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Abstract

Although it is widely thought that childhood levels of cardiovascular (CV) risk factors are related
to adult CV disease, longitudinal data directly linking the two are lacking. This paper describes the
design and organization of the International Childhood Cardiovascular Cohort Consortium
Outcomes Study (i3C Outcomes), the first longitudinal cohort study designed to locate adults with
detailed, repeated, childhood biological, physical, and socioeconomic measurements and a
harmonized database. 13C Outcomes uses a Heart Health Survey (HHS) to obtain information on
adult CV endpoints, using mail, email, telephone, and clinic visits in the United States (U.S.) and a
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national health database in Finland. Microsoft Access, REsearch Data Capture (REDCap) (U.S.),
LimeSurvey (Australia), and Medidata Rave data systems are used to collect, transfer and organize
data. Self-reported CV events are adjudicated via hospital and doctor-released medical records.
After the first two study years, participants (N=10,968) were more likely to be female (56% vs.
48%), non-Hispanic white (90% vs. 80%), and older (10.4 + 3.8 years vs. 9.4 + 3.3 years) at their
initial childhood study visit than the currently non-recruited cohort members. Over 48% of cohort
members seen during both adulthood and childhood have been found and recruited, to date, vs. 5%
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of those not seen since childhood. Self-reported prevalences were 0.7% Type 1 Diabetes, 7.5%
Type 2 Diabetes, 33% hypertension, and 12.8% CV event. 32% of CV events were judged to be
true. 13C Outcomes is uniquely able to establish evidence-based guidelines for child health care
and to clarify relations to adult CV disease.

Keywords

Longitudinal cardiovascular risk study; Childhood cardiovascular risk factors; Adult
Cardiovascular disease; Collaborative cohort study; Heart health survey

1. Introduction

It is generally accepted that cardiovascular (CV) and metabolic disease risk factors in
childhood are related to development of adult CV disease [1-9]. While the main focus has
been on obesity, other childhood CV risk factors, such as lipids and blood pressure (BP)
(10-16), in addition to increases in body mass index (BMI) (17,18) have been shown to be
significantly related to adult risk factor levels.

Although children virtually never suffer the adverse CV events experienced by adults, the
importance of exposure to CV risk factors during childhood and early adulthood is
emphasized by post-mortem examinations in the Bogalusa Heart Study (19) and the
Pathobiologic Determinants of Atherosclerosis in Youth Study (20). These studies found that
ante-mortem levels of CV risk factors in individuals dying during their teenage years are
directly associated with the degree of atherosclerosis found in their arteries. Moreover, the
Muscatine Study, the Bogalusa Heart Study and the Cardiovascular Risk in Young Finns
Study have shown that exposure to CV risk factors in childhood is related to increased
carotid artery intima media thickness (cIMT) and coronary artery calcification (21-25) in
adulthood.

Despite evidence that CV risk factors track through childhood into early adulthood and that
CV risk factors in youth are associated with early subclinical disease, there are no
longitudinal data linking CV risk factors in childhood to adult CV disease outcomes. This is
due, in part, to 1) a lack of childhood cohorts large enough or with adequate numbers of
longitudinal observations of CV risk factors (beyond BMI) to assess an effect on adult CV
endpoints; and 2) a lack of evidence-based childhood definitions for elevated levels of CV
risk factors (26-31).

The National Heart, Lung and Blood Institute (NHLBI) Pediatric CV Risk Reduction
Initiative (26) noted that the lack of longitudinal studies linking CV risk factor levels in
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childhood to CV endpoints in adulthood is a major clinical research gap that needs to be
spanned. To that end, the International Childhood Cardiovascular Cohort (i3C) Consortium,
consisting of seven major U.S. and international longitudinal studies, was formed in 2009 to
close that research gap (32). Each of these studies was a primary contributor to development
of the earliest standards for CV risk factors in children and provided early evidence for
tracking of CV risk factors from childhood to young adulthood.

The purpose of this paper is to describe the design, organizational structure, data systems
and management of the National Institutes of Health (NIH) funded i3C Outcomes Study, the
first longitudinal cohort study designed to locate large numbers of adults with detailed
biological, physical, and socioeconomic measurements obtained in childhood and with a
longitudinally focused harmonized data base. This study has significant potential for
clarifying the relation between childhood levels of CV risk factors and development of adult
CV disease, with an acknowledged public health goal of establishing evidence-based
preventive guidelines that can be introduced during childhood.

2. Methods

2.1. The I3C Consortium Cohorts

The seven cohorts participating in this Outcomes Study previously have been described in
detail (32); a brief description follows, and a summary of the cohorts with respect to study
design and follow-up is shown in Table 1.

2.1.1. The Bogalusa Heart Study—The Bogalusa Heart Study (BHS) began in 1973,
with nine subsequent cross-sectional screenings of children aged 3 to 18 years and
participation rates of 80 to 93%. An additional 11 cross-sectional screenings at ages 19-62
years were conducted, with participation rates of 72 to 93%. Linking the 20 surveys provides
39,647 observations on 11,961 cohort members. In the most recent contact 1,298 of a sub-
sample of recruited participants was examined between 2013-2016.

2.1.2. Minneapolis Childhood Cohort Studies—The Minneapolis Childhood Cohort
Studies (MPLS) consist of three separate cohorts (ages 6-19 years), all randomly sampled
after school screenings. The Prevention of High BP in Children study (PHBPC) was initiated
in 1977-78 with BP screening of 10,423 6-8 year olds. A cohort of 1,207 was selected for
long-term evaluation, with stratification for age and race. They were seen twice yearly
through grade school, once yearly through high school, and at ages 19, 24. At age 40 81% of
a limited group of 872 individuals with children were found for a comprehensive
anthropometric and metabolic screening.

The Sodium Potassium BP trial (NaKs) was initiated in 1985-86. After BP screening of
19,452 11-14 year olds, 283, stratified by BP, were entered into a sodium-potassium clinical
trial and seen four times/year for three years. At age 26 years 174 of 278 (63%) participated
in an anthropometric and metabolic screening.

The Obesity/Insulin Resistance study (INS) began in 1995. After school screening of 12,000
10-14 year olds, a cohort of 586, consisting of randomly recruited students and their
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siblings, had repeated measures of detailed CV risk factors and insulin clamp studies. In a
study conducted between 2004-2008 466 of 817 (57%) completed an anthropometric and
metabolic screening.

2.1.3. The Muscatine Study—The Muscatine Study (MUSC) was initiated in 1970 in the
schools of Muscatine, lowa. Approximately 70% of the eligible school population (11,377
students, 5-18 years at baseline) had data collected over the following 12 years. During
1982-91, a representative subset of 2,547 (age 20-39) was re-examined, and a subsample of
those (n=906) was followed longitudinally between 1992-08. A representative subset
(N=594) of the childhood cohort was recruited in 1999-2001 for an examination, and a
follow-up examination of this subset was conducted in 2007-2008 with 82% participation.

2.1.4. The NHLBI Growth and Health Study—The NHLBI Growth and Health Study
(NGHS) was started in 1987 as a longitudinal fixed-cohort study of girls (9-10 years at
baseline and followed annually for 10 years to age 19) at three clinical centers (Richmond,
CA, Cincinnati, OH, and Washington, DC). Only the Cincinnati center (N=870) is
participating in this i3C Outcomes study. Yearly examinations were conducted between ages
19-24, and there were two visits between ages 25-29. The last in-person examination was
conducted between 2003-2006, with recruitment of 535 participants, 70% of those eligible.

2.1.5. The Princeton Lipid Research Clinics Follow-up Study—The Princeton
Lipid Research Clinics Follow-up Study (PLRS) began in 1973 as part of the NHLBI Lipid
Research Clinics (LRC) Prevalence Study with enrollment of 6,775 6-19 year old children
from the Princeton City School District (Cincinnati, OH). A random subset of 2,324 were
selected for two childhood visits, and a family-based subset of those were seen between
1998-03 and participated in a heath-status questionnaire in 2010-12. The last in-person
examination was conducted between 1998-2001 on 911 participants, 70% of those eligible
for recruitment.

2.1.6. The Childhood Determinants of Adult Health Study—The Childhood
Determinants of Adult Health (CDAH) Study started in 1985 with recruitment across
Australia of 8,498 school children aged 7-15. Technical tests and blood samples were
collected on 9, 12, and 15 year olds. A follow-up field clinic was conducted in 2004-06 at
ages 26-36, and in 2009-10 a questionnaire-based assessment of health status was obtained.
CDAH is currently attempting to examine all participants previously seen during young
adulthood (N=4,947) and expects to see 1800 (36.4%).

2.1.7 The Cardiovascular Risk in Young Finns Study—The Cardiovascular Risk in
Young Finns Study (YFS) is a population-based multicenter study in Finland and the largest
European CV risk factor follow-up study from childhood to adulthood. Participants aged 3—
18 years (N=3,596) were recruited in 1980, and this cohort has been followed-up every 3-6
years. The most recent in-person examination was in 2011 with participation of 2,041
individuals (62% of the 3,318 invited).

Members of these seven cohorts were enrolled at ages 3-19 in the 1970s and 1980s and at
the midpoint of the current study (January 1, 2017) they were 32—65 years old, the age when
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CV events begin to significantly increase (33). Figure 1 shows the frequency and ages of
repeat visits by cohort.

3. Study Design

The Specific Aims and Hypotheses for the Outcomes Study are as follows:

Specific Aim 1

To locate the childhood participants of five NIH-funded longitudinal studies in the U.S.
(BHS, MUSC, PFS, MPLS, and NGHS) and two international studies (YFS and CDAH) in
order to: 1) identify incident CV endpoints using self-reported morbidity validated by
adjudication of medical records; and 2) identify decedents using the National Death Index
and adjudicate cause of death for deceased participants.

Specific Aim 2

To evaluate relationships between childhood CV risk factors and adult CV endpoints.

Hypothesis 1—Adverse childhood/adolescent (age 3—19) CV risk factor levels (BMI,
lipids [total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides], BP) are
related to increased incidence of CV endpoints in adulthood.

Hypothesis 2—A CV risk score weighting childhood/adolescent risk factors (BMI, lipids,
BP, age, sex and race/ethnicity) is a stronger predictor of adult CV endpoints than any
individual risk factor.

Hypothesis 3—The relationship of individual risk factors or CV risk score with adult CV
endpoints becomes stronger with increasing age from childhood (age 3-11) to adolescence
(age 11-19).

Specific Aim 3

To evaluate the association of CV risk score trajectories on adult CV endpoints.

Hypothesis 4—Trajectories in the CV risk score from childhood (age 3-11) through
adolescence (age 11-19) (i.e., high-high, high-low, low-high, low-low) are better predictors
of adult CV endpoints than risk scores in either childhood (age 3-11) or adolescence (age
11-19) alone.

Hypothesis 5—Extension of trajectories in the CV risk score from childhood/adolescence
(age 3-19) through adulthood (age>25) increases prediction of adult CV endpoints beyond
the childhood/adolescence (age 3-19) risk scores or trajectories alone.

The i3C Outcomes Study is using a Heart Health Survey (HHS) developed by the i3C
investigators to obtain information on adult CV endpoints (coronary heart disease,
myocardial infarction, angina pectoris, heart failure, peripheral artery disease, stroke,
transient ischemic attack, and abdominal aortic aneurysm); diagnostic tests for
cardiovascular disease; related and other diseases (e.g., diabetes, hypertension, cancer);
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smoking; and use of pharmacologic agents. Initial contact is made by mail, email and/or
telephone in the five United States cohorts, additionally by contact at a local dedicated clinic
in the BHS, and by data obtained from the Finland national medical data base in the YFS
study. The HHS is completed on paper forms returned to the respective cohort clinics or on-
line by cohort members, or completed on-line by study coordinators during telephone
interviews, except for YFS. Self-reports of CV endpoints identified during completion of the
HHS forms are confirmed by review of medical records and expert adjudication.

This study was approved by the Institutional Review Boards (IRB) at each of the seven
cohort sites. IRB approval was given to waive documentation of consent, and consent was
obtained verbally over the phone. Coordinators explained the study to the participants using
standardized language, addressed participant questions, and verified the participant’s
willingness to participate prior to conducting the Heart Health Survey.

4. Data Collection

The Outcomes Study includes two Data Centers. The Finland data center, housed at the
Research Centre of Applied and Preventive Cardiovascular Medicine at the University of
Turku, Finland, has had the primary responsibility for organizing and harmonizing historical
data beginning with the initial collaboration of the i3C Consortium cohorts. It will continue
to be the primary center for current and future harmonized data.

The Cincinnati data center, housed at Cincinnati Children’s Hospital Medical Center
(CCHMC) has responsibility for: 1) designing, implementing and maintaining data systems
for collection of data related to current contact information, the HHS and adjudication; 2)
ensuring quality control of data; 3) developing and implementing procedures for database
lock and creation of analysis datasets; and 4) providing monitoring reports on progress of
the study to the Outcomes Study Executive Committee.

Personally identifiable data, with the exception of birthdate and exam dates, are retained at
each study site. Data on the recruitment progress and from the HHS are entered at each site
either directly into the main study database or uploaded monthly to an Outcomes Study
specific SharePoint site at CCHMC. The data are then incorporated into the main study
database at the Cincinnati Data Center to ensure uniform and timely data cleaning and
monitoring. After ensuring completeness and cleaning of HHS data, including sending
queries to the sites for clarification about missing or questionable data, the data are placed in
a data analysis file for merger with the harmonized database in Finland.

5. Data Systems

A Microsoft Access database is used to track recruitment status of participants and the
acquisition of consent forms and death certificates. The database is constructed to maintain
confidentiality of personal health information (PHI). All contact data from existing cohort
databases were uploaded into the tracking system at the beginning of the study and are
updated during the recruitment process. Tracking data are downloaded monthly by the sites
to Excel spreadsheets and sent to the Cincinnati Data Center for quality control check and
production of monitoring reports for the Executive Committee.
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REsearch Data Capture (REDCap) (United States) and LimeSurvey (Australia) databases are

used for completion of the HHS questionnaires by participant self-administration and/or
direct entry of data by an interviewer during a telephone conversations with cohort members.
Data from REDCap and LimeSurvey are downloaded on a monthly basis and sent to the
Cincinnati Data Center, using a program designed to maintain confidentiality of PHI.

Medidata™ Rave is used for central (at CCHMC) organization and storage of data collected
on the HHS forms, with scheduled incremental and full backups. Data either are entered by
site personnel directly into the Rave system after collection on paper forms or are entered
into REDCap or LimeSurvey by participants or by site interviewers during telephone
interviews and forwarded to the Cincinnati data center for uploading into RAVE.

6. Recruitment Plan

6.1. Participant Contact

The initial contact with a participant is made via a mailed packet, including a letter
introducing the study and linking it to their prior participation, an explanation of participant
rights related to Institutional Review Board and HIPAA regulations, a contact update form,
and a stamped, self-addressed envelope. The letter also offers the participant an opportunity
to respond by email or by completion of a web-based (REDCap in the U.S. and LimeSurvey
in Australia) contact update form. If no response is received after the initial mailing,
attempts are made to reach the participant by repeated mailings, phone calls or email. The
primary goal of the contact is completion of the Heart Health Survey (HHS) detailing CV
diseases, related conditions (e.g., diabetes, hypertension), smoking history, and past and
current medication use.

6.2. Data Collection in Finland

Medical data for Finnish individuals are available in a national medical database that
includes information on all hospital discharges, outpatient visits, and surgical procedures.
These data are linked to the existing YFS database by using a national social security
number. Thus, data from childhood through adult life, are available without the need to
locate and recruit participants. Finnish authorities update the data for hospital discharge and
outpatient diagnoses annually. The data (ICD codes) include all diagnoses and procedures
for each of the original 3,596 YFS participants during their life-course while they remain in
Finland.

6.3. Search for Deceased Cohort Members

Active searches for deceased cohort members and causes of death are planned for all
cohorts. In the U.S. searches will be conducted via the U.S. National Death Index (NDI), a
database of all deaths in the U.S. since 1979. The NDI provides information on date,
location and cause of death, matched by combinations of name, social security number,
birthdate and other identifiable information submitted by the individual sites. Decedents’
death certificates will be obtained, and an attempt will be made to locate medical records
and/or contact close relatives to confirm the cause and circumstances of death.
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The YFS study has access to the Finnish NDI to search for deceased participants and cause
of death.

The CDAH study has linked their cohort database with the Australia NDI on two previous
occasions, most recently in 2012, and further linkage is planned.

6.4. Adjudication of CV Events

All CV events self-reported on the HHS will be adjudicated including fatal or non-fatal
coronary heart disease, myocardial infarction, peripheral artery disease, stroke, aneurysm,
angina pectoris, transient ischemic attack, and heart failure; we recognize the latter three
may be more subjective and difficult to diagnose. Verification for all events will require
review of hospital records. Heart failure due to non-CV disease (e.g., cardiomyopathy,
cocaine use) will be excluded. All-cause and cause-specific non-CV mortality (based on
ICD codes) will be secondary outcomes.

A signed consent is required from each participant reporting a CV event in order to request
hospital or physician office records needed to confirm the event. We have found the hospital
discharge data in the Finnish national registry to be highly accurate, based on adjudication of
medical records from a randomly selected group of Finnish participants in which the
adjudicated CV result matched the data obtained from the registry.

The adjudication staff includes two cardiologists, two stroke neurologists and one non-
specialist with significant experience adjudicating outcomes for epidemiologic studies, with
all adjudicators, except Dr. Prineas, at the Cincinnati site. Adjudications are being conducted
with the adjudicators randomly selected and blinded to subject ID and site, using an acrostic
generated by the sites. Two adjudicators are assigned per event to review the available
medical records and determine whether the self-reported event meets the definition of a
study outcome. Discrepancies between adjudicators are resolved through discussion and
consensus.

A centralized medical records adjudication portal was designed to enable blinded
adjudication of medical records and supporting documentation to determine the validity of
self-reported CV outcomes for the study. Sites are required to redact medical records of any
PHI or site-specific information (e.g., hospital name or city) and develop a novel acrostic for
the participant which, unlike the study 1D, does not include an indication of which site
submitted the record. The sites are not involved in assessing the adjudication.

To estimate the expected number of true CV endpoints, we used data from the CARDIA
study (34), which has followed a population-based sample of 18-30 year olds for over 30
years, identifying and adjudicating CV events and using a definitional framework similar to
the framework in the current study. Using observed CARDIA age-specific adjudicated event
rates (age 35 0.29%; age 40 1.06%; age 45 1.99%; and age 50 3.46%, and interpolated for
intermediate ages), we project 665 adjudicated fatal/non-fatal CV events (Table 2).
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7. Statistical Methods

For this paper statistical analyses were performed to describe the data obtained from the
original cohorts, with data presented as mean + SD or percent among all cohort members
ever seen in the cohorts and in those who have been successfully recruited into the
Outcomes study, as of December 31, 2016. The difference between first measurement of
childhood variables in those who have been successfully recruited so far vs those in the full
dataset not yet recruited were tested using 2 sample t-tests. We defined recruitment success
as the number of people who have so far completed the HHS divided by the humber of
people in the harmonized data base, according to number of visits in childhood, adolescence
and adulthood, counting the YFS 2010-2012 survey participants as recruited.

8. Results

Most of the historic cohort data transfer from each of the seven cohort sites to the
harmonized database in the Finland data center was completed within one year of initiation
of the i3c Outcomes Study. Harmonization of the childhood smoking and socioeconomic
status variables is ongoing, while harmonization has not been attempted for the complex diet
and physical activity variables. Table 3 shows the clinical and laboratory data by cohort at
the participants’ first childhood measurement.

The mean age at entry was 9.7 + 3.5 years, with 28,875 (68%) initially recruited during
childhood (3-11 years) and 13,314 (32%) during adolescence (12-19 years). Virtually all
were white (83%) or black (15%). Table 4 shows the number of repeat measures in the total
cohort for each variable.

The results presented herein represent progress through the initial two years of study
funding, i.e., from December 1, 2014 through December 31, 2016. The study is funded
through November 30, 2019. Based on experience by each of the cohort Principal
Investigators, it was anticipated that the sites would be able to locate approximately 31,000
of the approximately 40,000 total cohort members and that approximately 22,000 would
agree to participate in this study, i.e., complete the HHS (Table 2).

As of December 31, 2016, data were successfully obtained for 10,968 participants. This
includes 3,596 from the Young Finns Study, which uses the Finnish national health service
data base, thus precluding the need to search for participants and resulting in obtaining
needed clinical data. In contrast, the U.S. and Australia (even though the latter has a national
health care system) do not have access to national health records. Thus, the need to search
for participants from U.S. and Australian cohorts has resulted in a lower percentage of
participants being found. The percentages of completed HHS by U.S. and Australia sites
according to the number of attempted participant contacts is as follows: BHS 30%, CDAH
65%, MN 53%, MUSC 57%, NGHS 41%, PLRS 32%. The majority of HHS (57%) were
completed by direct telephone interviews by site recruiters, 6% were completed by
participants using paper forms mailed to them and returned by mail, 24% were completed by
online survey, and 13% were completed in Bogalusa by participants coming into a dedicated
clinic or recruiters going out to find participants in the community. Based on self-reporting,
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as recorded on the HHS, 44 (0.7%) reported Type 1 Diabetes, 482 (7.5%) reported Type 2
Diabetes, 2110 (33%) reported hypertension, and 755 (12.8%) reported a CV event. Table 5
shows that recruitment and completion of the HHS form have been most successful in
participants seen during adulthood, (i.e., generally within the past 15-20 years), in addition
to either childhood, adolescence or both.

Table 5 and Figure 2 shows that U.S. and Australia cohort members who participated in
more repeated examinations prior to the Outcomes Study were more likely to complete a
HHS. However, as also shown in the figure, particularly in the group seen in childhood and
adolescence but not adulthood, the number of repeated measures was not as influential in
recruitment as having had an adult visit.

Table 6 compares the data obtained at the initial enrollment into the cohorts between the
recruited participants (i.e., those completing the HHS) and the not-recruited participants.

Recruited cohort members were more likely to be female (56% vs. 48%), non-Hispanic
white (90% vs. 80%), and were approximately one year older than the non-recruited cohort
members (10.4 + 3.8 years vs. 9.4 + 3.3 years) at their initial study visit. Most of the mean
values were slightly, but significantly, higher in the recruited group given the large sample
sizes, consistent with the older age at first study visit.

Adjudication of reported CV events is in the early stages. Medical records have been
reviewed by the adjudicating team from 247 participants reporting a CV event, with 78
(32%) judged to be true events. These results are consistent with the numbers of events
expected in planning this study.

As of December 31, 2016, 1297 cohort deaths have been reported during the recruitment
process, but, at this time, only 269 are confirmed deceased by either NDI search, proxy
interview (i.e., interview with a relative) or death certificate.

9. Discussion

It has been approximately 50 years since the first childhood cohorts were recruited
specifically for the study of CV risk factors, with a goal of ultimately relating childhood data
to adult CV disease. Despite a wealth of information on childhood CV risk factor levels and
CV risk factor tracking data from childhood into young adulthood, this goal has not yet been
achieved and key questions remain unanswered: 1) Can individuals recruited in early life for
detailed CV risk factor measurement be readily found in adulthood and to what extent will
they participate in efforts to gain access to complex information on their health experiences;
and 2) what is the strength of the relationship between childhood CV risk factor data and
adult CV morbidity and mortality.

This i3C Outcomes Study has the potential to answer those questions and has been
successful in its early stages in recruiting cohort members and obtaining the data required.
Longitudinal recruitment quotas, calculated to achieve the number of participants needed for
adequate statistical power, are being reached. The largest proportion of the recruitment
comes from the most recently seen participants, i.e., seen as adults, and the group with the
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largest number of repeat visits. Thus, this is the group with whom the Consortium has the
longest history of research, and we expect ultimately to recruit approximately 70% of them.
Nevertheless, the results, to date, confirm the expectation in designing this study of potential
difficulty in locating a significant number of childhood participants in the U.S. and Australia
cohorts. This is in contrast to the ease of obtaining data from the Finnish health registry and
emphasizes the additional resources and effort required to complete long-term follow-up in
the U.S. and Australia.

Although recruitment goals are currently being met, modification of strategies for future
recruitment is regularly discussed. The sites are turning toward a focus on telephone contact
because of greater success with locating participants and completing HHS. In addition,
cohorts are using current technology (e.g., social media), and cohorts in smaller population
areas (i.e., Muscatine and Bogalusa) have had success and are increasing use of direct non-
telephone town contacts and through participant relatives.

The harmonized database, containing all data accumulated by the individual cohorts, has
been completed, with the exception of smoking, diet and physical activity data which are
currently being compiled. The most recent data review shows that the CV risk variables of
the currently recruited participants, while statistically significantly different, are similar to
the overall i3C Consortium participants and, in particular, to the not yet recruited
individuals. The number of events being self-reported by recruited participants, a critical
factor in this study, is meeting expectations, as is the percentage of events adjudicated to be
true events.

It is highly unlikely that any single cohort will be able to provide meaningful data on the
relation between childhood CV risk factors and adult CV events/outcomes, because their
limited sizes result in limited statistical power. This Outcomes Study, a collaboration of
seven cohorts followed from childhood into adulthood is designed to overcome those
limitations. It will establish standards for childhood levels of CV risk factors based on actual
documented CV endpoints and will have sufficient power to compare prediction of outcomes
at developmental milestones (e.g., childhood vs adolescence).

There currently is limited evidence regarding the independent contribution of childhood CV
risk factor profiles to adult disease. This is related, in part, to developmental changes in
levels of risk factors during childhood (35-38) and developmental changes occurring as
children progress into adulthood. For instance: 1) childhood BMI, which has a statistically
significant tracking effect from childhood to adulthood (39,40), has been shown to have a
relatively weak and inconsistent relationship with both adult CV disease and metabolic
syndrome components; 2) overweight or obese children in the i3C consortium who became
non-obese by adulthood had similar risks of type 2 diabetes (T2D), hypertension,
dyslipidemia, and cIMT as found in individuals who were never obese (41); and 3)
hypertensive children with normal BP as an adult have significantly lower cIMT compared
to children with persistent hypertension or with incident adult hypertension (42). This
Outcomes Study will clarify the relation of risk factor change between childhood and
adolescence, as well as between adolescence and adulthood, to risk of adult CV endpoints.
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The American Heart Association now emphasizes the importance of “ideal” CV health
beginning in childhood as a goal to reduce adult CV disease (43). While we support the
general philosophy and goals of ideal health, the fact remains that no studies have confirmed
a beneficial relation of childhood ideal CV health to CV health in adulthood, and recent
studies have shown a low prevalence of ideal CV health in both adults (44—46) and children
(47).

Thus, the issue for childhood caregivers continues to be how to recognize the children at
highest risk for CV disease, with the inference it will lead to effective intervention strategies
and reduce the incidence of CV morbidity and mortality. To date, no studies have been able
to comprehensively examine that relation. By assembling the only large set of longitudinal
data available world-wide, and with the success, to date, of recruitment into this study, this
Outcomes Study will be able to establish evidence-based guidelines for child health care
providers, with the potential to clarify the relation to adult CV disease.
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Cohort ages by years of longitudinal visits
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Recruitment success (completion of HHS) according to number and age of longitudinal

visits in U.S. and Australia cohorts
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Table 2

Estimated recruitment (i.e. completion of Heart Health Survey) and number of CV events

Recruitment”

Estimated number of CV Events” "

Cohort | Targeted for Recruitment | Expected Recruitment (%) | CV Event rate (%) | Expected CV Events
BHS 6,000 3,900 (65%) 2.0% 78

MPLS 2,171 1,412 (65%) 1.8% 25

MUSC 11,377 8,533 (75%) 4.3% 371

NGHS 870 566 (65%) 1.1% 6

PLRS 2,330 1,515 (65%) 4.6% 70

CDAH 5,170 3,361 (65%) 1.6% 54

YFS 3,596 3,480 (97%) 1.7% 61

TOTAL 31,514 22,833 (73%) 665

See Table 1 for cohort names

Page 19

*
Targeted and expected recruitment are based on estimates from each site’s PI, with a total Study expectation that 31,514 of the 40,000 cohort

members would be found and 22,833 would agree to participate in this study.

*:

Estimated number of CV events was based on data from the CARDIA study (37).
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Table 5
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Association between the pattern of U.S. and Australia age-related clinic visits and recruitment of cohort
members into the Outcomes Study

Pattern of Age-related clinic visits

Childhood (3-11 years) | Adolescence (12-19 years) | Adulthood (20+ years) mgmt?::s?:/ict%ht%rig COTgrlﬁ,'tfoﬁ (O(f/()';'HS
pattern

Yes Yes Yes 6057 3368 (56%)
Yes Yes No 7509 1431 (19%)
No Yes Yes 7341 3955 (54%)
No Yes No 5973 569 (10%)
Yes No Yes 2876 985 (34%)
Yes No No 12,433 660 (5%)
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