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4. Rationale:  
 
The worldwide prevalence of diabetes for all age-groups has been estimated to be 2.8% 

in 2000 and 4.4% in 2030. The total number of people with diabetes is projected to rise 

from 171 million in 2000 to 366 million in 2030.1  It is estimated that by 2005, the global 

prevalence of diabetes will increase 1.2 times in Europe, 1.6 times in North America and 

almost double in other parts of the world.2  Diabetes is a serious condition with an 

estimated 2.9 million excess deaths attributed to it in the year 20003.  It is a leading 

cause of blindness, amputation, renal failure, and neuropathy among adults in the U.S. 

and the leading cause of death among patients with diabetes — rates of CVD 

mortality/morbidity are 2-4 times greater among populations with diabetes.4  In contrast, 

the risk of CVD among individuals with pre-diabetes (impaired glucose tolerance [IFG] or 

impaired fasting glucose [IGT]), is only moderately elevated5  but increases greatly 

following the onset of frank diabetes.6 Thus, intervention to prevent or delay the onset of 

diabetes may also prevent the development of CVD and other complications, although 

this relationship has not yet been established from existing clinical trials. 

 

Eight large clinical trials7-14 have shown that the onset of frank diabetes can be 

prevented or delayed by either lifestyle modification (weight loss/physical activity) or 

pharmacologic treatment among populations with IGT and/or IFG, with risk reductions 

ranging from 25-60%5 over the period of study follow-up. Further, although most of these 

studies were not designed to evaluate whether the rates of diabetes complications would 

also be delayed or prevented, two studies11, 13 reported reduced rate of increase in the 

intima media wall thickness for patients on pharmacologic treatment compared to 

placebo and one (STOP-NIDDM)11 reported a significant beneficial effect of 

pharmacologic therapy on CVD events relative to placebo. 

 

What many believe to be an epidemic of type 2 diabetes around the world has fueled 

interest in the development of screening strategies to identify subjects who would benefit 

from aggressive lifestyle or pharmacologic prevention strategies.  Several studies have 

compared the predictive properties of impaired fasting glucose (IFG) and impaired 

glucose tolerance (IGT) either alone, or in combination, to predict type 2 diabetes, 15-17  

with variable diabetes incidence rates for each isolated condition, but strongest when 



both IFG and IGT are present.   Moreover, IGT but not IFG has been repeatedly found to 

be a risk factor for CVD and all-cause mortality18-21 

 

To improve upon the predictive properties of fasting or 2-hour glucose alone, several 

multivariable models have been published22-28  that combine measures of glucose 

disturbances with an array of clinical variables ranging from well-established risk factors 

for diabetes to those that are more time-consuming or complicated to obtain in usual 

clinical practice settings  (e.g., insulin secretion/insulin resistance index,28 CRP, insulin 

sensitivity index27). Prediction of diabetes with these clinically "complex" algorithms have 

been shown in most cases to improve only marginally beyond algorithms composed of 

fasting or post-prandial glucose measures plus more well-established, and clinically 

available risk factors for diabetes.22, 23, 26, 27  

 

Although such "complex" algorithms may be appropriate for etiologic investigation of the 

underlying causes of the development of type II diabetes, they may be impractical from 

the standpoint of public health screening efforts to identify patients at high risk of glucose 

disturbances who would benefit from aggressive prevention strategies.  Further, risk 

prediction algorithms that require fasting or 2-hour glucose measures22-26 also limit the 

contexts in which they can be applied.  Poor measurement reliability, cost, and logistical 

complications associated with performing an oral glucose tolerance test (OGTT) are well 

documented 29 and the requirement for fasting blood samples for glucose, lipids, or other 

laboratory-based measures may limit the opportunities for public health screenings for 

at-risk individuals in non-medical settings. 

 

A number of  "simple" diabetes risk scores (FINDRISC 30, ADA 31, Cambridge 32, German 

Risk Score 33, Rotterdam34, Inter9935) have been developed to screen for prevalent or 

incident diabetes, based on a combination of age, family history of diabetes, history of 

gestational diabetes, anthropometric measures (weight, height, BMI, waist 

circumference),  levels of physical activity, dietary habits, use of antihypertensives or 

corticosteroids, or other variables that do not require laboratory measurements.  These 

scores may be especially useful for identifying patients at risk for diabetes outside of 

traditional medical care settings.  However, these scores have been developed largely in 

European Caucasian populations, and require external validation in separate cohorts to 



establish the generalizability across populations with different race, gender, and age 

distributions. 

 

Specifically, the FINDRISC risk score30 was developed using data from the population-

based prospective Finnish cardiovascular and diabetes surveys (Finrisk surveys) carried 

out in 1987 and 1992 with a 10-year and 5-year follow-up, respectively.  The 

development of the algorithm was based on the prerequisite that no blood testing is 

needed and that an individual can carry out the test without any advice from health 

personnel. Thus, it includes information obtained directly from the individual, and is thus 

appropriate for screening in large-scale, non-medical care settings. The algorithm was 

developed in the Finnish population to screen for individuals at high risk of developing 

drug-treated diabetes 30 and includes the following measures: age, BMI, waist 

circumference, history of medication use for hypertension, self-reported history of 

elevated glucose (or gestational diabetes), physical activity, and daily consumption of 

fruits and berries.  The score has been  externally validated to identify subjects at high 

risk for incident diabetes in a separate Finnish population 30 and to identify prevalent 

undiagnosed diabetes, impaired fasting glucose, or metabolic syndrome in Finnish36 and 

Italian populations.37  External validation of the FINDRISC in Asian populations is 

underway (personal communication with J. Tuomilehto). However, performance 

characteristics of the FINDRISC score in U.S. populations of Caucasian or African-

American ethnicity have not been documented. 

 

The purpose of the proposed study is to evaluate the ability of the FINDRISC score (1) 

to predict incident diabetes (treated or untreated) during 9-years of follow-up; and (2) to 

identify subjects with prevalent IGT, IFG, and undiagnosed diabetes using cross-

sectional data among Caucasian and African-American middle-aged subjects. Although 

the original FINDRISC score includes measures of physical activity (30 minutes a day on 

most days) and dietary patterns (fruit and vegetable consumption), developers of 

algorithm have clarified that neither item added much to the predictive power of the 

statistical model, but were included in the risk score for public health purposes to 

emphasize the importance of physical activity and diet in the prevention of diabetes.30  

Thus, the unavailability of these two measures in the ARIC data is not expected to affect 

the diagnostic properties of the FINDRISC score in this population.  A third component 

that will not be included as part of the modified FINDRISC score is the "history of 



diabetes" as ARIC subjects with prevalent diabetes based on physician diagnosis or 

current use of medication for diabetes at baseline will be excluded from the analysis.  

 
5. Main Hypothesis/Study Questions: 
 
Study Questions: 

 

1. Evaluate the diagnostic properties (ROC, sensitivity, specificity, negative 

predictive power) of the modified FINDRISC score to predict incident diabetes 

during 9-yrs of follow-up for the overall population and within race by gender 

subgroups, in patients with no evidence of diabetes at baseline. 

 

2. Evaluate the diagnostic properties (ROC, sensitivity, specificity, negative 

predictive power) of the modified FINDRISC score to predict prevalent IGT, IFG, 

and undiagnosed diabetes among the overall population, and within race by 

gender subgroups 

 

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). 
 
Objective 1: Prediction of Incident DM using the FINDRISC score 
 
Data from baseline and visits 2, 3, and 4 will be used to ascertain baseline and incident 

DM status. Baseline data will be used to ascertain subjects' score on the FINDRISC 

algorithm. 

 

Exclusions: Individuals with the following conditions will be excluded: 
 At Baseline 

• Bloodwork obtained after < 8 hours fasting (subjects with non-fasting 
blood samples are excluded because baseline diabetes cannot be 
ascertained) 

• Prevalent diabetes (fasting glucose >= 126 mg/dl, self-reported physician 
diagnosis or use of diabetes medications).   

• Race other than African American or White or Black participants not 
residing in Forsyth or Jackson centers.   

• Missing data on available components of FINDRISC, diabetes status or 
other key variables 

 At Follow-up visits 



• Missing data in variables that precludes ascertainment of incident 
diabetes status during follow-up 

 

Outcome variable: Incident DM defined as (1) self-report of physician diagnosis, (2) 

medications for diabetes or (3) FPG≥ 126 at either visit 2, 3, or 4, or 2-hr glucose at visit 

4 ≥ 200 mg/dl. (Note: OGTT was conducted only at visit 4) 
 

 
 

Objective 2: Identification of Prevalent IGT, IFG and undiagnosed diabetes using the 
FINDRISC score 
 
Data from visit 4 of the ARIC study will be used to identify subjects with prevalent IGT, 

IFG and undiagnosed diabetes.  Data from all visits (baseline, 2, 3, 4) will be used to 

exclude subjects with diagnosed DM by visit 4. 

 
Exclusions: Individuals with the following conditions will be excluded: 

• Blood work obtained after < 8 hours fasting (subjects with nonfasting blood 
samples are excluded because cannot be categorized in terms of DM, IGT, or 
IFG outcomes) 

• Previously diagnosed diabetes by visit 4: subject self-report of physician 
diagnosis or current use of medications for diabetes at visit four or at any other 
previous study visit (baseline, visit 2, or visit 3) 

• Race other than African American or White or Black participants not residing in 
Forsyth or Jackson centers.   

• Missing data on available components of FINDRISC at visit 4  
• Missing data in variables that precludes ascertainment of a subject's status with 

regard to diagnosed or undiagnosed diabetes, IFG, or IGT classification 
 



Outcome variables:  
• Undiagnosed diabetes defined as fasting glucose ≥ 126 mg/dl or 2-hr glucose ≥ 

200 mg/dl 
• IGT defined as 2-hour glucose from the OGTT (140-199 mg/dl) 
• IFG defined as fasting glucose (100-125 mg/dl) 
• IGT or IFG, as defined above 
 

 
Data Analysis  
 
Logistic regression will be used to evaluate predictive properties of the FINDRISC score 

to predict cumulative incidence of diabetes over 9-years of follow-up (visit, 2,3, or 4) and 

to predict prevalent IFG, IGT, or diabetes at visit 4.  To investigate the utility of various 

cutpoints on the score to predict the outcome of interest, ROC curves will be generated 

by plotting the sensitivity of the score versus the false-positive rate (1-specificity) and 

threshold levels which appear to give the most robust balance of sensitivity/specificity 

across the different outcomes and subgroups will be explored. Stratified analyses will be 

conducted by race and sex subgroups to evaluate the consistency of the predictive 

properties of the FINDRISC score with African-American and Caucasian men and 

women.  To investigate the degree of improvement in prediction when fasting glucose or 

other laboratory-based or clinical measures are included (e.g., HDL-C, triglycerides, 

systolic blood pressure), separate logistic regression models will be fitted to include 

these variables individually and ROC curves will be compared using a method that 

accounts for comparisons within the same data (STATA roccomp procedure).  Selection 

of these variables will be based on results that indicate strong bivariate associations 

between measures routinely collected during medical exams and incident diabetes 

 



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 ICTDER02 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 ICTDER02 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 ICTDER02 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)? 
 
Schmidt, M.I., et al., Detection of undiagnosed diabetes and other hyperglycemia states: 

the Atherosclerosis Risk in Communities Study. Diabetes Care, 2003. 26(5): p. 
1338-43. 

 
Schmidt, M.I., et al., Identifying individuals at high risk for diabetes: The Atherosclerosis 

Risk in Communities study. Diabetes Care, 2005. 28(8): p. 2013-8. 
 
 
Note: the lead author of these papers is has been invited to be part of the writing group 
for the current proposal. 
 
11. a. Is this manuscript proposal associated with any ARIC ancillary studies or use 
any ancillary study data?     ____ Yes    __X__ No 
 
11.b. If yes, is the proposal  

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



___  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/   
 
12.  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. 



References 
 
1. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates for the 

year 2000 and projections for 2030. Diabetes Care. May 2004;27(5):1047-1053. 
2. The Diabetes Atlas. Available at: www.idf.org/e-atlas. Accessed Sept 1, 2007, 2007. 
3. Roglic G, Unwin N, Bennett PH, et al. The burden of mortality attributable to diabetes: realistic 

estimates for the year 2000. Diabetes Care. Sep 2005;28(9):2130-2135. 
4. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality from coronary heart disease 

in subjects with type 2 diabetes and in nondiabetic subjects with and without prior myocardial 
infarction. N Engl J Med. Jul 23 1998;339(4):229-234. 

5. Nathan DM, Davidson MB, DeFronzo RA, et al. Impaired fasting glucose and impaired glucose 
tolerance: implications for care. Diabetes Care. Mar 2007;30(3):753-759. 

6. Rijkelijkhuizen JM, Nijpels G, Heine RJ, Bouter LM, Stehouwer CD, Dekker JM. High risk of 
cardiovascular mortality in individuals with impaired fasting glucose is explained by conversion to 
diabetes: the Hoorn study. Diabetes Care. Feb 2007;30(2):332-336. 

7. Pan XR, Li GW, Hu YH, et al. Effects of diet and exercise in preventing NIDDM in people with 
impaired glucose tolerance. The Da Qing IGT and Diabetes Study. Diabetes Care. Apr 
1997;20(4):537-544. 

8. Tuomilehto J, Lindstrom J, Eriksson JG, et al. Prevention of type 2 diabetes mellitus by changes in 
lifestyle among subjects with impaired glucose tolerance. N Engl J Med. May 3 
2001;344(18):1343-1350. 

9. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of type 2 diabetes 
with lifestyle intervention or metformin. N Engl J Med. Feb 7 2002;346(6):393-403. 

10. Ramachandran A, Snehalatha C, Mary S, Mukesh B, Bhaskar AD, Vijay V. The Indian Diabetes 
Prevention Programme shows that lifestyle modification and metformin prevent type 2 diabetes in 
Asian Indian subjects with impaired glucose tolerance (IDPP-1). Diabetologia. Feb 
2006;49(2):289-297. 

11. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M. Acarbose for prevention of 
type 2 diabetes mellitus: the STOP-NIDDM randomised trial. Lancet. Jun 15 
2002;359(9323):2072-2077. 

12. Gerstein HC, Yusuf S, Bosch J, et al. Effect of rosiglitazone on the frequency of diabetes in 
patients with impaired glucose tolerance or impaired fasting glucose: a randomised controlled 
trial. Lancet. Sep 23 2006;368(9541):1096-1105. 

13. Buchanan TA, Xiang AH, Peters RK, et al. Preservation of pancreatic beta-cell function and 
prevention of type 2 diabetes by pharmacological treatment of insulin resistance in high-risk 
hispanic women. Diabetes. Sep 2002;51(9):2796-2803. 

14. Torgerson JS, Hauptman J, Boldrin MN, Sjostrom L. XENical in the prevention of diabetes in 
obese subjects (XENDOS) study: a randomized study of orlistat as an adjunct to lifestyle changes 
for the prevention of type 2 diabetes in obese patients. Diabetes Care. Jan 2004;27(1):155-161. 

15. Nichols GA, Hillier TA, Brown JB. Progression from newly acquired impaired fasting glusose to 
type 2 diabetes. Diabetes Care. Feb 2007;30(2):228-233. 

16. de Vegt F, Dekker JM, Jager A, et al. Relation of impaired fasting and postload glucose with 
incident type 2 diabetes in a Dutch population: The Hoorn Study. Jama. Apr 25 
2001;285(16):2109-2113. 

17. Meigs JB, Muller DC, Nathan DM, Blake DR, Andres R. The natural history of progression from 
normal glucose tolerance to type 2 diabetes in the Baltimore Longitudinal Study of Aging. 
Diabetes. Jun 2003;52(6):1475-1484. 

18. Blake DR, Meigs JB, Muller DC, Najjar SS, Andres R, Nathan DM. Impaired glucose tolerance, 
but not impaired fasting glucose, is associated with increased levels of coronary heart disease risk 
factors: results from the Baltimore Longitudinal Study on Aging. Diabetes. Aug 2004;53(8):2095-
2100. 

19. Glucose tolerance and cardiovascular mortality: comparison of fasting and 2-hour diagnostic 
criteria. Arch Intern Med. Feb 12 2001;161(3):397-405. 

20. Nakagami T. Hyperglycaemia and mortality from all causes and from cardiovascular disease in 
five populations of Asian origin. Diabetologia. Mar 2004;47(3):385-394. 



21. Smith NL, Barzilay JI, Shaffer D, et al. Fasting and 2-hour postchallenge serum glucose measures 
and risk of incident cardiovascular events in the elderly: the Cardiovascular Health Study. Arch 
Intern Med. Jan 28 2002;162(2):209-216. 

22. Wilson PW, Meigs JB, Sullivan L, Fox CS, Nathan DM, D'Agostino RB, Sr. Prediction of 
incident diabetes mellitus in middle-aged adults: the Framingham Offspring Study. Arch Intern 
Med. May 28 2007;167(10):1068-1074. 

23. Stern MP, Williams K, Haffner SM. Identification of persons at high risk for type 2 diabetes 
mellitus: do we need the oral glucose tolerance test? Ann Intern Med. Apr 16 2002;136(8):575-
581. 

24. Schmidt MI, Duncan BB, Bang H, et al. Identifying individuals at high risk for diabetes: The 
Atherosclerosis Risk in Communities study. Diabetes Care. Aug 2005;28(8):2013-2018. 

25. Schmidt MI, Duncan BB, Vigo A, et al. Detection of undiagnosed diabetes and other 
hyperglycemia states: the Atherosclerosis Risk in Communities Study. Diabetes Care. May 
2003;26(5):1338-1343. 

26. Kanaya AM, Wassel Fyr CL, de Rekeneire N, et al. Predicting the development of diabetes in 
older adults: the derivation and validation of a prediction rule. Diabetes Care. Feb 
2005;28(2):404-408. 

27. Hanley AJ, Karter AJ, Williams K, et al. Prediction of type 2 diabetes mellitus with alternative 
definitions of the metabolic syndrome: the Insulin Resistance Atherosclerosis Study. Circulation. 
Dec 13 2005;112(24):3713-3721. 

28. Abdul-Ghani MA, Williams K, DeFronzo RA, Stern M. What is the best predictor of future type 2 
diabetes? Diabetes Care. Jun 2007;30(6):1544-1548. 

29. Selvin E, Crainiceanu CM, Brancati FL, Coresh J. Short-term variability in measures of glycemia 
and implications for the classification of diabetes. Arch Intern Med. Jul 23 2007;167(14):1545-
1551. 

30. Lindstrom J, Tuomilehto J. The diabetes risk score: a practical tool to predict type 2 diabetes risk. 
Diabetes Care. Mar 2003;26(3):725-731. 

31. Herman WH, Smith PJ, Thompson TJ, Engelgau MM, Aubert RE. A new and simple 
questionnaire to identify people at increased risk for undiagnosed diabetes. Diabetes Care. Mar 
1995;18(3):382-387. 

32. Griffin SJ, Little PS, Hales CN, Kinmonth AL, Wareham NJ. Diabetes risk score: towards earlier 
detection of type 2 diabetes in general practice. Diabetes Metab Res Rev. May-Jun 
2000;16(3):164-171. 

33. Schulze MB, Hoffmann K, Boeing H, et al. An accurate risk score based on anthropometric, 
dietary, and lifestyle factors to predict the development of type 2 diabetes. Diabetes Care. Mar 
2007;30(3):510-515. 

34. Baan CA, Ruige JB, Stolk RP, et al. Performance of a predictive model to identify undiagnosed 
diabetes in a health care setting. Diabetes Care. Feb 1999;22(2):213-219. 

35. Glumer C, Carstensen B, Sandbaek A, Lauritzen T, Jorgensen T, Borch-Johnsen K. A Danish 
diabetes risk score for targeted screening: the Inter99 study. Diabetes Care. Mar 2004;27(3):727-
733. 

36. Saaristo T, Peltonen M, Lindstrom J, et al. Cross-sectional evaluation of the Finnish Diabetes Risk 
Score: a tool to identify undetected type 2 diabetes, abnormal glucose tolerance and metabolic 
syndrome. Diab Vasc Dis Res. May 2005;2(2):67-72. 

37. Franciosi M, De Berardis G, Rossi MC, et al. Use of the diabetes risk score for opportunistic 
screening of undiagnosed diabetes and impaired glucose tolerance: the IGLOO (Impaired Glucose 
Tolerance and Long-Term Outcomes Observational) study. Diabetes Care. May 2005;28(5):1187-
1194. 

 


