsCRP (0.51 and 0.75, 
respectively). Total fibrinogen and hsCRP II and ICC esti-
mates demonstrated less variation within 1 month com-
pared with the full year of follow-up. In contrast, there 
was little or no difference between these estimates for 
the other analytes.  

 To gain insight into the impact of biological variability 
on the prognostic utility of these markers of risk assess-
ment, the VC for a single measurement of each biomarker 
was calculated, as well as the number of samples needed 
for a biomarker with the same VC as HDL cholesterol (0.91), 
which showed the highest value for this measure ( Table 4 ). 
For total cholesterol, LDL cholesterol, non-HDL choles-
terol, and  γ  ′  fibrinogen, only two measurements were 
needed to achieve a VC that was similar to HDL. However, 
for triglycerides, total fibrinogen, and hsCRP, more than 
four or five measurements were needed to achieve the 
same VC as that provided by a single measurement of HDL 
cholesterol.   

 Table 3      Short- and long-term indices of individuality, intraclass 
correlation coefficients, and variance components as a percentage of 
total variance for CVD risk markers in 15 apparently healthy adults 
over 1 year of follow-up.  

 Biomarker, units  Index of 
individuality 

 ICC  CV I % a   CV G % b  

 Total cholesterol, mg/dL         
  Short-term  0.49  0.81  19.4  80.6 
  Long-term  0.63  0.72  28.4  71.6 
 LDL cholesterol, mg/dL         
  Short-term  0.38  0.87  12.7  87.3 
  Long-term  0.53  0.78  22.0  78.0 
 HDL cholesterol, mg/dL         
  Short-term  0.34  0.90  10.3  89.7 
  Long-term  0.44  0.84  16.3  83.7 
 Non-HDL cholesterol, mg/dL         
  Short-term  0.39  0.87  13.2  86.8 
  Long-term  0.51  0.80  20.5  79.5 
 Triglycerides, mg/dL c          
  Short-term  0.73  0.64  35.6  64.4 
  Long-term  0.81  0.60  40.1  59.9 
 hsCRP, mg/L (all measures) c          
  Short-term  0.51  0.75  25.5  74.5 
  Long-term  0.99  0.50  49.5  50.5 
 hsCRP, mg/L (measures    ≤   9.9) c          
  Short-term  0.40  0.82  17.7  82.3 
  Long-term  0.76  0.61  38.8  61.2 
 Fibrinogen, mg/dL         
  Short-term  0.63  0.72  28.5  71.5 
  Long-term  0.91  0.55  45.4  54.6 
  γ  ′  Fibrinogen, mg/dL         
  Short-term  0.51  0.79  20.8  79.2 
  Long-term  0.52  0.79  21.4  78.6 

  SI conversion factors: to convert total cholesterol, LDL, HDL, and 
non-HDL to mmol/L, multiply by 0.0259; triglycerides to mmol/L, 
multiply by 0.0113; hsCRP to nmol/L, multiply by 9.524.  a CV I  
indicates within-subject variation.  b CV G  indicates between-subject 
variation.  c Owing to skewed distributions, triglycerides and hsCRP 
were log-transformed for all calculations. For presentation, log-
transformed values were transferred back to original units as a 
geometric mean (SD).  

  Discussion 
 A large number of biomarkers are used routinely for 
assessment of risk of CVD. Although the average cost of a 
single lipid profile is relatively low when compared with 
the direct and indirect costs of CVD, estimated to be US 
 $ 503.2 billion in 2010, the cumulative costs of screening 
can be substantial, especially if biochemical markers of 
risk assessment require multiple repeated measurements 
to establish an individual ’ s true baseline [ 11, 12 ]. 

 The biological and analytical variability seen in a risk 
marker is an important factor in determining the prognos-
tic utility of a single measurement; however, this attribute 
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tends to be overlooked, with more focus placed on dis-
ease-association levels in large epidemiological studies. 
These studies are extremely valuable in identifying poten-
tial biomarkers of risk assessment but do not necessarily 
provide insight into the reliability of a single measure-
ment performed on an individual patient, an important 
practical consideration [ 13 ]. 

 We measured CVD risk markers in a cohort of 15 
apparently healthy individuals over the course of a year 
to directly compare their within- and between-individual 
variability. Of the risk markers measured, HDL choles-
terol had the best variability profile for a prognostic bio-
marker, with the majority of its variability due to differ-
ences between subjects, and a relatively small variance 
observed within a single individual. These characteristics 
gave HDL the highest value for both the intraclass and the 
validity coefficients. 

 In contrast, hsCRP measurements demonstrated 
a high degree of biological variability, both between 
subjects and within individuals. The within-individual 
variance of hsCRP was nearly identical to that seen 
by Clark and Fraser [ 14 ], who found a CV I  of 63%, but 
was higher than that found in other studies, even after 
exclusion of values   >  9.9 mg/L [ 9 ,  15 ]. This is probably 
due in some part to the small size as well as the duration 
of the study and number of blood samples analyzed. 
Sakkinen et al. [ 9 ] saw a marked increase in the intra-
individual CV for hsCRP at 24 weeks of follow-up, com-
pared with 6 weeks, demonstrating the strong effect of 
study duration on this variance parameter. This finding 

 Table 4      Validity coefficients and the number of repeated 
measurements needed to reach a validity coefficient of 0.91 in a 
study with 15 apparently healthy adults over 1 year of follow-up.  

 Biomarker  Validity 
coefficient 

 No. of sample 
measurements to 

achieve a VC == 0.91 a  

 Total cholesterol, mg/dL  0.85  2 
 LDL cholesterol, mg/dL  0.88  2 
 HDL cholesterol, mg/dL  0.91  1 
 Non-HDL cholesterol, mg/dL  0.89  2 
 Triglycerides, mg/dL  b    0.77  4 
 hsCRP, mg/L (all measures)  b    0.71  5 
 hsCRP, mg/L (measures    ≤   9.9)  b    0.78  4 
 Fibrinogen, mg/dL  0.74  4 
  γ  ′  Fibrinogen, mg/dL  0.89  2 

  SI conversion factors: to convert total cholesterol, LDL, HDL, and 
non-HDL to mmol/L, multiply by 0.0259; triglycerides to mmol/L, 
multiply by 0.0113; hsCRP to nmol/L, multiply by 9.524.  a The 
number of measurements is rounded up to the nearest integer. 
 b Owing to skewed distributions, triglycerides and hsCRP were 
log-transformed for all calculations.  

is consistent with our observation of greater CV I  and 
II estimates over 1 year of follow-up compared with 1 
month for this analyte. 

 An increasing number of studies have questioned the 
clinical utility of hsCRP in assessing the risk of CVD where 
measurement of this marker did not improve the CVD risk 
estimation when added to other established risk factors [ 2 , 
 16  –  20 ]. This is due in large part to the high intra-individ-
ual variability of this analyte. The within-subject standard 
deviation for hsCRP in our study was 1.2 mg/L. Although 
others have reported smaller values for this estimate, it is 
still quite high relative to the cutoff values for risk classifi-
cation of   <  1, 1 – 3, and   >  3 mg/L, resulting in a considerable 
chance of misclassification, and making any assessment 
of a  “ real ”  change in an individual ’ s baseline hsCRP level 
nearly impossible [ 16 ]. We found that it would require five 
separate measurements of hsCRP to achieve the validity 
of a single measurement of HDL cholesterol in our cohort, 
and some have suggested that even more repeated meas-
ures might be necessary for establishing an individual ’ s 
true baseline hsCRP value [ 21 ]. 

 We also assessed the within- and between-individual 
variability of the  γ  ′  isoform of fibrinogen. This marker has 
been gaining attention as an additional CVD risk factor. 
Recent research has also suggested a connection between 
 γ  ′  fibrinogen and inflammation [ 22 ], with increased con-
centrations seen in the acute phase of pulmonary embo-
lism and stroke [ 23 ], indicating that it may be useful as a 
marker of inflammatory processes as well. In vitro studies 
show that  γ  ′  fibrinogen is differentially upregulated from 
total fibrinogen by the major inflammatory cytokine inter-
leukin-6 [ 24 ]. In studies with HepG2 liver cells, interleu-
kin-6 caused a 3.6-fold increase in the  γ A mRNA, but an 
8.3-fold increase in the  γ  ′  mRNA, resulting in a 2.3-fold 
increase in total fibrinogen within 24 h, and a 3.2-fold 
increase in  γ  ′  fibrinogen. 

 In the present study, the variability profile of  γ  ′  
fibrinogen was favorable and demonstrated little differ-
ence whether assessed over 1 month or 1 year. For these 
reasons, it may be a more attractive risk marker than 
hsCRP for clinical risk assessment. The stability of  γ  ′  
fibrinogen is likely to be due to its long half-life compared 
with CRP. Fibrinogen has a half-life of about 88 h [ 25 ] com-
pared with the 19 h half-life of CRP [ 26 ]. This long half-life 
may provide a buffering capacity against transient inflam-
matory spikes compared with hsCRP, which is more sensi-
tive to inflammation than  γ  ′  fibrinogen, but may be less 
specific for CVD. 

 In summary, a number of biomarkers for the assess-
ment of the risk of CVD have been identified on the 
basis of disease association in large-scale epidemiologic 
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studies. Although these studies are necessary for iden-
tification of potential markers, studies are also needed 
that demonstrate the true prognostic utility of each 
marker when measured in an individual, and the number 
of measurements of each marker that are needed to 
assess individual risk. We found that a single measure-
ment of HDL cholesterol provides the best assessment 
of CVD risk owing to the smaller intra-individual vari-
ability seen in this marker, whereas two separate meas-
urements of total cholesterol, LDL cholesterol, and  γ  ′  
fibrinogen would be needed to provide the same level of 
prognostic information. In contrast, five separate meas-
urements of hsCRP would be needed to assess risk in a 
single individual.  
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