
The Role of Physical Activity and Obesity in the Occurrence of Major Cardiovascular Events and 

Mortality among a Low-Income Population with Diabetes 

By  

Kimberly R. Glenn 

Dissertation 

Submitted to the Faculty of the Graduate School of Vanderbilt University  

in partial fulfillment of the requirements for the degree of 

DOCTOR OF PHILOSOPHY 

in  

Epidemiology 

August 2014 

Nashville, Tennessee 

Approved: 

Professor Loren Lipworth  

Professor William Blot 

Professor James Christopher Slaughter 

Professor Chandra Osborn 

Professor Marie Griffin 

Professor Todd Edwards 

Professor Raquel Villegas 



   

 

 

 

 

 

 

 

 

Copyright © 2014 by Kimberly Renée Glenn 

All rights reserved 

 

ii 
 



   

TABLE OF CONTENTS 

 Page 

TABLE OF CONTENTS ............................................................................................. v 

LIST OF FIGURES ................................................................................................... viii 

LIST OF TABLES ...................................................................................................... ix 

DEDICATION ............................................................................................................xii 

ACKNOWLEDGMENTS ........................................................................................... xiii 

Chapter 

1. Literature Review .................................................................................................. 1 

Introduction ................................................................................................ 1 
Descriptive Epidemiology of Diabetes and Associated Racial Disparities .. 1  
Summary of Epidemiologic Risk Factors Associated with Diabetes ........... 4 
Cardiovascular Disease and its Relationship with Diabetes ....................... 6 
Racial Disparities in Cardiovascular Disease and Mortality among  
those with Diabetes .................................................................................... 7 

2. Study Population ................................................................................................... 8 

3. Major Cardiovascular Disease Risk among Blacks and Whites with Diabetes ... 13 

Methods ................................................................................................... 13 
Outcome Ascertainment ..................................................................... 13 
Statistical Analysis .............................................................................. 19 

Results ..................................................................................................... 24 
Conclusions .............................................................................................. 29 

4. Evaluation of the Independent Association Between Physical Activity or  
Sedentary Time and the Risk of Cardiovascular Disease  .................................. 34 
 

Physical Activity and Sedentary Behaviors as Risk Factors for  
Cardiovascular Complications and Mortality ............................................ 34 
Methods ................................................................................................... 39 

iii 
 



   

Results ..................................................................................................... 43 
Conclusions .............................................................................................. 54 

5. Effect Modification of the Association Between Physical Activity or  
Sedentary Time and Cardiovascular Disease by Body Mass Index .................... 56 
 

Obesity as a Risk Factor for Cardiovascular Complications ..................... 56 
Methods ................................................................................................... 60 
Results ..................................................................................................... 61 
Conclusions .............................................................................................. 63 

6. The Independent Associations Between Physical Activity with All-Cause  
Mortality among Low-Income Adults with Diabetes............................................. 65 
 

Methods ................................................................................................... 65 
Results ..................................................................................................... 67 
Conclusions .............................................................................................. 75 

7. Summary Conclusions and Suggestions for Future Research ............................ 80 

REFERENCES ......................................................................................................... 84 

Appendix A – Directed Acyclic Graphs (DAGs) 
 

1.1 Race and CVD Association ................................................................... 110 
1.2 Physical Activity and CVD Association .................................................. 111 

Appendix B – Southern Community Cohort Study Physical Activity  
Questionnaire (PAQ) .............................................................................................. 112 
 
Appendix C – Previous Literature Related to Physical Activity, CVD,  
CVD Mortality, and All-cause Mortality among Subjects with Diabetes .................. 113 
  

iv 
 



   

List of Figures 

Figure           Page 

1. The natural history of insulin resistance .......................................................... 2 
2. Age-adjusted estimates of the prevalence of diagnosed diabetes among  

U.S. adults aged 20 years and older, 2004 and 2009 ...................................... 3 
3. Locations of participating community health centers of the  

Southern Community Cohort Study ................................................................. 9 
4. Joint effects of total physical activity and total sedentary time on all-cause 

mortality risk among SCCS participants with diabetes .................................. 74 

  

v 
 



   

List of Tables 

Table            Page 

1. Characteristics of the Southern Community Cohort Study participants  
by sex and race, March 2002-September 2009 ............................................. 10 

2. Major cardiovascular events of interest and associated diagnostic codes ..... 13 
3. Algorithm used for the determination of a CVD event .................................... 18 
4. Baseline characteristics of SCCS participants with diabetes with  

diabetes who turned 65 on or before January 1, 2008, by race ..................... 25 
5. Incidence Rates for CVD Events among Black and White SCCS  

Participants who turned 65 on or before January 1, 2008 ............................. 26 
6. Hazard ratios (95% confidence intervals) for CVD risk for blacks  

with diabetes compared to whites with diabetes in the “Medicare” group ...... 26 
7. Baseline characteristics of SCCS participants with diabetes who were  

recruited in Tennessee at ages 40-64 years old, by race  ............................. 28 
8. Incidence rates for CVD events among black and white SCCS participants  

with diabetes who were recruited in Tennessee at ages 40-64 years old ...... 29 
9. Hazard ratios (95% confidence intervals) for CVD risk for blacks with  

diabetes compared to whites with diabetes in the “TN HDDS” group ............ 29 
10. Baseline characteristics of SCCS participants with diabetes in the  

“Medicare” group by Physical Activity Quartiles............................................. 45 
11. Baseline characteristics of SCCS participants with diabetes in the  

“Medicare” group by Sedentary Time Quartiles ............................................. 46 
12. Hazard Ratios (95% confidence intervals) for the association between  

quartiles of total physical activity and CVD risk among SCCS participants  
with diabetes in the “Medicare” group ............................................................ 47 

13. Hazard Ratios (95% confidence intervals) for the association between 
quartiles of total sedentary time and CVD risk among SCCS participants 
with diabetes in the “Medicare” group ............................................................ 48 

14. Baseline characteristics of SCCS participants with diabetes in the  
“TN HDDS” group by Physical Activity Quartiles ........................................... 50 

15. Baseline characteristics of SCCS participants with diabetes in the  
“TN HDDS” group by Sedentary Time Quartiles ............................................ 51 

16. Hazard ratios (95% confidence intervals) for the association between  
quartiles of total physical activity and CVD risk among SCCS  
participants with diabetes in the “TN HDDS” group ....................................... 53 

17.  Hazard ratios (95% confidence intervals) for the association between  
quartiles of total sedentary time and CVD risk among SCCS  
participants with diabetes in the “TN HDDS” group ....................................... 53 

18. Baseline characteristics of SCCS participants with diabetes  

vi 
 



   

aged 65 years or more (2002-2008) by Body Mass Index Categories ........... 62 
19. Baseline characteristics of SCCS participants with diabetes  

by race and sex ............................................................................................. 68 
20. Hazard ratios (95% confidence intervals) for the association between  

quartiles of total physical activity and all-cause mortality risk among  
SCCS participants with diabetes ................................................................... 72 

21. Hazard Ratios (95% Confidence Intervals) for the association between  
quartiles of total sedentary time and all-cause mortality risk among  
SCCS participants with diabetes ................................................................... 73 
  

vii 
 



   

To my faithful and ever-present Savior, the Lord Jesus Christ, who guides my footsteps 
and brings me strength with peace.  This process has taught me how to know You for 

myself; 

To my family who have always loved and accepted me, my ambitions, and my strong 
resolve.  Thank you for never leaving me; 

To Gabrielle and Justin, the two people who give purpose to my work and perspective 
to the plan; 

To those who sacrificed their dignity, freedom, and lives for me to be educated.  Your 
gift will not be wasted; 

and 

To my love, best friend, and accountability partner, Benny Jemmott – thank you for 
being infinitely loving, kind, understanding and supportive. 

  

viii 
 



   

Acknowledgements 

This work would not have been possible without the financial and mentorship support of 

the Southern Community Cohort Study.  Drs. Loren Lipworth and William Blot have 

been an incredible source of support and knowledge.  Thank you for guiding my career 

goals and providing me with time, and positive, constructive feedback.  I cannot say 

how essential this mentorship has been to me personally and professionally. 

I am grateful to all of my Dissertation Committee for providing strong comments and 

guidance on this work, as well has helping to mold it into what it has become today. 

Particularly, I would like to thank committee member and advisor, Todd Edwards, for his 

pep talks, straight talks, and smart talks.  Your wisdom, humor, and very direct 

commentary not only helped me make difficult decisions but kept me on this path when I 

did not think myself worthy.  Along the same line, I would like to thank T. Spencer for 

everything she does and has done during these four years to make the program easier 

and the way straighter for not only myself but for every person who has entered this 

doctoral program.  The motherly love and gentle nudging continues to inspire me to be 

a better person. 

No one has been more important and essential to me in this pursuit than my friends and 

family.  Thank you to the ladies of Black Girls RUN! Nashville – especially Maritza 

Garcia Williams, Malika Clinkscales and Deborah Lilton – for supporting my goals and 

cheering me on through every finish line I dared to cross.  Thank you, Mommy, for 

checking on me when I go “missing” for days on end.  Thanks, Daddy, for reminding me 

to keep smiling, to do my best, and to have fun.      

ix 
 



   

CHAPTER 1 

Literature Review 

Introduction 

Diabetes is a major public health problem in the United States, with 25.6 million people 

with the disease(1).  Strategies to reduce adverse outcomes among those with diabetes 

and delay mortality are important to provide to patients and structure for healthcare 

providers. Physical activity has long been a neglected aspect of the type 2 diabetes 

treatment regimen.  Increasing physical activity is simple and relatively free for patients, 

and may provide significant benefits to insulin sensitivity, glycemic control, and overall 

health(2).  However, most studies that have researched the association between 

physical activity, sedentary behaviors, and cardiovascular disease in those with 

diabetes have been among primarily white or male populations (3-16).  This leaves the 

literature with little to no information about this association in other racial groups, like 

blacks, and women – both populations disproportionately affected by diabetes.   

Descriptive Epidemiology of Diabetes and Associated Racial Disparities 

Type 2 diabetes mellitus, often referred to as adult-onset or non-insulin-dependent 

diabetes, is a chronic disease that results from a progressive insulin secretory defect on 

the background of insulin resistance(17).  Insulin resistance is a condition in which the 

body is unable to properly use the insulin it produces.  In this stage, the pancreatic β-

cells try to compensate by increasing the levels of insulin in the blood leading to 

hyperinsulinemia.  The patient may be asymptomatic during this stage but mild 

hyperglycemia is still present.  When β-cell function decreases, the production of insulin 
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also decreases while blood glucose levels and insulin resistance increase(18) (Figure 

1).    

 

Figure 1. The natural history of insulin resistance.  (Figure from Ramlo-Halsted & 

Edelman, 2000)(18) 

Figure 2 below shows the increase in the prevalence of diagnosed diabetes across the 

United States from 2004-2009(19).  In five years, the age-adjusted prevalence of 

diagnosed diabetes rose from 5.2% to 6.3% nationwide.  The National Diabetes Fact 

Sheet from 2011 reported that in 2010, an estimated 13.0 million men and 12.6 million 

women aged 20 years or older had been diagnosed with diabetes(20).   
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Figure 2. Age-adjusted estimates of the prevalence of diagnosed diabetes among U.S. 

adults aged 20 years and older(21), 2004 and 2009.   

Blacks are disproportionately affected by diabetes, with a consistently observed higher 

prevalence of diabetes compared to whites (12.6% vs. 7.1% for 2007-2009)(20).  

Echoing the prevalence rates, blacks are at increased risk of developing incident 

diabetes when compared to whites (13.0 vs. 7.7 per 1,000 persons diagnosed in 

2010)(19).  Blacks are also younger, on average, than whites when diagnosed with 

diabetes (51.4 vs. 53.2 years old)(19).  In the Southern Community Cohort Study 

(SCCS), a large prospective epidemiologic cohort study examining racial differences in 

cancer and other chronic diseases in the southeastern United States (described in detail 

in the Methods section), which will serve as the parent cohort for the research, no 

significant difference was observed in the prevalence of diagnosed diabetes among 

blacks when compared to whites of similar (predominantly low) socioeconomic status 

and after adjustment for pertinent confounding factors(22, 23).  The Atherosclerosis 

Risk in Communities (ARIC) Project reported similar results among over 15,000 black 

and white men and women(24), suggesting that socioeconomic and other lifestyle or 

social environment factors may play a contributory role in racial disparities in diabetes 

occurrence.   

2004 2009 
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Summary of Epidemiologic Risk Factors Associated with Diabetes 

Health disparities in diabetes risk are hypothesized to be attributable to differences in 

risk factors such as diet, physical activity, obesity, and socioeconomic status between 

blacks and whites(25, 26).  In particular, with low socioeconomic status and obesity both 

disproportionately affecting blacks and both being positively associated with diabetes, 

much of the reported higher risk of diabetes among blacks can likely be accounted for 

by to these two confounding factors.  Other research has suggested a role for genetic 

predispositions to diabetes and diabetes-related risk factors, as discussed later(27).  

Several identified genetic variants only explain a small proportion of excess risk of 

diabetes in certain subpopulations (blacks, for instance)(28, 29).   

Many risk factors for diabetes have been identified, including poor diet, obesity and 

sedentary lifestyle, smoking, and socioeconomic status.  Obesity, particularly central or 

abdominal obesity, and weight gain are positively associated with the risk of diabetes 

(30-32).  A cross-sectional study conducted in the SCCS population reported a strong 

positive association between adult weight gain and diabetes that persisted across 

genders and racial groups(33).   

A positive association between smoking and incident diabetes has been reported in 

several prospective cohort studies (34-38).  Collectively, these studies have 

demonstrated that persons smoking 20 or more cigarettes per day had up to a two-fold 

greater risk of developing type 2 diabetes compared to non-smokers, after adjustment 

for body mass index (BMI), alcohol consumption, physical activity and other factors(38-
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40).  Diabetes has been associated with measures of socioeconomic status such as 

poverty income ratio, education and occupational status(41-43).   

Physical activity and sedentary behaviors have been consistently associated with 

incident type 2 diabetes in both men and women (44-50).  A recent case-cohort study 

reported that increased physical activity was associated with a 13% and 7% reduction in 

diabetes risk in men and women, respectively(51).  Among women, another study found 

that for every 2 hour/day increase in time spent watching television, the risk of diabetes 

increases by 14%.  Two hour/day increases in sitting resulted in a 7% increase in 

diabetes risk.(52)  

5 
 



   

Cardiovascular Disease and its Relationship with Diabetes 

Chronic cardiovascular complications, also known as macrovascular complications, 

include conditions such as coronary heart disease (CHD), peripheral artery disease 

(PAD), congestive heart failure (CHF), and stroke.  Diabetes usually occurs in the 

setting of metabolic syndrome, which is comprised of abdominal obesity, hypertension, 

hyperlipidemia, hyperglycemia, and increased coagulability(53).  Although factors 

included in metabolic syndrome are also risk factors for cardiovascular disease (CVD), 

diabetes is believed to act as an independent risk factor for CVD.  

Atherosclerosis is the hardening and narrowing of the arteries and the main mechanism 

in the processes that lead to macrovascular disease.   It is also believed to be the result 

of chronic inflammation and injury to the arterial wall in the peripheral or coronary 

vascular system (53).  In response to this injury, oxidized lipids from low-density 

lipoprotein (LDL) particles accumulate in the endothelial wall of the arteries.  Monocytes 

differentiate into macrophages after infiltrating the arterial wall, and then accumulate 

oxidized lipids to create foam cells.   The foam cells promote macrophage proliferation 

and attract of T-lymphocytes.  The growing amounts of T-lymphocytes prompt smooth 

muscle proliferation in the arterial walls and collagen buildup.  This process results in 

the formation a lipid-rich atherosclerotic lesion (atheroma).(54)   

In individuals with diabetes, increased platelet adhesion and hypercoagulability occur in 

addition to the atheroma formation(54).  Increased levels of plasminogen activator 

inhibitor type 1 may also impair fibrinolysis in patients with diabetes.  Hypercoagulability 

and impaired fibrinolysis increases the risk of vascular obstruction and cardiovascular 
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events among diabetics(55).  Although the precise mechanisms are not defined, the 

association between diabetes and plaque formation is strong (54, 56).   

CVD is the leading cause of death among diabetics and CVD morbidity accounts for the 

greatest proportion of healthcare expenditures for diabetics (57, 58).  In 2010, heart 

disease and stroke were listed as contributing causes of death on 68% and 16%, 

respectively, of diabetes-related death certificates in people aged 65 years or older(20).  

In previous work conducted in the SCCS, Conway et al reported that CHD was among 

the leading causes of death among pharmaceutically-treated young-onset diabetics 

(59). Another study conducted by Conway et al among SCCS participants reported a 

greater risk of mortality among diabetics with CVD, hypertension and stroke compared 

to non-diabetics(60).   

Racial Disparities in Cardiovascular Disease and Mortality among those with Diabetes 

A systematic review of the literature published in 2005 revealed that blacks, Hispanic 

Americans, and Asian Americans had a lower risk for developing cardiovascular 

complications of diabetes compared to whites(61).  Although blacks have a lower or 

equal incidence of CVD related to diabetes, the mortality rate among blacks from CVD 

is higher(62).  The mortality difference between blacks and whites may be due, in part, 

to differences in glucose metabolism, insulin resistance, obesity, and related genetic 

factors(63). 
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CHAPTER 2 

Study Population 

All subjects for this study were participants in the SCCS, an ongoing, prospective, 

population-based study designed to examine health disparities in the incidence and 

mortality of chronic conditions.  The study population is unique, with over two-thirds 

black and both black and white participants having similar socioeconomic 

characteristics.  Details of the study design, including recruitment and sampling 

methods, were described in detail elsewhere(23).  In short, approximately 85% of 

participants were recruited from community health centers (CHCs), which are federally 

funded healthcare facilities primarily servicing low-income individuals, in 12 

southeastern states (Figure 3; Alabama, Arkansas, Florida, Georgia, Kentucky, 

Louisiana, Mississippi, North Carolina, South Carolina, Tennessee, Virginia, and West 

Virginia)(64).  CHC personnel conducted the recruitment of participants and facilitated 

the provision of informed consent.  Individuals who appeared to be 40 to 79 years of 

age were approached by CHC personnel and study eligibility was determined (age 

criterion, English-speaking, and had not undergone treatment for any cancer except 

non-melanoma skin cancer within the preceding year).(64)   

The remaining 15% of the SCCS population was recruited from the general population 

in order to provide more diversity in the income and educational backgrounds of SCCS 

participants.  Government rosters, such as driver’s license registries and Medicare 

databases, as well as organizational listings and commercial mailing files for residents 

of the study states were used for this process.  A randomly selected age-, sex-, and 
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race-stratified sample of persons aged 40-79 was contacted for potential participation.  

The sampling frame for the general population recruitment had a similar black-white 

proportion as for those recruited from CHCs, but higher percentages of whites than 

blacks were enrolled through this method.   

 

Figure 3. Locations of participating community health centers of the Southern 
Community Cohort Study (Cohen et al, 2013) 

 

Recruitment began in March 2002 and was completed in September 2009 (Table 1).  

Institutional Review Boards at Vanderbilt University Medical Center and Meharry 

Medical College have approved the study and all research protocols.  All participants 

signed written informed consent forms and since April 14, 2003, participants also signed 

Health Insurance Portability and Accountability (HIPAA) authorization forms. 
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Table 1. Characteristics of the Southern Community Cohort Study participants by sex and 
race, March 2002-September 2009 

 Black White Other race/ethnicity 
 Women Men Women Men Women Men 
N (%) 32,406 

(58.3) 
23,159 
(41.7) 

15,459 
(60.9) 

9,918 
(39.1) 

3,202  
(63.2) 

1,866 
(36.8) 

Mean age at 
enrollment (years) 

51.7 50.8 53.9 54.1 53.0 52.9 

% enrolled at 
community health 
center 

91.2 91.1 80.9 64.5 79.9 70.1 

*Adapted from The SCCS Cohort table reported at 

http://southerncommunitystudy.org/Cohort/SCCSCohort.htm. Numbers do not add up to 

100% due to rounding. 

 SCCS participants were administered a baseline questionnaire 

(http://www.southerncommunitystudy.org/InfoResearch/SCCS-questionnaire.pdf) which 

ascertained information on demographics; anthropometry; personal medical history; 

family medical history; tobacco use; medication use; reproductive history (women only); 

alcohol consumption; diet; physical activity; emotional wellness; social support; 

religion/spirituality; health insurance; use of medical and cancer screening services; 

occupational history; and other factors(23).  For CHC participants, the questionnaire 

was administered in person using a laptop computer and a computer-assisted personal 

interview (CAPI) with logic-checking and skip pattern technology.  Trained interviewers 

administered the questionnaires with the assistance of handheld cards to facilitate 

responses, and abstracted anthropometric and other clinical information (weight, height, 

blood pressure) from participants’ medical records if those measurements were also 

collected on the day of data collection. If not, the measures of height and weight were 

collected via self-report on the questionnaire.  (23, 64) General population participants 

completed and mailed in a paper version of the study questionnaire.  The paper version 
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was identical to the CAPI used at the CHCs and informed consent was obtained by a 

form included in the questionnaire booklet.  

Analyses for the association between physical activity, sedentary time, and mortality 

were conducted among all SCCS participants with diabetes who were followed through 

December 31, 2011.  The study period ended at this time because of the linkage with 

the National Death Index (NDI) was through December 31, 2011.  Participants for 

analyses of the relationship between physical activity, sedentary time, and CVD were 

selected from among SCCS participants with diabetes at cohort enrollment who are 65 

years old or greater, and thus eligible for Medicare, on or before January 1, 2008 

(“Medicare”), and/or SCCS participants with diabetes at cohort enrollment recruited in 

Tennessee under the age of 65 (“TN HDDS”).  Participants who self-reported diabetes 

(responded yes to the question “have you ever been told by a doctor that you had 

diabetes or high blood sugar or were treated for diabetes or high blood sugar?”) and 

were enrolled between March 1, 2002 and January 1, 2008 were included in the 

analyses.  The study period ended on this date because the SCCS linkage to the HDDS 

and the Medicare data was up-to-date through 2008 at the time that this study proposal 

began. As discussed later, those enrolled during 2008 may not have had sufficient 

opportunity to have a complication so additional sensitivity analyses were conducted 

including those participants to ensure the robustness of the observed estimates.  

SCCS investigators confirmed 96% of self-reported diabetes diagnoses in two validation 

studies – one reviewing medical records (n = 124) and the other evaluating A1C 

percentages(23).  For other variables self-reported at baseline (time of study 

enrollment), a series of validation studies have been conducted on subsets of the SCCS 
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population (150-800 SCCS participants) for sections of the food frequency 

questionnaire (FFQ), physical activity patterns, tobacco use, and biometric 

measurements (height/weight)(65, 66).  These validation studies reported satisfactory 

reliabilities and validities.  

Participants were included in all analyses if they were diagnosed with diabetes after the 

age of 18 years old and self-reported race as either “black” or “white”.  If participants 

were missing information regarding the age of diabetes diagnosis (“what was your age 

at first diagnosis for diabetes or high blood sugar?”), medication use (“are you currently 

taking prescription medication, including insulin, to lower your blood sugar?”), or 

demographics (age, sex, or race) they were also excluded from all analyses, as these 

variables were essential to the models constructed.  Participants were excluded from all 

analyses of CVD outcomes if they reported a history of myocardial infarction or stroke 

(heart disease) at baseline (“have you ever been told by a doctor that you had a heart 

attack…or stroke?”).  
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CHAPTER 3 

Major Cardiovascular Disease Risk among Blacks and Whites with Diabetes 

Methods 

Outcome Ascertainment 

The primary outcome measure, a composite CVD endpoint, was defined as the time 

from study enrollment to the first recorded CVD diagnosis or death with CVD as the 

primary cause or underlying cause of death (Table 2).   

Table 2. Major cardiovascular events of interest and associated diagnostic codes 
 Outcome Diagnostic Codes 
Cardiovascular Events 
(ICD-9) 

Myocardial infarction(67) 410, 411, 413, 414 
Coronary artery bypass 
surgery(68) 

36.10, 36.11, 36.12, 36.13, 36.14, 36.15, 
36.16, 36.19 (procedure codes) 

Angioplasty 36.01, 36.02, 36.05, 36.03, 36.04, 36.06, 
36.07, 36.08, 36.09 (procedure codes) 

Congestive heart failure(69) 402.01, 402.11, 402.91, and 428 
Stroke(70) 431.x, 433.x, 434.x, 436.x 
Carotid endarterectomy 38.11, 38.12 (procedure codes) 
Peripheral vascular disease 250.7, 440.x, 441.x, 442.x, 443.9, 444.x 

Fatal Cardiovascular 
Events (ICD-10) 

Myocardial infarction I21.0-I21.4, I21.9-122.1, I22.8-I23.6, I23.8 

Heart failure I11.0, I13.0, I42.0-I42.9, I50.0, I50.1, 
I50.9, I51.7 

Stroke I60.0-I60.9, I61.0-I61.9, I63.0-I63.9, I64, 
I65.0-I65.9 

Coronary artery disease I20.0, I20.8, I20.9, I21.0-I25.9, I516 

 

Non-fatal events and the date of first recorded occurrence among SCCS participants 

with diabetes who did not turn 65 on or before January 1, 2008 (“TN HDDS” group) 

were identified via the Tennessee Hospital Discharge Data System, based on 

previously validated algorithms using diagnostic (International Classification of Diseases 

Ninth Edition: ICD-9-CM) codes or the underlying cause of death on the death certificate 
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using the International Classification of Diseases Tenth Edition (ICD-10) codes used in 

previous SCCS studies on mortality among diabetics(23, 69, 71-74).  In addition to the 

composite CVD endpoint, more common events were examined individually, where the 

sample size allowed. 

The TN HDDS information became available in 1997 after the revision of Tennessee 

Code Annotate (T.C.A.), Section 68-1-108 which required each licensed hospital to 

report all claims data from the UB-92 form or any successor forms on every inpatient, 

outpatient, emergency room, or ambulatory surgery discharge to the commissioner of 

health(67). The Division of Health Statistics at the Tennessee Department of Health is 

responsible for compiling the TN HDDS on an annual basis. The UB-92 form was the 

billing form for handling health care claims until the updated UB-04 form was instituted 

in 2007.  The data for the analyses were collected using the UB-92 form.  The HDDS 

was established also for the purposes of collecting, aggregating, and disseminating 

patient level data.(67)   

At minimum, each reported discharge includes, but is not limited to, the following data 

elements: patient control number, type of bill, the period the statement covers, patient’s 

date of birth, patient’s sex, admission date, medical/health record number, revenue 

codes, date(s) of service, certificate number/identification number/social security 

number, insurance group number, principal diagnosis codes, other diagnosis codes, E 

code, principal procedure code and date, other procedure codes and date, and patient’s 

race/ethnicity(75).  Data are reported quarterly to the Tennessee Department of Health.  

Those who fail to report or report late are sent correspondence to advise of the 
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penalties associated with failure to report and are given a determined period of time to 

submit the records (76). 

The SCCS cohort was linked to the HDDS by submitting the participants’ names, dates 

of birth, and social security numbers.  The Tennessee Department of Health sent the 

returned probabilistic matches back to the International Epidemiology Institute (IEI) 

where the SCCS cohort data are housed.  IEI then evaluated the returns to confirm the 

matches by examining the dates of birth, sex, and social security number of the 

participants.  We used HDDS outcome data from March 1, 2001 through December 31, 

2008, the latest date for which such data were available when the linkage was 

performed.  Participants’ data in the TN HDDS from before their enrollment in SCCS 

were used to adjust for the previous number of cardiovascular complications 

experienced by the participant.  For each participant, the number of previous 

hospitalizations in the year prior to their study enrollment were counted and used for 

adjustment.  We limited the timeframe for the number of previous hospitalizations 

because we did not want to bias our analyses by allowing those who entered the study 

at later dates to have a longer time frame to collect previous hospitalizations compared 

to those who entered at earlier dates. We recognize that previous hospitalizations 

accrued outside of Tennessee may not have been represented in these data, and may 

have resulted in an under-adjustment for this confounding. 

CVD outcomes among SCCS participants with diabetes who turned 65 on or before 

January 1, 2008 (“Medicare” group) were ascertained by linkage, using social security 

number, date of birth, and gender, with the National Centers for Medicare and Medicaid 

Services (CMS) Research Identifiable Files from January 1, 1999 through December 
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31, 2008, the last date for which data were available.  CVD among those aged 65 years 

or older was defined as having one or more medical claims with an ICD-9 code for a 

major cardiovascular event (Table 2) within the MEDPAR (inpatient) file or two or more 

medical claims in the Medicare outpatient base claims files from the date of enrollment 

to December 31, 2008. 

Diagnosis code algorithms for the identification of major cardiovascular events were 

selected using previously validated algorithms (Table 3).  The use of diagnostic codes 

in administrative data, particularly Medicare claims data, have been reported to have a 

high positive predictive value (PPV) for the diagnosis of acute myocardial infarctions 

(ICD-9 codes 410 and 411; 69.5%-95.4%) with the inclusion of diagnosis-related group 

(DRG) codes not appreciably increasing that value(77-79).  It has also been noted that 

that the PPV was significantly lower for subjects with a history of myocardial infarction 

compared to those without previous myocardial infarctions (88.1%)(77).   A review of 

the detection of heart failure in administrative claims data included 8 studies conducted 

among Medicare beneficiaries that reported PPVs between 76% and 99%, with the 

majority of the studies reporting PPVs over 90%(80).  Among studies of hospital 

discharge records among general populations (diabetes status not specified) included in 

that review, the PPVs were similarly high (82-97%).  A similar review was conducted on 

the detection of stroke in administrative claims data and included one study conducted 

specifically among individuals ≥65 (PPV = 90%).  This review found that the studies that 

validated codes as a part of a composite endpoint reported PPVs ranging from 71% to 

96%(81). The high PPVs observed among general populations has also been observed 
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among diabetics (myocardial infarction, 95.2%; stroke, 91.2%; ischemic heart disease, 

90.3%)(82). 

In the present study, an event was counted if it was noted as the primary diagnosis, any 

of the other diagnoses (a maximum of 18 other diagnoses can be reported in the record 

for TN HDDS; a maximum of 10 can be reported in the record for Medicare), or any of 

the procedure codes (a maximum of six procedures can be reported in the record for 

both Medicare and TN HDDS).  The events were categorized dichotomously 

(present/not present). 

Deaths were ascertained through linkage of the SCCS cohort with the National Death 

Index (NDI). NDI is a national, computerized registry of all death record information on 

file in the State vital statistics offices(70).  The National Center of Health Statistics 

(NCHS) established NDI to aid medical and health research concerned with mortality 

statistics.  NDI data were available for the years from 1979 to 2011, although only 

deaths related to CVD occurring on or before December 31, 2008 were included to 

match the follow up time for incident CVD events identifiable in CMS and TN HDDS 

files.  The full period of follow-up through 2011 was used for the analyses evaluating the 

relationship between physical activity, sedentary time, and all-cause mortality.  (70, 83).  

Previous evaluations of the NDI have reported that the sensitivity of cause-specific 

death ascertainment ranged from 87% to 97% (84-86).  Sensitivity tends to vary by race 

(more sensitive for whites compared to non-whites; 93% vs. 84%), sex (more sensitive 

for males compared to female; 95% vs. 91%), and availability of social security number 

(sensitivity increases from 93% to 97%)(86).  First, ascertainment of death status was 

provided through linkage of the SCCS cohort with the Social Security Administration 
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(SSA) through February 4, 2011.  SCCS participants’ personal information was then 

linked to NDI death records through December 31, 2011 to ascertain cause of death by 

submitting an application to NCHS, thus encompassing the entire follow-up period for 

the study. To qualify as a possible match, SCCS information had to match at least one 

of seven matching criteria specified by NDI standards for each participant. (87).   

From the NDI, information on date of death, primary cause of death and contributing 

causes of death were obtained.  

Table 3. Algorithm used for the determination of a CVD event 
 Ages 

Included 
Non-Fatal CVD 
Events 

Fatal CVD 
Events 

Algorithm for Incident CVD 

“TN HDDS” 
group 

40-64 
years old 

Tennessee 
Hospital 
Discharge Data 
System (ICD-9 
codes) 

National Death 
Index 
 

≥1 discharge records with an ICD-9 
code for CVD between the date of 
enrollment and December 31, 2008 
OR 
An ICD-10 code for CVD as the 
primary or underlying cause of 
death 

“Medicare” 
group 
 

≥65 years 
old 

Medicare 
inpatient and 
outpatient files 
(ICD-9 codes) 

National Death 
Index 

Between the date of enrollment and 
December 31, 2008: 

(a) ≥1 inpatient medical 
claim(s) with an ICD-9 code 
for CVD, OR 

(b) ≥2 outpatient CVD medical 
claims with an ICD-9 code 
for CVD, OR 

(c) An ICD-10 code for CVD as 
the primary or underlying 
cause of death 

 

The person-time of follow-up began on the date of enrollment into the SCCS cohort 

(prior to January 1, 2008) and concluded with the first occurrence of a CVD event, 

death, or the end of the study period (December 31, 2008).  
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Statistical Analysis 

The HDDS data were originally in case-based form (also known as long format) where 

there were multiple observations per participant.  The dataset was converted from long 

format to wide format by reshaping.  The reshaping procedure associated the principal 

diagnosis, other diagnoses, procedures and other visit-specific information to the date of 

the admission.   For each participant, the occurrence and date of the cardiovascular 

events were determined individually.   

Prior to conducting any of the following analyses, all variables were screened for 

inconsistent or abnormal values, and continuous variables were assessed for skewness 

and outliers.  If a value appeared to be incorrectly reported (implausible), the 

observation to which the value belonged was to be removed because other measures 

for that participant may have been incorrect as well, but no observations were removed 

for those reasons. 

Proportions of the population missing data for each covariate were assessed by race.  

Reasons for missingness were examined as well (e.g. missing value for pack-years 

because participant was a non-smoker).  If the missingness was not at random, the 

observation was preserved in the dataset for analysis.  When possible the missing value 

was recoded to a non-missing value that represents the reason for missingness (e.g. 

non-smokers had their missing values recoded as 0 for pack-years and the pack-years 

for smokers were categorized in ranges).   

Descriptive statistics included counts and frequencies (or means with standard 

deviations for continuous variables) of each potential covariate by race.  The number of 
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events per category and person-time for each category by race were also calculated.  

Descriptive comparisons between black and white race, and between quartiles of 

physical activity and sedentary time, were made using Pearson’s chi-squared tests or 

ANOVA tests for categorical variables and Wilcoxon rank sum test for continuous 

variables.   

Incidence calculations and regression analyses were conducted separately for the “TN 

HDDS” group (n = 498) and the “Medicare” group (n = 1,880).  Events and person-time 

contributed by participants recruited in Tennessee who turned 65 during the study 

period were considered as a part of the “TN HDDS” group until they turned 65.  After 

that point, their events and person-time were considered under the “Medicare” group.  

Since Medicare collects data from both inpatient and outpatient medical claims, while 

TN HDDS primarily collects data from inpatient discharges, sensitivity analyses were 

conducted with only inpatient claims and discharges from both systems.  The number of 

participants who experienced a cardiovascular event during follow-up and the person-

years accrued were calculated by race.  Incidence rates were age-adjusted and 

standardized directly to the United States 2000 Census population over the age ranges 

of those over the course of follow-up. 

Unadjusted and adjusted Cox proportional hazards models, using age as the timescale, 

were specified to determine the association between race and cardiovascular events, 

generating hazards ratios (HR) and 95% confidence intervals (CI).  Those who self-

reported their race as “black” were compared to those who self-reported their race as 

“white” (referent).  The proportionality assumptions were tested for Cox proportional 

20 
 



   

hazards model using the goodness-of-fit testing and the log-log survival plots.  The 

results did not indicate a violation of the proportional hazards assumption. 

Unadjusted models only included cardiovascular events as the outcome and race as the 

explanatory variable (Model 1).  The minimally adjusted model added only age and sex 

as covariates (Model 2).  Model 3 added covariates selected based on the directed 

acyclic graph (DAG; see Appendix 1.1).  The DAG was constructed based on previous 

literature and biological plausibility.  A sufficient set of confounders were selected that 

close all open, backdoor pathways of the association between race and cardiovascular 

disease among SCCS participants with diabetes and represent commonly included 

confounders from similar studies.   

Such confounders considered in the multivariate analysis were BMI, education, annual 

household income, insurance status, smoking, alcohol consumption, first degree family 

history of CVD death before the age of 65, medical history (hypertension, 

hyperlipidemia, depression), previous hospitalizations in the past year, diabetes 

medication type, diabetes self-management behaviors (frequency of blood glucose 

monitoring and medication adherence) and duration of diabetes.  The number of 

covariates included in the model was limited based on the rule that a minimum of 10 

outcome events per explanatory variable may be added.   

Age and sex were chosen as variables for which the association between race and CVD 

would be adjusted because of the non-modifiable, biological differences between the old 

and the young, and males and female.  As age increases, the risk of cardiovascular 

disease increases because of vascular changes over time.  Males also are at an 
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increased risk of CVD compared to females so controlling for the biological factors that 

explain these differences is essential(88). The variables that represent differences in 

socioeconomic status between blacks and whites are necessary to include in adjusted 

models because socioeconomic status can determine healthcare access and treatment 

opportunities, as well as other factor that influence health(89). Body mass index (BMI) is 

a commonly used measure for general obesity and has also been reported as a risk 

factor for CVD.  Blacks in the SCCS are more likely to have higher BMI than whites, and 

this difference may confound the relationship between race and CVD among diabetics.  

CVD risk has been partially explained by genetic factors(90).  Including first-degree 

family history of CVD death at an early age in the adjusted models attempts to control 

for some of the confounding presented by genetic predisposition to CVD. 

Smoking was included in adjustments because it is positively associated with CVD risk 

through several established biological mechanisms and black-white differences in these 

factors have been reported.  

Hypertension and high cholesterol have been previously reported as risk factors for 

CVD and reported to be more prevalent among blacks and those of low SES(91-98). 

Hypertension also places those with diabetes at an increased risk for microvascular 

diseases such as diabetic retinopathy and renal failure (96, 99-116).  Microvascular 

disease is a risk factor in itself for cardiovascular disease (macrovascular disease) and 

is also more common among blacks with diabetes (70, 117-125). 

Diabetes has been deemed an independent risk factor for CVD so the characteristics of 

diabetes are important to adjust for in multivariate models.  The longer one has 
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diabetes, the more likely complications become (71, 126, 127).  Blacks are usually 

younger when diagnosed with diabetes and it has been proposed that the onset of 

diabetes is earlier in blacks as well (126, 128).  Based on duration of diabetes and 

glycemic control, medication is prescribed to lower blood glucose levels.  Insulin is an 

aggressive treatment for Type 2 diabetes and is associated with an increased risk of 

CVD and microvascular disease (129-132).  Insulin treatment usually occurs individuals 

with more severe diabetes or uncontrolled diabetes either alone or in concert with an 

oral medication.  Since we did not have information regarding HbA1c levels or fasting 

glucose, we used insulin and duration of diabetes as a proxy for the severity of 

diabetes.  This assumes that diabetes severity increases the longer one has the 

disease and those who use insulin have more severe diabetes. Previous SCCS studies 

have reported a higher proportion of blacks use insulin as a part of their glucose-

lowering medication(59, 60).   

Fully adjusted models included age at enrollment (years; continuous), sex, BMI (kg/m2; 

continuous), education level (less than high school, high school, beyond high school), 

annual household income (< $15,000, $15,000-49,000, and ≥ $50,000), insulin use 

(yes/no), smoking status (current, former, never), prevalent hypertension and high 

cholesterol (yes/no), parental history of CVD death (yes/no), and duration of diabetes 

(years; continuous).   

All analyses were conducted using SAS software, version 9.3 (SAS Institute Inc, Cary, 

NC) and all tests were two-sided. 
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Results 

During follow-up (median follow-up time: 4.1 years, range = 0.06-7.6 years), 362 CVD 

events or CVD-related deaths occurred in the “Medicare” group (19.3%, with 19.8% 

among blacks).  The 1,880 SCCS participants with diabetes in the “Medicare” group 

(73.7% black, 26.3% white, 70.9% female) had an average age at enrollment of 67.1 

(4.6) years (Table 4). More than 60% of the population had a high school education or 

less, and approximately 62% reported an annual household income of less than 

$15,000.  Whites were more likely to have an annual household income of $15,000 or 

more.  Higher proportions of whites than blacks had prevalent high cholesterol.  There 

were no significant differences observed in population characteristics captured at 

baseline between “TN HDDS” whites and blacks in the study. 
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Table 4. Baseline characteristics of SCCS participants with diabetes who turned 65 on 
or before January 1, 2008, by race  

 Total 
(n=1,880) 

Black 
(n=1,385) 

White 
(n=495) 

p 

Age at Enrollment  
(mean, SD) 

67.1 (4.6) 67.1 (4.7) 67.2 (4.4) 0.70 

Age at Diabetes Diagnosis  
(mean, SD) 

55.6 (10.4) 54.8 (10.6) 57.8 (9.4) <0.0001 

Time Since Diabetes Diagnosis 
(n, %) 

- < 5 years 
- 5-10 years 
- 11-19 years 
- ≥ 20 years 

 
 

691 (36.8) 
385 (20.5) 
406 (21.6) 
398 (21.2) 

 
 

471 (34.0) 
271 (19.6) 
310 (22.4) 
333 (24.0) 

 
 

220 (44.4) 
114 (23.0) 
96 (19.4) 
65 (13.1) 

 
 

<0.0001 

Female (n, %) 1,333 (70.9) 1,024 (73.9) 309 (62.4) <0.0001 
Education (n, %) 

- Less than High School 
- High School 
- Beyond High School 

 
881 (46.9) 

 
512 (27.2) 
487 (25.9) 

 
722 (52.1) 

 
362 (26.1) 
301 (21.7) 

 
159 (32.1) 

 
150 (30.3) 
186 (37.6) 

 
<0.0001 

 
 

Household Income (n, %) 
- Less than $15K 
- $15K-$49K 
- $50K or Greater 

 
1,233 (65.6) 
556 (29.6) 

91 (4.8) 

 
965 (69.7) 
378 (27.3) 
42 (3.0) 

 
268 (54.1) 
178 (36.0) 
49 (9.9) 

 
<0.0001 

Body Mass Index  
(BMI; n, %) 

- 18.5-24.9 
- 25-29.9 
- 30-39.9 
- ≥ 40 

 
 

191 (10.3) 
560 (30.2) 
854 (46.1) 
249 (13.4) 

 
 

129 (9.4) 
406 (29.7) 
648 (47.4) 
183 (13.4) 

 
 

62 (12.7) 
154 (31.6) 
206 (42.2) 
66 (13.5) 

 
 

0.06 

Prevalent Conditions  
(n, %) 

- Hypertension 
- High Cholesterol 

 
 

1,608 (85.5) 
1,078 (57.4) 

 
 

1,211 (87.4) 
755 (54.6) 

 
 

397 (80.2) 
323 (65.3) 

 
 

<0.0001 
<0.0001 

Family History of CVD Death 478 (25.4) 283 (20.4) 195 (39.4) <0.0001 
Smoking Status (n, %) 

- Current 
- Former 
- Never 

 
247 (13.3) 
706 (37.9) 
908 (48.8) 

 
180 (13.1) 
499 (36.3) 
696 (50.6) 

 
67 (13.8) 
207 (42.6) 
212 (43.6) 

 
0.02 

Glucose-Lowering Medication  
- Oral Medication Only 
- Insulin Use 
- No Medication 

 
1,142 (60.7) 
522 (27.8) 
216 (11.5) 

 
836 (60.4) 
421 (30.4) 
128 (9.2) 

 
306 (61.8) 
101 (20.4) 
88 (17.8) 

 
<0.0001 

Physical Activity  
(MET-h/d; n, %) 

- < 5.7 
- 5.8-11.0 
- 11.1-18.8 
- ≥ 18.9 

 
 

397 (21.1) 
465 (24.7) 
511 (27.2) 
507 (27.0) 

 
 

302 (21.8) 
343 (24.8) 
378 (27.3) 
362 (26.1) 

 
 

95 (19.2) 
122 (24.7) 
133 (26.9) 
145 (29.3) 

 
 

0.14 

Sedentary Time 
(h/d; n, %) 

- < 5.2 
- 5.2-7.9 
- 8.0-10.6 

 
 

465 (24.7) 
485 (25.8) 
485 (25.8) 

 
 

364 (26.3) 
348 (25.1) 
352 (25.4) 

 
 

101 (20.4) 
137 (27.7) 
133 (26.9) 

 
 

0.06 
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- ≥ 10.7 445 (23.7) 321 (23.2) 124 (25.1) 
 

The overall age-adjusted rates for CVD events were 91.7 and 154.4 in the “TN HDDS” 

group and “Medicare” group, respectively.  Age-adjusted rates of CVD were similar for 

whites compared to blacks in the “TN HDDS” group but higher for whites for the 

“Medicare” group (Table 5 and Table 8). 

TABLE 5. Incidence Rates for CVD Events among Black and White SCCS Participants who 
turned 65 on or before January 1, 2008 

 
 Total Person-Years 

of Follow-Up 
CVD 

Events 
(n) 

Age-Adjusted Incidence Rate per  
1,000 Person-Years  

(95% CI) 
Black (n = 1,385) 6,023 274 142.5 (103.5-181.5) 
White (n = 495) 1,879 88 245.7 (111.9-379.6) 

Total (n = 1,880) 7,038 362 154.4 (116.6-192.2) 
 

HRs and 95% CIs for the association between race and CVD risk among those with 

diabetes in the “Medicare” group can be found in Table 6.  Blacks were at lower, but not 

significantly so, risk of CVD compared to whites (HR, 0.88; 95% CI: [0.68-1.15]).  When 

only inpatient records were considered, the results did not vary significantly (HR, 0.86; 

95% CI: [0.54-1.39]). 

TABLE 6.  Hazard ratios (95% confidence intervals) for CVD risk for blacks with diabetes 
compared to whites with diabetes in the “Medicare” group 

 # of Events Model 1 Model 2 Model 3 
Black vs. 
White Race 

362 0.96 (0.75-1.22) 0.98 (0.77-1.25) 0.88 (0.68-1.15) 

aModel 1: unadjusted; bModel 2: age at enrollment and sex; cModel3: age at enrollment, 
sex, BMI, education, annual household income, insulin use, smoking status 
(former/current/never), prevalent hypertension or high cholesterol, family history of 
premature death from myocardial infarction, and duration of diabetes. 
 

During follow-up (median follow-up time: 4.2 years, range = 0.01-7.5 years), 188 CVD 

events or CVD-related deaths occurred in the “TN HDDS” group (37.8%; 38.6% among 
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blacks and 33.7% among whites).  The 498 SCCS participants with diabetes in the “TN 

HDDS” group (83.7% black, 16.3% white, 61.9% female) had an average age at 

enrollment of 50.1 (6.2) years (Table 7). More than 60% of the population had a high 

school education or less, and 61.9% reported an annual household income of less than 

$15,000.  Whites were more likely to have an annual household income of $15,000 or 

greater and have prevalent high cholesterol.  No other significant differences in 

characteristics collected at baseline were observed between the “TN HDDS” blacks and 

whites. 
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Table 7. Baseline characteristics of SCCS participants with diabetes who were recruited 
in Tennessee at ages 40-64 years old, by race 

 Total  
(n=498) 

Black 
(n=412) 

White  
(n=86) 

p 

Age at Enrollment  
(mean, SD) 

50.1 (6.2) 50.0 (6.2) 50.5 (6.5) 0.58 

Age at Diabetes Diagnosis  
(mean, SD) 

42.7 (8.4) 42.5 (8.4) 43.8 (8.4) 0.18 

Time Since Diabetes Diagnosis 
(n, %) 

- < 5 years 
- 5-10 years 
- 11-19 years 
- ≥ 20 years 

 
 

261 (52.4) 
106 (21.3) 
91 (18.3) 
40 (8.0) 

 
 

214 (51.9) 
88 (21.4) 
74 (18.0) 
36 (8.7) 

 
 

47 (54.7) 
18 (20.9) 
17 (19.8) 
4 (4.7) 

 
 

0.63 

Female (n, %) 308 (61.9) 253 (61.4) 55 (64.0) 0.66 
Education (n, %) 

- Less than High School 
- High School 
- Beyond High School 

 
144 (28.9) 

 
168 (33.7) 
186 (37.4) 

 
124 (30.1) 

 
139 (33.7) 
149 (36.2) 

 
20 (23.2) 

 
29 (33.7) 
37 (43.0) 

 
0.36 

 

Household Income (n, %) 
- Less than $15K 
- $15K-$49K 
- $50K or Greater 

 
308 (61.9) 
163 (32.7) 

27 (5.4) 

 
254 (61.7) 
143 (34.7) 
15 (3.6) 

 
54 (62.8) 
20 (23.3) 
12 (14.0) 

 
0.0002 

Body Mass Index  
(BMI; n, %) 

- 18.5-24.9 
- 25-29.9 
- 30-39.9 
- ≥ 40 

 
 

59 (11.9) 
100 (20.2) 
220 (44.5) 
115 (23.3) 

 
 

54 (13.2) 
82 (20.1) 
184 (45.1) 
88 (21.6) 

 
 

5 (5.8) 
18 (20.9) 
36 (41.9) 
27 (31.4) 

 
 

0.08 

Prevalent Conditions  
(n, %) 

- Hypertension 
- High Cholesterol 

 
 

358 (71.9) 
178 (35.9) 

 
 

300 (72.8) 
133 (32.4) 

 
 

58 (67.4) 
45 (52.3) 

 
 

0.31 
0.0005 

Family History of CVD Death 170 (34.1) 134 (32.5) 36 (41.9) 0.10 
Smoking Status (n, %) 

- Current 
- Former 
- Never 

 
235 (47.4) 
101 (20.4) 
160 (32.3) 

 
197 (47.9) 
85 (20.7) 
129 (31.4) 

 
38 (44.7) 
16 (18.8) 
31 (36.5) 

 
0.66 

Glucose-Lowering Medication  
- Oral Medication Only 
- Insulin Use 
- No Medication 

 
270 (54.2) 
130 (30.7) 
75 (15.1) 

 
222 (53.9) 
130 (31.6) 
60 (14.6) 

 
48 (55.8) 
23 (26.7) 
15 (17.4) 

 
0.61 

Physical Activity  
(MET-h/d; n, %) 

- < 5.7 
- 5.8-11.0 
- 11.1-18.8 
- ≥ 18.9 

 
 

120 (24.1) 
105 (21.1) 
100 (20.1) 
173 (34.7) 

 
 

93 (22.6) 
90 (21.8) 
86 (20.9) 
143 (34.7) 

 
 

27 (31.4) 
15 (17.4) 
14 (16.3) 
30 (34.9) 

 
 

0.30 

Sedentary Time 
(h/d; n, %) 

- < 5.2 
- 5.2-7.9 
- 8.0-10.6 

 
 

91 (18.3) 
99 (19.9) 
114 (22.9) 

 
 

78 (18.9) 
82 (19.9) 
91 (22.1) 

 
 

13 (15.1) 
17 (19.8) 
23 (26.7) 

 
 

0.74 
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- ≥ 10.7 194 (39.0) 161 (39.1) 33 (38.4) 

 

TABLE 8. Incidence rates for CVD events among black and white SCCS participants with diabetes 
who were recruited in Tennessee at ages 40-64 years old 

  
 Total Person-Years 

of Follow-Up 
CVD Events 

(n) 
Age-Adjusted Incidence Rate per  

1,000 Person-Years  
(95% CI) 

Black  
(n = 412) 

1,996 159 91.7 (68.0-115.5) 

White  
(n = 86) 

386 29 88.4 (38.6-138.3) 

Total  
(n = 498) 

2,382 188 91.1 (69.7-112.6) 

Table 9 displays the HRs and 95% CIs for the association between race and CVD risk 

among those with diabetes in the “TN HDDS” group.  Blacks did not have a significantly 

different risk of CVD compared to whites (HR, 1.01; 95% CI: [0.67-1.52]) after 

adjustment of selected covariates.  When only inpatient records (n = 97) were 

considered, blacks were at lower risk, but not significantly so (HR, 0.62; 95% CI: [0.22-

1.70]). 

Table 9. Hazard ratios (95% confidence intervals) for CVD risk for blacks with diabetes compared 
to whites with diabetes in the “TN HDDS” group 

 # of Events Model 1a Model 2b Model 3c 

Black vs. 
White Race 

188 1.12 (0.75-1.66) 1.19 (0.80-1.77) 1.01 (0.67-1.52) 

aModel 1: unadjusted; bModel 2: age at enrollment and sex; cModel3: age at enrollment, 
sex, BMI, education, annual household income, insulin use, smoking status 
(former/current/never), prevalent hypertension or high cholesterol, family history of 
premature death from myocardial infarction, and duration of diabetes. 
 

Conclusions 

The results of the current study do not support a significant association between race 

and CVD risk among individuals with diabetes. Although blacks had a higher prevalence 

of CVD risk factors like hypertension and obesity that difference did not translate into 

29 
 



   

increased CVD risk among that population in either the “Medicare” or “TN HDDS” group.  

Indeed, the only suggested differences were non-significantly lower mortality risks 

among blacks than whites. Diabetes itself is a strong risk factor for CVD and any racial 

differences in CVD risk may be overwhelmed by the influence of diabetes.   

Our results were consistent with other studies that reported no significant difference 

between blacks and whites with diabetes in respect to CVD risk(70).    Most of these 

studies presented condition-specific (myocardial infarction, stroke, etc.) estimates while 

our study presented risk estimates for a composite endpoint that includes CVD-related 

death.  Although our study results represented those for a composite CVD endpoint 

rather than single endpoints, the results similarly reported no increased risk of CVD 

among blacks compared to whites. 

Major strengths of the current study are the racial diversity of the sample, with blacks 

representing more than two-thirds of the study population, the systematic and 

standardized collection of extensive baseline data on the cohort participants and the 

systematic follow-up of the cohort via linkage with the Tennessee HDDS and Medicare 

files.  By design, black and white SCCS participants are of generally similar 

socioeconomic status, which allows us to evaluate risk of cardiovascular complications 

with minimal confounding presented by differences in socioeconomic factors.  We also 

have extensive information collected in our baseline in-person interview to enable 

further statistical adjustment for socioeconomic status as well as for risk factors such as 

tobacco and alcohol use, medical history, medication use, family history of chronic 

conditions, psychosocial factors, and various other characteristics of study participants. 

The current study adjusted for important confounders that have not always been 

30 
 



   

included in previous studies and could have a significant impact on the estimates 

generated. 

The analyses were limited by several factors.  All questionnaire data were collected at 

baseline and we do not have follow-up data for any of the covariates included in 

multivariate analyses.  Also, the questionnaire data are self-reported and may introduce 

bias.  Adjustment for covariates rendered residual confounding due to imperfect 

measurement, which is inherent to studies of this kind.  Our study relies on self-reported 

diabetes diagnosis and did not conduct chart reviews or biological testing to confirm 

diabetes in our sample population.  Previous validation studies, however, conducted 

within the SCCS using medical records for 124 participants reported that 96% of the 

self-reported diagnoses were validated using ICD-9 codes, HbA1c levels, treatment, or 

physicians’ notes(133, 134).  Therefore, we do not believe this is a significant concern in 

our study.  

We also relied on self-reported age of diagnosis and used it to determine the duration of 

diabetes in this study.  Recall errors may have caused the participant to be misclassified 

into a different duration category.  To our knowledge, no studies have validated self-

reported date or age of diabetes diagnosis but we do not believe it is a significant issue 

in our study because diabetes is a major chronic disease with significant lifestyle 

changes associated with it. However, the onset of diabetes and its symptoms may be 

gradual and date of diagnosis may not necessarily reflect date of onset.  For these 

reasons we used broad 5 and 10-year categories to group individuals by time since 

diagnosis of the condition.    
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CVD events were ascertained through hospital discharge data for the “TN HDDS” 

population, capturing only CVD events severe enough for the participant to seek care.  

However, the TN HDDS included discharges from both outpatient and ambulatory care 

departments, minimizing the potential for under-ascertainment.  Another concern 

specific to administrative billing data is that there may have been preferential coding 

since the data are intended for billing purposes and the coding is conducted by hospital 

personnel.  We do not believe that is a substantial concern in our analyses for several 

reasons. First, we took into account all of the conditions diagnosed in each admission – 

not only the principal diagnosis.  Second, there are 18 positions in which conditions can 

be coded during an admission.  In the “TN HDDS” population less than 3% of the 

participants had the 18th field completed for any of their admissions, so the majority of 

the participants had the availability of a coding position if other diagnosed conditions 

occurred during that admission.  Third, we have no reason to believe that any errors or 

prioritization in coding occurred differentially between blacks and whites. 

Our study did not have a method to definitively distinguish between type 1 and type 2 

diabetics.  In an effort to remove those likely to be type 1 diabetics, we only included 

those who reported diagnosis after 18 years of age.  We understand that all participants 

with type 1 diabetes may not have been excluded due to some participants with type 1 

diabetes being diagnosed in their early twenties.  There has been evidence of a 

biologically different type of diabetes that is usually diagnosed before age 30 with 

overlapping clinical features of both type 1 and type 2 diabetes(135).   This is an 

important limitation because these types may differ significantly in several ways (daily 
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management of the disease, duration, risk of complications).  Our estimates are not 

diabetes type-specific, but they represent the estimates for a combined group.   

The lack of evidence to support a strong racial disparity in CVD risk among those with 

diabetes reinforces the validity of managing the risk of CVD in this population, 

regardless of race.   
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Chapter 4 

Evaluation of the Independent Association between Physical Activity or 

Sedentary Time and the Risk of Cardiovascular Disease or All-Cause Mortality 

Physical Activity and Sedentary Behaviors as Risk Factors for  

Cardiovascular Complications and Mortality 

Diabetes is the seventh leading cause of death in the United States(20).  When 

compared with those without diabetes, people with diabetes have a two-fold increase in 

relative risk of death(20, 136).  Previous research conducted in SCCS reported that 

mortality risk was approximately 80% higher for those with versus without diabetes, and 

that blacks with diabetes had a slightly lower mortality risk compared with whites with 

diabetes of similarly low socioeconomic status(60).    

Strategies to reduce premature death related to diabetes have important public health 

implications. Along with self-management behaviors such as dietary alterations and 

medication adherence, healthcare providers often recommend increased physical 

activity to those with diabetes (17, 137).  Increased levels of physical activity have been 

found to increase insulin sensitivity and glucose tolerance, as well as positively impact 

serum lipid levels among individuals with type 2 diabetes(138).  A review of 47 

randomized controlled clinical trials that assessed the associations of structured 

exercise training programs that included aerobic exercise, resistance training, or both 

found that these programs were associated with a significant reduction in A1C 

levels(139).  The magnitude of these reductions has varied across studies, but it is most 

important to note that reductions have occurred and when paired with other lifestyle 
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interventions (e.g. dietary interventions), the gains in glycemic control may be magnified 

appreciably (15, 140).  

Physical activity has been historically linked with better general health and positive 

health outcomes.  According to the 2008 Physical Activity Guidelines for Americans, 

adults are recommended to engage in at least 150 minutes/week of moderate to intense 

aerobic activity to obtain health benefits and more than 300 minutes/week of aerobic 

activity to obtain further benefits(141).  The National Health Interview Survey found that 

in 2008, while 43.5% of U.S. adults could be considered active, only 28.4% of U.S. 

adults were highly active.  The United States Health and Retirement Study surveyed 

1,811 adults aged 50 years or more who responded to the 2003 Diabetes Supplement.  

They concluded that adults with diabetes who had heart disease were less likely to 

meet physical activity guidelines compared to those without heart disease (OR: 0.69; 

95% CI: 0.51-0.94)(142).   The relatively small proportion of highly active adults, and 

thus eligible to receive the extensive health benefits from that level of activity, 

demonstrated a need for more improvement in achieving increased levels of physical 

activity among Americans. 

A recent meta-analysis examined cohort studies of the association between physical 

activity and risk of all-cause mortality and CVD in patients with diabetes.  Pooled results 

from the 17 included studies reported the highest physical activity category was 

associated with lower relative risk (RR) for all-cause mortality (0.61, 95% CI: 0.52-0.70) 

and CVD (0.71, 95% CI: 0.60-0.84)(143).   The strength of the association across 

studies varies with the measure of physical activity as well as with the population, but 

the direction of the effect has been consistent among these study populations of 
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diabetics.  A majority of the aforementioned results, however, were reported among 

males, all-white populations, and populations with a low prevalence or absent of CVD 

risk factors (hypertension, obesity, hyperlipidemia, poor glycemic control).  In studies 

including both men and women, the observed effect estimates were generally not as 

strong among women with diabetes compared to men with diabetes. Not only is the 

SCCS population over two-thirds black and two-thirds female, the cohort has a high 

prevalence of CVD risk factors like obesity and hypertension. 

Diabetes may attenuate the disparity in CVD risk between males and females(144).  

Evidence exists suggesting that females with diabetes have a greater relative risk of 

CVD, CVD mortality, and ACM than males with diabetes, especially with advanced 

age(145).  This increase in risk conferred by diabetes makes physical activity as a 

strategy to decrease the risk of CVD among females even more important.  Hu et al. 

studied self-reported total physical activity, including walking, among 5,125 women with 

diabetes from the Nurses’ Health Study.  The authors reported that increased physical 

activity and walking were associated with a non-significant reduction in all CVD events 

risk (highest vs. lowest categories of activity, relative risk: 0.55; 95% CI: 0.26-1.14)(6). 

Statistically significant reductions in CVD were only observed between the second 

highest quintile of physical activity compared to the lowest quintile.  Coronary heart 

disease, pulmonary embolism, and stroke incidence were investigated in relation to self-

reported physical activity in 25,915 women with diabetes of the Million Women Study in 

the United Kingdom.  The results suggested a reduced 5-year incidence of these 

particular CVD events among active women compared to inactive women (inactive 

women HR: 2.4, 95% CI: 1.8-3.2)(146).   
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Though no published studies have presented race-specific effect estimates for the 

association between physical activity and CVD events among blacks and whites, 

several studies have included non-white participants in their study populations.  The 

previously mentioned study by Ford and colleagues also studied coronary heart disease 

mortality in conjunction with ACM.  In this 21.5% black population, leisure-time physical 

inactivity was not significantly associated with a reduction in coronary heart disease 

mortality among participants with diabetes (inactive compared to most active HR: 0.74, 

95% CI: 0.27-2.03; moderately active compared to most active HR: 0.59, 95% CI: 0.21-

1.64).  However, the previously discussed NHIS study determined that those with 

diabetes who walked at least 2 hours per week had a 34% lower CVD mortality rate 

compared to inactive participants with diabetes(5).  The width of the confidence 

intervals calculated does support the possibility of the differences in these effect 

estimates may be functions of measurement error and differences in measurement of 

physical activity, the breadth of CVD conditions included as outcomes, and the 

characteristics of each study population.  

The disparity among blacks compared to whites in the participation in leisure-time 

physical activity has been consistently reported, despite the Healthy People 2010 

recommendations (147-150).  The 2007 Behavioral Risk Factor Surveillance System 

(BRFSS) reported that non-Hispanic whites (45.7%) had a substantially greater 

proportion of highly active individuals compared with non-Hispanic blacks (37.5%) and 

Hispanics (37.6%), based on the 2008 Physical Activity Guidelines for Americans(151).  

Numerous studies suggested that socioeconomic status and environmental influence 

(e.g. access to parks and recreational centers, sidewalks, crime/community safety) play 
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a key role in creating and exacerbating that disparity (152-155).  Much of the research 

regarding racial differences in physical activity has been conducted among adolescents.  

One study found that black girls spent more time watching television, had higher BMIs, 

were less active, and more likely to be overweight than white girls(156).  A racially-

diverse national, longitudinal study of over 14,000 US adolescents reported that minority 

adolescents had consistently higher levels of inactivity, with females having the lowest 

levels of physical activity(157).   

An SCCS study examined the association between physical activity and sedentary time 

and BMI among black and white adult women.  The study found that among white 

women, high levels of sedentary time were strongly associated with moderate or severe 

obesity, while the association was weaker among black women(158).  The significant 

racial differences in physical activity, sedentary behaviors, and BMI among women 

suggest that the impact of activity and sedentary behaviors may vary by race. 

Sedentary lifestyles are a risk factor for overweight and obesity, and are associated with 

an increased risk of insulin resistance, CVD, and mortality (52).  Most studies estimate 

that adults spend more than half of their time sitting, doing sedentary activities (screen-

based activities like computers, television [TV] watching)(159).   Sedentary lifestyles 

have been associated with abnormal glucose metabolism and high blood glucose 

levels(47).  Time spent in sedentary behaviors is more nuanced than simply the inverse 

of physically active time.  Several studies have found independent associations 

between sedentary time and physical activity with outcomes such as obesity, abnormal 

glucose metabolism, and mortality(47). 
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Recently, a meta-analysis was conducted to examine sedentary time (primarily in TV 

viewing time) among adults and the association with diabetes, CVD and mortality.  The 

study found that increased sedentary time was associated with a 112% increase in the 

risk for diabetes (RR: 2.12, 95% CI: 1.61-2.78) and a 147% increase in CVD event risk 

(RR: 2.47, 95% CI: 1.44-2.24)(160).  This study provides support for the association 

between sedentary time and the biological process that leads to adverse outcomes.  

However, we do not yet understand fully how those who have prevalent diabetes are 

impacted by sedentary behaviors and whether the adverse effects seen in initially 

healthy populations are similar for those with diabetes. 

Methods 

The analysis was conducted separately in the “TN HDDS” group (n = 498) and the 

“Medicare” group (n = 1,880).  Participants were included in this analysis if, on the 

baseline questionnaire, they self-reported race as “black” or “white”, self-reported ever 

being diagnosed with diabetes, responded to questions regarding duration of diabetes 

and medication type, and were not missing information on body mass index, physical 

activity and sedentary time.  

Physical activity was assessed using the SCCS physical activity questionnaire (PAQ), 

which was specifically developed for the SCCS to assess physical activities at home, 

work and for leisure at enrollment during the interview (see Appendix 2).  Time spent 

conducting light, moderate, and strenuous activity at home and work were assessed for 

weekdays and weekends, both separately and combined using weighted averages.  

Interviewers asked participants about how much time the participant they spent doing 
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an activity “typically”.  Hand cards were used to assist the interviewer in showing 

examples of light work (i.e. standing at work, light office work, cooking, and child care), 

moderate work (i.e. cleaning house, gardening, and mowing lawn), and strenuous work 

(i.e. construction work or farming).  Two questions were asked about time spent doing 

moderate sports like bowling, dancing, softball, or golf, and vigorous sports like jogging, 

aerobics, bicycling, tennis, swimming, or basketball.   Sedentary time was also 

assessed in the PAQ and measured by asking the participant how much time per day 

was typically spent sitting in a car or bus, at work, watching television or movies, using a 

computer, or other sitting activities (i.e. talking on the phone, reading, or sitting at 

meals).   

Physically active times were converted from hours per day into a summary measure of 

metabolic equivalent tasks (MET) – hours per day (MET-hours/day).   MET-hours were 

chosen as the measurement of physical activity frequency and intensity because it is 

independent of weight(161).  MET values were based on the values suggested by the 

Compendium of Physical Activities(162). The exposures for the analysis were 

calculated as total physical activity (total of light, moderate, and strenuous 

household/occupational work and moderate and vigorous leisure-time physical activity 

in MET-hours/day).   

Participants were categorized by quartiles of total physical activity, in MET-hours/day, 

as calculated from the distribution among all participants that met the inclusion criteria 

for these analyses.  All sitting times were summarized into total hours per day spent in 

sedentary time. Participants were categorized in quartiles of sedentary activity as 

calculated from the distribution among all included participants.   
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Cox proportional hazards models, using age as the timescale, were constructed to 

estimate hazards ratios (HR) and 95% confidence intervals (CI) for major cardiovascular 

events in relation to total physical activity.  Models were constructed separately for total 

physical activity and sedentary time, and then adjusted for one another to determine 

whether each association is independent of the other measure.  Cohen et al.(163) 

demonstrated the independence of the sedentary time and physical activity measures in 

their recent report relating those two metrics to breast cancer risk in the SCCS cohort.  

In particular, they showed that, among cases and controls, sedentary time was not 

simply the inverse of physically active time.  Also, when models with physical activity as 

the exposure variable were adjusted for total sedentary time, the confidence intervals 

for the estimates remained consistent and did not widen substantially.(164) Thus, we 

have considered total activity and total sedentary time as independent measures related 

to CVD.   

Unadjusted models included only physical activity or sedentary time.  Minimally adjusted 

models added age and sex only.  Fully adjusted model (Model A) included age, sex, 

and selected covariates.  Fully adjusted (Model B) added physical activity or sedentary 

time, as appropriate, to the model.  Variables considered in the DAG of the association 

between physical activity and the risk of major cardiovascular events were based on 

previous literature and biological plausibility (see Appendix 1.2). Such confounders 

considered in the multivariate analysis are BMI, education, annual household income, 

insurance status, smoking, alcohol consumption, first degree family history of CVD 

death before the age of 65, total energy intake, medical history (hypertension, 

hyperlipidemia, microvascular disease, and depression), medication type, other 
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medication use (statins, anti-hypertensive medications, and aspirin), and duration of 

diabetes.   

To explore the possibility of reverse causation, whereby decreased levels of physical 

activity in some participants may be due to illness, secondary analyses excluding 

participants who died within the first year of follow-up were conducted.  Decreased The 

results were compared for similarity in the magnitude and the direction of the effect.   

Age and sex were chosen as variables for which the association between physical 

activity and CVD, and sedentary time and CVD, were adjusted.  The variables that 

represented differences in socioeconomic status between those who are active and 

those who are less active are necessary to include in adjusted models because 

socioeconomic status can determine healthcare access and treatment opportunities, as 

well as other factor that influence health(89). SES also strongly ties together 

neighborhood structure and ability to be physically active.  Low SES neighborhoods are 

more likely to have higher crime rates and a built environment not conducive to regular, 

outdoor exercise (149, 152, 154, 165).  

Smoking behavior for those who are active versus those who are not active may differ.  

Usually, those who participate in healthy behaviors such as physical activity may also 

be less likely to smoke or may have quit smoking (166, 167).   

Hypertension may place those with diabetes at an increased risk for microvascular 

diseases such as diabetic retinopathy and renal failure (96, 99-116).  Vigorous physical 

activity can have a negative impact on diabetic retinopathy and is sometimes 

contraindicated in those with hypertension (168, 169).  Therefore, those individuals may 
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be among the less active individuals who are at an increased risk of CVD. High 

cholesterol is a risk factor for CVD and physical activity is often suggested to those with 

high cholesterol in addition to treatment.  Those with high cholesterol may be more 

physically active, due to those recommendations, and those who are not active would 

be at an increased risk of CVD incidence and death.  Including high cholesterol in the 

models as a covariate will adjust for the possible differences in risk that may exist 

between those with and without the condition. 

Full models were adjusted for age at enrollment, sex and race (except for in race- and 

sex-specific analyses), body mass index (kg/m2, continuous), educational attainment 

(less than high school, high school graduate, beyond high school), annual household 

income (< $15, $15-$50K, >$50K), insulin use (yes/no), smoking (current, former, 

never), family history of premature CVD-related death (yes/no), hypertension, high 

cholesterol, duration of diabetes, and physical activity or sedentary time.   

All analyses were conducted using SAS software, version 9.3 (SAS Institute, Cary, NC) 

and all tests were two-sided. 

Results 

During follow-up (median follow-up time: 4.1 years, range = 0.06-7.6 years), 362 CVD 

events or CVD-related deaths occurred among the 1,880 participants in the “Medicare” 

group (19.3%, with 19.8% among blacks and 17.8% among whites; 18.6% among 

females; 20.8% among males) (Tables 10 and 11). Table 12 shows the HRs (95% CI) 

for CVD risk across quartiles of physical activity in the SCCS cohort participants with 

diabetes in the “Medicare” group, overall and stratified by race. Increased physical 
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activity was not significantly associated with CVD (highest vs. lowest quartile: HR, 0.92; 

95% CI: 0.67-0.1.25).  The highest level of physical activity corresponds to doing 

moderate exercise for one hour, five days per week. These associations were not 

significantly different for blacks and whites (p-for interaction by race = 0.75), or for 

women and men (p-for interaction by sex = 0.61). The estimates did not appreciably 

change when participants who died within the first year of follow-up were excluded 

(highest compared with lowest level of physical activity, HR 0.90; 95% CI: 0.66-1.23). 

Table 13 shows HRs (95% CIs) for the association between quartiles of sedentary time 

and CVD, overall and stratified by race in the “Medicare” group.  Sedentary time in the 

highest quartile corresponds to spending more than half of the 24-hour day or ¾ of 

usual waking hours (16 hours) in sedentary behaviors.   Among participants with 

diabetes, those in the highest quartile of sedentary time had a non-significantly higher 

CVD risk than those in the lowest quartile (HR, 1.21; 95% CI 0.89-1.64).  Race-specific 

analyses showed that these results did not differ significantly among blacks compared 

to whites (p-for interaction by race = 0.18), although a significant trend of increasing risk 

with increasing sedentary time was observed among whites.  Similarly, sex did not 

modify the association between sedentary time and CVD risk (p-for interaction by sex = 

0.27), but a significant trend of rising risk with rising sedentary time was observed 

among women. The estimates did not appreciably change when participants who died 

within the first year of follow-up were excluded (highest compared with lowest level of 

sedentary time, HR 1.19; 95% CI: 0.87-1.62). 
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Table 10. Baseline characteristics of SCCS participants with diabetes in the “Medicare” 
group by Physical Activity Quartiles 

 Physical 
Activity 

< 5.7 
MET-hr/d 
(n=397) 

Physical 
Activity 
5.7-11.0 

MET-hr/d 
(n=465) 

Physical 
Activity 

11.1-18.8 
MET-hr/d 
(n=511) 

Physical 
Activity  
≥ 18.9 

MET-hr/d 
(n=507) 

p 

Age at Enrollment 
 (years; mean, SD) 

68.3 (5.1) 67.0 (4.6) 67.0 (4.4) 66.5 (4.4) <0.0001 

Race (n, %) 
- Black 
- White 

 
302 (76.1) 
95 (23.9) 

 
343 (73.8) 
122 (26.2) 

 
378 (74.0) 
133 (26.0) 

 
362 (71.4) 
145 (28.6) 

 
0.14 

Age at Diabetes Diagnosis  
(years; mean, SD) 

55.5 (11.2) 55.6 (10.0) 55.4 (10.4) 55.8 (10.1) 0.95 

Female (n, %) 242 (61.0) 343 (73.8) 371 (72.6) 377 (74.4) <0.0001 
Education 

- Less than High School 
- High School Graduate 
- Beyond High School 

 
221 (55.7) 
100 (25.2) 
76 (19.1) 

 
217 (46.7) 
136 (29.3) 
112 (24.1) 

 
235 (46.0) 
130 (25.4) 
146 (28.6) 

 
208 (41.0) 
146 (28.8) 
153 (30.2) 

 
<0.0001 

Annual Household Income (n,%) 
- Less than $15K 
- $15-49K 
- $50K or Greater 

 
 
296 (74.6) 
94 (23.7) 
7 (1.8) 

 
 
325 (69.9) 
119 (25.6) 
21 (4.5) 

 
 
308 (60.3) 
169 (33.1) 
34 (6.7) 

 
 
304 (60.0) 
174 (34.3) 
29 (5.7) 

 
 
<0.0001 

Body Mass Index (n, %; kg/m2) 
- Normal (18.5-24.9) 
- Overweight (25-29.9) 
- Obese (30-39.9) 
- Severely Obese (40+) 

 
 
38 (9.7) 
115 (29.4) 
178 (45.5) 
60 (15.4) 

 
 
35 (7.7) 
128 (28.1) 
220 (48.4) 
72 (15.8) 

 
 
64 (12.7) 
148 (29.3) 
235 (46.5) 
58 (11.5) 

 
 
54 (10.7) 
169 (33.6) 
221 (43.9) 
59 (11.7) 

 
 
0.009 

Time since Diabetes Diagnosis 
(years) 

-  0-5 years 
-  6-10 years 
- 11-19 years 
- 20+ years 

 
 
129 (32.5) 
82 (20.7) 
87 (21.9) 
99 (24.9) 

 
 
166 (35.7) 
106 (22.8) 
98 (21.1) 
95 (20.4) 

 
 
192 (37.6) 
93 (18.2) 
120 (23.5) 
106 (20.7) 

 
 
204 (40.2) 
104 (20.5) 
101 (19.9) 
98 (19.3) 

 
 
0.014 

Glucose-Lowering Medication  
- Oral Medication Only 
- Insulin Use 
- No Medication 

 
230 (57.9) 
127 (32.0) 
40 (10.1) 

 
294 (63.2) 
125 (26.9) 
46 (9.9) 

 
300 (58.7) 
150 (29.4) 
61 (11.9) 

 
318 (62.7) 
120 (23.7) 
69 (13.6) 

 
0.006 

Comorbidity History (n, %) 
- Hypertension 
- High Cholesterol 

 
345 (86.9) 
209 (52.6) 

 
404 (86.9) 
259 (55.8) 

 
435 (85.1) 
306 (59.9) 

 
424 (83.6) 
304 (60.2) 

 
0.11 
0.011 

Smoking History (n, %) 
- Current 
- Former 
- Never 

 
59 (14.9) 
146 (36.9) 
191 (48.2) 

 
82 (17.8) 
174 (37.7) 
206 (44.6) 

 
58 (11.6) 
192 (38.3) 
251 (50.1) 

 
48 (9.6) 
194 (38.7) 
260 (51.8) 

 
0.006 

Parental History of MI (n, %) 87 (21.9) 116 (25.0) 140 (27.4) 135 (26.6) 0.08 
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 Table 11. Baseline characteristics of SCCS participants with diabetes in the “Medicare” group by 
Sedentary Time Quartiles 

 Sedentary 
Time  

< 5.25 h/d 
(n=465) 

Sedentary 
Time  

5.25-7.9 h/d 
(n=485) 

Sedentary 
Time 

8.0-10.6 h/d 
(n=485) 

Sedentary 
Time 

≥ 10.7 h/d 
(n=445) 

p 

Age (years; mean, SD) 67.5 (4.8) 67.3 (4.7) 67.0 (4.5) 66.7 (4.5) 0.06 
Race (n, %) 

- Black 
- White 

 
364 (78.3) 
101 (21.7) 

 
348 (71.8) 
137 (28.3) 

 
352 (72.6) 
133 (27.4) 

 
321 (72.1) 
124 (27.9) 

 
0.06 

Age at Diabetes Diagnosis 
(years; mean, SD) 

55.8 (10.4) 55.4 (10.6) 55.9 (10.0) 55.2 (10.5) 0.75 

Female (n, %) 335 (72.0) 335 (69.1) 358 (73.8) 305 (68.5) 0.57 
Annual Household Income (n,%) 

- Less than $15K 
- $15-49K 
- $50K or Greater 

 
 
341 (73.3) 
108 (23.2) 
16 (3.4) 

 
 
301 (62.1) 
154 (31.8) 
30 (6.2) 

 
 
321 (66.2) 
140 (28.9) 
24 (5.0) 

 
 
270 (60.7) 
154 (34.6) 
21 (4.7) 

 
 
0.003 

Education 
- Less than High School 
- High School Graduate 
- Beyond High School 

 
267 (57.4) 
111 (23.9) 
87 (18.7) 

 
210 (43.3) 
151 (31.1) 
124 (25.6) 

 
229 (47.2) 
128 (26.4) 
128 (26.4) 

 
175 (39.3) 
122 (27.4) 
148 (33.3) 

 
<0.0001 

Body Mass Index (n, %; kg/m2) 
- Normal (18.5-24.9) 
- Overweight (25-29.9) 
- Obese (30-39.9) 
- Severely Obese (40+) 

 
58 (12.7) 
134 (29.3) 
205 (44.8) 
61 (13.3) 

 
49 (10.2) 
163 (34.0) 
206 (42.9) 
62 (12.9) 

 
50 (10.5) 
133 (28.0) 
229 (48.2) 
63 (13.3) 

 
34 (7.7) 
130 (29.5) 
214 (48.5) 
63 (14.3) 

 
0.03 

Time since Diabetes Diagnosis 
(years) 

-  0-5 years 
-  6-10 years 
- 11-19 years 
- 20+ years 

 
 
174 (37.4) 
87 (18.7) 
101 (21.7) 
103 (22.2) 

 
 
172 (35.5) 
100 (20.6) 
108 (22.3) 
105 (21.7) 

 
 
184 (37.9) 
101 (20.8) 
99 (20.4) 
101 (20.8) 

 
 
161 (36.2) 
97 (21.8) 
98 (22.0) 
89 (20.0) 

 
 
0.98 

Glucose-Lowering Medication  
- Oral Medication Only 
- Insulin Use 
- No Medication 

 
294 (63.2) 
130 (28.0) 
41 (8.8) 

 
285 (58.8) 
142 (29.3) 
58 (12.0) 

 
289 (59.6) 
132 (27.2) 
64 (13.2) 

 
274 (61.6) 
118 (26.5) 
53 (11.9) 

 
0.43 

Comorbidity History (n, %) 
- Hypertension 
- High Cholesterol 

 
409 (88.0) 
261 (56.4) 

 
409 (84.3) 
281 (57.9) 

 
412 (85.0) 
257 (53.0) 

 
378 (84.9) 
279 (62.8) 

 
0.39 
0.02 

Smoking History (n, %) 
- Current 
- Former 
- Never 

 
47 (10.3) 
161 (35.2) 
250 (54.6) 

 
55 (11.4) 
182 (37.8) 
244 (50.7) 

 
74 (15.3) 
188 (38.9) 
221 (45.8) 

 
71 (16.2) 
175 (39.9) 
193 (44.0) 

 
0.01 

Parental History of MI (n, %) 103 (22.2) 130 (26.8) 122 (25.2) 123 (27.6) 0.23 
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Table 12. Hazard Ratios (95% Confidence Intervals) for the association between quartiles of total physical activity 
and CVD risk among SCCS participants with diabetes in the “Medicare” group 

 Unadjusted Minimally 
Adjusted 

HR (95% CI) 
Model A 

HR (95% CI) 
Model B 

Total (MET-h/d; n = 1,880) 
- < 5.7 
- 5.8-11.0 
- 11.1-18.8 
- ≥ 18.9 

 
Reference 

0.95 (0.71-1.28) 
0.78 (0.58-1.05) 
0.90 (0.67-1.20) 

 
Reference 

0.94 (0.69-1.26) 
0.76 (0.56-1.03) 
0.87 (0.64-1.17) 

 
Reference 

1.01 (0.75-1.37) 
 0.79 (0.58-1.09) 

0.95 (0.70-1.29) 

 
Reference 

1.01 (0.74-1.36) 
   0.77 (0.56-1.06) 

0.93 (0.68-1.26) 
p-for trend 0.29 0.21 0.44 0.33 

Black (MET-h/d; n = 1,385)  
- < 5.7 
- 5.8-11.0 
- 11.1-18.8 
- ≥ 18.9 

 
Reference 

0.98 (0.70-1.38) 
0.83 (0.59-1.18) 
0.93 (0.66-1.31) 

 
Reference 

0.97 (0.69-1.38) 
0.82 (0.58-1.17) 
0.93 (0.66-1.31) 

 
Reference 

1.08 (0.76-1.54) 
0.88 (0.61-1.27) 
1.01 (0.71-1.45) 

 
Reference 

1.08 (0.76-1.54) 
0.88 (0.61-1.27) 
1.01 (0.71-1.45) 

p-for trend 0.50 0.49 0.77 0.76 
White (MET-h/d; n = 495) 

- < 5.7 
- 5.8-11.0 
- 11.1-18.8 
- ≥ 18.9 

 
Reference 

0.86 (0.47-1.56) 
0.63 (0.34-1.17) 
0.79 (0.44-1.40) 

 
Reference 

0.88 (0.47-1.63) 
0.65 (0.34-1.21) 
0.71 (0.40-1.29) 

 
Reference 

0.85 (0.45-1.59) 
0.55 (0.28-1.08) 
0.67 (0.36-1.24) 

 
Reference 

0.86 (0.46-1.62) 
0.53 (0.26-1.05) 
0.64 (0.34-1.20) 

p-for trend 0.32 0.19 0.13 0.10 
Males (MET-h/d; n = 547)  

- < 5.7 
- 5.8-11.0 
- 11.1-18.8 
- ≥ 18.9 

 
Reference 

0.93 (0.57-1.50) 
0.66 (0.39-1.10) 
0.70 (0.42-1.17) 

 
Reference 

0.89 (0.55-1.45) 
0.64 (0.39-1.07) 
0.67 (0.40-1.07) 

 
Reference 

0.99 (0.60-1.63) 
0.63 (0.36-1.09) 
0.75 (0.43-1.29) 

 
Reference 

1.00 (0.60-1.65) 
0.64 (0.37-1.11) 
0.76 (0.44-1.31) 

p-for trend 0.08 0.06 0.13 0.15 
Females (MET-h/d; n = 1,333) 

- < 5.7 
- 5.8-11.0 
- 11.1-18.8 
- ≥ 18.9 

 
Reference 

1.03 (0.70-1.51) 
0.89 (0.61-1.31) 
1.06 (0.73-1.53) 

 
Reference 

0.98 (0.67-1.44) 
0.85 (0.57-1.25) 
0.98 (0.67-1.43) 

 
Reference 

1.05 (0.71-1.55) 
0.89 (0.60-1.32) 
1.06 (0.72-1.57) 

 
Reference 

1.07 (0.72-1.58) 
0.89 (0.60-1.32) 
1.05 (0.71-1.54) 

p-for trend 0.92 0.99 0.94 0.96 
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Table 13. Hazard ratios (95% confidence intervals) for the association between quartiles of total sedentary time 
and CVD risk among SCCS participants with diabetes in the “Medicare” group 

 Unadjusted Minimally 
Adjusted 

HR (95% CI) 
Model A 

HR (95% CI) 
Model B 

Total (h/d; n = 1,880) 
- < 5.2 
- 5.2-7.9 
- 8.0-10.6 
- ≥ 10.7 

 
Reference 

1.05 (0.78-1.42) 
1.23 (0.92-1.64) 
1.21 (0.90-1.62) 

 
Reference 

1.05 (0.78-1.41) 
1.23 (0.92-1.65) 
1.17 (0.87-1.58) 

 
Reference 

1.05 (0.77-1.43) 
1.21 (0.89-1.63) 
1.20 (0.88-1.63) 

 
Reference 

1.05 (0.77-1.43) 
1.21 (0.89-1.63) 
1.21 (0.89-1.64) 

p-for trend 0.13 0.18 0.17 0.16 
Black (h/d; n = 1,385)  

- < 5.2 
- 5.2-7.9 
- 8.0-10.6 
- ≥ 10.7 

 
Reference 

1.00 (0.72-1.39) 
1.05 (0.76-1.46) 
1.02 (0.72-1.42) 

 
Reference 

1.00 (0.72-1.39) 
1.06 (0.77-1.48) 
1.00 (0.71-1.40) 

 
Reference 

0.97 (0.69-1.36) 
1.03 (0.74-1.45) 
1.03 (0.73-1.46) 

 
Reference 

0.97 (0.69-1.36) 
1.03 (0.74-1.45) 
1.04 (0.74-1.48) 

p-for trend 0.85 0.92 0.80 0.76 
White (h/d; n = 495) 

- < 5.2 
- 5.2-7.9 
- 8.0-10.6 
- ≥ 10.7 

 
Reference 

1.57 (0.73-3.36) 
2.46 (1.20-5.04) 
2.46 (1.20-5.06) 

 
Reference 

1.53 (0.71-3.28) 
2.24 (1.09-4.62) 
2.22 (1.08-4.57) 

 
Reference 

1.69 (0.76-3.77) 
2.33 (1.08-5.03) 
2.36 (1.07-5.04) 

 
Reference 

1.71 (0.77-3.81) 
2.33 (1.08-5.04) 
2.36 (1.09-5.12) 

p-for trend 0.005 0.02 0.02 0.02 
Males (h/d; n = 547)  

- < 5.2 
- 5.2-7.9 
- 8.0-10.6 
- ≥ 10.7 

 
Reference 

0.81 (0.48-1.37) 
1.25 (0.76-2.07) 
0.83 (0.49-1.40) 

 
Reference 

0.82 (0.48-1.39) 
1.25 (0.75-2.07) 
0.80 (0.47-1.35) 

 
Reference 

0.84 (0.48-1.47) 
1.29 (0.76-2.18) 
0.85 (0.78-1.49) 

 
Reference 

0.84 (0.48-1.47) 
1.29 (0.76-2.18) 
0.85 (0.49-1.50) 

p-for trend 0.88 0.76 0.007 0.004 
Females (h/d; n = 1,333) 

- < 5.2 
- 5.2-7.9 
- 8.0-10.6 
- ≥ 10.7 

 
Reference 

1.18 (0.82-1.71) 
1.24 (0.86-1.78) 
1.42 (0.99-2.04) 

 
Reference 

1.18 (0.82-1.71) 
1.23 (0.86-1.76) 
1.40 (0.97-2.00) 

 
Reference 

1.17 (0.80-1.70) 
1.20 (0.83-1.74) 
1.38 (0.95-2.00) 

 
Reference 

1.16 (0.80-1.69) 
1.20 (0.83-1.74) 
1.39 (0.96-1.74) 

p-for trend 0.06 0.08 0.013 0.008 
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During follow-up (median follow-up time: 4.2 years, range = 0.01-7.5 years), 188 CVD 

events or CVD-related deaths occurred in the “TN HDDS” group (37.8%; 38.6% among 

blacks and 33.7% among whites).  The 498 SCCS participants with diabetes in the “TN 

HDDS” group (83.7% black, 16.3% white, 61.9% female) had an average age at 

enrollment of 50.1 (6.2) years (Tables 14 and 15).  
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Table 14. Baseline characteristics of SCCS participants with diabetes in the “TN HDDS” 
group by Physical Activity Quartiles 

 Physical 
Activity 

<5.7  
MET-hr/d 
(n = 120) 

Physical 
Activity 
5.7-11.4 

MET-hr/d 
(n = 105) 

Physical 
Activity 

11.5-19.9 
MET-hr/d 
(n = 100) 

Physical 
Activity  

≥20.0 
MET-hr/d 
(n = 173) 

p 

Age at Enrollment 
 (years; mean, SD) 

50.8 (6.0) 52.0 (6.3) 49.9 (6.2) 48.6 (6.0) <0.0001 

Race (n, %) 
- Black 
- White 

 
93 (77.5) 
27 (22.5) 

 
90 (85.7) 
15 (17.4) 

 
86 (86.0) 
14 (14.0) 

 
143 (82.7) 
30 (17.3) 

 
0.30 

Age at Diabetes Diagnosis  
(years; mean, SD) 

42.6 (8.8) 44.5 (8.0) 42.2 (8.2) 42.0 (8.4) 0.25 

Female (n, %) 63 (52.5) 70 (66.7) 67 (67.0) 108 (62.4) 0.08 
Education 

- Less than High School 
- High School Graduate 
- Beyond High School 

 
36 (30.0) 
39 (32.5) 
45 (32.5) 

 
41 (39.1) 
33 (31.4) 
31 (29.5) 

 
25 (25.0) 
35 (34.0) 
40 (40.0) 

 
42 (24.3) 
61 (35.3) 
70 (40.5) 

 
0.21 

Annual Household Income (n,%) 
- Less than $15K 
- $15-49K 
- $50K or Greater 

 
95 (79.2) 
23 (19.2) 

2 (1.7) 

 
71 (67.6) 
30 (28.6) 
4 (3.8) 

 
52 (52.0) 
40 (40.0) 
8 (8.0) 

 
90 (52.0) 
70 (40.5) 
13 (7.5) 

 
<0.0001 

Body Mass Index  
(n, %; kg/m2) 

- Normal (18.5-24.9) 
- Overweight (25-29.9) 
- Obese (30-39.9) 
- Severely Obese (40+) 

 
 
17 (14.4) 
20 (17.0) 
48 (40.7) 
33 (28.0) 

 
 

16 (15.4) 
19 (18.3) 
46 (44.2) 
23 (22.1) 

 
 

7 (7.0) 
23 (23.0) 
48 (48.0) 
22 (22.0) 

 
 

19 (11.1) 
38 (22.1) 
78 (45.4) 
37 (21.5) 

 
 

0.59 

Time since Diabetes Diagnosis 
(years) 

-  0-5 years 
-  6-10 years 
- 11-19 years 
- 20+ years 

 
 

59 (49.2) 
28 (23.3) 
19 (15.8) 
14 (11.7) 

 
 

50 (47.6) 
24 (22.9) 
25 (23.8) 
6 (5.7) 

 
 

54 (54.0) 
14 (14.0) 
22 (22.0) 
10 (10.0) 

 
 

98 (56.7) 
40 (23.1) 
25 (14.5) 
10 (5.8) 

 
 

0.16 

Glucose-Lowering Medication  
- Oral Medication Only 
- Insulin Use 
- No Medication 

 
63 (52.5) 
44 (36.7) 
13 (10.8) 

 
57 (54.3) 
34 (32.4) 
14 (13.3) 

 
61 (61.0) 
24 (24.0) 
15 (15.0) 

 
89 (51.5) 
51 (29.5) 
33 (19.1) 

 
0.26 

Comorbidity History (n, %) 
- Hypertension 
- High Cholesterol 

 
88 (73.3) 
43 (35.8) 

 
80 (76.2) 
43 (41.0) 

 
74 (74.0) 
36 (36.4) 

 
116 (67.1) 
56 (32.6) 

 
0.35 
0.57 

Smoking History (n, %) 
- Current 
- Former 
- Never 

 
61 (51.7) 
23 (19.5) 
34 (28.8) 

 
55 (52.4) 
25 (23.8) 
25 (23.8) 

 
45 (45.0) 
18 (18.0) 
37 (37.0) 

 
74 (42.8) 
35 (20.2) 
64 (37.0) 

 
0.28 

Parental History of MI (n, %) 49 (40.8) 34 (32.4) 26 (26.0) 61 (35.3) 0.13 
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Table 15. Baseline characteristics of SCCS participants with diabetes in the “TN HDDS” 
group by Sedentary Time Quartiles 

 Sedentary 
Time 

< 5.5 h/d 
(n = 91) 

Sedentary 
Time 

5.5-7.9 h/d 
(n = 99) 

Sedentary 
Time 

8.0-10.9 h/d 
(n = 114) 

Sedentary 
Time 

≥ 11.0 h/d 
(n = 194) 

p 

Age at Enrollment 
 (years; mean, SD) 

49.7 (6.1) 50.7 (6.6) 49.8 (6.2) 50.2 (6.1) 0.72 

Race (n, %) 
- Black 
- White 

 
78 (85.7) 
13 (14.3) 

 
82 (82.8) 
17 (17.2) 

 
91 (79.8) 
23 (20.2) 

 
161 (83.0) 
33 (17.0) 

 
0.74 

Age at Diabetes Diagnosis  
(years; mean, SD) 

43.0 (8.1) 43.7 (9.0) 41.8 (8.4) 42.6 (8.3) 0.42 

Female (n, %) 53 (53.5) 53 (64.9) 74 (64.9) 128 (66.0) 0.15 
Education 

- Less than High School 
- High School Graduate 
- Beyond High School 

 
32 (35.2) 
32 (35.2) 
27 (29.7) 

 
33 (33.3) 
29 (29.3) 
37 (37.4) 

 
37 (32.5) 
38 (33.3) 
39 (34.2) 

 
42 (21.7) 
58 (35.6) 
83 (42.8) 

 
0.12 

Annual Household Income (n,%) 
- Less than $15K 
- $15-49K 
- $50K or Greater 

 
 
59 (64.8) 
30 (33.0) 
2 (2.2) 

 
 
67 (67.7) 
28 (28.3) 
4 (4.0) 

 
 
78 (68.4) 
31 (27.2) 
5 (4.4) 

 
 
104 (53.6) 
74 (38.1) 
16 (8.3) 

 
 
0.06 

Body Mass Index (n, %; kg/m2) 
- Normal (18.5-24.9) 
- Overweight (25-29.9) 
- Obese (30-39.9) 
- Severely Obese (40+) 

 
 
12 (13.3) 
24 (26.7) 
31 (34.4) 
23 (25.6) 

 
 
13 (13.3) 
22 (22.5) 
50 (51.0) 
13 (13.3) 

 
 
18 (15.9) 
23 (20.4) 
53 (46.9) 
19 (16.8) 

 
 
16 (8.3) 
31 (16.1) 
86 (44.6) 
60 (31.1) 

 
 
0.008 

Time since Diabetes Diagnosis 
(years) 

-  0-5 years 
-  6-10 years 
- 11-19 years 
- 20+ years 

 
 
48 (52.8) 
22 (24.2) 
13 (14.3) 
8 (8.8) 

 
 
57 (57.6) 
17 (17.2) 
19 (19.2) 
6 (6.1) 

 
 
57 (50.0) 
28 (24.6) 
15 (13.2) 
14 (12.3) 

 
 
99 (51.0) 
39 (20.1) 
44 (22.7) 
12 (6.2) 

 
 
0.27 

Glucose-Lowering Medication  
- Oral Medication Only 
- Insulin Use 
- No Medication 

 
52 (57.1) 
25 (27.5) 
14 (15.4) 

 
51 (51.5) 
28 (28.3) 
20 (20.2) 

 
56 (49.1) 
40 (35.1) 
18 (15.8) 

 
111 (57.2) 
60 (30.9) 
23 (11.9) 

 
0.49 

Comorbidity History (n, %) 
- Hypertension 
- High Cholesterol 

 
63 (69.2) 
29 (31.9) 

 
69 (69.7) 
37 (37.4) 

 
87 (76.3) 
42 (36.8) 

 
139 (71.7) 
70 (36.5) 

 
0.64 
0.85 

Smoking History (n, %) 
- Current 
- Former 
- Never 

 
53 (58.9) 
11 (12.2) 
26 (28.9) 

 
43 (43.9) 
28 (28.6) 
27 (27.6) 

 
52 (45.6) 
22 (19.3) 
40 (35.1) 

 
87 (44.9) 
40 (20.6) 
67 (34.5) 

 
0.09 

Parental History of MI (n, %) 32 (35.2) 36 (36.4) 33 (29.0) 69 (35.6) 0.61 
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Table 14 shows the HRs (95% CI) for CVD risk across quartiles of physical activity in 

the SCCS cohort participants with diabetes in the “TN HDDS” group, overall and 

stratified by race. Increased physical activity was not significantly associated with CVD 

(highest vs. lowest quartile: HR, 0.82; 95% CI: 0.55-0.1.22).  The highest level of 

physical activity corresponds to doing moderate exercise for approximately one hour, 

five days per week. Table 15 shows HRs (95% CIs) for the association between 

quartiles of sedentary time and CVD, overall and stratified by race.  Sedentary time in 

the highest quartile corresponds to spending more than half of the 24-hour day or ¾ of 

usual waking hours (16 hours) in sedentary behaviors.   Among participants with 

diabetes, those in the highest quartile of sedentary time did not have a significantly 

different CVD risk than those in the lowest quartile (HR, 0.75; 95% CI 0.50-1.13).  For 

both physical activity and sedentary time, the sample size was not sufficient to conduct 

race- or sex-specific analyses. 
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Table 16. Hazard ratios (95% confidence intervals) for the association between quartiles of total physical activity 
and CVD risk among SCCS participants with diabetes in the “TN HDDS” group 

 Unadjusted Model Minimally 
Adjusted 

HR (95% CI) 
Model A 

HR (95% CI) 
Model B 

Total (MET-h/d; n = 498) 
- < 5.7 
- 5.8-11.4 
- 11.5-19.9 
- ≥ 20.0 

 
Reference 

1.08 (0.73-1.61) 
0.79 (0.52-1.22) 
0.66 (0.45-0.97) 

 
Reference 

1.02 (0.69-1.53) 
0.85 (0.55-1.31) 
0.75 (0.51-1.11) 

 
Reference 

1.07 (0.71-1.62) 
 1.00 (0.63-1.58) 

0.90 (0.60-1.34) 

 
Reference 

1.02 (0.68-1.54) 
  0.92 (0.59-1.45) 

0.82 (0.55-1.22) 
p-for trend 0.01 0.10 0.53 0.28 

 

 

 Table 17. Hazard ratios (95% confidence intervals) for the association between quartiles of total sedentary time 
and CVD risk among SCCS participants with diabetes in the “TN HDDS” group 

 Unadjusted Minimally 
adjusted 

HR (95% CI) 

Model A 
HR (95% CI) 

Model B 

Total (h/d; n = 498) 
- < 5.5 
- 5.5-7.9 
- 8.0-10.9 
- ≥ 11.0 

 
Reference 

0.69 (0.44-1.08) 
0.82 (0.54-1.25) 
0.75 (0.51-1.09) 

 
Reference 

0.65 (0.41-1.02) 
0.79 (0.52-1.20) 
0.72 (0.49-1.05) 

 
Reference 

0.67 (0.42-1.07) 
0.69 (0.44-1.07) 
0.75 (0.50-1.13) 

 
Reference 

0.67 (0.42-1.08) 
0.68 (0.44-1.06) 
0.75 (0.50-1.13) 

p-for trend 0.28 0.23 0.31 0.29 
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Conclusions 

The principal findings of this study were that, overall, neither increased levels of 

physical activity nor increased sedentary time was significantly associated with CVD risk 

among those with diabetes, both in the younger “TN HDDS” group and the older 

“Medicare” group.  In subgroup analyses, a significant association between increased 

sedentary time and CVD risk was observed among whites in the “Medicare” group (HR, 

2.36; 95% CI: [1.09-5.12]), with a significant dose-response trend.  No other race or 

gender groups exhibited similar associations or trends. 

In the SCCS, black and white adults reporting the highest levels of total physical activity 

and the least sedentary time had a reduced risk of CVD mortality(170). Cohen et al 

examined physical activity in relation to breast cancer risk in the SCCS female 

population.  The final models showed physical activity had an inverse association and 

sedentary behavior a positive association with breast cancer risk among white women 

only(163).  The current study adds to the information available from the SCCS 

population regarding the role of physical activity and sedentary time in the risk of CVD. 

Since we do not know the exact mechanisms and lead times associated with the 

physical activity-CVD relationship studied here, we did not know if participants had 

enough of an opportunity to experience a physical activity protective event. We do not 

have information on how long the participants have been as active as they reported at 

enrollments and we do not know the period of time necessary for physical activity to 

impact CVD risk. For those enrolled later in the study period, the cumulative likelihood 

of observing an event (but not necessarily the spontaneous hazard rate) is reduced 
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because the time in which to observe the event is reduced.  Except as noted previously 

for those enrolled in the SCCS in 2008, all participants had at least a year of follow-up.   

For our main exposure variables, total physical activity and total sedentary time, some 

participants in our analyses reported total hours spent in physical activity or sedentary 

time in excess of 24 hours (n = 1,547).  Since participants were asked about individual 

activity or sitting times and their responses were not confined to the 24-hour day, we 

could not reliably determine which individual times were over-reported. Due to our 

categorization of total physical activity and total sedentary time into quartiles, the 

participants who over-reported would largely be contained in the highest quartiles of 

activity or sitting, where they would arguably belong even in the absence of over-

reporting.  

Additionally, the possibility of reverse causation exists in prospective cohort studies of 

this kind.  Those who are less physically active may be ill in some other way, which may 

make them more likely to experience a fatal or non-fatal event during the follow-up 

period.  We attempted to control for this potential bias by conducting secondary 

analyses excluding participants who died within the first year of follow-up.  Excluding 

these participants may leave us with the healthier participants thus biasing our results.  

However, we do not believe this exclusion are of significant concern because the  

results of those analyses did not differ significantly from that of the main analyses. 

Our studies did not observe a significant, causal relationship between physical activity, 

sedentary time, and CVD in the two cohorts studied.  However, given the small sample 

size we used in these analyses, we suggest this study be improved among a larger, 

racially-diverse, and mixed-gender population with diabetes. 
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CHAPTER 5 

Effect Modification of the Association between Physical Activity or Sedentary 

Time and Cardiovascular Disease by Body Mass Index 

Obesity as a Risk Factor for Cardiovascular Complications 

Obesity is an epidemic in the United States with the age-adjusted prevalence of 

overweight and obesity being 68% among both men and women (NHANES 1998-

2008)(171).  Obesity has been implicated as a risk factor for numerous adverse health 

conditions from cancer to heart disease to diabetes.   

An early study concluded that obesity in type 2 diabetics was not associated with 

increased risk for incident cardiovascular complications when compared to normal 

weight (HR: 0.66, 95% CI: 0.56-0.78)(172). This study introduced the idea of an obesity 

paradox in the relationship to diabetes-related complications - an inverse relationship 

between BMI and risk, especially among populations with traditional risk factors for 

CVD.  Additional recent studies have also reported the apparent obesity paradox, 

including a study examining the association between weight status and mortality in 

diabetics using separate and pooled data from the Atherosclerosis Risk in Communities 

(ARIC) study, Cardiovascular Health Study (CHS), Coronary Artery Risk Development 

in Young Adults (CARDIA) study, Framingham Offspring Study (FOS), and Multi-Ethnic 

Study of Atherosclerosis (MESA)(173).  This pooled study included subgroup analysis 

by race (non-white versus white) and reported that the obesity paradox was more 

pronounced among non-whites compared to whites, but the difference did not reach 

significance.   
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Since the inverse relationship between BMI and mortality is not intuitive, reviews and 

commentaries have been published attempting to explain the paradox.  One paper that 

focused on the obesity paradox among patients with heart failure suggested that the 

obese patients used in the studies that reported the paradox may be healthier than their 

non-obese comparators, the measures of body mass index may not be accurate, 

cachexia due to other illnesses (wasting syndrome) may be responsible, or the 

association may be different in the severely obese who have not been studied (174).  

Another review urged researchers to consider using other indices of body fat distribution 

(e.g. waist circumference, waist-to-hip ratio) instead of BMI because studies that used 

BMI reported the obesity paradox, whereas in studies that used other measures of body 

fatness, obesity was directly and positively associated with higher event rates and total 

mortality compared to normal weight(175).  Though the evidence for and against the 

existence of the obesity paradox is controversial, the evidence against the paradox has 

not been reported among those with diabetes and the race-specific pertinence has not 

been well-established. 

Of note, the studies that have identified the obesity paradox may be explained by the 

methods in regression modeling and the causal pathway.  First, obesity is a risk factor 

for hypertension and hyperlipidemia (high cholesterol).  Both of those conditions are risk 

factors for CVD.  The studies examining the relationship between obesity and CVD are 

often adjusted for these conditions that may be on the causal pathway to CVD.  

Adjusting for these conditions can remove the effects of the very mechanism that would 

connect obesity and CVD.   
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Blacks are more likely to be overweight or obese compared to whites, and obesity may 

also affect diabetes risk through different mechanisms (176-178). Multivariate analyses 

have shown that race remains to be an independent risk factor for obesity, even after 

adjustment for socioeconomic status and other covariates like age and sex15,182,183.  In 

the SCCS cohort, 83% of black females were in overweight or obese BMI categories 

(BMI > 25) compared to 75% of white females(33).   The differences observed between 

women are often hypothesized to be due to the cultural idealization of thinness and the 

perception of attractiveness related to thinness among whites(179).  Sociocultural 

standards may influence racial differences in obesity, but genetic studies have found 

evidence that obesity may be hereditary.  A recent genetic study discovered three new 

loci in the human genome distinctly related to BMI in individuals of African ancestry 

(180).  These unique loci may help explain the racial differences observed in BMI 

between blacks and whites.   

The association between physical activity and CVD may differ across BMI levels.  High 

levels of physical activity have been shown to attenuate the risk of obesity at a genetic 

level through early to late adulthood(181).  Additionally, those in the normal BMI 

category are more likely to attain a higher level of cardiorespiratory fitness compared to 

obese individuals(182).  Several studies have reported an inverse relationship between 

cardiorespiratory fitness and CVD risk(3, 15, 169).  One study performed maximal 

exercise tests on 2,316 male participants from the ACLS and studied CVD mortality 

among several BMI strata.  This study found that low cardiorespiratory fitness was 

associated with an increased risk of CVD mortality within all weight categories (normal 
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weight: HR: 2.7, 95% CI: 1.3-5.7; overweight: HR: 2.7, 95% CI: 1.4-5.1; obese: HR: 2.8, 

95% CI: 1.4-5.1)(3).  
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Methods 

Physical activity was assessed using the SCCS physical activity questionnaire as 

previously described.  BMI was calculated from participants’ self-reported height and 

weight values.  BMI was modeled in the continuous format for the analysis and 

categorized for display. Participants were categorized as normal weight (BMI between 

18.5 kg/cm2 and less than 25 kg/cm2; referent), overweight (BMI between 25 kg/cm2 and 

less than 30 kg/cm2), obese (BMI between 30 kg/cm2 and less than 40 kg/cm2), and 

severely obese (BMI greater or equal to 40 kg/cm2).  

Adjusted Cox proportional hazards models were used to generate hazard ratios and 

95% CIs for the association between BMI and CVD risk among the “Medicare” group.  

The interaction between physical activity and body mass index was assessed by the 

inclusion of an interaction term to the final adjusted model for the physical activity-CVD 

association conducted among the “Medicare” group.  The interaction was comprised of 

the categorical physical activity variable and the BMI variable in its continuous form.  

Models with and without the physical activity and body mass index interaction term were 

compared using likelihood ratio tests (LRT).  Similarly, an interaction term was created 

for sedentary time and BMI then entered into the final adjusted model for the sedentary 

time-CVD association conducted among the “Medicare” group.  Interactions were 

considered significant if LRT was significant at the 0.05 level.   

All analyses were conducted using SAS software, version 9.3 (SAS Institute Inc, Cary, 

NC) and all tests were two-sided. 
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Results 

Of the 1,880 participants with diabetes in the “Medicare” group, the majority were 

considered in the obese or severely obese category (58.7%; Table 19).  Obese and 

severely obese participants were significantly younger at enrollment and at the time of 

diabetes diagnosis.  Those who were severely obese were more likely to be female, 

have prevalent hypertension, be less active, never have smoked, and use insulin as a 

part of their diabetes treatment regimen.  There were no significant differences in racial 

composition or socioeconomic status between those in each of the BMI categories.   

We examined CVD risk in relation to BMI and observe no significantly different risks in 

the obese categories compared to the normal weight category of those with diabetes 

(obese: HR: 0.82, 95% CI: 0.57-1.19; severely obese: HR: 0.90, 95% CI: 0.58-1.40).  

There was not a significant interaction between BMI and physical activity levels (p-for 

interaction = 0.77).  A significant interaction was also not observed between BMI and 

sedentary time (p-for interaction = 0.33). 
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Table 18. Baseline characteristics of SCCS participants with diabetes aged 65 years or more 
(2002-2008) by Body Mass Index Categories 

 BMI  
Normal 

(n = 186) 

BMI 
Overweight 

(n = 560) 

BMI 
Obese 

(n = 854) 

BMI  
Severely 
Obese 

(n = 249) 

p 

Age at Enrollment  
(years; mean, SD) 

68.4 (5.0) 67.6 (4.7) 66.8 (4.5) 66.0 (4.3) <0.0001 

Race (n, %) 
- Black 
- White 

 
125 (67.2) 
61 (32.8) 

 
406 (72.5) 
154 (27.5) 

 
648 (75.9) 
206 (24.1) 

 
183 (73.5) 
66 (26.5) 

 
0.10 

Age at Diabetes Diagnosis 
(years; mean, SD) 

57.2 (10.3) 56.4 (10.2) 55.4 (10.5) 53.5 (10.1) 0.002 

Female (n, %) 115 (61.8) 352 (62.9) 623 (73.0) 217 (87.2) <0.0001 
Education 

- Less than High School 
- High School Graduate 
- Beyond High School 

 
77 (41.4) 
59 (31.7) 
50 (26.9) 

 
261 (46.6) 
146 (26.1) 
153 (27.3) 

 
405 (47.4) 
228 (26.7) 
221 (25.9) 

 
120 (48.2) 
72 (28.9) 
57 (22.96) 

 
0.52 

Household Income (n, %) 
- Less than $15K 
- $15K-$49K 
- $50K or Greater 

 
119 (64.0) 
57 (30.7) 
10 (5.4) 

 
352 (62.9) 
169 (30.2) 
39 (7.0) 

 
565 (66.2) 
252 (29.5) 

37 (4.3) 

 
172 (69.1) 
72 (28.9) 

5 (2.0) 

 
0.09 

Time since Diabetes Diagnosis 
(years) 

-  0-5 years 
-  6-10 years 
- 11-19 years 
- 20+ years 

 
 

72 (38.7) 
40 (21.5) 
37 (19.9) 
37 (19.9) 

 
 

218 (38.9) 
118 (21.1) 
99 (17.7) 
125 (22.3) 

 
 

321 (37.6) 
164 (19.2) 
198 (23.2) 
171 (20.0) 

 
 

72 (28.9) 
54 (21.7) 
68 (27.3) 
55 (22.1) 

 
 

0.06 

Comorbidity History (n, %) 
- Hypertension 
- High Cholesterol 

 
138 (74.2) 
99 (53.2) 

 
474 (84.6) 
337 (60.2) 

 
741 (86.8) 
481 (56.5) 

 
227 (91.2) 
145 (58.5) 

 
<0.0001 

0.29 
Glucose-Lowering Medication  

- Oral Medication Only 
- Insulin Use 
- No Medication 

 
113 (60.8) 
42 (22.6) 
31 (16.7) 

 
360 (64.3) 
133 (23.8) 
67 (31.8) 

 
512 (60.0) 
253 (29.6) 
89 (10.4) 

 
138 (55.4) 
87 (34.9) 
24 (9.6) 

 
0.0009 

Smoking History (n, %) 
- Current 
- Former 
- Never 

 
37 (20.2) 
69 (37.7) 
77 (42.1) 

 
81 (14.7) 
217 (39.3) 
254 (46.0) 

 
103 (12.2) 
327 (38.6) 
418 (49.3) 

 
20 (8.1) 

85 (34.4) 
142 (57.5) 

 
0.0007 

Parental History of MI (n, %) 46 (24.7) 132 (23.6) 211 (24.7) 76 (30.5) 0.20 
Total Physical Activity  
(MET-hrs/day) 

- < 5.7 
- 5.8-11.0 
- 11.1-18.8 
- ≥ 18.9 

 
 

37 (19.9) 
34 (18.3) 
63 (33.9) 
52 (28.0) 

 
 

115 (20.5) 
128 (22.9) 
148 (26.4) 
169 (30.2) 

 
 

178 (20.8) 
220 (25.8) 
235 (27.5) 
221 (25.9) 

 
 

60 (24.1) 
72 (28.9) 
58 (23.3) 
59 (23.7) 

 
 

0.08 
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Conclusions 

Our study did not observe the inverse relationship between BMI and CVD risk as seen 

in previous studies.  The independent associations between physical activity, sedentary 

time, and CVD risk were not modified by BMI.  The results of our study add to the 

continuing conversation about obesity, physical activity, and CVD.  Church et al 

examined the risk of CVD by BMI and cardiorespiratory fitness levels(3).  Obese (BMI > 

30 kg/cm2) individuals with diabetes in the moderate and high fit group were statistically 

at no higher risk for CVD mortality compared to those of normal weight and similar 

fitness levels.  This finding is consistent with that of our current study. A study of male 

veterans with diabetes also found similar physical activity-CVD relationships across BMI 

categories that were specified similar to our study (8).   

BMI may not be the correct metric by which to examine this relationship.  BMI as a 

measure of general obesity has been disputed and other metrics, such as waist-to-hip 

ratio and waist circumference, have often been promoted as measures that better 

correlate to adverse outcomes(183-185).  Future research should explore these 

analyses with better studied measures like the aforementioned and even investigate 

other measures or supplements that would better model the obesity-CVD association.  

Further, the interaction between obesity and physical activity levels can be better 

studied using more precise and objective measures of activity.  Acceleration-based 

measures may give us a greater understanding of a participant’s actual average activity 

level across a time period rather than relying on reported information.   

63 
 



   

This study was limited by certain factors.  BMI was calculated from self-reported values 

of height and weight.  Poor reporting of weight and height has been consistently 

reported as being differential between races and genders (186).  Studies have noted 

that severely obese women of lower socioeconomic status tended to underreport their 

height and weight.  Older people tend to over-report their height and more accurately 

report their weight(187).  These differential errors in self-reporting may have caused 

misclassification of participants and biased our studies.   

Additionally, given that BMI was calculated at enrollment and we did not update their 

height and weight measurements within this study, changes in BMI may have impacted 

participants’ risk of CVD.  However, we do not believe this to be as much an issue 

because BMI is not as sensitive as a weight measurement and fluctuations in weight 

would need to be quite significant in order to change BMI considerably.   

Obesity, while a risk factor for diabetes and CVD, did not impact the relationship 

between physical activity and CVD.   
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CHAPTER 6 

The Independent Associations between Physical Activity and Sedentary Time 

with All-Cause Mortality among Low-Income Adults with Diabetes 

Methods 

The primary outcome was defined as death from any cause.  Vital status and date of 

death were ascertained through linkage of the SCCS cohort with the Social Security 

Administration (SSA) vital status service for epidemiologic researchers and  the National 

Death Index (NDI) through December 31, 2011(60).   

Person-years of follow-up began on the date of enrollment into the SCCS cohort and 

concluded on the date of death or the end of the study period (December 31, 2011), 

whichever came first.  Descriptive statistics for the study population were calculated, 

including means and standard deviations for continuous variables as well as counts and 

percentages for categorical or dichotomous variables.  Values for each quartile of 

physical activity were compared using chi-squared tests and one-way ANOVA tests.   

Cox proportional hazards models, using age as the time scale, were constructed to 

estimate hazards ratios (HR) and 95% confidence intervals (CI) for mortality in relation 

to total physical activity and total sedentary time, first separately and then mutually 

adjusted to determine whether the associations were independent of each other. Fully 

adjusted models included age at enrollment, race (black or white; not included in race-

stratified models), sex (not included in sex-stratified models), body mass index (BMI; 

18-24.9, 25-29.9, 30-39.9, ≥40 kg/m2), educational attainment (less than high school, 
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high school graduate, beyond high school), annual household income (< $15, $15-

$50K, >$50K), insulin use (yes/no), smoking (current, former, never), hypertension, high 

cholesterol, or cardiovascular disease (myocardial infarction/bypass and stroke) 

prevalent at baseline (all yes/no), and duration of diabetes (years). The dose-response 

trend for total physical activity or total sedentary time was evaluated by entering the 

ordinal form of the variable into a proportional hazards model with death as the 

outcome.  The p-value for the likelihood ratio test was used to assess the trend for total 

physical activity or sedentary time. 

Sensitivity analyses were conducted to evaluate the potential effect of exposure outliers 

for physical activity and sedentary time, and to exclude those who died in the first year 

of follow-up to mitigate the possibility of reverse causation.  To test whether outlier 

values for physical activity and sedentary time impacted estimates, a term ((physical 

activity outlier: yes or no; sedentary time outlier: yes or no) was added to the models in 

sensitivity analyses to determine whether adjusting for the distribution of those outliers 

would appreciably change the estimates. To assess whether those with pre-existing 

conditions that increased their risk of death outside of physical activity or sedentary time 

exposure, we conducted another sensitivity analysis where those who died in the first 

year of follow-up were excluded.  To explore whether physical activity and sedentary 

time jointly influence mortality, we examined the joint effects for these exposures using 

tertiles.  All analyses were conducted using Stata software, version 11 (StataCorp LP, 

College Station, TX) and all tests were two-sided. 
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Results 

The 15,645 SCCS participants with diabetes (71.2% black, 28.8% white, 65.0% female) 

had an average age at enrollment of 54.9 (8.9) years (Table 16).  Approximately two-

thirds of the population had a high school education or less, and more than 60% 

reported an annual household income of less than $15,000.  Blacks were slightly 

younger than whites at both their time of enrollment and time of diabetes diagnosis.  

Whites were more likely to have obtained a high school education or beyond.  A higher 

proportion of whites than blacks were also in the severely obese (BMI ≥ 40) category 

and reported prevalent CVD at baseline.  Blacks reported slightly but significantly higher 

total physical activity levels than whites and had higher proportions of individuals in both 

the highest and lowest categories of sedentary time.  Blacks were more likely to never 

have smoked.  Of note, blacks were also significantly more likely to use insulin as a part 

of their diabetes medication regimen than were whites. 
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Table 19. Baseline characteristics of SCCS participants with diabetes by race and sex 
 Total 

(n=15,645) 
Black 

(n=11,137) 
White 

(n=4,508) 
p Male 

(n=5,483) 
Female 

(n=10,162) 
p 

Age at Enrollment  
(mean, SD) 

54.9 (8.9) 54.4 (8.8) 56.0 (8.9) <0.0001 54.6 (8.7) 55.1 (8.9) 
 

<0.001 

Age at Diabetes Diagnosis  
(mean, SD) 

46.1 (10.5) 45.4 (10.4) 47.8 (10.8) <0.0001 46.3 (10.2) 47.3 (10.9) 0.10 

Time Since Diabetes Diagnosis 
(n, %) 

- < 5 years 
- 5-10 years 
- 11-19 years 
- ≥ 20 years 

 
 
6,284 (40.2) 
4,407 (28.2) 
3,019 (19.3) 
1,935 (12.4) 

 
 
4,368 (39.2) 
3,094 (27.8) 
2,214 (19.9) 
1,461 (13.1) 

 
 
1,916 (42.5) 
1,313 (29.1) 
805 (17.9) 
474 (10.5) 

 
 

<0.0001 

 
 
2,228 (40.6) 
1,638 (29.9) 
1,056 (19.3) 
561 (10.2) 

 
 
4,056 (39.9) 
2,769 (27.3) 
1,963 (19.3) 
1,374 (13.5) 

 
 

0.06 

Female (n, %) 10,162 (65.0) 7,290 (65.5) 2,872 (63.7) 0.04 ------ -----  
Black Race (n, %) 
Education (n, %) 

- Less than High School 
- High School 
- Beyond High School 

11,137 (71.2) 
 
5,374 (34.4) 
 
5,049 (32.3) 
5,219 (33.4) 

------ 
 
4,067 (36.5) 
 
3,535 (31.8) 
3,530 (31.7) 

------ 
 
1,307 (29.0) 
 
1,514 (33.6) 
1,686 (37.4) 

 
 

<0.0001 

3,847 (70.2) 
 
1,861 (34.0) 
 
1,770 (32.3) 
1,849 (33.7) 

7,290 (71.7) 
 
3,513 (34.6) 
 
3,279 (32.3) 
3,367 (33.1) 
 

 
 

0.68 

Household Income (n, %) 
- Less than $15K 
- $15K-$49K 
- $50K or Greater 

 
9,391 (60.8) 
5,124 (33.2) 
940 (6.1) 

 
6,908 (62.8) 
3,604 (32.8) 
492 (4.5) 

 
2,483 (55.8) 
1,520 (34.2) 
448 (10.1) 

 
<0.0001 

 
2,961 (54.7) 
1,950 (36.1) 
498 (9.2) 

 
6,430 (64.0) 
3,174 (31.6) 
442 (4.4) 

 
<0.0001 

Body Mass Index  
(BMI; n, %) 

- 18.5-24.9 
- 25-29.9 
- 30-39.9 
- ≥ 40 

 
 
1,662 (10.8) 
3,655 (23.6) 
6,991 (45.2) 
3,155 (20.4) 

 
 
1,244 (11.3) 
2,663 (24.2) 
4,959 (45.1) 
2,137 (19.4) 

 
 
418 (9.4) 
992 (22.2) 
2,032 (45.6) 
1,018 (22.8) 

 
 

<0.0001 

 
 
872 (16.0) 
1,669 (30.7) 
2,301 (42.3) 
602 (11.1) 

 
 
790 (7.9) 
1,986 (19.8) 
4,690 (46.8) 
2,553 (25.5) 

 
 

<0.0001 

Prevalent Conditions  
(n, %) 

- Hypertension 
- High Cholesterol 
- Heart Attack/Bypass 
- Stroke/TIA 

 
 
12,432 (79.5) 
8,644 (55.4) 
2,095 (13.4) 
1,722 (11.0) 

 
 
9,009 (80.9) 
5,738 (51.6) 
1,231 (11.1) 
1,183 (10.6) 

 
 
3,423 (76.0) 
2,906 (64.7) 
864 (19.2) 
539 (12.0) 

 
 

<0.0001 
<0.0001 
<0.0001 

0.02 

 
 
4,287 (78.2) 
2,930 (53.6) 
948 (17.3) 
633 (11.6) 

 
 
8,145 (80.2) 
5,714 (56.3) 
1,147 (11.3) 
1,089 (10.7) 

 
 

0.004 
0.001 

<0.0001 
0.12 

Smoking Status (n, %) 
- Current 

 
4,553 (29.2) 

 
3,267 (29.5) 

 
1,286 (28.7) 

 
<0.0001 

 
2,013 (37.0) 

 
2,540 (25.1) 

 
<0.0001 
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- Former 
- Never 

4,591 (29.5) 
6,418 (41.2) 

3,050 (27.5) 
4,768 (43.0) 

1,541 (34.4) 
1,650 (36.9) 

 1,939 (35.6) 
1,490 (27.4) 

2,652 (26.2) 
4,928 (48.7) 

Glucose-Lowering Medication  
- Oral Medication Only 
- Insulin Use 
- No Medication 

 
8,769 (56.1) 
4,445 (28.4) 
2,431 (15.5) 

 
6,265 (56.3) 
3,351 (30.1) 
1,521 (13.7) 

 
2,504 (55.6) 
1,094 (24.3) 
910 (20.2) 

 
<0.0001 

 

 
2,975 (54.3) 
1,598 (29.2) 
906 (16.5) 

 
5,790 (57.0) 
2,847 (28.0) 
1,525 (15.0) 

 
 

0.003 

Physical Activity  
(MET-h/d; n, %) 

- < 6.9 
- 6.9-14.1 
- 14.2-24.8 
- ≥ 24.9 

 
 
3,822 (24.4) 
4,002 (25.6) 
3,908 (25.0) 
3,913 (25.0) 

 
 
2,648 (23.8) 
2,830 (25.4) 
2,811 (25.2) 
2,848 (25.6) 

 
 
1,174 (26.0) 
1,172 (26.0) 
1,097 (24.3) 
1,065 (23.6) 

 
 

0.004 

 
 
1,714 (31.3) 
1,218 (22.2) 
1,085 (19.8) 
1,466 (26.7) 

 
 
2,108 (20.7) 
2,784 (27.4) 
2,823 (27.8) 
2,447 (24.1) 

 
 

<0.001 

Sedentary Time 
(h/d; n, %) 

- < 6 
- 6-8.4 
- 8.5-11.9 
- ≥ 12.0 

 
 
3,801 (24.3) 
3,822 (24.4) 
3,647 (23.3) 
4,375 (28.0) 

 
 
2,784 (25.0) 
2,656 (23.9) 
2,569 (23.1) 
3,128 (28.1) 

 
 
1,017 (22.6) 
1,166 (25.9) 
1,078 (23.9) 
1,247 (27.7) 

 
 

0.002 

 
 
1,289 (23.5) 
1,323 (24.1) 
1,236 (22.5) 
1,635 (29.8) 

 
 
2,512 (24.7) 
2,499 (24.6) 
2,411 (23.7) 
2,740 (27.0) 

 
 

0.002 
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During follow-up (median follow-up time: 6.2 years, range = 0.01-9.8 years), 2,370 

deaths (15.2%, with similar percentages among blacks and whites; 12.3% among 

females; 20.4% among males) occurred among the study population for a crude annual 

death rate of 2.44%.  Table 17 shows the HRs (95% CI) for mortality across quartiles of 

physical activity in the SCCS cohort participants with diabetes, overall and stratified by 

race and by sex. Increased physical activity was inversely associated with mortality in a 

dose-response manner (highest vs. lowest quartile: HR, 0.64; 95% CI: 0.56-0.72).  The 

highest level of physical activity corresponds to doing moderate exercise for one hour, 

five days per week. These associations were not significantly different for blacks and 

whites (p-for interaction by race = 0.19), or for women and men (p-for interaction by sex 

= 0.93). The estimates did not appreciably change when participants who died within 

the first year of follow-up were excluded (results not shown; highest compared with 

lowest level of physical activity, HR 0.65; 95% CI: 0.57-0.74). 

Table 18 shows HRs (95% CIs) for the association between quartiles of sedentary time 

and mortality, overall and stratified by race and by sex.  Sedentary time in the highest 

quartile corresponds to spending more than half of the 24-hour day or ¾ of usual 

waking hours (16 hours) in sedentary behaviors.   Among participants with diabetes, 

those in the highest quartile of sedentary time had mortality risk approximately 25% 

higher than those in the lowest quartile (HR, 1.25; 95% CI 1.11-1.40), with a significant 

dose-response trend.  Race-specific analyses showed that high levels of sedentary time 

were associated with similarly increased mortality risk among blacks and whites (p-for 

interaction by race = 0.29).  Similarly, sex did not modify the association between 

sedentary time and mortality (p-for interaction by sex = 0.83).  
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Analysis of the joint effects of physical activity and sedentary time on mortality (Figure 

4) showed that individuals who were the most sedentary (≥11 h/d) and the least active 

(< 9 MET-h/d) were at the greatest risk of death (HR 1.80, 95% CI: 1.50-2.16) compared 

to other physical activity-sedentary time categories. 
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Table 20. Hazard Ratios (95% Confidence Intervals) for the association between quartiles of total 
physical activity and all-cause mortality risk among SCCS participants with diabetes 

 Person-
Years 

# 
Events 

HR (95% CI)a HR (95% CI)b 

Total (MET-h/d; n = 15,645) 
- < 6.9 
- 6.9-14.1 
- 14.2-24.8 
- ≥ 24.9 

 
22,004 
24,050 
24,275 
24,245 

 
887 
591 
466 
426 

 
Reference 

0.76 (0.68 – 0.85) 
0.65 (0.58 – 0.73) 
0.65 (0.57 – 0.73) 

 
Reference 

0.76 (0.68 – 0.84) 
0.65 (0.57 – 0.73) 
0.64 (0.56 – 0.72) 

p-for trend   < 0.0001 < 0.0001 
Black (MET-h/d; n = 11,137)  

- < 6.9 
- 6.9-14.1 
- 14.2-24.8 
- ≥ 24.9 

 
15,780 
17,578 
18,067 
18,368 

 
601 
428 
332 
324 

 
Reference 

0.81 (0.71 – 0.92) 
0.68 (0.59 – 0.78) 
0.70 (0.61 – 0.81) 

 
Reference 

0.81 (0.71 – 0.92) 
0.67 (0.58 – 0.77) 
0.69 (0.60 – 0.79) 

p-for trend   < 0.0001 < 0.0001 
White (MET-h/d; n = 4,508) 

- < 6.9 
- 6.9-14.1 
- 14.2-24.8 
- ≥ 24.9 

 
6,224 
6,472 
6,208 
5,877 

 
286 
163 
134 
102 

 
Reference 

0.65 (0.53 – 0.79) 
0.62 (0.50 – 0.77) 
0.54 (0.43 – 0.69) 

 
Reference 

0.65 (0.53 – 0.80) 
0.62 (0.50 – 0.77) 
0.54 (0.43 – 0.69) 

p-for trend   < 0.0001 < 0.0001 
Males (MET-h/d; n = 5,483)  

- < 6.9 
- 6.9-14.1 
- 14.2-24.8 
- ≥ 24.9 

 
9,473 
7,045 
6,573 
8,772 

 
497 
240 
182 
199 

 
Reference 

0.77 (0.66 – 0.90) 
0.66 (0.56 – 0.79) 
0.65 (0.54 – 0.77) 

 
Reference 

0.77 (0.65 – 0.89) 
0.66 (0.55 – 0.79) 
0.64 (0.54 – 0.76) 

p-for trend   < 0.0001 < 0.0001 
Females (MET-h/d; n = 10,162) 

- < 6.9 
- 6.9-14.1 
- 14.2-24.8 
- ≥ 24.9 

 
12,531 
17,005 
17,702 
15,473 

 
390 
351 
284 
227 

 
Reference 

0.75 (0.65 – 0.88) 
0.64 (0.55 – 0.76) 
0.65 (0.55 – 0.77) 

 
Reference 

0.75 (0.65 – 0.87) 
0.64 (0.55 – 0.75) 
0.64 (0.54 – 0.75) 

p-for trend   < 0.0001 < 0.0001 
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Table 21. Hazard Ratios (95% Confidence Intervals) for the association between quartiles of total 
sedentary time and all-cause mortality risk among SCCS participants with diabetes 

 Person-
Years 

# Events HR (95% CI)a HR (95% CI)b 

Total (h/d; n = 15,645) 
- < 6 
- 6 – 8.4 
- 8.5 – 11.9 
- ≥ 12 

 
23,162 
23,263 
22,025 
26,124 

 
562 
589 
542 
677 

 
Reference 

1.03 (0.92 – 1.16) 
1.11 (0.99 – 1.26) 
1.23 (1.10 – 1.38) 

 
Reference 

1.04 (0.92 – 1.17) 
1.13 (1.00 – 1.27) 
1.25 (1.11 – 1.40) 

p-for trend   <0.0001 <0.0001 
Black (h/d; n = 11,137)  

- < 6  
- 6 – 8.4  
- 8.5 – 11.9  
- ≥ 12  

 
17,608 
16,731 
16,080 
19,374 

 
422 
413 
386 
464 

 
Reference 

1.00 (0.87 – 1.15) 
1.11 (0.97 – 1.28) 
1.17 (1.02 – 1.34) 

 
Reference 

1.01 (0.88 – 1.16) 
1.13 (0.98 – 1.30) 
1.19 (1.04 – 1.37) 

p-for trend   0.01 0.005 
White (h/d; n = 4,508) 

- < 6 
- 6 – 8.4 
- 8.5 – 11.9 
- ≥ 12 

 
5,554 
6,532 
5,945 
6,750 

 
140 
176 
156 
213 

 
Reference 

1.10 (0.87 – 1.38) 
1.12 (0.89 – 1.42) 
1.39 (1.11 – 1.74) 

 
Reference 

1.09 (0.87 – 1.36) 
1.12 (0.88 – 1.41) 
1.38 (1.10 – 1.72) 

p-for trend   0.005 0.005 
Males (h/d; n = 5,483)  

- < 6  
- 6 – 8.4  
- 8.5 – 11.9  
- ≥ 12  

 
7,491 
7,923 
7,095 
9,354 

 
262 
265 
257 
334 

 
Reference 

0.97 (0.81 – 1.15) 
1.18 (0.99 – 1.41) 
1.20 (1.01 – 1.42) 

 
Reference 

0.98 (0.82 – 1.17) 
1.20 (1.01 – 1.43) 
1.21 (1.02 – 1.44) 

p-for trend   0.007 0.004 
Females (h/d; n = 10,162) 

- < 6 
- 6 – 8.4 
- 8.5 – 11.9 
- ≥ 12 

 
15,671 
15,340 
14,930 
16,770 

 
300 
324 
285 
343 

 
Reference 

1.09 (0.93 – 1.28) 
1.06 (0.90 – 1.25) 
1.25 (1.07 – 1.48) 

 
Reference 

1.09 (0.93 – 1.28) 
1.06 (0.90 – 1.26) 
1.27 (1.08 – 1.50) 

p-for trend   0.013 0.008 
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Figure 4. Joint effects of total physical activity and total sedentary time on all-cause 

mortality risk among SCCS participants with diabetes 

 

aAdjusted for age, sex, race, BMI, socioeconomic status (education and income), 

smoking, hypertension, high cholesterol, myocardial infarction, stroke, insulin use, 

duration of diabetes. 
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Conclusions 

In this prospective analysis of a racially diverse, low-income population with diabetes, 

we found that higher levels of total physical activity were associated with a nearly 40% 

reduced risk of mortality after adjusting for sedentary time.  Increased total time spent in 

sedentary behaviors was linked to an approximate 25% increase in mortality risk in this 

population after adjusting for physical activity. Further, the analysis of the joint effects of 

both physical activity and sedentary time on mortality risk revealed that across all levels 

of sedentary time, low levels of physical activity were associated with an increased risk 

of death. To our knowledge, the current study contributes the first assessment of the 

independent relationship between total physical activity and sedentary time and 

mortality in both black and white men and women with diabetes, as well as a 

comparison of these associations by race and sex.  Our study also examined this 

association in a population from a low socioeconomic status background, populations 

among whom diabetes prevalence is elevated.  

Our findings are generally consistent with prior studies of mortality among those with 

diabetes, the majority of which were conducted among white men and reported a 

reduced risk of mortality as activity levels increased (4, 5, 7, 9-15, 188-192). The 

strengths of the previously reported associations varied, even among relatively similar 

populations.  Studies of males reported risk reductions ranging from 52-78%(4, 9, 11, 

13, 15, 188) among those with (variously defined) highest vs. lowest physical activity. 

The highest quartile in the current study is lower than some studies that were conducted 

among those with diabetes who were without any other co-morbidities, but higher than 

studies of general populations that tended to adjust for comorbidities.  
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Studies that included both males and females had results ranging from 24-60% 

reductions in risk associated with high physical activity levels (5, 7, 10, 12, 14, 189, 190, 

192).  It is unclear whether the weaker associations observed in mixed-gender 

populations was a result of differences in study methodologies or an actual sex-

difference in the impact of physical activity on mortality among those with diabetes.  The 

overall reduction in mortality risk (37%) we observed was within the range of other 

mixed-gender studies, and our sex-specific results demonstrated, for the first time, 

similar mortality associations in both males and females for both physical activity and 

sedentary time. 

The effect estimates may range between studies in part due to differences in how 

physical activity was measured for each study, as well as how physical activity levels 

were categorized and compared for each study.  Sluik et al. used quartiles for the 

assessment of leisure time physical activity and their top quartile was > 113 MET-

hr/week (corresponds with approximately > 16.1 MET-hr/day).  Mortality risk among 

their top quartile was reduced by almost 40% compared to the lowest quartile (HR 0.62, 

95% CI: [0.46-0.85])(12).  Trichopoulou et al. assessed physical activity using quintiles 

and the highest quintile was ≥ 37 MET-hrs/day.  Those in the highest quintile had a 

decreased mortality risk of more than 20% compared to the lowest quintile (HR 0.76, 

95% CI: [0.63-0.92]) (14).  Quintiles for physical activity were also the exposure variable 

used in the study conducted by Tanasecu et al and the highest quintile (≥ 37.2 MET-

hr/week) also had a decreased risk of mortality compared to those in the lowest quintile 

(HR 0.65, 95% CI: [0.45-0.93])(13).  Our study showed comparable results with the 

reduction in risk being approximately 40%.  Most studies, like ours, assessed self-
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reported total or leisure-time physical activity.  However, studies that measured 

cardiorespiratory fitness as the index of physical activity likewise consistently reported 

inverse associations with mortality in those with diabetes, with risk reductions of 57- 

87% when comparing highest level of activity to lowest (9, 11, 15, 188).  

sedentary time and mortality risk has been explored previously but not specifically 

among those with diabetes.  Most studies have treated sedentary time as if it were the 

inverse of physical activity and have not evaluated its independent association with 

mortality.  Our study demonstrated an increased mortality risk of 18% for those who 

were the most sedentary compared to those who were the least sedentary.  These 

results were after adjustment for physical activity, further highlighting the independence 

of the relationship.  We did however, also explore how physical activity and sedentary 

time interact and effect mortality risk. Across all levels of sedentary time, those in the 

lowest category of physical activity with diabetes (< 6.9 MET-hr/day) were at an 

increased risk of mortality compared to the most active and least sedentary individuals 

with diabetes.  Those who were the least active and most sedentary had the highest risk 

(HR 1.85, 95% CI: [1.53-2.22]).   

Previous investigations also differed regarding covariates used in multivariate models.  

A number of studies did not adjust for diabetes duration or insulin use or diabetes 

medication, which have been previously implicated as significant risk factors for 

mortality among individuals with diabetes(54, 60, 129, 193-195).  Our analysis included 

adjustment for demographic and socioeconomic variables, as well as diabetes duration 

and treatment variables, which were often not included in multivariate models of other 

studies.     
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Currently, the available evidence supporting physical activity as a protective factor 

against mortality for people with diabetes is derived almost exclusively from white 

populations. The only study that published race-specific estimates reported a weaker 

and less graded association among black male veterans than white male veterans (9), 

similar to our findings of qualitatively weaker trends among blacks than whites.  

However, our overall findings do not support a differential effect of physical activity or 

sedentary time on mortality by race, and there would be limited biologic plausibility for 

such an interaction.  

The current study population was racially diverse and by design, black and white SCCS 

participants were of generally similar socioeconomic status, enabling evaluation of the 

risk of mortality with minimal confounding by differences in socioeconomic status (with 

residual confounding adjusted statistically).  The findings of the current study suggest 

that increased physical activity and decreased sedentary time are associated with 

decreased mortality risk in a mainly low-income population with systematic and 

standardized follow-up to determine death status.   

In summary, the findings suggest that increased physical activity and decreased 

sedentary time may be viable prevention efforts to reduce mortality burden within a 

racially diverse, low-income population with diabetes.  The study extends to blacks and 

to women findings that have previously been reported primarily among white men with 

diabetes, and signals that intervention efforts could be similarly effective across gender 

and racial groups. Further research exploring objective, repeated measures of physical 

activity and sedentary time, and examining different types and frequencies of activity 
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suitable for populations with diabetes may help to clarify intervention strategies aimed at 

reducing the burden of this increasingly common illness.    
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CHAPTER 7 

Summary Conclusions and Suggestions for Future Research 

This research is the first to our knowledge to examine physical activity and sedentary 

time in association with CVD risk and all-cause mortality in a racially-diverse population 

of mixed gender with diabetes.  Further, this study population is of low socioeconomic 

status with a high prevalence of CVD risk factors (hypertension, obesity, high 

cholesterol) compared to previous research.  Studies that preceded the current 

research often reported strong, inverse relationships between physical activity and CVD 

(Appendix 3).  Those studies were often conducted among predominantly white males 

with diabetes and of middle to high socioeconomic status.  

Race was not associated with CVD risk among this population of racially-diverse, low-

income adults with diabetes, with nearly equal CVD event rates among both blacks and 

whites.  The high rates of CVD observed among this population may be related to the 

high prevalence of CVD-related risk factors (obesity and hypertension, for example) or 

low socioeconomic status.  Although our study did not find conclusive evidence to 

suggest that physical activity was significantly inversely associated with CVD risk 

among diabetics, increased activity did have a strong, inverse relationship with all-cause 

mortality in this population. Further, low levels of physical activity were significantly 

associated with mortality in every quartile of sedentary time but especially among those 

who were the most sedentary.  Physical activity may need to be accompanied by other 

substantial treatment or management changes to impact CVD risk.  However, as 
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observed in other studies, physical activity is a viable intervention for reducing the gap 

in mortality risk between those with and without diabetes.   

Increased levels of physical activity could serve as an intervention to reduce mortality 

rates among those with diabetes and improve overall, general health.  In the SCCS, 

those with diabetes had almost twice the risk of death compared to those without 

diabetes (13.9% vs. 8.7% respectively; HR: 1.87, 95% CI: 1.76-2.00).  According to the 

results of our analyses, higher levels of physical activity among those with diabetes may 

reduce that gap.  Sedentary time had a significant, positive relationship with mortality, 

even after adjustment for physical activity.  This suggests that, despite the level of 

activity, excessive time spent in sedentary behaviors can be equally as dangerous for 

mortality risk.  Patients should be encouraged to minimize sitting time during the waking 

hours and to meet or exceed the recommended physical activity levels.   

The actual average level of physical activity is difficult to ascertain from self-reported 

information.  However, it is inexpensive and does not have the time intensive 

component of other methods of ascertainment.  The nature of the self-reported physical 

activity exposure may introduce some bias into our study.  We hope that future studies 

will examine these associations using objective measures of activity such as 

accelerometer data. The SCCS PAQ was validated using accelerometer data and 

metrics from this tool are often used to determine activity among study subjects.  

However, it is usually not feasible to get these data on a sample as large as the SCCS. 

While labor intensive and costly, accelerometer data could provide us with a more 

accurate picture of physical activity levels as well as possible differences by race and 

sex.  
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There is no specific recommendation for those with diabetes and diabetes-related 

conditions as to how much activity is necessary to provide a benefit for either CVD or 

mortality.  The currently available literature and recommendations are primarily for those 

without diabetes, or a general population without regard to diabetes.  Diabetes-related 

conditions, such as retinopathy, may prevent those with diabetes from participating in 

moderate-to-vigorous activity so investigating which activities would provide the greatest 

benefit to these individuals could prevent advancement of the disease and reduce the 

incidence of additional comorbidities.   

The replication of the analyses exploring the association between physical activity, 

sedentary time, and CVD as well as mortality would be interesting in a racially-diverse 

set of adults of higher socioeconomic status. Our follow-up data (event ascertainment) 

was from separate data sources.  Had our sample been adequately powered, we could 

have conducted several race- and sex-specific analyses in the younger adults with 

diabetes.  The next steps in research would be to investigate the race-specific risk of 

CVD in association with physical activity and sedentary time among a larger group of 

middle-aged persons with diabetes with a large, alternate source of follow-up data.  

Novel interventions based on the results of those studies to increase activity levels 

among those with diabetes should consider whether race or sex influences the impact 

of physical activity on CVD or mortality.   

It is unclear what role strength training and anaerobic activity plays in the physical 

activity-CVD or physical activity-mortality relationships.  Since the vast majority of 

studies have explored aerobic activity as the exposure representing physical activity, it 

could now be important to add other types of activities into the metric in order to 
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properly assess all activity.  For this to happen, new methods of measuring physical 

activity on a broader, more complete level may need to be developed and validated in a 

variety of populations.  These new methods could be applied widely across health 

conditions and subpopulations. 

Diabetes is a significant global health problem with growing incidence in part due to the 

expansion of elderly and minority populations that are at an increased risk of developing 

diabetes(27, 42, 196-200). Reviving strategies and recommendations for increasing 

physical activity may delay mortality and improve the overall health profile of people with 

diabetes.  However, those strategies and recommendations should be specific and 

evidence-based in their origin. Tailoring physical activity-related interventions to the 

patient and ensuring that the healthcare infrastructure supports those interventions may 

potentially reduce CVD risk and mortality among patients with diabetes.  

 

 

  

83 
 



   

REFERENCES 

ADA. Diagnosis and Classification of Diabetes Mellitus. Diabetes Care2012 January 1, 
2012;35(Supplement 1):S64-S71. 

Physical Activity/Exercise and Diabetes. Diabetes Care2004 January 1, 2004;27(suppl 
1):s58-s62. 

Church TS, LaMonte MJ, Barlow CE, Blair SN. Cardiorespiratory fitness and body mass 
index as predictors of cardiovascular disease mortality among men with diabetes. Arch 
Intern Med2005 Oct 10;165(18):2114-20. 

Gaziano T, Bubes V, Gaziano J. Exercise and mortality among diabetics in the 
physicians' health study enrolment cohort. Cardiovasc J S Afr2005 Mar-Apr;16(2 
Suppl):12. 

Gregg EW, Gerzoff RB, Caspersen CJ, Williamson DF, Narayan K. Relationship of 
walking to mortality among us adults with diabetes. Archives of Internal 
Medicine2003;163(12):1440-7. 

Hu FB, Stampfer MJ, Solomon C, Liu S, Colditz GA, Speizer FE, Willett WC, Manson 
JE. Physical activity and risk for cardiovascular events in diabetic women. Annals of 
Internal Medicine2001;134(2):96. 

Hu G, Eriksson J, Barengo NC, Lakka TA, Valle TT, Nissinen A, Jousilahti P, 
Tuomilehto J. Occupational, commuting, and leisure-time physical activity in relation to 
total and cardiovascular mortality among Finnish subjects with type 2 diabetes. 
Circulation2004 Aug 10;110(6):666-73. 

Kokkinos P, Myers J, Faselis C, Doumas M, Kheirbek R, Nylen E. BMI-mortality 
paradox and fitness in African American and Caucasian men with type 2 diabetes. 
Diabetes Care2012 May;35(5):1021-7. 

Kokkinos P, Myers J, Nylen E, Panagiotakos DB, Manolis A, Pittaras A, Blackman MR, 
Jacob-Issac R, Faselis C, Abella J, Singh S. Exercise capacity and all-cause mortality in 
African American and Caucasian men with type 2 diabetes. Diabetes Care2009 
Apr;32(4):623-8. 

Nothlings U, Ford ES, KrÖGer J, Boeing H. Lifestyle factors and mortality among adults 
with diabetes: findings from the European Prospective Investigation into Cancer and 
Nutrition–Potsdam study*. Journal of Diabetes2010;2(2):112-7. 

Nylen ES, Kokkinos P, Myers J, Faselis C. Prognostic Effect of Exercise Capacity on 
Mortality in Older Adults with Diabetes Mellitus. Journal of the American Geriatrics 
Society2010;58(10):1850-4. 

84 
 



   

Sluik D, Buijsse B, Muckelbauer R, Kaaks R, Teucher B, Johnsen NF, Tjonneland A, 
Overvad K, Ostergaard JN, Amiano P, Ardanaz E, Bendinelli B, Pala V, Tumino R, 
Ricceri F, Mattiello A, Spijkerman AM, Monninkhof EM, May AM, Franks PW, Nilsson 
PM, Wennberg P, Rolandsson O, Fagherazzi G, Boutron-Ruault MC, Clavel-Chapelon 
F, Castano JM, Gallo V, Boeing H, Nothlings U. Physical Activity and Mortality in 
Individuals With Diabetes Mellitus: A Prospective Study and Meta-analysis. Arch Intern 
Med2012 Sep 24;172(17):1285-95. 

Tanasescu M, Leitzmann MF, Rimm EB, Hu FB. Physical activity in relation to 
cardiovascular disease and total mortality among men with type 2 diabetes. 
Circulation2003 May 20;107(19):2435-9. 

Trichopoulou A, Psaltopoulou T, Orfanos P, Trichopoulos D. Diet and physical activity in 
relation to overall mortality amongst adult diabetics in a general population cohort. 
Journal of Internal Medicine2006;259(6):583-91. 

Wei M, Gibbons LW, Kampert JB, Nichaman MZ, Blair SN. Low Cardiorespiratory 
Fitness and Physical Inactivity as Predictors of Mortality in Men with Type 2 Diabetes. 
Annals of Internal Medicine2000;132(8):605-11. 

Weinstein AR, Sesso HD, Lee IM, Cook NR, Manson JE, Buring JE, Gaziano JM. 
Relationship of physical activity vs body mass index with type 2 diabetes in women. 
JAMA2004 Sep 8;292(10):1188-94. 

Standards of Medical Care in Diabetes—2012. Diabetes Care2012 January 1, 
2012;35(Supplement 1):S11-S63. 

Ramlo-Halsted BA, Edelman SV. The natural history of type 2 diabetes: practical points 
to consider in developing prevention and treatment strategies. Clinical 
Diabetes2000;18(2). 

2004/2009 age adjusted estimates of the percentage of adults with diagnosed diabetes. 
Centers for Disease Control and Prevention; 2011 [July 12, 2012]; Available from: 
http://apps.nccd.cdc.gov/DDTSTRS/default.aspx. 

CDC. National diabetes fact sheet: national estimates and general information on 
diabetes and prediabetes in the United States, 2011.  US Department of Health and 
Human Services. Atlanta, GA: Centers for Disease Control and Prevention; 2011. 

Pignone M, Alberts MJ, Colwell JA, Cushman M, Inzucchi SE, Mukherjee D, Rosenson 
RS, Williams CD, Wilson PW, Kirkman MS. Aspirin for Primary Prevention of 
Cardiovascular Events in People With Diabetes. Diabetes Care2010 June 1, 
2010;33(6):1395-402. 

Signorello LB, Schlundt DG, Cohen SS, Steinwandel MD, Buchowski MS, McLaughlin 
JK, Hargreaves MK, Blot WJ. Comparing Diabetes Prevalence Between African 
Americans and Whites of Similar Socioeconomic Status. American Journal of Public 
Health2007 2007/12/01;97(12):2260-7. 

85 
 



   

Signorello LB, Hargreaves MK, Blot WJ. The Southern Community Cohort Study: 
Investigating Health Disparities. J Health Care Poor Underserved2010;21(1):26-37. 

Hutchinson RG, Watson RL, Davis CE, Barnes R, Brown S, Romm F, Spencer JM, 
Tyroler HA, Wu K, ARIC Study Group. Racial Differences in Risk Factors for 
Atherosclerosis: The ARIC Study. Angiology1997 April 1, 1997;48(4):279-90. 

Cowie CC, Harris MI, Silverman RE, Johnson EW, Rust KF. Effect of Multiple Risk 
Factors on Differences between Blacks and Whites in the Prevalence of Non-insulin-
dependent Diabetes Mellitus in the United States. American Journal of 
Epidemiology1993 April 1, 1993;137(7):719-32. 

Maty SC, James SA, Kaplan GA. Life-Course Socioeconomic Position and Incidence of 
Diabetes Mellitus Among Blacks and Whites: The Alameda County Study, 1965–1999. 
American Journal of Public Health2010 2010/01/01;100(1):137-45. 

Pi-Sunyer FX. Obesity and Diabetes in Blacks. Diabetes Care1990 November 1, 
1990;13(11):1144-9. 

Arner P, Arner E, Hammarstedt A, Smith U. Genetic Predisposition for Type 2 Diabetes, 
but Not for Overweight/Obesity, Is Associated with a Restricted Adipogenesis. PLoS 
ONE2011;6(4):e18284. 

Lyssenko V, Jonsson A, Almgren P, Pulizzi N, Isomaa B, Tuomi T, Berglund G, 
Altshuler D, Nilsson P, Groop L. Clinical Risk Factors, DNA Variants, and the 
Development of Type 2 Diabetes. New England Journal of Medicine2008;359(21):2220-
32. 

Okosun IS, Liao Y, Rotimi CN, Prewitt TE, Cooper RS. Abdominal Adiposity and 
Clustering of Multiple Metabolic Syndrome in White, Black and Hispanic Americans. 
Annals of Epidemiology2000;10(5):263-70. 

Rader DJ. Effect of Insulin Resistance, Dyslipidemia, and Intra-abdominal Adiposity on 
the Development of Cardiovascular Disease and Diabetes Mellitus. The American 
Journal of Medicine2007;120(3, Supplement 1):S12-S8. 

Wang Y, Rimm EB, Stampfer MJ, Willett WC, Hu FB. Comparison of abdominal 
adiposity and overall obesity in predicting risk of type 2 diabetes among men. The 
American Journal of Clinical Nutrition2005 March 1, 2005;81(3):555-63. 

Cohen SS, Signorello LB, Blot WJ. Adult weight gain and diabetes among African 
American and White adults in southeastern US communities. Preventive 
Medicine2009;49(6):476-81. 

Clair C, Meigs JB, Rigotti NA. Smoking Behavior among US Adults with Diabetes or 
Impaired Fasting Glucose. Am J Med2013 Apr 15. 

86 
 



   

Eliasson B. Cigarette smoking and diabetes. Progress in Cardiovascular 
Diseases2003;45(5):405-13. 

Haire-Joshu D, Glasgow RE, Tibbs TL. Smoking and diabetes. Diabetes Care1999 
November 1, 1999;22(11):1887-98. 

Kawakami N, Takatsuka N, Shimizu H, Ishibashi H. Effects of Smoking on the Incidence 
of Non-lnsulin-dependent Diabetes Mellitus. American Journal of Epidemiology1997 
January 15, 1997;145(2):103-9. 

Rimm EB, Manson JE, Stampfer MJ, Colditz GA, Willett WC, Rosner B, Hennekens CH, 
Speizer FE. Cigarrette smoking and the risk of diabetes in women. American Journal of 
Public Health. [Article]. 1993 Feb;83(2):211-4. 

Rimm EB, Chan J, Stampfer MJ, Colditz GA, Willett WC. Prospective study of cigarette 
smoking, alcohol use, and the risk of diabetes in men. BMJ1995 1995-03-04 
08:00:00;310(6979):555-9. 

Manson JE, Ajani UA, Liu S, Nathan DM, Hennekens CH. A prospective study of 
cigarette smoking and the incidence of diabetes mellitus among us male physicians. 
The American Journal of Medicine2000;109(7):538-42. 

Robbins JM, Vaccarino V, Zhang H, Kasl SV. Excess type 2 diabetes in African-
American women and men aged 40–74 and socioeconomic status: evidence from the 
Third National Health and Nutrition Examination Survey. Journal of Epidemiology and 
Community Health2000 November 1, 2000;54(11):839-45. 

Krishnan S, Cozier YC, Rosenberg L, Palmer JR. Socioeconomic Status and Incidence 
of Type 2 Diabetes: Results From the Black Women's Health Study. American Journal 
of Epidemiology2010 March 1, 2010;171(5):564-70. 

Rabi D, Edwards A, Southern D, Svenson L, Sargious P, Norton P, Larsen E, Ghali W. 
Association of socio-economic status with diabetes prevalence and utilization of 
diabetes care services. BMC Health Services Research2006;6(1):124. 

Gill JM, Cooper AR. Physical activity and prevention of type 2 diabetes mellitus. Sports 
Med2008;38(10):807-24. 

Lindstrom J, Louheranta A, Mannelin M, Rastas M, Salminen V, Eriksson J, Uusitupa M, 
Tuomilehto J. The Finnish Diabetes Prevention Study (DPS): Lifestyle intervention and 
3-year results on diet and physical activity. Diabetes Care2003 Dec;26(12):3230-6. 

Ruchat SM, Mottola MF. The important role of physical activity in the prevention and 
management of gestational diabetes mellitus. Diabetes Metab Res Rev2013 Feb 23. 

Dunstan DW, Salmon J, Owen N, Armstrong T, Zimmet PZ, Welborn TA, Cameron AJ, 
Dwyer T, Jolley D, Shaw JE. Physical Activity and Television Viewing in Relation to Risk 

87 
 



   

of Undiagnosed Abnormal Glucose Metabolism in Adults. Diabetes Care2004 
November 1, 2004;27(11):2603-9. 

Brouwer BG, van der Graaf Y, Soedamah-Muthu SS, Wassink AM, Visseren FL. 
Leisure-time physical activity and risk of type 2 diabetes in patients with established 
vascular disease or poorly controlled vascular risk factors. Diabetes Res Clin Pract2010 
Mar;87(3):372-8. 

Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. 
Canadian Medical Association Journal2006;174(6):801-9. 

Hamilton MT, Hamilton DG, Zderic TW. Role of low energy expenditure and sitting in 
obesity, metabolic syndrome, type 2 diabetes, and cardiovascular disease. 
Diabetes2007 Nov;56(11):2655-67. 

Physical activity reduces the risk of incident type 2 diabetes in general and in 
abdominally lean and obese men and women: the EPIC–InterAct Study. 
Diabetologia2012 2012/07/01;55(7):1944-52. 

Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Television watching and other 
sedentary behaviors in relation to risk of obesity and type 2 diabetes mellitus in women. 
JAMA: The Journal of the American Medical Association2003;289(14):1785-91. 

Kressel G, Trunz B, Bub A, Hülsmann O, Wolters M, Lichtinghagen R, Stichtenoth DO, 
Hahn A. Systemic and vascular markers of inflammation in relation to metabolic 
syndrome and insulin resistance in adults with elevated atherosclerosis risk. 
Atherosclerosis2009;202(1):263-71. 

Boyle PJ. Diabetes Mellitus and Macrovascular Disease: Mechanisms and Mediators. 
The American Journal of Medicine2007;120(9, Supplement 2):S12-S7. 

Beckman JA, Creager MA, Libby P. Diabetes and atherosclerosis: Epidemiology, 
pathophysiology, and management. JAMA2002;287(19):2570-81. 

Dokken BB. The Pathophysiology of Cardiovascular Disease and Diabetes: Beyond 
Blood Pressure and Lipids. Diabetes Spectrum2008 July 1, 2008;21(3):160-5. 

Laing S, Swerdlow A, Slater S, Burden A, Morris A, Waugh N, Gatling W, Bingley P, 
Patterson C. Mortality from heart disease in a cohort of 23,000 patients with insulin-
treated diabetes. Diabetologia2003;46(6):760-5. 

Paterson AD, Rutledge BN, Cleary PA, Lachin JM, Crow RS. The Effect of Intensive 
Diabetes Treatment on Resting Heart Rate in Type 1 Diabetes. Diabetes Care2007 
August 2007;30(8):2107-12. 

Conway BN, May ME, Signorello LB, Blot WJ. Mortality Experience of a Low-Income 
Population With Young-Onset Diabetes. Diabetes Care2012 January 11, 2012. 

88 
 



   

Conway BN, May ME, Blot WJ. Mortality Among Low-Income African Americans and 
Whites With Diabetes. Diabetes Care2012 August 21, 2012. 

Lanting LC, Joung IMA, Mackenbach JP, Lamberts SWJ, Bootsma AH. Ethnic 
Differences in Mortality, End-Stage Complications, and Quality of Care Among Diabetic 
Patients: A review. Diabetes Care2005 September 1, 2005;28(9):2280-8. 

Gentile NT, Seftchick MW. Poor outcomes in Hispanic and African American patients 
after acute ischemic stroke: influence of diabetes and hyperglycemia. Ethn Dis2008 
Summer;18(3):330-5. 

Dagogo-Jack S. Ethnic disparities in type 2 diabetes: pathophysiology and implications 
for prevention and management. J Natl Med Assoc2003 Sep;95(9):774, 9-89. 

Signorello LB, Hargreaves MK, Steinwandel MD, Zheng W, Cai Q, Schlundt DG, 
Buchowski MS, Arnold CW, McLaughlin JK, Blot WJ. Southern community cohort study: 
establishing a cohort to investigate health disparities. J Natl Med Assoc2005;97(7):972-
9. 

Huizinga M, Elasy TA, Villegas R, Signorello LB, Blot W, Cavanaugh K. Validation of 
diabetes self-report and characteristics of undiagnosed diabetes in the Southern 
Community Cohort Study (Abstract). Proceedings of the 69th Annual Meeting of the 
American Diabetes Association; New Orleans, LA. Alexandria, VA: American Diabetes 
Association; 2009. p. p. A279. 

Signorello LB, Buchowski MS, Cai Q, Munro HM, Hargreaves MK, Blot WJ. Biochemical 
Validation of Food Frequency Questionnaire-Estimated Carotenoid, α-Tocopherol, and 
Folate Intakes Among African Americans and Non-Hispanic Whites in the Southern 
Community Cohort Study. American Journal of Epidemiology2010 February 15, 
2010;171(4):488-97. 

2011 Hospital Discharge Data System User Manual.  Hospital Discharge Data System 
User Manual. Nashville, TN: State of Tennessee Department of Health; 2011. 

Lipsky BA, Weigelt JA, Sun X, Johannes RS, Derby KG, Tabak YP. Developing and 
Validating a Risk Score for Lower-Extremity Amputation in Patients Hospitalized for a 
Diabetic Foot Infection. Diabetes Care2011 August 1, 2011;34(8):1695-700. 

Elley CR, Kenealy T, Robinson E, Drury PL. Glycated haemoglobin and cardiovascular 
outcomes in people with Type 2 diabetes: a large prospective cohort study. Diabetic 
Medicine2008;25(11):1295-301. 

Karter AJ, Ferrara A, Liu JY, Moffet HH, Ackerson LM, Selby JV. Ethnic Disparities in 
Diabetic Complications in an Insured Population. JAMA: The Journal of the American 
Medical Association2002 May 15, 2002;287(19):2519-27. 

Cano JF, Baena-Diez JM, Franch J, Vila J, Tello S, Sala J, Elosua R, Marrugat J, 
REGICOR obot, Investigators G. Long-Term Cardiovascular Risk in Type 2 Diabetic 

89 
 



   

Compared With Nondiabetic First Acute Myocardial Infarction Patients. Diabetes 
Care2010 September 1, 2010;33(9):2004-9. 

Huang ES, Liu JY, Moffet HH, John PM, Karter AJ. Glycemic Control, Complications, 
and Death in Older Diabetic Patients. Diabetes Care2011 June 1, 2011;34(6):1329-36. 

Xu L, Chan WM, Hui YF, Lam TH. Association between HbA1c and cardiovascular 
disease mortality in older Hong Kong Chinese with diabetes. Diabetic Medicine2011:no-
no. 

Lind M, Bounias I, Olsson M, Gudbjörnsdottir S, Svensson A-M, Rosengren A. 
Glycaemic control and incidence of heart failure in 20 985 patients with type 1 diabetes: 
an observational study. The Lancet2011;378(9786):140-6. 

Sowers JR. Obesity as a cardiovascular risk factor. The American Journal of 
Medicine2003;115(8, Supplement 1):37-41. 

Chang CF, Pope RA. Potentially Avoidable Hospitalizations in Tennessee: Analysis of 
Prevalence Disparities Associated with Gender, Race, and Insurance. Public Health 
Rep2009;124(1):127-37. 

Kiyota Y, Schneeweiss S, Glynn RJ, Cannuscio CC, Avorn J, Solomon DH. Accuracy of 
medicare claims-based diagnosis of acute myocardial infarction: estimating positive 
predictive value on the basis of review of hospital records. American Heart 
Journal2004;148(1):99-104. 

Varas-Lorenzo C, Castellsague J, Stang MR, Tomas L, Aguado J, Perez-Gutthann S. 
Positive predictive value of ICD-9 codes 410 and 411 in the identification of cases of 
acute coronary syndromes in the Saskatchewan Hospital automated database. 
Pharmacoepidemiology and Drug Safety2008;17(8):842-52. 

Tu K, Mitiku T, Guo H, Lee DS, Tu J. Myocardial infarction and the validation of 
physician billing and hospitalization data using electronic medical records. Chronic Dis 
Can2010;30(4):141-6. 

Saczynski JS, Andrade SE, Harrold LR, Tjia J, Cutrona SL, Dodd KS, Goldberg RJ, 
Gurwitz JH. A systematic review of validated methods for identifying heart failure using 
administrative data. Pharmacoepidemiology and Drug Safety2012;21:129-40. 

Andrade SE, Harrold LR, Tjia J, Cutrona SL, Saczynski JS, Dodd KS, Goldberg RJ, 
Gurwitz JH. A systematic review of validated methods for identifying cerebrovascular 
accident or transient ischemic attack using administrative data. Pharmacoepidemiology 
and Drug Safety2012;21:100-28. 

Newton KM, Wagner EH, Ramsey SD, McCulloch D, Evans R, Sandhu N, Davis C. The 
Use of Automated Data to Identify Complications and Comorbidities of Diabetes: A 
Validation Study. Journal of Clinical Epidemiology1999;52(3):199-207. 

90 
 



   

Goldstein LB. Accuracy of ICD-9-CM Coding for the Identification of Patients With Acute 
Ischemic Stroke : Effect of Modifier Codes. Stroke1998 August 1, 1998;29(8):1602-4. 

Lash TL, Silliman RA. A comparison of the National Death Index and Social Security 
Administration databases to ascertain vital status. Epidemiology2001 Mar;12(2):259-61. 

Curb JD, Ford CE, Pressel S, Palmer M, Babcock C, Hawkins CM. Ascertainment of 
vital status through the National Death Index and the Social Security Administration. Am 
J Epidemiol1985 May;121(5):754-66. 

Rich-Edwards JW, Corsano KA, Stampfer MJ. Test of the National Death Index and 
Equifax Nationwide Death Search. American Journal of Epidemiology1994 December 1, 
1994;140(11):1016-9. 

About the National Death Index.  Atlanta, GA: CDC/National Center for Health Statistics; 
2012 [cited 2012 July 2, 2012]; Available from: 
http://www.cdc.gov/nchs/data_access/ndi/about_ndi.htm. 

Mosca L, Barrett-Connor E, Kass Wenger N. Sex/Gender Differences in Cardiovascular 
Disease Prevention: What a Difference a Decade Makes. Circulation2011 November 8, 
2011;124(19):2145-54. 

Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socioeconomic status and health: 
how education, income, and occupation contribute to risk factors for cardiovascular 
disease. American Journal of Public Health1992 1992/06/01;82(6):816-20. 

Cambien F, Tiret L. Genetics of Cardiovascular Diseases: From Single Mutations to the 
Whole Genome. Circulation2007 October 9, 2007;116(15):1714-24. 

Appel SJ, Harrell JS, Deng S. Racial and Socioeconomic Differences in Risk Factors for 
Cardiovascular Disease Among Southern Rural Women. Nursing 
Research2002;51(3):140-7. 

Cooper R, Rotimi C. Hypertension in Blacks. American Journal of 
Hypertension1997;10(7):804-12. 

Cooper RS, Kaufman JS. Race and Hypertension. Hypertension1998 November 1, 
1998;32(5):813-6. 

Dominguez LJ, Galioto A, Pineo A, Ferlisi A, Ciaccio M, Putignano E, Belvedere M, 
Costanza G, Barbagallo M. Age, Homocysteine, and Oxidative Stress: Relation to 
Hypertension and Type 2 Diabetes Mellitus. Journal of the American College of 
Nutrition2010 February 1, 2010;29(1):1-6. 

Mainous AG, King DE, Garr DR, Pearson WS. Race, Rural Residence, and Control of 
Diabetes and Hypertension. The Annals of Family Medicine2004 November 1, 
2004;2(6):563-8. 

91 
 

http://www.cdc.gov/nchs/data_access/ndi/about_ndi.htm


   

Okosun IS, Chandra K, Choi S, Christman J, Dever GE, Prewitt T. Hypertension and 
type 2 diabetes comorbidity in adults in the United States: risk of overall and regional 
adiposity. Obesity Research2001;9(1):1-9. 

Glueck CJ, Gartside P, Laskarzewski PM, Khoury P, Tyroler HA. High-density 
lipoprotein cholesterol in blacks and whites: Potential ramifications for coronary heart 
disease. American Heart Journal1984;108(3, Part 2):815-26. 

Van der Kooy K, van Hout H, Marwijk H, Marten H, Stehouwer C, Beekman A. 
Depression and the risk for cardiovascular diseases: systematic review and meta 
analysis. International Journal of Geriatric Psychiatry2007;22(7):613-26. 

Laakso J, Mervaala E, Himberg J-J, Teräväinen T-L, Karppanen H, Vapaatalo H, 
Lapatto R. Increased Kidney Xanthine Oxidoreductase Activity in Salt-Induced 
Experimental Hypertension. Hypertension1998 November 1, 1998;32(5):902-6. 

Lipworth L, Mumma MT, Cavanaugh K, Edwards TL, Ikizler TA, Tarone RE, McLaughlin 
JK, Blot W. Incidence and predictors of end stage renal disease among low-income 
blacks and whites. PLoS ONE2012. 

Sowers JR, Ferdinand KC, Bakris GL, Douglas JG. Hypertension-related disease in 
African Americans. Factors underlying disparities in illness and its outcome. 
Postgraduate medicine2002;112(4):24-6, 9-30, 3-4 passim. 

Walker WG. Hypertension-related renal injury: a major contributor to end-stage renal 
disease. AJKD1993;22(1):164-73. 

Ylitalo KR, Sowers M, Heeringa S. Peripheral Vascular Disease and Peripheral 
Neuropathy in Individuals With Cardiometabolic Clustering and Obesity. Diabetes 
Care2011 July 1, 2011;34(7):1642-7. 

Black SA, Markides KS, Ray LA. Depression Predicts Increased Incidence of Adverse 
Health Outcomes in Older Mexican Americans With Type 2 Diabetes. Diabetes 
Care2003 October 1, 2003;26(10):2822-8. 

Blazer DG, Moody-Ayers S, Craft-Morgan J, Burchett B. Depression in diabetes and 
obesity: Racial/ethnic/gender issues in older adults. Journal of Psychosomatic 
Research2002;53(4):913-6. 

Cohen HW, Madhavan S, Alderman MH. History of Treatment for Depression: Risk 
Factor for Myocardial Infarction in Hypertensive Patients. Psychosomatic Medicine2001 
March 1, 2001;63(2):203-9. 

de Groot M, Anderson R, Freedland KE, Clouse RE, Lustman PJ. Association of 
Depression and Diabetes Complications: A Meta-Analysis. Psychosomatic 
Medicine2001 July/August 2001;63(4):619-30. 

92 
 



   

Egede LE, Nietert PJ, Zheng D. Depression and All-Cause and Coronary Heart Disease 
Mortality Among Adults With and Without Diabetes. Diabetes Care2005 June 1, 
2005;28(6):1339-45. 

Knox S, Barnes A, Kiefe C, Lewis C, Iribarren C, Matthews K, Wong N, Whooley M. 
History of depression, race, and cardiovascular risk in cardia. International Journal of 
Behavioral Medicine2006;13(1):44-50. 

Lin EHB, Rutter CM, Katon W, Heckbert SR, Ciechanowski P, Oliver MM, Ludman EJ, 
Young BA, Williams LH, McCulloch DK, Von Korff M. Depression and Advanced 
Complications of Diabetes: A prospective cohort study. Diabetes Care2010 February 1, 
2010;33(2):264-9. 

Parissis JT, Fountoulaki K, Filippatos G, Adamopoulos S, Paraskevaidis I, Kremastinos 
D. Depression in coronary artery disease: Novel pathophysiologic mechanisms and 
therapeutic implications. International Journal of Cardiology2007;116(2):153-60. 

Pratt LA, Ford DE, Crum RM, Armenian HK, Gallo JJ, Eaton WW. Depression, 
Psychotropic Medication, and Risk of Myocardial Infarction. Circulation1996 December 
15, 1996;94(12):3123-9. 

Simon GE, Katon WJ, Lin EHB, Ludman E, VonKorff M, Ciechanowski P, Young BA. 
Diabetes complications and depression as predictors of health service costs. General 
Hospital Psychiatry2005;27(5):344-51. 

Skarupski KA, Mendes de Leon CF, Bienias JL, Barnes LL, Everson-Rose SA, Wilson 
RS, Evans DA. Black–White Differences in Depressive Symptoms Among Older Adults 
Over Time. The Journals of Gerontology Series B: Psychological Sciences and Social 
Sciences2005 May 1, 2005;60(3):P136-P42. 

Steffens DC, Helms MJ, Krishnan KRR, Burke GL. Cerebrovascular Disease and 
Depression Symptoms in the Cardiovascular Health Study. Stroke1999 October 1, 
1999;30(10):2159-66. 

Williams DR, González, HM, Neighbors, H, et al. Prevalence and distribution of major 
depressive disorder in african americans, caribbean blacks, and non-hispanic whites: 
Results from the national survey of american life. Archives of General 
Psychiatry2007;64(3):305-15. 

Fowler MJ. Microvascular and Macrovascular Complications of Diabetes. Clinical 
Diabetes2008 April 1, 2008;26(2):77-82. 

Ma J, Yang W, Fang N, Zhu W, Wei M. The association between intensive glycemic 
control and vascular complications in type 2 diabetes mellitus: A meta-analysis. 
Nutrition, metabolism, and cardiovascular diseases : NMCD2009;19(9):596-603. 

93 
 



   

Fong DS, Aiello L, Gardner TW, King GL, Blankenship G, Cavallerano JD, Ferris FL, 
Klein R. Diabetic Retinopathy. Diabetes Care2003 January 1, 2003;26(suppl 1):s99-
s102. 

Harris EL, Sherman SH, Georgopoulos A. Black-white differences in risk of developing 
retinopathy among individuals with type 2 diabetes. Diabetes Care1999 May 1, 
1999;22(5):779-83. 

Harris MI, Klein R, Cowie CC, Rowland M, Byrd-Holt DD. Is the Risk of Diabetic 
Retinopathy Greater in Non-Hispanic Blacks and Mexican Americans Than in Non-
Hispanic Whites With Type 2 Diabetes?: A U.S. population study. Diabetes Care1998 
August 1, 1998;21(8):1230-5. 

Lanting LC, Joung IMA, Mackenbach JP, Lamberts SWJ, Bootsma AH. Ethnic 
Differences in Mortality, End-Stage Complications, and Quality of Care Among Diabetic 
Patients. Diabetes Care2005 September 1, 2005;28(9):2280-8. 

Rabb MF, Gagliano DA, Sweeney HE. Diabetic Retinopathy in Blacks. Diabetes 
Care1990 November 1, 1990;13(11):1202-6. 

Lavery LA, Van Houtum WH, Ashry HR, Armstrong DG, Pugh JA. Diabetes-Related 
Lower-Extremity Amputations Disproportionately Affect Blacks and Mexican Americans. 
Southern Medical Journal1999;92(6):593-9. 

Resnick HE, Valsania P, Phillips CL. Diabetes Mellitus and Nontraumatic Lower 
Extremity Amputation in Black and White Americans: The National Health and Nutrition 
Examination Survey Epidemiologic Follow-up Study, 1971-1992. Arch Intern Med1999 
November 8, 1999;159(20):2470-5. 

Fox CS, Sullivan L, D’Agostino RB, Wilson PWF. The Significant Effect of Diabetes 
Duration on Coronary Heart Disease Mortality: The Framingham Heart Study. Diabetes 
Care2004 March 1, 2004;27(3):704-8. 

Harris MI, Klein R, Welborn TA, Knuiman MW. Onset of NIDDM occurs at Least 4–7 yr 
Before Clinical Diagnosis. Diabetes Care1992 July 1, 1992;15(7):815-9. 

Heisler M, Faul JD, Hayward RA, Langa KM, Blaum C, Weir D. Mechanisms for Racial 
and Ethnic Disparities in Glycemic Control in Middle-aged and Older Americans in the 
Health and Retirement Study. Arch Intern Med2007 September 24, 2007;167(17):1853-
60. 

Bangstad H-J, Danne T, Deeb LC, Jarosz-Chobot P, Urakami T, Hanas R. Insulin 
treatment. Pediatric Diabetes2007;8(2):88-102. 

Control TD, Group CTR. The effect of intensive therapy of diabetes on the development 
and progression of long-term complications in insulin-dependent diabetes mellitus. New 
England Journal of Medicine1993;329:977 - 86. 

94 
 



   

Group UPDS. Intensive blood-glucose control with sulphonylureas or insulin compared 
with conventional treatment and risk of complications in patients with type 2 diabetes 
(UKPDS 33). Lancet1998;352:837 - 53. 

Madsbad S, McNair P, Christensen MS, Chrisensen C, Faber O, Binder C, Transbol I. 
Influence of smoking on insulin requirement and metabolic status in diabetes mellitus. 
Diabetes Care1980;3(1):41-3. 

Osborn C, Patel K, Liu J, Trott H, Buchowski M, Hargreaves M, Blot W, Cohen S, 
Schlundt D. Diabetes and Co-morbid Depression Among Racially Diverse, Low-Income 
Adults. Annals of Behavioral Medicine2011;41(3):300-9. 

Grambsch PM, Therneau TM. Proportional hazards tests and diagnostics based on 
weighted residuals. Biometrika1994 September 1, 1994;81(3):515-26. 

Kleinbaum DG, Klein M. Survival analysis: a self-learning text. Gail M, Krickeberg K, 
Samet J, Tsiatis A, Wong W, editors. New York, NY: Springer; 1996. 

Preis SR, Hwang S-J, Coady S, Pencina MJ, D'Agostino RB, Savage PJ, Levy D, Fox 
CS. Trends in All-Cause and Cardiovascular Disease Mortality Among Women and Men 
With and Without Diabetes Mellitus in the Framingham Heart Study, 1950 to 2005. 
Circulation2009 April 7, 2009;119(13):1728-35. 

Treatment of type 2 diabetes mellitus. Pharmacist's Letter/Prescriber's 
Letter2006;22(11):221103. 

Shah BR, Mamdani M, Jaakkimainen L, Hux JE. Risk modification for diabetic patients. 
Are other risk factors treated as diligently as glycemia? Can J Clin Pharmacol2004 
Fall;11(2):e239-44. 

Umpierre D, Ribeiro PB, Kramer CK, al. e. Physical activity advice only or structured 
exercise training and association with hba1c levels in type 2 diabetes: A systematic 
review and meta-analysis. JAMA: The Journal of the American Medical 
Association2011;305(17):1790-9. 

Boulé NG, Haddad E, Kenny GP, Wells GA, Sigal RJ. Effects of exercise on glycemic 
control and body mass in type 2 diabetes mellitus: A meta-analysis of controlled clinical 
trials. JAMA: The Journal of the American Medical Association2001;286(10):1218-27. 

Carlson SA, Fulton JE, Schoenborn CA, Loustalot F. Trend and prevalence estimates 
based on the 2008 Physical Activity Guidelines for Americans. Am J Prev Med2010 
Oct;39(4):305-13. 

Janevic MR, McLaughlin SJ, Connell CM. The association of diabetes complications 
with physical activity in a representative sample of older adults in the United States. 
Chronic Illn2013 May 23. 

95 
 



   

Kodama S, Tanaka S, Heianza Y, Fujihara K, Horikawa C, Shimano H, Saito K, 
Yamada N, Ohashi Y, Sone H. Association Between Physical Activity and Risk of All-
Cause Mortality and Cardiovascular Disease in Patients With Diabetes: A meta-
analysis. Diabetes Care2013 Feb;36(2):471-9. 

Booth GL, Kapral MK, Fung K, Tu JV. Relation between age and cardiovascular 
disease in men and women with diabetes compared with non-diabetic people: a 
population-based retrospective cohort study. The Lancet2006;368(9529):29-36. 

Roche MM, Wang PP. Sex Differences in All-Cause and Cardiovascular Mortality, 
Hospitalization for Individuals With and Without Diabetes, and Patients With Diabetes 
Diagnosed Early and Late. Diabetes Care2013 April 5, 2013. 

Spencer E, Pirie K, Stevens R, Beral V, Brown A, Liu B, Green J, Reeves G. Diabetes 
and modifiable risk factors for cardiovascular disease: the prospective Million Women 
Study. Eur J Epidemiol2008 2008/12/01;23(12):793-9. 

Veazie MA, Galloway JM, Matson-Koffman D, LaBarthe DR, Brownstein JN, Emr M, 
Bolton E, Freund Jr E, Fulwood R, Guyton-Krishnan J. Taking the Initiative 
Implementing the American Heart Association Guide for Improving Cardiovascular 
Health at the Community Level: Healthy People 2010 Heart Disease and Stroke 
Partnership Community Guideline Implementation and Best Practices Workgroup. 
Circulation2005;112(16):2538-54. 

Ahmed NU, Smith GL, Flores AM, Pamies RJ, Mason H, Woods KF, Stain SC. 
Racial/ethnic disparity and predictors of leisure-time physical activity among US men. 
Ethn Dis2005;15(1):40-52. 

Boslaugh SE, Luke DA, Brownson RC, Naleid KS, Kreuter MW. Perceptions of 
neighborhood environment for physical activity: Is it “who you are” or “where you live?”. 
Journal of Urban Health2004;81(4):671-81. 

Kruger J, Kohl III H, Miles I. Prevalence of regular physical activity among adults-United 
States, 2001 and 2005. Morbidity and Mortality Weekly Report2007;56(46):1209-12. 

Adabonyan I, Loustalot F, Kruger J, Carlson SA, Fulton JE. Prevalence of highly active 
adults--Behavioral Risk Factor Surveillance System, 2007. Prev Med2010 
Aug;51(2):139-43. 

Molnar B, Gortmaker S, Bull F, Buka S. Unsafe to play? Neighborhood disorder and 
lack of safety predict reduced physical activity among urban children and adolescents. 
American Journal of Health Promotion2004;18(5):378 - 86. 

Popkin BM, Duffey K, Gordon-Larsen P. Environmental influences on food choice, 
physical activity and energy balance. Physiology & behavior2005;86(5):603-13. 

96 
 



   

Cagney KA, Browning CR, Wen M. Racial disparities in self-rated health at older ages: 
what difference does the neighborhood make? The Journals of Gerontology Series B: 
Psychological Sciences and Social Sciences2005;60(4):S181-S90. 

Abercrombie LC, Sallis JF, Conway TL, Frank LD, Saelens BE, Chapman JE. Income 
and racial disparities in access to public parks and private recreation facilities. American 
journal of preventive medicine2008;34(1):9-15. 

Felton GM, Dowda M, Ward DS, Dishman RK, Trost SG, Saunders R, Pate RR. 
Differences in Physical Activity Between Black and White Girls Living in Rural and 
Urban Areas. Journal of School Health2002;72(6):250-5. 

Gordon-Larsen P, McMurray RG, Popkin BM. Adolescent physical activity and inactivity 
vary by ethnicity: The National Longitudinal Study of Adolescent Health. The Journal of 
Pediatrics1999;135(3):301-6. 

Buchowski MS, Cohen SS, Matthews CE, Schlundt DG, Signorello LB, Hargreaves MK, 
Blot WJ. Physical Activity and Obesity Gap Between Black and White Women in the 
Southeastern U.S. American journal of preventive medicine2010;39(2):140-7. 

Shiyovich A, Shlyakhover V, Katz A. Sitting and cardiovascular morbidity and mortality. 
Harefuah2013 Jan;152(1):43-8, 58, 7. 

Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, Khunti K, Yates 
T, Biddle SJ. Sedentary time in adults and the association with diabetes, cardiovascular 
disease and death: systematic review and meta-analysis. Diabetologia2012 
Nov;55(11):2895-905. 

Weinstein AR, Sesso HD, Lee IM, Rexrode KM, Cook NR, Manson JE, Buring JE, 
Gaziano JM. The joint effects of physical activity and body mass index on coronary 
heart disease risk in women. Arch Intern Med2008 Apr 28;168(8):884-90. 

Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, O'Brien WL, 
Bassett DR, Jr., Schmitz KH, Emplaincourt PO, Jacobs DR, Jr., Leon AS. Compendium 
of physical activities: an update of activity codes and MET intensities. Med Sci Sports 
Exerc2000 Sep;32(9 Suppl):S498-504. 

Cohen SS, Matthews CE, Bradshaw PT, Lipworth L, Buchowski MS, Signorello LB, Blot 
WJ. Sedentary behavior, physical activity, and breast cancer risk among black and 
white women  2013. 

Cohen SS, Matthews CE, Signorello LB, Schlundt DG, Blot WJ, Buchowski MS. 
Sedentary and Physically Active Behavior Patterns Among Low-Income African-
American and White Adults Living in the Southeastern United States. PLoS 
ONE2013;8(4):e59975. 

97 
 



   

Southern D, McLaren L, Hawe P, Knudtson M, Ghali W. Individual-level and 
neighbourhood-level income measures: Agreement and association with outcomes in a 
cardiac disease cohort. 2005. 

Pearson DC, Grothaus LC, Thompson RS, Wagner EH. Smokers and drinkers in a 
health maintenance organization population: lifestyles and health status. Prev Med1987 
Nov;16(6):783-95. 

Stahl T, Rutten A, Nutbeam D, Bauman A, Kannas L, Abel T, Luschen G, Rodriquez DJ, 
Vinck J, van der Zee J. The importance of the social environment for physically active 
lifestyle--results from an international study. Soc Sci Med2001 Jan;52(1):1-10. 

Hu FB, Sigal RJ, Rich-Edwards JW, Colditz GA, Solomon CG, Willett WC, Speizer FE, 
Manson J. Walking compared with vigorous physical activity and risk of type 2 diabetes 
in women. JAMA1999;282(15):1433-9. 

Jae SY, Heffernan K, Fernhall B, Choi YH. Cardiorespiratory fitness and carotid artery 
intima media thickness in men with type 2 diabetes. J Phys Act Health2012 
May;9(4):549-53. 

Matthews CE, Cohen SS, Han X, Xiao Q, Buchowski M, Fowke JH, Signorello LB, Blot 
WJ. Physical activity, sedentary behavior, and cause-specific mortality in black and 
white adults in the Southern Community Cohort Study. [Journal Article].Forthcoming 
2013. 

Flegal Km CMDOCLCLR. Prevalence and trends in obesity among us adults, 1999-
2008. JAMA2010;303(3):235-41. 

Klein R, Klein, B. K. Moss, S. E. Is obesity related to microvascular and macrovascular 
complications in diabetes?: The wisconsin epidemiologic study of diabetic retinopathy. 
Archives of Internal Medicine1997;157(6):650-6. 

Carnethon MR, De Chavez PD, Biggs ML, Lewis CE, Pankow JS, Bertoni AG, Golden 
SH, Liu K, Mukamal KJ, Campbell-Jenkins B, Dyer AR. ASsociation of weight status 
with mortality in adults with incident diabetes. JAMA: The Journal of the American 
Medical Association2012;308(6):581-90. 

174. Habbu A, Lakkis NM, Dokainish H. The obesity paradox: fact or fiction? Am J 
Cardiol2006 Oct 1;98(7):944-8. 

Chrysant SG, Chrysant GS. New insights into the true nature of the obesity paradox and 
the lower cardiovascular risk. Journal of the American Society of 
Hypertension2013;7(1):85-94. 

Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among 
us adults, 1999-2008. JAMA: The Journal of the American Medical 
Association2010;303(3):235-41. 

98 
 



   

Okosun IS, Dever GEA. Abdominal Obesity and Ethnic Differences in Diabetes 
Awareness, Treatment, and Glycemic Control. Obesity2002;10(12):1241-50. 

Wang Y, Beydoun MA. The Obesity Epidemic in the United States—Gender, Age, 
Socioeconomic, Racial/Ethnic, and Geographic Characteristics: A Systematic Review 
and Meta-Regression Analysis. Epidemiologic Reviews2007 January 1, 2007;29(1):6-
28. 

Vaughan CA, Sacco WP, Beckstead JW. Racial/ethnic differences in Body Mass Index: 
The roles of beliefs about thinness and dietary restriction. Body Image2008;5(3):291-8. 

Monda KL, Chen GK, Taylor KC, Palmer C, Edwards TL, Lange LA, Ng MC, Adeyemo 
AA, Allison MA, Bielak LF, Chen G, Graff M, Irvin MR, Rhie SK, Li G, Liu Y, Lu Y, Nalls 
MA, Sun YV, Wojczynski MK, Yanek LR, Aldrich MC, Ademola A, Amos CI, Bandera 
EV, Bock CH, Britton A, Broeckel U, Cai Q, Caporaso NE, Carlson CS, Carpten J, 
Casey G, Chen WM, Chen F, Chen YD, Chiang CW, Coetzee GA, Demerath E, 
Deming-Halverson SL, Driver RW, Dubbert P, Feitosa MF, Feng Y, Freedman BI, 
Gillanders EM, Gottesman O, Guo X, Haritunians T, Harris T, Harris CC, Hennis AJ, 
Hernandez DG, McNeill LH, Howard TD, Howard BV, Howard VJ, Johnson KC, Kang 
SJ, Keating BJ, Kolb S, Kuller LH, Kutlar A, Langefeld CD, Lettre G, Lohman K, Lotay 
V, Lyon H, Manson JE, Maixner W, Meng YA, Monroe KR, Morhason-Bello I, Murphy 
AB, Mychaleckyj JC, Nadukuru R, Nathanson KL, Nayak U, N'Diaye A, Nemesure B, 
Wu SY, Leske MC, Neslund-Dudas C, Neuhouser M, Nyante S, Ochs-Balcom H, 
Ogunniyi A, Ogundiran TO, Ojengbede O, Olopade OI, Palmer JR, Ruiz-Narvaez EA, 
Palmer ND, Press MF, Rampersaud E, Rasmussen-Torvik LJ, Rodriguez-Gil JL, Salako 
B, Schadt EE, Schwartz AG, Shriner DA, Siscovick D, Smith SB, Wassertheil-Smoller S, 
Speliotes EK, Spitz MR, Sucheston L, Taylor H, Tayo BO, Tucker MA, Van Den Berg 
DJ, Edwards DR, Wang Z, Wiencke JK, Winkler TW, Witte JS, Wrensch M, Wu X, Yang 
JJ, Levin AM, Young TR, Zakai NA, Cushman M, Zanetti KA, Zhao JH, Zhao W, Zheng 
Y, Zhou J, Ziegler RG, Zmuda JM, Fernandes JK, Gilkeson GS, Kamen DL, Hunt KJ, 
Spruill IJ, Ambrosone CB, Ambs S, Arnett DK, Atwood L, Becker DM, Berndt SI, 
Bernstein L, Blot WJ, Borecki IB, Bottinger EP, Bowden DW, Burke G, Chanock SJ, 
Cooper RS, Ding J, Duggan D, Evans MK, Fox C, Garvey WT, Bradfield JP, 
Hakonarson H, Grant SF, Hsing A, Chu L, Hu JJ, Huo D, Ingles SA, John EM, Jordan 
JM, Kabagambe EK, Kardia SL, Kittles RA, Goodman PJ, Klein EA, Kolonel LN, Le 
Marchand L, Liu S, McKnight B, Millikan RC, Mosley TH, Padhukasahasram B, Williams 
LK, Patel SR, Peters U, Pettaway CA, Peyser PA, Psaty BM, Redline S, Rotimi CN, 
Rybicki BA, Sale MM, Schreiner PJ, Signorello LB, Singleton AB, Stanford JL, Strom 
SS, Thun MJ, Vitolins M, Zheng W, Moore JH, Williams SM, Ketkar S, Zhu X, 
Zonderman AB, Kooperberg C, Papanicolaou GJ, Henderson BE, Reiner AP, 
Hirschhorn JN, Loos RJ, North KE, Haiman CA. A meta-analysis identifies new loci 
associated with body mass index in individuals of African ancestry. Nat Genet2013 Apr 
14. 

Richardson AS, North KE, Graff M, Young KM, Mohlke KL, Lange LA, Lange EM, Harris 
KM, Gordon-Larsen P. Moderate to vigorous physical activity interactions with genetic 

99 
 



   

variants and body mass index in a large US ethnically diverse cohort. Pediatric 
Obesity2014;9(2):e35-e46. 

Lakoski SG, Barlow CE, Farrell SW, Berry JD, Morrow JR, Haskell WL. Impact of Body 
Mass Index, Physical Activity, and Other Clinical Factors on Cardiorespiratory Fitness 
(from the Cooper Center Longitudinal Study). The American Journal of 
Cardiology2011;108(1):34-9. 

Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body mass index 
explains obesity-related health risk. The American Journal of Clinical Nutrition2004 
March 1, 2004;79(3):379-84. 

Whaley-Connell A, Sowers JR. Indices of Obesity and Cardiometabolic Risk. 
Hypertension2011 December 1, 2011;58(6):991-3. 

Koster A, Leitzmann MF, Schatzkin A, Mouw T, Adams KF, van Eijk JTM, Hollenbeck 
AR, Harris TB. Waist Circumference and Mortality. American Journal of 
Epidemiology2008 June 15, 2008;167(12):1465-75. 

Rowland ML. Self-reported weight and height. The American Journal of Clinical 
Nutrition1990 December 1, 1990;52(6):1125-33. 

Gorber SC, Tremblay M, Moher D, Gorber B. A comparison of direct vs. self-report 
measures for assessing height, weight and body mass index: a systematic review. 
obesity reviews2007;8(4):307-26. 

Church TS, Cheng YJ, Earnest CP, Barlow CE, Gibbons LW, Priest EL, Blair SN. 
Exercise Capacity and Body Composition as Predictors of Mortality Among Men With 
Diabetes. Diabetes Care2004 January 1, 2004;27(1):83-8. 

de Fine Olivarius N, Siersma V, Nielsen A, Hansen L, Rosenvinge L, Mogensen C. 
Predictors of mortality of patients newly diagnosed with clinical type 2 diabetes: a 5-year 
follow up study. BMC Endocrine Disorders2010;10(1):14. 

Ford ES, DeStefano F. Risk Factors for Mortality from All Causes and from Coronary 
Heart Disease among Persons with Diabetes: Findings from the National Health and 
Nutrition Examination Survey I Epidemiologic Follow-up Study. American Journal of 
Epidemiology1991 June 15, 1991;133(12):1220-30. 

Smith TC, Wingard DL, Smith B, Kritz-Silverstein D, Barrett-Connor E. Walking 
decreased risk of cardiovascular disease mortality in older adults with diabetes. Journal 
of Clinical Epidemiology2007;60(3):309-17. 

Sone H, Tanaka S, Suzuki S, Seino H, Hanyu O, Sato A, Toyonaga T, Okita K, 
Ishibashi S, Kodama S, Akanuma Y, Yamada N. Leisure-time physical activity is a 
significant predictor of stroke and total mortality in Japanese patients with type 2 
diabetes: analysis from the Japan Diabetes Complications Study (JDCS). 
Diabetologia2013 2013/05/01;56(5):1021-30. 

100 
 



   

The Effect of Intensive Treatment of Diabetes on the Development and Progression of 
Long-Term Complications in Insulin-Dependent Diabetes Mellitus. New England Journal 
of Medicine1993;329(14):977-86. 

ntensive blood-glucose control with sulphonylureas or insulin compared with 
conventional treatment and risk of complications in patients with type 2 diabetes 
(UKPDS 33). The Lancet1998;352(9131):837-53. 

De Feyter HM, Praet SF, van den Broek NM, Kuipers H, Stehouwer CD, Nicolay K, 
Prompers JJ, van Loon LJ. Exercise training improves glycemic control in long-standing 
insulin-treated type 2 diabetic patients. Diabetes Care2007 Oct;30(10):2511-3. 

McCollister KE, Zheng DD, Fernandez CA, Lee DJ, Lam BL, Arheart KL, Galor A, 
Ocasio M, Muennig P. Racial Disparities in Quality-Adjusted Life-Years Associated With 
Diabetes and Visual Impairment. Diabetes Care2012 August 1, 2012;35(8):1692-4. 

Cowie CC, Rust KF, Byrd-Holt DD, Gregg EW, Ford ES, Geiss LS, Bainbridge KE, 
Fradkin JE. Prevalence of Diabetes and High Risk for Diabetes Using A1C Criteria in 
the U.S. Population in 1988–2006. Diabetes Care2010 March 1, 2010;33(3):562-8. 

Egede LE, Gebregziabher M, Hunt KJ, Axon RN, Echols C, Gilbert GE, Mauldin PD. 
Regional, Geographic, and Racial/Ethnic Variation in Glycemic Control in a National 
Sample of Veterans With Diabetes. Diabetes Care2011 April 1, 2011;34(4):938-43. 

Fontaine KR, Redden DT, Wang C, Westfall AO, Allison DB. Years of Life Lost Due to 
Obesity. JAMA: The Journal of the American Medical Association2003 January 8, 
2003;289(2):187-93. 

Twombly JG, Long Q, Zhu M, Wilson PWF, Narayan KMV, Fraser L-A, Webber BC, 
Phillips LS. Diabetes Care in Black and White Veterans in the Southeastern U.S. 
Diabetes Care2010 May 1, 2010;33(5):958-63. 

 

101 
 



   

APPENDIX A 

Directed Acyclic Graphs (DAGs) 

(1.1) Race-CVD Association 

 

 

Selected for inclusion in the adjusted models 

  

102 
 



   

(1.2) Physical Activity and CVD Association 

 

Selected for inclusion in the adjusted models 
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APPENDIX B 

Southern Community Cohort Study Physical Activity Questionnaire (PAQ) 
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APPENDIX C  
Previous Literature Related to Physical Activity, CVD, CVD Mortality, and All-Cause Mortality  

among Subjects with Diabetes 
 

Author(s), 
Year 

Outcomes 
Measure(s) 

Physical 
Activity 
Measure 

Cohort Sample 
Size 

Major Findings/Comments** 

Church, 2005 CVD 

mortality 

CR Fitness Aerobics Center 

Longitudinal Study 

(ACLS) 

2,316 Low fitness level was associated with increased risk 

of CVD mortality within normal weight, overweight, 

and obese weight categories. 

Church, 2004 ACM CR Fitness Aerobics Center 

Longitudinal Study 

(ACLS) 

2,196 There was a steep inverse gradient between fitness 

and mortality in this cohort of men with documented 

diabetes, and this association was independent of 

BMI. 

de Fine 

Olivarius, 

2010 

ACM; CVD 

mortality 

Self-reported 

Leisure Time 

Physical 

Activity 

Diabetes Care in General 

Practice Study 

1,323 Sedentary people were 60% more likely to die than 

active persons with diabetes.  Approximately the 

same HRs for CVD mortality. 

Ford, 1991 ACM; CVD 

mortality 

Self-reported 

leisure-time 

physical 

inactivity 

NHANES I 602 Non-leisure-time physical inactivity was associated 

with all-cause mortality. The strength of the 

associations between risk factors and all-cause and 

coronary heart disease mortality did not differ 

significantly among persons with and 

without diabetes. 
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Gaziano, 

2005 

ACM Self-reported 

Frequency of 

Vigorous 

Exercise 

Physicians’ Health Study 2,838 Exercise is associated with a significant reduction in 

overall mortality among male diabetic physicians 

without a history of MI, stroke, or cancer. The 

association is linear with increasing relative risk 

reduction through to the highest exercise category. 

Hu, 2004 ACM; CVD 

mortality 

Self-reported 

total physical 

activity 

Finnish Population 3,316 Moderate or high levels of physical activity reduce 

total and CVD mortality among patients with type 2 

diabetes. Not only leisure-time physical activity but 

also occupational and commuting physical activities 

are important components of a healthy lifestyle among 

patients with diabetes. 

Hu, 2001 CVD events; 

CVD 

mortality 

Self-reported 

total physical 

activity 

(including 

walking) 

Nurses’ Health Study 5,125 Among diabetic women, increased physical activity, 

including regular walking, is associated with 

substantially reduced risk for cardiovascular events. 

Iijima, 2012 CVD events Self-reported 

physical 

activity 

Japanese Elderly 

Diabetic Intervention Trial 

(J-EDIT) 

938 Lower physical activity is a strong and independent 

predictor of all CVD events in the elderly with type 2 

diabetes beyond traditional risk factors. 

Janevic, 2013 CVD events Self-reported 

physical 

activity 

US Health and 

Retirement Study 

1,811 Adults with diabetes with complications of the eyes, 

kidneys, or nerves and those with heart disease are 

less likely to meet physical activity guidelines 

compared to those without these complications. 

Kokkinos, 

2009 

ACM CR Fitness Veterans Exercise 

Testing Study (VETS) 

3,148 Exercise capacity is a strong predictor of all-cause 

mortality in African American and Caucasian men with 

type 2 diabetes. The exercise capacity-related 
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reduction in mortality appears to be stronger and 

more graded for Caucasians than for African 

Americans. 

Nothlings, 

2010 

ACM Self-reported 

physical 

activity 

European Prospective 

Investigation into Cancer 

and Nutrition (EPIC) – 

Potsdam Study 

1,263 No significant difference in mortality risk in active 

compared to inactive persons  

Nylen, 2013 ACM CR Fitness Veterans Exercise 

Testing Study (VETS) 

2,867 Augmented exercise capacity is associated with lower 

risk of mortality in people with type 2 diabetes aged 

50 to 65 as well as in those older than 65.  

Sluik, 2012 ACM; CVD 

mortality 

Self-reported 

physical 

activity 

European Prospective 

Investigation into Cancer 

and Nutrition (EPIC) 

5,859 Higher levels of physical activity were associated with 

lower mortality risk in individuals with diabetes. Even 

those undertaking moderate amounts of activity were 

at appreciably lower risk for early death compared 

with inactive persons. Compared with physically 

inactive persons, the lowest mortality risk was 

observed in moderately active persons 

Sone, 2013 ACM; CVD 

events 

Self-reported 

physical 

activity 

Japan Diabetes 

Complications Study 

(JDCS) 

1,702 In Japanese persons with type 2 diabetes, LTPA of 

15.4 MET h/week or more was associated with a 

significantly lower risk of stroke partly through 

ameliorating combinations of cardiovascular risk 

factors.  

Spencer, 

2008 

CVD events Self-reported 

physical 

activity 

Million Women Study – 

UK 

25, 915 Incidence of CVD in women with diabetes 4.5 (active) 

and 5 (inactive) per 100 women aged 50-69 over 5 

years.   

Tanasescu, ACM; CVD Self-reported Health Professionals’ 3,058 Physical activity was associated with reduced risk of 
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2003 events physical 

activity 

Follow-up Study (HPFS) CVD, cardiovascular death, and total mortality in men 

with type 2 diabetes. Walking and walking pace were 

associated with reduced total mortality. 

Trichopoulou, 

2006 

ACM Self-reported 

physical 

activity 

European Prospective 

Investigation into Cancer 

and Nutrition (EPIC) – 

Greek study 

1,013 Physical activity was strongly inversely associated 

with mortality. 

Wei, 2000 ACM CR Fitness Aerobics Center 

Longitudinal Study 

(ACLS) 

1,263 Low cardiorespiratory fitness and physical inactivity 

are independent predictors of all-cause mortality in 

men with type 2 diabetes.  

*ACM = all-cause mortality, CR = cardiorespiratory, CVD = cardiovascular disease 
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