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Rationale for Targeted Rather Than Population Based Screening
With C-Reactive Protein Using the National Health and Nutrition

Examination Survey (1999 to 2002)

Brian N. Guttormsen, MDa, James H. Stein, MDa, Patrick E. McBride, MD, MPHa,
Michael W. Cullen, MDc, Ronald Gangnon, PhDb, and Jon G. Keevil, MDa,*

C-reactive protein (CRP) is the most well-studied inflammatory marker for the prediction
of coronary artery disease. It was hypothesized that population-wide screening would have
minimal impact but that a target population might be identified for whom CRP testing
could be appropriate. The National Health and Nutrition Examination Survey (NHANES;
1999 to 2002) included 7,399 subjects who represented 171 million United States residents
aged 20 to 79 years. Subjects were risk stratified according to National Cholesterol Edu-
cation Program Adult Treatment Panel III guidelines. Subjects with CRP levels >3 mg/L
then had their risk profiles adjusted by adding 1 risk factor and multiplying their Fra-
mingham risk scores by 1.5. Subjects had their low-density lipoprotein (LDL) cholesterol
goals adjusted as necessary and were then recategorized as above or below their CRP-
adjusted LDL cholesterol goal. LDL cholesterol goals were met initially by 67.8% (116 � 8
million) of United States residents, and 64.8% (111 � 8 million) achieved their LDL
cholesterol goals after CRP adjustment. Thus, 5.3 � 1.1 million of the population (3.1 �
0.1%) had their risk modified in a clinically meaningful way by CRP adjustment. Targeting
the screening to 2 groups, those with 1 risk factor and LDL cholesterol levels 130 to 159
mg/dl and those with moderately high risk and LDL cholesterol levels 100 to 129 mg/dl, we
were able to identify all 5.3 million by screening only 14.8 million, achieving a screening
yield of 35%. In conclusion, population-based screening with CRP provided a clinical
impact for only 3.1% of United States residents. Patients with 1 risk factor and LDL
cholesterol levels of 130 to 159 mg/dl and those with moderately high risk and LDL
cholesterol levels of 100 to 129 mg/dl represent high-yield subgroups for routine CRP

screening. © 2007 Elsevier Inc. All rights reserved. (Am J Cardiol 2007;100:1130–1133)
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he relation between inflammation and atherosclerosis has
timulated the study of inflammatory markers that might
mprove cardiovascular risk prediction. C-reactive protein
CRP) is the most intensely studied of these markers. In this
tudy, we quantified the clinical impact of CRP screening in
he entire United States population for the presence of
levated CRP. We hypothesized that a population-based
pproach would be inefficient and that a more targeted
roup for screening might be identified. To accomplish this,
e developed an algorithm on the basis of current data and

pplied it to those subjects in the National Health and
utrition Examination Survey (NHANES) data sets for
999 to 2002, representing the population of the United
tates.
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ethods

he National Center for Health Statistics conducted NHANES
n 2-year phases. NHANES is a collection of demographic,
istorical, physical examinations, and laboratory data on
hose subjects enrolled. The survey uses demographic and
eographic data and complex sampling algorithms to assign
eights to all of its samples, such that the sum of the

amples’ weights represents the entire civilian noninstitu-
ionalized United States population. This study used data
rom all subjects aged 20 to 79 years from 2 phases: the
999 to 2000 and 2001 to 2002 surveys. A detailed descrip-
ion of the methods and protocols of NHANES has been
reviously published.1 Currently, pregnant women and sub-
ects who were receiving cancer chemotherapy within 4
eeks of the exam were excluded. Subjects who lacked

ufficient cholesterol or blood pressure data to allow risk
ssessment and low-density lipoprotein (LDL) cholesterol
oal stratification were also excluded. Subsequent numbers
rovide the population estimates in millions of subjects,
ith SEs. Population totals and percentages were calculated
sing sampling weights to produce unbiased population
stimates. SEs were determined, taking into account the
omplex survey design. Analyses were performed using
AS version 9.1 (SAS Institute Inc., Cary, North Carolina).
CRP measurement in the NHANES data sets was per-
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1131Preventive Cardiology/Targeted Versus Population-Based CRP Screening
ormed using latex-enhanced nephelometry with a Behring
ephelometer (Behringwerke, Marburg, Germany) for
uantitative protein determination.2 This method has been
ell validated and is currently approved by the United
tates Food and Drug Administration for clinical use in the
nited States.3
The National Cholesterol Education Program Adult

reatment Panel (ATP) III guidelines describe risk assess-
ent and treatment goals for patients on the basis of LDL

holesterol levels.4 These goals are assigned on the basis of
3-step risk assessment: (1) identifying the presence of

oronary heart disease or its equivalents (e.g., diabetes mel-
itus, peripheral arterial disease), (2) the enumeration of
raditional risk factors, and (3) calculation of the Framing-
am risk score (FRS). Subjects with �2 risk factors are at
ower risk, and those with �2 risk factors have their FRSs
alculated. Those with FRSs of 0% to �10% are at mod-
rate risk, and those with FRSs of 10% to �20% are at
oderately high risk. Subjects with FRSs �20% or coro-

ary risk equivalents are at high risk. Subjects were strati-
ed into 1 of these 4 risk levels: lower, moderate, moderate
igh, and high. Their respective LDL cholesterol goals were
160, �130, �130 and �100 mg/dl. Subjects were then

ategorized as above or below their LDL cholesterol goals.
ubjects with CRP levels �3 mg/L then had their risk
cores modified according to the following algorithm. High-
isk subjects did not have their risk altered. Moderate and
oderately high-risk subjects had their FRSs multiplied by

.5. Lower risk subjects had 1 risk factor added. If the result
as �2 risk factors, their FRSs were calculated per ATP III
uidelines and multiplied by 1.5. LDL cholesterol goals
ere then reassigned if needed, and subjects were then

ecategorized as above or below their CRP-modified LDL
holesterol goals.

Subjects who were initially below their LDL cholesterol
oals, had their LDL cholesterol goals reduced by CRP
djustment, and were then found to be above their CRP-
djusted LDL cholesterol goal were considered clinically
ffected by CRP screening. These subjects represented the
roup of interest for this study.

esults

ll 8,747 subjects (representing 190.4 million United States

able 1
tudy population and exclusions from the National Health and Nutrition
xamination Survey 1999 to 2002 data set

ariable Subjects Population-based
Numbers
(millions)

(group weight)

obile examination center group,
ages 20 to 79 yrs

8,747 190.4 (100%)

regnant 582 4.3 (2.2%)
ecent or pending chemotherapy 28 0.6 (0.3%)
issing cholesterol data 524 10.3 (5.4%)
issing blood pressure data 214 4.3 (2.3%)

otal exclusions 1,348 19.4 (10.2%)
tudy population 7,399 171 (89.8%)
esidents) were included in the data set. The final analysis O
ncluded 7,399 subjects representing 171.0 million United
tates adults (Table 1). The distribution of CRP among the
HANES population was relatively uniform among the 3

ategories used (Figure 1). This is consistent with cutpoints
stablished by the American Heart Association and Centers
or Disease Control and Prevention, which were based on
istributions from �15 studies involving �40,000 patients.5
RP levels �3 mg/L were present in 51.2 million subjects

SE 48.0 to 54.4 million), or 38% of the population.
Initially, 68% of the United States population (116 � 8

illion) met their LDL cholesterol goals. After CRP eval-
ation and LDL cholesterol goal adjustment, 65% of the
opulation (110.8 � 7.6 million) met their LDL cholesterol
oals. The difference of 3.1% (5.3 � 1.1 million) represents
he yield of clinically important results using a population-
ide screening approach. Figure 2 demonstrates the results
ith LDL cholesterol goal achievement before and after
RP enhancement. The distribution of these 5.3 million

ubjects was equal across the genders.
All 5.3 million subjects were categorized in 2 subgroups

Figure 3). The first group was the 12.8 � 1.1 million
ndividuals at lower risk, with single risk factors and LDL
holesterol levels of 130 to 159 mg/dl. The second group
as the 2.0 � 0.5 million subjects at moderately high risk,
ith LDL cholesterol levels of 100 to 129 mg/dl. Together,

hese 2 groups represented 14.8 million United States resi-
ents, including all 5.3 million subjects whose clinical as-
essments would be affected by high CRP levels. Limiting
creening to this group of 14.8 million resulted in a 35%
ield of clinically affected subjects.

iscussion

RP is associated with future cardiovascular events, but the
ptimal patient population for CRP screening is unclear.

Figure 1. The distribution of CRP according to levels.

igure 2. Achievement of LDL cholesterol goals before and after adjust-
ent for CRP levels.
ur data support 2 conclusions. First, global screening with
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RP is inefficient and does not affect risk management in
7% of the population. Second, targeted screening could
ore efficiently identify the small subsets of the population
ho may benefit by the identification of elevated CRP

evels. These subgroups include those with 1 risk factor and
DL cholesterol levels of 130 to 159 mg/dl and those with
oderately high risk and LDL cholesterol levels of 100 to

29 mg/dl. This approach identified all subjects in whom
levated CRP levels modified their risk in a clinically rele-
ant way and limited the total screening population to a
elatively small number of subjects with a 35% yield of
linically significant information.

After separating out subjects with high-risk diagnoses,
he ATP III risk assessment uses the enumeration of risk
actors and the calculation of FRSs to characterize subjects’
isk levels. Traditional risk factors are enumerated with a
inary result. Those with �2 risk factors are considered at
ower risk, whereas those with �2 risk factors use FRS
valuation to separate among moderate, moderately high,
nd high-risk groups. Because this method is well estab-
ished, we conducted a thought experiment to evaluate the
mpact of additional information provided by CRP levels.
o this end, risk factor enumeration and FRS were ad-
ressed. Evidence indicates that CRP has similar and inde-
endent association to cardiovascular risk as many of the
raditional risk factors used by ATP III.6 In this regard,
dding 1 risk factor appears logical and necessary to have
ny impact on the lower risk group. Functionally, the only
ubgroup affected by this step is that with 1 traditional risk
actor already and elevated CRP levels. This step alone
hanges the risk assessment for 4.4 million United States
esidents, such that they no longer meet their LDL choles-

igure 3. Risk groups subdivided by number of risk factors and LDL chole
or CRP is of high yield (yellow box). M � million; MH � moderately h
erol goals (Figure 3). m
The selection of a FRS multiplier for the elevated CRP
roup represents an estimate of CRP’s impact, and our value
f 1.5 is grounded in numerous studies associating a CRP
evel �3 mg/L with cardiovascular risk, including a large
eta-analysis.7–11 This modification affects 0.7 million
oderately high-risk subjects whose FRSs eclipse 20% af-

er CRP adjustment (Figure 3). Functionally, our multiplier
pgrades the risk for subjects with CRP levels �3 mg/L
ompared with those who do not have CRP measured (a
roup assumed to have average CRP levels). Thus, we are
otentially overestimating the risk of an elevated CRP level,
ecause most studies have compared high and low tertiles of
RP.

A previous evaluation of the integration of CRP mea-
ures into the FRS showed no difference in the overall
eceiver-operating characteristic curves with and without
RP.12 This is consistent with our findings that population

creening has a low yield. However, we do not believe that
his recent evaluation rules out the potential benefit of
creening a smaller subset. A recent study in women found
hat 3% of their population was placed in a higher risk
ategory using the cohort-derived Reynolds risk score, com-
ared with categorization by ATP III risk.13 Their discus-
ion directed attention to those at intermediate ATP III risk,
et 50% of the subjects who moved categories were initially
t lower risk. In addition, our end point of a need to inten-
ify LDL cholesterol therapy may be more clinically rele-
ant than the recharacterization of risk categories. Our re-
ults support those of both the ATP III guideline and a
ecent review that a targeted approach is the best use of
RP.4,14 As with the Reynolds risk score, their target is the

ntermediate-risk group, yet screening only the 9.2 million

DL-C) levels, with identification of a screening group in whom screening
; Mod � moderate risk.
sterol (L
oderately high or “intermediate”-risk group in NHANES
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1133Preventive Cardiology/Targeted Versus Population-Based CRP Screening
ould identify only 0.9 million subjects for whom screen-
ng yields clinical impact. The remaining 4.4 million low-
isk subjects would be unrecognized. Our screening group
as only slightly larger (14.8 million) and found all 5.3
illion who would derive clinical impact. This thought

xperiment will require confirmation in a prospective series;
owever, it ultimately may represent an appropriate addi-
ion to the guidelines emphasizing a more targeted approach
ith CRP screening.4

We acknowledge several limitations to our study. Use of
he NHANES data set brings with it the limitations of that
urvey. NHANES data collected by examination and labo-
atory testing are subject to sampling and nonsampling
rrors. In particular, this is a 1-time measure of CRP, and
ecent evidence has suggested significant variation in repeat
easures of CRP. Interview data based on self-report are

ubject to recall bias and misunderstanding of questions.
dditionally, NHANES does not include the incarcerated or

nstitutionalized populations of the United States. Cardio-
ascular risk is a continuous variable, but the ATP III
efines arbitrary cutpoints in its risk algorithm and uses the
RS with a 10-year risk model. These features may result in

imited applicability to any 1 patient. Although the LDL
holesterol goals may be adjusted in future guidelines, the
mpact of CRP is focused on those groups with LDL cho-
esterol levels �30 mg/dl higher than the goal. Future
hanges to the LDL cholesterol goals or risk group defini-
ions or routine aggressive therapy of LDL cholesterol in the
ighlighted groups may shift the group of interest to a lower
DL cholesterol level and is unlikely to affect the total
umbers or percentage yield. Finally, this study included
wo 2-year snapshots of the United States population, which
ay become less applicable to the current population over

ime.
Our risk-adjustment algorithm for elevated CRP assumes

linical impact only for those who cross to new risk levels
nd thus require changes in LDL cholesterol management. It
s easy to define examples of patients who are very close to
heir goals and for whom elevated CRP levels might push
hem far enough from their goals to stimulate changes in
herapy. We do not intend to limit the use of CRP testing to
xclude these populations, but we suggest that testing
roups outside the ones defined start with a clear plan for

he future management based on the results of the test.
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