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4. Rationale:   

 

C-reactive protein (CRP) is an acute-phase reactant produced in the liver, and is secreted 

into the bloodstream in response to the presence of pro-inflammatory cytokines. It is 

therefore considered a marker of inflammation, which has been implicated in the 

development of atherosclerosis
1-3

, insulin resistance and diabetes
4,5

. High CRP has been 

widely studied and associated with cardiovascular disease (CVD)
6-10

, incident diabetes
11-

18
 and all-cause mortality

9,10
 in various populations. 

 

It is unclear whether changes in CRP or trajectories of CRP over time are associated with 

increased risk of incident CVD, incident diabetes or mortality. Previous papers that have 

used a single measure of CRP as the exposure were unable to account for the time-

varying nature of CRP as a marker of inflammation, which may better characterize a 

person’s long-term inflammatory state. It is possible that an increase in CRP may reflect 

an acute change in health status (such as atherosclerotic plaque instability or rupture), 

which would lead to increased risk of an event. In this case, we may expect either change 

in CRP or most recent CRP level to be most predictive of outcomes. Alternatively, 

exposure to long-term sustained inflammation may drive atherogenesis and/or insulin 

resistance, in which case we may expect to observe strongest associations between 

sustained high levels of CRP and outcomes. 

 

A few recent studies have assessed the association between change in CRP over several 

years and subsequent CVD/mortality. Either increase in CRP or the final (follow-up) 

CRP was shown to be associated with increased risk of mortality
19-21

. However, in the 

Cardiovascular Health All Stars Study change in CRP was not associated with increased 

risk of CVD
20

. In the Whitehall II Study, CRP was consistently higher in both persons 

who died of CVD and persons who developed diabetes compared to those who did not 

die or develop diabetes, and the trajectories of CRP over time were similar between the 

“case” and comparison groups
22

.  

 

Many studies have assessed the addition of CRP to risk prediction models – both for 

prediction of CHD and diabetes. These studies have added a single measure of CRP to a 

model that includes traditional risk factors. CRP slightly improves the prediction of CHD 

risk
7,23

. Results of studies assessing the addition of CRP in prediction models for diabetes 

have been equivocal. While some have shown that the addition of one measure of CRP 

improves prediction of impaired fasting glucose, impaired glucose tolerance, or 

diabetes
24,25

, others have reported no improved prediction of incident Type 2 

diabetes/hyperglycemia
26-29

. However, a clinically important question is whether having 

more than one CRP measurement is useful in risk prediction. For instance, could we 

improve risk stratification by knowing if a person has sustained high levels of CRP as 

opposed to one high CRP measurement then a 2
nd

 low measurement? 

 

Although CRP is a well-studied and well-known inflammatory biomarker, there is a lack 

of data regarding longitudinal changes in a community-based population. Currently, it is 

not known whether changes in CRP or long-term CRP status are clinically relevant. We 

propose to characterize CRP status in ARIC participants over six years (“six-year CRP 



status”), by categorizing people into clinically relevant groups (persistently low, low to 

medium, low to high, medium to low, persistently medium, medium to high, high to low, 

high to medium and persistently high). We will compare the strength of associations of 

baseline CRP, follow-up CRP, and six-year CRP status with incident CVD, incident 

diabetes and mortality. Further, we will assess whether the addition of six-year CRP 

status to models containing the traditional risk factors improves prediction of each CVD 

and diabetes. This study will have the benefit of having more than a decade of follow-up 

from the Visit 4 examination (1996-1998) through 2010. 

 

 

 

5. Main Hypothesis/Study Questions: 

 

Aim 1: To characterize the magnitude of six-year change in CRP and the six-year CRP 

status in all ARIC participants. To compare the magnitude of change across certain 

subgroups of participants (i.e. diabetes status, BMI category, gender, race/ethnicity), as 

well as in those who experience the outcome versus those who do not. 

  

Aim 2: To assess the associations between baseline (visit 2) CRP, follow-up (visit 4) 

CRP, and both baseline/follow-up CRP with incident CVD, incident diabetes and 

mortality. 

 

Aim 3: To assess the association between change/six-year CRP status in CRP and 

incident CVD, incident diabetes and all-cause mortality. 

 

Aim 4: To assess the addition of six-year CRP status/change in CRP to risk prediction 

models for each incident CVD and diabetes. 

 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

Design and Methods 

Study population: The study population will consist of ARIC participants who have CRP 

measurements and key covariates available for both visits 2 (1990-1992) and 4 (1996-

1998), who do not have a history of CVD or diabetes. 

 

Study design: We will conduct a prospective cohort analysis to assess the association 

between CRP levels at two points in time six years apart, as well as six-year CRP status, 

and incident CVD, incident diabetes and all-cause mortality after visit 4.  We will use a 

time-to-event analysis. Secondly, we will assess the addition of six-year CRP status to 

risk prediction models for each CVD and diabetes. For these analyses, we will calculate 

the area under receiver operating characteristic (ROC) curves (AUC) to compare 



discrimination of models. We will also calculate the net reclassification index (NRI) to 

assess improvement in risk stratification. 

 

Exposures: CRP is the main exposure of interest. CRP will be examined both as a 

continuous variable (ln-transformed) and a categorical variable (using clinical cutoffs: <1 

mg/L, 1-3 mg/L and >3 mg/L; using study population tertiles; and as a binary variable: 

increase vs. no change/decrease). We will also assess absolute and relative changes in 

CRP between the 2 study visits. In order to be most clinically relevant, six-year CRP 

status will be categorized as a 9-level variable to indicate either change in or persistence 

of CRP levels over time: persistently low, low to medium, low to high, medium to low, 

persistently medium, medium to high, high to low, high to medium and persistently high.  

 

To note: A calibration study is currently underway to compare lab assays for ARIC visits 

1-5, including the hsCRP assay at visits 2 and 4. If it is determined that there are 

systematic differences between these two assays and calibration is necessary, we will 

incorporate the necessary corrections into our study. 

 

Outcome Definitions: 

We will use the following endpoints: CVD (coronary heart disease (CHD), stroke, heart 

failure), diabetes and all-cause mortality. (CVD and mortality were adjudicated after 

2004.) 

 

Cardiovascular disease: 

 Incident CHD: CHD will be defined as definite/probable MI, cardiac procedures 

 (including angioplasty/stenting and CABG), and deaths from CHD obtained from 

 hospitalization data and deaths among ARIC participants. 

 

 Incident stroke: We will define stroke as fatal and non-fatal ischemic stroke. 

 

 Incident heart failure: We will define heart failure as hospitalizations and deaths 

 attributed to heart failure. 

 

Incident Diabetes:  

Using the annual follow-up data, incident diabetes after V4 will be defined as self-report 

of diagnosis of diabetes by a physician or self-reported use of glucose-lowering 

medication. We may also conduct sensitivity analyses incorporating the fasting glucose 

measurements at visit 4. 

 

All-cause mortality:  

Death from any cause identified from V4 until the end of follow-up for this study, 

obtained from active surveillance.  

 

Covariates: 

Age, gender, race/ethnicity, field center, smoking, BMI, DBP, SBP, total cholesterol, 

HDL-c, LDL-c, triglycerides, statin use, antihypertensives, self-reported diabetes, 

glucose-lowering medication use, fasting glucose, A1c, OGTT, self-reported prevalent 



CHD, alcohol consumption, education, eGFR/chronic kidney disease. We will adjust for 

covariate values at visit 2, and may additionally consider covariates as time-varying 

variables, and update values at visit 4 in prospective analyses. 

 

Exclusions: Persons with prevalent CVD or prevalent diabetes at V4 will be excluded 

from the CVD and diabetes analyses, respectively. We will additionally exclude any 

participants who do not have CRP measures at both visits, or who are missing key 

variables. Lastly, we will exclude participants who reported race other than white/black, 

and black participants in the Minneapolis and Washington County cohorts. 

 

Statistical Analysis:  

Aim 1: We will characterize baseline, follow-up and change in CRP/six-year CRP status 

overall and by subgroups (i.e. gender, age group, race-center, diabetes status, etc.). To 

assess change in CRP, we will calculate the mean/median magnitude and percent change 

in CRP. 

 

Aim 2: We will run several Cox proportional hazards regression models for each 

outcome, as follows: only baseline (visit 2) CRP; only follow-up (visit 4) CRP; both 

baseline and follow-up CRP simultaneously.  

 

Aim 3: We will use Cox proportional hazards regression to assess the association between 

change in CRP/six-year CRP status and incident CVD, incident diabetes and mortality. 

We will conduct analyses considering CRP as both a continuous and categorical variable. 

 

Aim 4: We will calculate the AUC to compare the ability of models with and without the 

addition of six-year CRP status to discriminate between people with and without the 

outcome of interest in the ARIC study. We will use Chambless & Diao’s c-statistic, 

which enables the application of the c-statistic for survival data
30

. We will also calculate 

the net reclassification index (NRI) to determine if the addition of six-year CRP status 

improves risk stratification for each CVD and diabetes. 

 

Sensitivity analyses:  

1) We will conduct a sensitivity analysis excluding participants on lipid-lowering therapy 

(LLT) at visit 4; and 

 

2) excluding people with high CRP values (e.g. >10 mg/L), which may be indicative of 

an acute infection.  

 

 

Limitations: 

 CRP was only measured at two time points, which may not capture the full scope 

of change in each individual over this time period. 

 We may not be able to fully control for all possible biases, which could result in 

residual confounding in the association between CRP and CVD/mortality. 

 There was loss to follow-up and deaths between visits 2 and 4, which could 

potentially result in selection bias. 



7.a. Will the data be used for non-CVD analysis in this manuscript? ____ Yes    

__X__ No 

 

 b. If Yes, is the author aware that the file ICTDER03 must be used to exclude 

persons with a value RES_OTH = “CVD Research” for non-DNA analysis, and 

for DNA analysis RES_DNA = “CVD Research” would be used?  ____ 

Yes    ____ No 

(This file ICTDER has been distributed to ARIC PIs, and contains  

the responses to consent updates related to stored sample use for research.) 

 

8.a. Will the DNA data be used in this manuscript?    

 ____ Yes    __X__ No 

 

8.b. If yes, is the author aware that either DNA data distributed by the 

Coordinating Center must be used, or the file ICTDER03 must be used to 

exclude those with value RES_DNA = “No use/storage DNA”?   

 ____ Yes    ____ No 

 

9. The lead author of this manuscript proposal has reviewed the list of existing 

ARIC Study manuscript proposals and has found no overlap between this 

proposal and previously approved manuscript proposals either published or still 

in active status.  ARIC Investigators have access to the publications lists under the 

Study Members Area of the web site at:  http://www.cscc.unc.edu/ARIC/search.php 

 

__X____ Yes     _______ No 

 

10. What are the most related manuscript proposals in ARIC (authors are 

encouraged to contact lead authors of these proposals for comments on the new 

proposal or collaboration)? 

 

CRP and Venous Thromboembolism Incidence (MS1479)   Folsom, A. 

 

CRP, WBC and Heart Failure Incidence (MS1504)   Folsom, A. 

 

CRP and CVD (MS606)   Folsom, A. R. 

 

Association of high sensitive Troponin T (hs-cTnT),N- Terminal pro- brain natriuretic 

peptide (NT-proBNP) and high sensitivity C- reactive protein (hs-CRP) with cause-

specific mortality: ARIC study (MS1811)  Oluleye, O. W. 

 

C-reactive protein and mortality in individuals with atrial fibrillation: the ARIC Study 

(MS1665)   Hermida, J. 

 

Reanalysis and simulation of Lp-PLA2/hs-CRP/CHD case-cohort study data (Ballantyne 

et al., Circulation 109:837-42, 2004) using all analysis data available for potential full 

cohort   Breslow, N. 

http://www.cscc.unc.edu/ARIC/search.php
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1479.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=2863253&DocId=737&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=11&hits=19+24+b6+b9+c3+d3+104+145+152+162+3ec+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1479.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=2863253&DocId=737&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=11&hits=19+24+b6+b9+c3+d3+104+145+152+162+3ec+&SearchForm=C%3a%5cwww%5c
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1504.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=394efea&DocId=767&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=15&hits=19+25+ac+c2+e2+fd+11d+131+13d+17c+1d0+1ed+20f+464+4f8+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1504.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=394efea&DocId=767&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=15&hits=19+25+ac+c2+e2+fd+11d+131+13d+17c+1d0+1ed+20f+464+4f8+&SearchFo
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP606.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=3994714&DocId=1926&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=6&hits=a+56+88+92+ab+cf+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP606.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=3994714&DocId=1926&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=6&hits=a+56+88+92+ab+cf+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmant
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1811.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=79e94ef&DocId=1104&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=22&hits=30+3f+1e8+213+220+230+237+23d+245+27f+2a7+2d7+2e2+2fd+35d+3b7+3f0+3fa+4b8+4e6+559+9d3+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1811.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=79e94ef&DocId=1104&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=22&hits=30+3f+1e8+213+220+230+237+23d+245+27f+2a7+2d7+2e2+2fd+35d+3b7+3f0+3fa+4b8+4e6+559+9d3+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1811.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=79e94ef&DocId=1104&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=22&hits=30+3f+1e8+213+220+230+237+23d+245+27f+2a7+2d7+2e2+2fd+35d+3b7+3f0+3fa+4b8+4e6+559+9d3+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1811.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=79e94ef&DocId=1104&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=22&hits=30+3f+1e8+213+220+230+237+23d+245+27f+2a7+2d7+2e2+2fd+35d+3b7+3f0+3fa+4b8+4e6+559+9d3+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1665.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=6339b24&DocId=943&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=21&hits=2c+fb+11f+165+194+238+247+26b+291+2ac+2b4+32c+359+362+36e+3c9+3d6+43c+4e9+60e+703+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1665.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=6339b24&DocId=943&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=21&hits=2c+fb+11f+165+194+238+247+26b+291+2ac+2b4+32c+359+362+36e+3c9+3d6+43c+4e9+60e+703+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1665.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=6339b24&DocId=943&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=21&hits=2c+fb+11f+165+194+238+247+26b+291+2ac+2b4+32c+359+362+36e+3c9+3d6+43c+4e9+60e+703+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1184.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=154c626&DocId=386&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=11&hits=23+43+1b9+1fb+211+2de+333+349+3c5+563+856+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1184.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=154c626&DocId=386&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=11&hits=23+43+1b9+1fb+211+2de+333+349+3c5+563+856+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1184.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=154c626&DocId=386&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=11&hits=23+43+1b9+1fb+211+2de+333+349+3c5+563+856+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf
http://www.cscc.unc.edu/aric/mantrack/maintain/manuscript/MP1184.pdf#xml=http://www.cscc.unc.edu/aric/dtSearch/dtisapi6.dll?cmd=getpdfhits&u=154c626&DocId=386&Index=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5cmanuscript%5cARIC%5fmsprop&HitCount=11&hits=23+43+1b9+1fb+211+2de+333+349+3c5+563+856+&SearchForm=C%3a%5cwww%5cstudies%5caric%5cmantrack%5cmaintain%5csearch%5cdtSearch%5fform%2ehtml&.pdf


 

 

 

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use 

any ancillary study data?     __X__ Yes    ____ No 

 

11.b. If yes, is the proposal  

___  A. primarily the result of an ancillary study (list number* 2009.16 

(PI: Selvin) and 2006.16 (PI: Astor) _________) 

___  B. primarily based on ARIC data with ancillary data playing a minor 

role (usually control variables; list number(s)* __________  __________ 

__________) 

 

*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/   

 

12a. Manuscript preparation is expected to be completed in one to three years.  If a 

manuscript is not submitted for ARIC review at the end of the 3-years from the date 

of the approval, the manuscript proposal will expire. 

 

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the 

public has access to the published results of NIH funded research.  It is your 

responsibility to upload manuscripts to PUBMED Central whenever the journal does 

not and be in compliance with this policy.  Four files about the public access policy  from 

http://publicaccess.nih.gov/ are posted in http://www.cscc.unc.edu/aric/index.php, under  

Publications, Policies & Forms. http://publicaccess.nih.gov/submit_process_journals.htm 

shows you which journals automatically upload articles to Pubmed central. 

 

 

 

REFERENCES 

 

1. Montecucco F, Mach F. New evidences for C-reactive protein (CRP) deposits in 

the arterial intima as a cardiovascular risk factor. Clinical interventions in aging. 

2008;3(2):341-349. 

2. de Ferranti SD, Rifai N. C-reactive protein: a nontraditional serum marker of 

cardiovascular risk. Cardiovascular pathology : the official journal of the Society 

for Cardiovascular Pathology. Jan-Feb 2007;16(1):14-21. 

3. Pearson TA, Mensah GA, Alexander RW, et al. Markers of inflammation and 

cardiovascular disease: application to clinical and public health practice: A 

statement for healthcare professionals from the Centers for Disease Control and 

Prevention and the American Heart Association. Circulation. Jan 28 

2003;107(3):499-511. 

4. Donath MY, Shoelson SE. Type 2 diabetes as an inflammatory disease. Nature 

reviews. Immunology. Feb 2011;11(2):98-107. 

5. Hotamisligil GS. Inflammation and metabolic disorders. Nature. Dec 14 

2006;444(7121):860-867. 

http://www.cscc.unc.edu/aric/forms/
http://publicaccess.nih.gov/
http://www.cscc.unc.edu/aric/index.php
http://publicaccess.nih.gov/submit_process_journals.htm


6. Ridker PM, MacFadyen J, Libby P, Glynn RJ. Relation of baseline high-

sensitivity C-reactive protein level to cardiovascular outcomes with rosuvastatin 

in the Justification for Use of statins in Prevention: an Intervention Trial 

Evaluating Rosuvastatin (JUPITER). The American journal of cardiology. Jul 15 

2010;106(2):204-209. 

7. Buckley DI, Fu R, Freeman M, Rogers K, Helfand M. C-reactive protein as a risk 

factor for coronary heart disease: a systematic review and meta-analyses for the 

U.S. Preventive Services Task Force. Annals of internal medicine. Oct 6 

2009;151(7):483-495. 

8. Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, C-reactive 

protein, albumin, or leukocyte count with coronary heart disease: meta-analyses 

of prospective studies. JAMA : the journal of the American Medical Association. 

May 13 1998;279(18):1477-1482. 

9. Oluleye OW, Folsom AR, Nambi V, Lutsey PL, Ballantyne CM. Troponin T, B-

type natriuretic peptide, C-reactive protein, and cause-specific mortality. Annals 

of epidemiology. Feb 2013;23(2):66-73. 

10. Ahmadi-Abhari S, Luben RN, Wareham NJ, Khaw KT. Seventeen year risk of 

all-cause and cause-specific mortality associated with C-reactive protein, 

fibrinogen and leukocyte count in men and women: the EPIC-Norfolk study. 

European journal of epidemiology. Jul 3 2013. 

11. Wang X, Bao W, Liu J, et al. Inflammatory markers and risk of type 2 diabetes: a 

systematic review and meta-analysis. Diabetes care. Jan 2013;36(1):166-175. 

12. Duncan BB, Schmidt MI, Pankow JS, et al. Low-grade systemic inflammation 

and the development of type 2 diabetes: the atherosclerosis risk in communities 

study. Diabetes. Jul 2003;52(7):1799-1805. 

13. Barzilay JI, Abraham L, Heckbert SR, et al. The relation of markers of 

inflammation to the development of glucose disorders in the elderly: the 

Cardiovascular Health Study. Diabetes. Oct 2001;50(10):2384-2389. 

14. Freeman DJ, Norrie J, Caslake MJ, et al. C-reactive protein is an independent 

predictor of risk for the development of diabetes in the West of Scotland 

Coronary Prevention Study. Diabetes. May 2002;51(5):1596-1600. 

15. Hu FB, Meigs JB, Li TY, Rifai N, Manson JE. Inflammatory markers and risk of 

developing type 2 diabetes in women. Diabetes. Mar 2004;53(3):693-700. 

16. Laaksonen DE, Niskanen L, Nyyssonen K, et al. C-reactive protein and the 

development of the metabolic syndrome and diabetes in middle-aged men. 

Diabetologia. Aug 2004;47(8):1403-1410. 

17. Liu S, Tinker L, Song Y, et al. A prospective study of inflammatory cytokines and 

diabetes mellitus in a multiethnic cohort of postmenopausal women. Archives of 

internal medicine. Aug 13-27 2007;167(15):1676-1685. 

18. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein, 

interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA : the journal 

of the American Medical Association. Jul 18 2001;286(3):327-334. 

19. Kizer JR, Arnold AM, Jenny NS, et al. Longitudinal changes in adiponectin and 

inflammatory markers and relation to survival in the oldest old: the 

Cardiovascular Health Study All Stars study. The journals of gerontology. Series 

A, Biological sciences and medical sciences. Oct 2011;66(10):1100-1107. 



20. Jenny NS, French B, Arnold AM, et al. Long-term assessment of inflammation 

and healthy aging in late life: the Cardiovascular Health Study All Stars. The 

journals of gerontology. Series A, Biological sciences and medical sciences. Sep 

2012;67(9):970-976. 

21. Alley DE, Crimmins E, Bandeen-Roche K, Guralnik J, Ferrucci L. Three-year 

change in inflammatory markers in elderly people and mortality: the Invecchiare 

in Chianti study. Journal of the American Geriatrics Society. Nov 

2007;55(11):1801-1807. 

22. Tabak AG, Kivimaki M, Brunner EJ, et al. Changes in C-reactive protein levels 

before type 2 diabetes and cardiovascular death: the Whitehall II study. European 

journal of endocrinology / European Federation of Endocrine Societies. Jul 

2010;163(1):89-95. 

23. Kaptoge S, Di Angelantonio E, Pennells L, et al. C-reactive protein, fibrinogen, 

and cardiovascular disease prediction. The New England journal of medicine. Oct 

4 2012;367(14):1310-1320. 

24. Lai YC, Li HY, Hung CS, et al. Performance of homeostasis model assessment 

and serum high-sensitivity C-reactive protein for prediction of isolated post-load 

hyperglycaemia. Diabetic medicine : a journal of the British Diabetic 

Association. Mar 2013;30(3):318-325. 

25. Ong KL, Tso AW, Xu A, et al. Evaluation of the combined use of adiponectin and 

C-reactive protein levels as biomarkers for predicting the deterioration in 

glycaemia after a median of 5.4 years. Diabetologia. Oct 2011;54(10):2552-2560. 

26. Chao C, Song Y, Cook N, et al. The lack of utility of circulating biomarkers of 

inflammation and endothelial dysfunction for type 2 diabetes risk prediction 

among postmenopausal women: the Women's Health Initiative Observational 

Study. Archives of internal medicine. Sep 27 2010;170(17):1557-1565. 

27. Wannamethee SG, Papacosta O, Whincup PH, et al. The potential for a two-stage 

diabetes risk algorithm combining non-laboratory-based scores with subsequent 

routine non-fasting blood tests: results from prospective studies in older men and 

women. Diabetic medicine : a journal of the British Diabetic Association. Jan 

2011;28(1):23-30. 

28. Woo YC, Tso AW, Xu A, et al. Combined use of serum adiponectin and tumor 

necrosis factor-alpha receptor 2 levels was comparable to 2-hour post-load 

glucose in diabetes prediction. PloS one. 2012;7(5):e36868. 

29. Dallmeier D, Larson MG, Wang N, Fontes JD, Benjamin EJ, Fox CS. Addition of 

inflammatory biomarkers did not improve diabetes prediction in the community: 

the framingham heart study. Journal of the American Heart Association. Aug 

2012;1(4):e000869. 

30. Chambless LE, Diao G. Estimation of time-dependent area under the ROC curve 

for long-term risk prediction. Statistics in medicine. Oct 30 2006;25(20):3474-

3486. 

 

 


