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Investigators in the Chicago Healthy Aging Study (CHAS) reexamined 1,395 surviving participants aged 65–84

years (28% women) from the Chicago Heart Association Detection Project in Industry (CHA) 1967–1973 cohort

whose cardiovascular disease (CVD) risk profiles were originally ascertained at ages 25–44 years. CHAS investi-

gators reexamined 421 participants who were low-risk (LR) at baseline and 974 participants who were non-LR at

baseline. LR was defined as having favorable levels of 4 major CVD risk factors: serum total cholesterol level

<200 mg/dL and no use of cholesterol-lowering medication; blood pressure <120/≤80 mm Hg and no use of anti-

hypertensive medication; no current smoking; and no history of diabetes or heart attack. While the potential of LR

status in overcoming the CVD epidemic is being recognized, the long-term association of LR with objectively mea-

sured health in older age has not been examined. It is hypothesized that persons who were LR in 1967–1973 and

have survived to older age will have less clinical and subclinical CVD, lower levels of inflammatory markers, and

better physical performance/functioning and sleep quality. Here we describe the rationale, objectives, design, and

implementation of this longitudinal epidemiologic study, compare baseline and follow-up characteristics of partici-

pants and nonparticipants, and highlight the feasibility of reexamining study participants after an extended period

postbaseline with minimal interim contact.

cardiovascular disease; epidemiologic studies; follow-up examination; risk factors

Abbreviations: CARDIA, Coronary Artery Risk Development in Young Adults; CHA, Chicago Heart Association Detection Project

in Industry; CHAS, Chicago Healthy Aging Study; CMS, Centers for Medicare and Medicaid Services; CVD, cardiovascular

disease; ECG, electrocardiogram; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; LR,
low-risk; MESA, Multi-Ethnic Study of Atherosclerosis; NHANES, National Health and Nutrition Examination Survey.

While clinical cardiovascular disease (CVD) does not
usually manifest until later in life, substantial evidence sug-
gests that cardiovascular health is defined beginning at a
young age. Persons with favorable levels of all major CVD
risk factors (i.e., at low cardiovascular risk) in young adult-
hood and middle age experience markedly lower age-
specific CVD and total mortality and have increased life
expectancy, lower morbidity, lower health-care costs, a
higher self-reported quality of life, and—as suggested by
preliminary data—less extensive subclinical coronary ath-
erosclerosis at older ages compared with others (1–6).

Despite increasing recognition of the critical importance
of the low-risk concept in combating the CVD epidemic (7),

to date there has been a dearth of large-scale studies on the
association of low-risk status in younger age with objec-
tively measured long-term consequences, including both
clinical CVD and maintenance of favorable overall health in
older age (i.e., freedom in older age from subclinical CVD,
inflammatory markers of CVD risk, and impaired physical
performance and functioning). Moreover, sleep quality and
quantity have been linked with cardiovascular health, and
conversely, poor health status may increase the prevalence
of sleep disorders; however, the long-term association of
low-risk status with sleep quality has not been examined. To
address these gaps, investigators in the Chicago Healthy
Aging Study (CHAS) reexamined a sample of participants
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from the Chicago Heart Association Detection Project in
Industry (CHA) who underwent clinical examination in
1967–1973. The hypotheses of CHAS are that persons who
are low-risk at baseline experience less clinical and subclini-
cal CVD, lower levels of inflammatory markers, higher
levels of physical performance, and better sleep quality in
older age than other persons.
In this paper, we describe the rationale, objectives, design,

and implementation of CHAS. It is anticipated that these
data can inform strategies for achieving critical national
health goals by documenting long-term objectively measured
benefits of progressive sustained increases in the proportion
of the population at low risk. In addition, this study highlights
the feasibility of (and addresses potential issues in) reexamin-
ing research participants after an extended period postbaseline
with minimal interim contact. This would allow cost-effective
use of existing cohorts in obtaining data relevant for strate-
gies to address the burgeoning chronic disease burden of the
aging US population. Finally, in this paper we compare
baseline characteristics of study participants and nonpartici-
pants at reexamination and describe the characteristics of
low-risk (LR) and non-LR participants at the baseline and
follow-up examinations.

MATERIALS ANDMETHODS

Study objectives

The CHAS study aimed to generate objectively measured
data on long-term consequences of LR status in young adult-
hood/early middle age for both men and women, across
socioeconomic strata and ethnic groups. LR was defined as
having favorable levels of all 4 major CVD risk factors:
serum total cholesterol level <200 mg/dL and no use of cho-
lesterol-lowering medication; blood pressure ≤120/≤80 mm
Hg and no use of antihypertensive medication; no current
smoking; and no history of diabetes or myocardial infarc-
tion.

CHA study: design and methods

Details on the design and methods of the original CHA
study have been published elsewhere (8, 9). Briefly, the base-
line CHA examination (1967–1973) was a cross-sectional
survey of 39,522 young adult, middle-aged, and older men
and women (mainly non-Hispanic white, about 10% African-
American, and with small numbers of Asians, Hispanics,
and others) employed at 84 cooperating companies and or-
ganizations in the Chicago, Illinois, area. All employees in
the labor force at participating companies, totaling approxi-
mately 75,000 people, were invited to participate regardless
of job classification; arrangements were made so that per-
sons from every shift could be screened. Information was
collected on demographic characteristics, smoking history,
and medical treatments. Height, weight, serum total choles-
terol, and supine blood pressure were measured by trained
personnel, and resting electrocardiograms (ECGs) were
administered.
Through 1979, the vital status of participants was

assessed using multiple methods, including routine serial

mailings to people at their last known address, submission
of the data file to the Social Security Administration, mail-
ings to employers, telephone inquiries, and neighborhood
contacts. Since 1979, vital status has been ascertained by
information obtained from the National Death Index and
Equifax, Inc. (Atlanta, Georgia). With these methods,
through 2003 only 86 persons (0.23% of all CHA partici-
pants) had never been traced beyond baseline.

CHAS study design and recruitment

The current study, CHAS, was a reexamination conducted
in 2007–2010 of a sample of 1,395 surviving CHA partici-
pants (ages 65–84 years at reexamination; 28% women; 421
originally LR and 974 originally non-LR) with CVD risk
profiles ascertained at ages 25–44 years, who were free of
major ECG abnormalities or myocardial infarction at base-
line (1967–1973). Baseline LR participants were over-
sampled (compared with their proportion in the CHA
cohort, i.e., 10%) to obtain adequate numbers for between-
group comparisons. The sample consisted primarily of non-
Hispanic white Americans; approximately 9% were African
Americans and approximately 3% were Asian or Hispanic
Americans, reflecting the composition of the original cohort.
Updated addresses of CHA participants were obtained

from the Centers for Medicare and Medicaid Services
(CMS), based on submitted names and Social Security
numbers. Surviving participants who would have been aged
65–84 years in 2007–2010 and were presumed to be alive
based on the last received vital status information from
National Death Index and CMS records were identified
(n = 12,910). Based on power calculations, originally a
recruitment target of 600 LR participants and 900 non-LR
participants was set. A letter from CMS was first mailed to
participants informing them of the upcoming study; it speci-
fied that their decision to participate was entirely optional
and would not affect their Medicare benefits. The CMS
database does not include telephone numbers; however,
many participants had provided updated phone numbers on
previous mailed questionnaires. Participant names and
updated addresses supplied by CMS were also submitted to
www.555-1212.com, a commercial Internet-based service
that provides listed telephone numbers and change-of-
address information from public files updated daily from
telephone company records.
Using a computerized tracking system, recruiters gener-

ated randomly selected lists of potential participants to be
contacted. Batches of names were selected to maintain a
balance by risk status, sex, 5-year age group, and listed/
unlisted telephone number; for this purpose, 3 matching
non-LR participants were randomly identified for each LR
participant selected. To keep study costs low, participants
still residing in Chicago were targeted for recruitment first;
later, recruitment was expanded to include participants
outside the Greater Chicago area. Of 12,910 participants
identified, 1,002 were found to be deceased (through
returned mail and updated CMS address files received in
2009). In all, recruitment letters were mailed to 59.5%
(n = 7,090) of the remaining 11,908 potential participants
through the end of the study period; recruitment efforts were
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to be stopped when the target for non-LR participants was
achieved or the list of potentially available LR participants
was exhausted (Figure 1). Although the target number of LR
participants could not be achieved, preliminary data analyses
showed that the number of participants recruited was suffi-
cient to demonstrate significant differences in key outcomes
between LR and non-LR participants (data not shown).

Persons with listed telephone numbers were mailed an
introductory letter and brochure from the CHAS principal
investigators describing the study and notifying them that

they would receive a call from Northwestern University
(Chicago, Illinois) staff in the next few days. Participants
with unlisted telephone numbers were sent a letter providing
more details and asking them to complete a response card or
call the recruitment center at the toll-free phone number pro-
vided (answered by recruitment staff during business hours
and by an answering machine at other times). A second
letter followed if no response was received within 2 weeks.
Letters returned with a forwarding address were remailed
to the new address. Letters returned without a forwarding

Figure 1. Recruitment for follow-up of participants in the Chicago Heart Association Detection Project in Industry (CHA) who were either low-risk
(LR) or not low-risk (non-LR) for cardiovascular disease in 1967–1973, Chicago Healthy Aging Study (CHAS), 2007–2010. CMS, Centers for
Medicare and Medicaid Services; NDI, National Death Index.
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address were manually checked using websites such as
www.555-1212.com, www.privateeye.com, and www.
whitepages.com to locate a valid mailing address or phone
number. When updated contact information was found,
letters were remailed.
Trained recruiters attempted to reach participants by tele-

phone up to 15 times over a 2-week period, calling in the
evenings and on weekends if necessary. Using predeter-
mined scripts, recruiters described the study, reminded peo-
ple of their involvement in the original study, and solicited
participation in the follow-up examination. Uninterested par-
ticipants were requested to complete a brief questionnaire on
interim health status, disease events, and reasons for their
lack of interest. Only a few participants provided reasons for
nonparticipation, which included poor health and mobility
or transportation issues. Interested participants were sched-
uled for a clinic examination. Of 2,799 participants who
were successfully contacted by telephone or mail (55.8% and
35.3% of LR and non-LR individuals to whom recruitment
letters were mailed, respectively), 1,395 (49.8%; 51.8% and
49.0% of LR and non-LR individuals, respectively) agreed
to participate and attended the clinic examination (Figure 1).
After verification of their current address, a confirmation letter
with information, a map and directions, and self-administered
questionnaires were mailed to participants with instructions
to bring completed questionnaires to the examination. Staff
members were available both by phone and in the clinic for
assistance in completing questionnaires. Recruiters called
participants the day before their scheduled visit to remind
them to bring all completed forms and medications and to
begin fasting 12 hours prior to their appointment.
In addition, ancillary studies involving sleep and mag-

netic resonance angiography were conducted. Questionnaire
data and clinical measurements obtained in the main study
and ancillary study measurements obtained for all partici-
pants are described below. These studies were approved by
the institutional review board of Northwestern University.

Mailed questionnaires

The questionnaires, which were mailed to participants in
advance and reviewed for clarity and completeness by staff
during the examination, are described in Table 1. They
included: 1) the Medical Outcomes Study 36-item Short
Form Health Survey, for assessment of functional health
status (10, 11); 2) the Index of ADL (as defined by Katz and
Akpom (12)) and the Lawton IADL Scale, to determine
self-care capacity and skills for independent living (13);
3) the National Institutes of Health Dietary History Ques-
tionnaire (14); 4) a medical history questionnaire; and 5) a
personal history questionnaire designed to collect informa-
tion on lifestyle risk factors. Additional questionnaires that
were part of an ancillary study and were administered to all
participants included: 1) the Pittsburgh Sleep Quality Index,
for assessment of sleep habits, insomnia, and use of hyp-
notic medications (15); 2) the Epworth Sleepiness Scale, a
measure of a person’s general level of daytime sleep propen-
sity (16, 17); and 3) the Berlin Questionnaire, for identifica-
tion of adults likely to have sleep apnea (18).

Examination components

Risk/lifestyle factors and objective performance-based
measures of functional capacity, subclinical atherosclerosis,
cardiac function, and sleep are described in Web Table 1,
available at http://aje.oxfordjournals.org/. Examinations,
including a 15-minute snack period and multidetector row
helical computed tomography, took approximately 4 hours;
coronary magnetic resonance imaging, performed on eligi-
ble participants at a time convenient to them, lasted 1 hour.
Participants (and optionally their physicians) were sent a
detailed report approximately 1 month after their visit.
Demographic data were updated and confirmed to verify

information obtained in 1967–1973 and to obtain information
on any interim changes. Health interviewers reviewed all pre-
scription and nonprescription medications brought by partici-
pants and recorded the names and dosages of all medications
taken. Medications were later coded into broad groups.
Height, weight, and waist circumference were measured using
protocols and equipment adapted from the Multi-Ethnic
Study of Atherosclerosis (MESA) and the Coronary Artery
Risk Development in Young Adults (CARDIA) Study (19,
20). All measurements were obtained with participants
wearing light clothing and no shoes. Neck circumference was
measured in a standardized manner horizontally above the cri-
cothyroid cartilage (21). Three seated blood pressure measure-
ments were obtained according to the CARDIA protocol.
During the initial part of the visit, approximately 40 mL

of blood were drawn from an anticubital vein and analyzed
for fasting glucose, lipids, high-sensitivity C-reactive protein,
and white blood cell count. Participants received a snack
immediately after blood drawing. Approximately 15 mL of
blood was stored for future studies.
A standard 12-lead ECGwas performed with the participant

in a supine or semirecumbent position. Tracings were electron-
ically transmitted to the ECG Reading Center at Wake Forest
University (Winston-Salem, North Carolina) and read using
criteria for diagnostic classification from theUniversity ofMin-
nesota ECG Coding Center (Minneapolis, Minnesota) (22).
Protocols developed for MESAwere used to determine ankle-
brachial index, calculated as the ratio of Doppler-recorded
systolic pressures in the lower and upper extremities (19).
The repeated chair-rise test was used to measure exercise

tolerance, leg strength, and balance; the timed 4-m walk was
used to measure walking velocity (23–26). Lower-extremity
balance and strength were tested using tandem stands, that is,
3 increasingly difficult standing positions held for 10 seconds
each (25, 26). Based on the participant’s performance on the
above tests, a summary performance score (the Short Physical
Performance Battery) was calculated for assessment of lower
extremity function (24, 26). Performance on each of these
tasks was scored from 0 to 4; zero indicated inability to com-
plete the task, and scores of 1–4 were based on normative data
from over 5,000 community-dwelling men and women from
the Established Populations for Epidemiologic Studies of the
Elderly. Individual scores were summed to obtain the total
score, ranging from 0 (worst) to 12 (best) (24, 26). Additional
physical performance measures obtained were the 6-minute
walk (a validated test of walking endurance) (27, 28) and grip
strength.
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Coronary computed tomography was done on all eligible
participants. Persons who weighed over 350 pounds (159
kg) or who had undergone computed tomographic scanning
or radiation therapy in the previous year were ineligible. The
following additional measures were obtained from all partic-
ipants as part of an ancillary study. Carotid intima-media
thickness was measured to assess the degree of atherosclero-
sis in different arteries, using protocols similar to those in
the CARDIA Study (29). Eligible participants also under-
went coronary magnetic resonance imaging. Participants with
a history of myocardial infarction, coronary heart disease, or
atrial fibrillation; those who had undergone coronary artery
stenting or bypass surgery; those with a permanent pace-
maker or cardioverter-defibrillator; and those with claustro-
phobia, ferromagnetic implants, or excessive abdominal girth
were excluded. The Mini-Mental State Examination was
used to screen for cognitive impairment, and the Digit Sym-
bol Substitution Test was used to determine cognitive func-
tioning and to measure sustained attention, response speed,

and visual-motor coordination (30). The Center for Epidemi-
ologic Studies Depression Scale (31) and the State-Trait
Anxiety Inventory questionnaire (32) were used to assess
mood and anxiety, respectively. The Perceived Stress Scale
was used to determine levels of stress during the previous
month (33). Finally, participants were provided with a wrist
actigraphy monitor to wear for 7 consecutive days, to deter-
mine duration and timing of major sleep periods and naps,
phases of the rest/activity cycle, amplitude of rest/activity
rhythm, and activity levels during the day and during sleep.
Participants were also asked to maintain a daily sleep and
activity log for those 7 days using the Karolinska Sleep
Diary (34).

Ascertainment of comorbid conditions

Self-reported medical history will be verified and supple-
mented using Medicare claims data from the CMS (cross-
referenced by Social Security number, sex, and birth date)

Table 1. Questionnaires Mailed to Chicago Heart Association Detection Project in Industry Participants for the

Follow-up Examination, Chicago Healthy Aging Study, 2007–2010

Questionnaire
Estimated Time Needed

for Completion,
minutes

Description

SF-36 15 36-item questionnaire that assesses 8 health domains:
physical functioning, role limitations due to physical health
problems, bodily pain, general health, vitality (energy/
fatigue), social functioning, role limitations due to emotional
problems, and mental health (psychological distress and
psychological well-being)

ADL and IADL 5 ADL: 6 basic functions—bathing, dressing, toileting, transfer,
continence, and feeding. IADL: homemaking skills
necessary for independent living, including housework,
meal preparation, taking medications, managing money,
shopping, and telephone use

NIH Dietary History
Questionnaire

60 Food frequency questionnaire assessing frequency of
consumption of 124 common food items during the previous
year; includes questions on both portion size and dietary
supplements

Medical history 10 Questions on current and previous medical problems and
treatments, hospitalizations, and outpatient visits, including
occurrence and treatment of cardiovascular disease
(angina, congestive heart failure, prior myocardial infarction,
coronary occlusion, coronary thrombosis, stroke, transient
ischemic attack), hypertension, hypercholesterolemia,
diabetes mellitus, cancer (type and location), chronic lung
disease, arthritis, hearing and visual impairments, other
medical problems, and operations

Personal history 10 Questions on lifestyle risk factors, including current and past
smoking status, coffee and alcohol consumption, and level
of physical activity and exercise

Pittsburgh Sleep
Quality Indexa

21-item questionnaire on individual sleep habits (bedtime,
morning rising time, sleep-onset latency, and night sleep
duration), insomnia, and use of hypnotic medications over a
1-month time interval

Epworth Sleepiness
Scalea

Questions on the likelihood of dozing off or falling asleep in 8
different sedentary situations

Berlin
Questionnairea

Questions on snoring, daytime sleepiness or fatigue, and
presence of obesity or hypertension

Abbreviations: ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; NIH, National Institutes

of Health; SF-36, 36-item Short Form Health Survey.
a Additional questionnaire mailed to all participants as part of an ancillary study on sleep.
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and current medications brought to the clinic by participants.
CMS data contain 100% of the claims submitted to Medi-
care for covered health-care services. Records include—for
each medical service billed to Medicare—date(s) of service,
total charges and reimbursements, procedure codes, Diagnosis-
Related Group code, the primary diagnosis, and up to 9
other diagnoses coded according to the International Classi-
fication of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM). CMS data files were obtained for the CHA
cohort for the years 1984–2002, and additional CMS data
for 2003–2010 have now been acquired. Final verification of
self-reported medical conditions will be performed by com-
paring self-reports with primary and other diagnoses speci-
fied by ICD-9-CM discharge codes.

Quality assurance and control

Data collection procedures were standardized prior to the
start of the study and maintained throughout the data collec-
tion period. Initial and ongoing training of study personnel
was conducted. A “trial run” was conducted on 10 persons
to identify and resolve potential complexities in data collec-
tion and clinic examination flow. Protocols were continually
monitored and periodically reviewed; deviations were docu-
mented and corrected. Repeat measurements of a random
subsample of participants were built into the schedule for
ongoing assessment of intra- and interobserver variation. To
monitor and evaluate laboratory technical error, a 5%–10%
random, blinded sample of blood specimens was reanalyzed.
A blood pool was established at the beginning, and speci-
mens from the pool were periodically re-sent to detect possi-
ble laboratory drift. Similar protocols were used to monitor
inter- and intrareader variation for ECG, ankle-brachial
index, and coronary computed tomography measurements
and to assess comparability between readings over time.

Statistical analyses

All analyses were conducted separately for LR and non-
LR participants. Baseline characteristics were compared
between participants and nonparticipants (i.e., those to
whom recruitment letters were mailed but who either could
not be contacted by telephone or explicitly refused participa-
tion) to assess the presence of any follow-up bias. Baseline
and follow-up characteristics of participants were also exam-
ined by sex and baseline risk status, to assess changes in risk
status over 39 years and identify risk factors responsible for
loss of LR status. Differences between groups were tested
using χ2 tests for categorical variables and F tests for contin-
uous variables. Analyses were conducted using SAS soft-
ware, version 9.2 (SAS Institute Inc., Cary, North Carolina).

RESULTS

LR participants and nonparticipants differed significantly
in terms of racial background (P = 0.0003) and educational
attainment (P < 0.0001) (Table 2). For example, a higher
proportion of LR participants versus LR nonparticipants
were white (89.8% vs. 81.5%) and had attained a college
degree or more (55.8% vs. 35.8%). Mean baseline body

mass index, serum cholesterol, and systolic and diastolic
blood pressure levels did not differ between LR participants
and LR nonparticipants. Similarly, non-LR participants and
non-LR nonparticipants differed significantly in terms of
racial background and educational attainment, as well as
smoking status (P < 0.0001 for all) (Table 3). For example,
compared with non-LR nonparticipants, a higher proportion
of non-LR participants were white (87.5% vs. 80.6%) and
had a college degree or more (50.1% vs. 26.7%), and a
lower proportion were current smokers at baseline (34.3%
vs. 49.8%). Mean baseline body mass index, systolic and
diastolic blood pressure, and serum cholesterol levels and
the baseline prevalence of diabetes did not differ signifi-
cantly between non-LR participants and nonparticipants
(P’s = 0.06–0.99).
Among the 421 participants who were LR in 1967–1973,

only 10.5% of men and 9.3% of women remained LR at
follow-up. Hypertension and hypercholesterolemia were the
most common reasons for loss of LR status: 54.5% and
60.4% of baseline LR men and women had hypertension at
reexamination, and 51.4% and 51.2%, respectively, had
hypercholesterolemia at reexamination. In addition, 14.0%
of LR men and 7.9% of LR women developed diabetes.
Among baseline non-LR participants, prevalences of hyper-
tension, hypercholesterolemia, and diabetes increased over
39 years of follow-up for both men and women. However, a
much lower proportion of non-LR men and women
remained current smokers after 39 years of follow-up (data
not shown).

DISCUSSION

Current trends of population aging, increasing life expec-
tancy, and an accompanying rise in chronic disease condi-
tions have made it increasingly important to address not
only morbidity but also disability and the impaired quality
of life that can accompany aging even in the absence of clin-
ical disease. The ideal outcome would be increased years of
survival free of disability and disease, a concept described
by the compression-of-morbidity hypothesis, which pro-
poses that while life span has its limits, the age of onset of
morbidity can be postponed, reducing the number of years
of disability and disease to a brief period before death (35,
36). Alternately, some contend that increased life expec-
tancy leads to growing numbers of frail, disabled, and insti-
tutionalized older persons with poor quality of life and
increased health-care costs (37–39). However, older persons
with favorable levels of CVD risk factors during young
adulthood or middle age have been shown to have greater
longevity, markedly lower age-specific CVD and total mor-
tality, and less morbidity, substantially lower health-care
costs, and a better health-related quality of life (1–5). Find-
ings from CHAS can add relevant information on key possi-
ble objectively measured long-term consequences of LR
status in young adulthood, including a potentially lower
long-term risk of subclinical atherosclerotic disease, more
favorable levels of CVD-related inflammatory markers, and
more favorable objectively measured physical performance,
physical functioning, and sleep in older men and women of
varied socioeconomic and ethnic backgrounds.
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Moreover, this study relates to the feasibility of addressing
new research questions by in-person reexaminations of sur-
viving aging participants in existing cohorts after an
extended period postbaseline with minimal interim contact
(in this case, through sporadic mailed surveys); that is, it
extends previously reported findings on the feasibility of
conducting mailed follow-up surveys of participants after
decades of little or no contact (40). Approximately half of
the original CHA participants successfully contacted agreed
to participate in this follow-up reexamination, conducted 4
decades after baseline. However, successful contact rates
were substantially higher for LR individuals than for non-

LR individuals, and participation rates among those success-
fully contacted were also somewhat higher among LR indi-
viduals. Among both LR and non-LR individuals, those
who agreed to participate had higher educational levels than
nonparticipants. However, this is unlikely to have biased
findings, since our experience with both risk groups was
similar. Among non-LR individuals, a significantly higher
proportion of nonparticipants had been current smokers at
baseline (1967–1973); thus, their lower participation may
have resulted from poorer current health status; this could
have biased results towards the null. CHA participants with
1 or more adverse CVD risk factors (i.e., non-LR) at

Table 2. Baseline (1967–1973) Characteristics of Baseline Low-Risk Participantsa as Compared With Low-Risk

Nonparticipants, Chicago Healthy Aging Study, 2007–2010

Characteristic

LR Participants
(n = 421)

LR Nonparticipantsb

(n = 1037) P Valuec

% Mean (SD) % Mean (SD)

Age, years 32.6 (4.9) 32.9 (5.7) 0.29

Sex <0.0001

Men 61.1 43.0

Women 39.0 57.0

Race 0.0003

White 89.8 81.5

African-American 6.9 10.6

Other 3.3 7.9

Years of education 15.0 (2.4) 13.8 (2.6) <0.0001

Educational attainment <0.0001

Less than high school 3.8 10.1

High school graduation 22.1 33.5

Some college 18.3 20.6

College degree or higher 55.8 35.8

Cigarette smoking status 0.49

Never smoker 60.6 62.5

Former smoker 39.4 37.5

Current smoker 0 0

No. of cigarettes per dayd 0 0 0

Blood pressure, mm Hge

Systolic pressure 114.5 (6.1) 114.8 (6.1) 0.46

Diastolic pressure 69.7 (7.3) 69.9 (7.6) 0.66

Cholesterol level, mg/dL 167.3 (20.1) 169.2 (19.5) 0.12

Body mass indexf 23.9 (3.3) 23.6 (3.3) 0.06

Diabetes 0 0

Abbreviations: CHA, Chicago Heart Association Detection Project in Industry; CHAS, Chicago Healthy Aging

Study; LR, low-risk; SD, standard deviation.
a CHA participants who were at low risk of cardiovascular disease at baseline.
b All surviving LR CHA participants aged 65–84 years in 2007–2010 who were mailed a letter but did not

participate in CHAS (n = 1,458 LR participants to whom letters were mailed minus 421 examined).
c Differences between CHAS participants and nonparticipants were tested with F tests for continuous variables

and χ2 tests for categorical variables.
d LR participants were by definition not current smokers; thus, the number of cigarettes per day was zero.
e Includes persons using antihypertensive medication.
f Body mass index was calculated as weight in kilograms divided by the square of height in meters.
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baseline have been shown to have poorer physical function-
ing, greater role limitations due to physical health status, and
a higher self-reported prevalence of CVD and other chronic
conditions in older age compared with those who were LR
(3). Moreover, Galea and Tracy (41) reported higher rates of
morbidity and poorer health status among nonparticipants
compared with study participants. In a report from the Car-
diovascular Health Study, among adults aged ≥65 years,
Tell et al. (42) found that, compared with participants, a
higher proportion of nonparticipants (for whom self-
reported information on health was available) perceived
their health status as fair/poor and reported limitations in

performing activities of daily living or instrumental activi-
ties of daily living.
Our follow-up participation rates were lower than those

reported in studies such as the Framingham Heart Study and
the Honolulu Heart Program, which followed participants for
similar lengths of time but conducted regular follow-up exam-
inations and thus had more frequent participant contact (43,
44). Interim follow-up of CHA participants was largely con-
ducted without face-to-face contact, which may have affected
retention rates (45). On the other hand, due to minimal interim
participant contact, the health of CHAS participants is
unlikely to have been modified by participation in a research

Table 3. Baseline (1967–1973) Characteristics of Baseline Non-Low-Riska Participants as Compared With Non-

Low-Risk Nonparticipants, Chicago Healthy Aging Study, 2007–2010

Characteristic

Non-LR Participants
(n = 974)

Non-LR Nonparticipantsb

(n = 4,658) P Valuec

% Mean (SD) % Mean (SD)

Age, years 32.9 (4.5) 32.9 (5.1) 0.93

Sex <0.0001

Men 76.8 62.5

Women 23.2 37.4

Race <0.0001

White 87.5 80.6

African-American 10.4 14.3

Other 2.2 5.1

Education, years 14.7 (2.3) 13.3 (2.5) <0.0001

Educational attainment <0.0001

Less than high school 4.3 14.7

High school graduation 23.1 39.4

Some college 22.5 19.2

College degree or higher 50.1 26.7

Cigarette smoking status <0.0001

Never smoker 38.8 29.1

Former smoker 26.9 21.1

Current smoker 34.3 49.8

No. of cigarettes per dayd 6.8 (11.3) 9.8 (12.3) <0.0001

Blood pressure, mm Hge

Systolic pressure 132.6 (14.6) 133.2 (15.4) 0.23

Diastolic pressure 77.9 (9.7) 78.6 (10.3) 0.06

Cholesterol level, mg/dL 196.3 (37.1) 196.3 (35.0) 0.99

Body mass indexf 25.3 (3.4) 25.5 (4.1) 0.21

Diabetes 1.0 1.2 0.72

Abbreviations: CHA, Chicago Heart Association Detection Project in Industry; CHAS, Chicago Healthy Aging

Study; LR, low-risk; SD, standard deviation.
a CHA participants who were not at low risk of cardiovascular disease at baseline.
b All surviving non-LR CHA participants aged 65–84 years in 2007–2010 who were mailed a letter but did not

participate in CHAS (n = 5,632 non-LR participants to whom letters were mailed minus 974 examined).
c Differences between CHAS participants and nonparticipants were tested with F tests for continuous variables

and χ2 tests for categorical variables.
d Smokers only.
e Includes persons using antihypertensive medication.
f Body mass index was calculated as weight in kilograms divided by the square of height in meters.
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study; thus, findings from CHAS are both representative of
the natural history of disease and widely generalizable.
Issues faced by CHAS investigators included difficulties in
tracing the original CHA study participants despite the avail-
ability of addresses from CMS, an unwillingness of frail/ill
participants to attend clinic examinations, and the fact that
many participants could not recollect participating in the
baseline examination almost 4 decades previously. Addi-
tionally, the participation rate would certainly have been
higher if funds had been available to conduct in-home exam-
inations, as has been the case in other studies (44). However,
our experience demonstrates that existing cohorts with rich
baseline data can be cost-effectively used to examine objec-
tive long-term outcomes—a strategy that is particularly rele-
vant given the shrinking national research budget.

The need for such research is underscored by the limited
success to date in counteracting the CVD epidemic as well
as other chronic diseases, such as Alzheimer’s disease,
which become more prevalent with age. In recent years,
there have been disturbing trends showing that mortality
declines in the United States have slowed and that gains in
life expectancy have lagged behind those in other developed
countries (46). Unfortunately, despite earlier declines in
national prevalence of most major CVD risk factors, LR
status remains rare in the US population. A report based on
National Health and Nutrition Examination Survey
(NHANES) data showed that while the prevalence of LR
status increased from 4.4% in 1971–1975 (NHANES I) to
10.5% in 1988–1994 (NHANES III), by 1999–2004 LR
prevalence had decreased to 7.5% (47).

The crucial need to promote LR status in order to over-
come the CVD epidemic has been recognized by a new
developmental goal in Healthy People 2020—to increase
overall cardiovascular health in the US population (48)—
and by new American Heart Association metrics for optimal
cardiovascular health based on maintaining favorable levels
of all major risk factors and lifestyle factors, through nutri-
tional hygienic means without the need for pharmacological
intervention whenever possible (7). These recent guidelines
highlight the continued relevance of the LR concept. If these
goals are to be realized, the presently uncommon LR profile
needs to become the population norm, underscoring the rele-
vance of strategic priorities for research to expand knowl-
edge on the benefits of LR status. We anticipate that CHAS
findings—by documenting lasting, pervasive benefits of LR
status—will provide an impetus for the development of com-
prehensive public health policy and health reform and will
effectively motivate people to adopt and maintain healthy
lifestyles starting early in life.
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