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Reports on the associations between multiple clinical and behavioral health indicators and major health out-
comes among older adults are scarce. We prospectively examined concordance with guidelines from the American
Cancer Society and American Heart Association for disease prevention in relation to cancer, cardiovascular dis-
ease (CVD), and mortality among Cardiovascular Health Study enrollees aged 65-98 years who, at baseline
assessmentin 1989—-1996 (n = 3,491), were free of CVD and cancer. Total and cause-specific mortality, as well as
incidence of cancer and CVD, were lower with higher guideline concordance. Independent of body mass index,
blood pressure, total cholesterol, and fasting plasma glucose, better health behaviors (diet, physical activity, and
alcohol consumption) were associated with lower mortality (2-sided P < 0.0001). Among individuals with ideal levels
for 3—4 of these 4 cardiometabolic biomarkers, those with poor concordance with health behavior recommendations
had higher mortality compared with those who had the highest concordance with these behavioral recommendations
(adjusted mortality hazard ratio = 1.82, 95% confidence interval: 1.25, 2.67). Older adults who are concordant with rec-
ommendations for cancer and CVD prevention have reduced rates of chronic disease and mortality. Interventions to
achieve and maintain healthy lifestyle behaviors may offer benefits both in the presence and absence of adverse tradi-

tional clinical risk factors.

cancer; cardiovascular disease; epidemiology; health promotion; prevention

Abbreviations: ACS, American Cancer Society; AHA, American Heart Association; BMI, body mass index; BP, blood pressure;
CHS, Cardiovascular Health Study; Cl, confidence interval; CVD, cardiovascular disease; FPG, fasting plasma glucose; HR,
hazard ratio; MET, metabolic equivalent of task; TC, total cholesterol.

Studies from global populations suggest that clinical guidelines
put forth to reduce cancer (1-4) and cardiovascular disease
(CVD) (5-11) have broad effects on risk of chronic diseases.
Both the American Cancer Society (ACS) and the American
Heart Association (AHA) have issued guidelines that extend
beyond the traditional approach of focusing on adverse levels
of risk factors. Instead, these guidelines reflect a recent trend
towards promoting and measuring predictors of favorable health
status in populations (1-3, 5, 7-10).

As global populations age, clear guidance is needed to
quantify for older adults the magnitude of benefit associated
with behavior change compared with other clinical goals, such
as maintaining favorable levels of cardiometabolic risk factors.

Cancer and CVD account for over half of all deaths among
individuals aged 65 years or older (12). However, while the
potential benefits associated with achieving recommendations
put forth in cancer and CVD prevention guidelines have been
examined in multiple cohorts with considerable numbers
of participants aged >65 years (2, 3, 5), only one study had
a participant mean age of >65 years (5), and none examined
the relationship solely among the elderly subgroup.

The lack of evidence on guideline concordance and major
health events is important because age-related physiological
changes and an increased burden of comorbid conditions
(e.g., hypertension, type 2 diabetes mellitus, and vascular dis-
eases) among older individuals complicate the extrapolation
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of guidelines to older populations. For example, quitting smok-
ing late in life confers similar benefits among those below or
above age 65 years (13), but there is limited evidence on the ef-
fects of other modifiable risk factors, such as diet and physical
activity, on cancer and CVD outcomes among older adults
(14-18). Furthermore, among older adults, associations between
traditional cardiovascular disease risk factors and major health
outcomes are not consistent with those observed for the popula-
tion at large (19-22). The present study addressed the hypothesis
that behavioral factors might predict health outcomes at least as
well as standard clinical measurements such as serum lipids and
blood pressure (BP), which have often been found to be rela-
tively weak predictors of major health events in older persons. In
addition, we examined the impact of modifiable health behaviors
in the context of varying levels of such traditional risk factors in
the older adult population.

METHODS
Participants

The Cardiovascular Health Study (CHS) is a prospective study
of adults aged 65 years or older living in Sacramento, California;
Forsyth County, North Carolina; Washington County, Maryland;
and Allegheny County, Pennsylvania (23, 24). Participants (n =
5,201) were enrolled between 1989 and 1990, and an additional
predominantly African-American cohort of 687 participants
was enrolled in 1992-1993, through random sampling of Medi-
care eligibility lists. Among eligible adults contacted, 57% were
enrolled. We excluded individuals who had a baseline history of
CVD (25) or cancer (n = 2,143) and those missing data on diet
(n = 196) or other covariates (n = 137). All centers obtained
informed consent and approval from institutional review boards.

Data collection

Standardized protocols were used to conduct in-person inter-
views and collect clinical measurements, including body mass
index (BMI, calculated as weight (kg) divided by height (m)>),
seated BP, fasting serum total cholesterol (TC), and fasting
plasma glucose (FPG), as well as an in-home medication inven-
tory (23, 26, 27). Staff conducted semiannual ascertainment in-
terviews with participants or proxy respondents to identify
major health events and deaths. Hospitalizations and deaths
were also identified from administrative data (National Death
Index, Medicare) and adjudicated by a committee of physicians
(28). A picture-sort version of the 99-item food frequency ques-
tionnaire from the National Cancer Institute assessed usual
intake of relevant nutrients and food groups among the original
cohortin 1989-1990 (29, 30), and intakes for the African-
American cohort were assessed using the Willett food frequency
questionnaire at the third annual visit in 1995-1996 (31). Physi-
cal activity, in metabolic equivalent of task (MET)-hours, was
estimated using the Minnesota Leisure-Time Physical Activity
Questionnaire (32).

Definitions of ACS and AHA guideline concordance

Concordance with each component of the ACS Guidelines
for Nutrition and Physical Activity for Cancer Prevention score
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and the AHA cardiovascular health metrics (Web Table 1,
available at https://academic.oup.com/aje) was rated as 0 (poor),
1 (intermediate), or 2 (ideal). Using the AHA (11) and ACS (4)
guidelines, the ideal level of >150 minutes/week of moderate-
intensity physical activity (3.5 METs) translates to 8.75 MET-
hours/week. Engaging in some physical activity less than 8.75
MET-hours/week was coded as intermediate. The ACS advises
limiting red and processed meats, eating fruits and vegetables
each day, and consuming whole rather than refined grains. To
operationalize these recommendations, we created a diet sub-
score ranging from 0-9. Three points were allotted for fruit
and vegetable consumption, including 1 point for consuming
>2.5 cups of fruits and vegetables/day, excluding juice and
potatoes. A variety score was created by summing the num-
ber of unique fruits and vegetables consumed at least once per
month; those in the highest tertile and middle tertile of variety
were given 2 points and 1 point, respectively. For red and pro-
cessed meats, quartiles of servings/day were assigned values
from O (highest quartile) to 3 (lowest quartile). Quartiles of
whole-grain consumption, as a fraction of total grains, were
similarly coded as 0-3. Last, individual diet components were
summed, and participants who scored 0-2 were considered to
have a poor diet; 3—-6 was considered intermediate; and 7-9
was considered ideal. AHA dietary guidelines recommend
limiting consumption of sodium (“<1,500 mg per day”) and
sugar-sweetened beverages (“<450 kcal (36 oz) per week”),
while maintaining a diet rich in fruits and vegetables (“>4.5
cups per day”), fish (“>two 3.5-0z servings per week”),
and whole grains (“>three 1-oz-equivalent servings per
day”) (11, p. 596). Concordance with >4 of 5 criteria was
considered ideal cardiovascular health, with 2-3 considered
intermediate.

ACS guidelines advise to “maintain a healthy weight through-
out life.” (4, p. 32) We used weight at age 50 years (self-reported
in the CHS questionnaire at baseline) along with baseline
height and weight to calculate BMI at both time points, assum-
ing constant height. The AHA metrics include scores for ideal
BMI, BP, TC, and FPG, defined using standard clinical cut-
points. Last, never smoking or quitting >1 year ago is considered
ideal by the AHA, and quitting within the past year is considered
intermediate (5). Total guideline concordance scores were calcu-
lated by summing components (2, 3, 11). For AHA, possible
scores ranged from O (unfavorable levels of all components)
to 14 (ideal levels of all components). With the addition of
smoking to the 4 other targets in the ACS guidelines, scores
for ACS ranged from O to 10.

Outcomes assessment

For potential incident cardiovascular events (28), abstractors
from each site reviewed hospital records, and interviews were
conducted with participants/proxies to capture symptoms and
circumstances preceding incident and fatal CVD events. Events
were then adjudicated by the CHS Events Subcommittee. For
this analysis, CVD events included incident myocardial infarc-
tion, congestive heart failure, and stroke. CHS participants with
a primary incident cancer diagnosis were identified through
record linkage with 5 population-based cancer registries serv-
ing the 4 CHS regions (33). Ascertainment of cause of death
was based on the underlying rather than immediate cause and
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was assigned by a committee of physicians who were without
knowledge of prior examination findings (28, 33, 34). Cardio-
vascular deaths included atherosclerotic coronary disease, cere-
brovascular disease (stroke), other atherosclerotic disease (such
as aortic aneurysm), and other vascular disease (such as valvu-
lar heart disease or pulmonary embolism).

Statistical analysis

Pearson y” tests and analysis of variance were used in descrip-
tive analyses to compare levels of covariates across low extreme,
moderate (approximately 15th to 85th percentiles), and high
extreme levels of guideline concordance. We used Cox pro-
portional hazards models to estimate hazard ratios for incident
cancer, incident CVD, and mortality associated with guideline
concordance. Scores were collapsed to maintain >5% of the
total sample in the extreme high and low categories. The group
meeting the fewest guideline recommendations served as the
reference. Time at risk was calculated as the time elapsed
between the date of baseline diet assessment (1989-1990 for
the original cohort and 1995-1996 for the African-American
cohort) and the date of the incident event (CVD or cancer),
death, loss to follow-up (<13% of participants), or latest event
adjudication date (2005 or 2006 for incident cancer and
December 2011 for all other outcomes). To assess the linear
relationship between guideline concordance and outcomes,
concordance scores were entered into Cox models as continu-
ous terms. The proportional hazards assumption was satisfied
for each independent variable and outcome variable combina-
tion through visual inspection of survival curves and through
residual methods (35).

Further analyses examined whether concordance with the
health behavior targets established by the ACS guidelines was
associated with outcomes independent of the level of concor-
dance with AHA cardiometabolic risk-factor targets, includ-
ing BMI, BP, TC, and FPG, measurements routinely used in
clinical settings. The outcomes of total mortality and incident
CVD were judged to have adequate numbers of events to sup-
port cross-classification of subjects by ACS and AHA scores
simultaneously. First, we created a modified ACS health be-
havior score having a range between 0 and 6, which reflected
level of concordance with physical activity, diet, and alcohol-
consumption targets. We then created a modified AHA score
giving 1 point for each ideal cardiometabolic risk-factor met-
ric (not on drug treatment and measured levels of FPG
<100 mg/dL, BMI <25, BP <120/80, or TC <200 mg/dL).
This produced a variable with a range between 0 and 4. Hazard
ratios for study outcomes associated with the modified ACS
health behavior score were estimated at each level of the
modified AHA cardiometabolic risk factor score. Terms for
interaction between ACS behavior score and AHA risk-factor
score examined whether the association between concordance
with ACS health behavior targets and outcomes differed
across groups defined by AHA cardiometabolic risk-factor
targets.

All models adjusted for variables determined a priori as
potential confounders, including age, self-rated health, race/
ethnicity, income, education, sex, and marital status. Models
of CVD incidence, cardiovascular mortality, and all-cause mor-
tality outcomes additionally adjusted for use of nonsteroidal

antiinflammatory drugs and limitations in instrumental activ-
ities of daily living. We adjusted for detailed smoking history in
analyses of joint associations between health behaviors and tra-
ditional risk factors, as smoking was not included as part of the
exposure.

Sensitivity analyses examined 2 alternative approaches to
defining levels of physical activity, to address the impact of
mismeasurement on our conclusions. First, we excluded house-
hold chores from the estimation of physical activity, which
reduced the overall proportion meeting guideline targets
from over two-thirds to 52%. We also redefined adherence
to physical activity recommendations according to quantile
values; specifically, we defined those in the highest tertile of
physical activity to be guideline concordant. These analyses
are not shown, because the alternative approaches did not
change the overall conclusions of the analyses.

All P values were 2-sided, and a level of significance of 5%
was used. Analyses were conducted using SAS, version 9.4
(SAS Institute, Inc., Cary, North Carolina).

RESULTS
Participant characteristics

A total of 2,145 women and 1,346 men were a mean of 72
years of age at baseline (range, 6498 years) (5), and most were
non-Hispanic white (Table 1). Few participants jointly met ideal
levels of all components of either the ACS (n = 81; 2%)
or AHA (n = 4; <1%) guidelines. Mean total scores for ACS
guidelines were 6.9 (standard deviation, 1.5; range, 0—10) and
for AHA guidelines were 8.6 (standard deviation, 2.0; range,
1-14). Individuals with high concordance scores with the ACS
and AHA guidelines were more likely to be non-Hispanic white
and highly educated (Table 2). They were also more likely to
have higher self-rated health, lower BMI, and lower frequency
of diabetes, limitations in physical functioning, and use of med-
ications. There were no significant age differences by degree of
guideline concordance.

Incident disease, disease specific mortality,
and all-cause mortality

After adjusting for potential confounders, over up to 22 years
(median, 15 years) of follow-up, we observed reduced rates of
all study outcomes across groups characterized by increased
concordance with the ACS cancer prevention guidelines (P <
0.0001 for all outcomes) and AHA ideal health metrics (P <
0.005 for all outcomes; Table 3). Relative to those in the lowest
category of ACS guideline concordance (total score 0—4), those
with the highest levels of concordance (total score 9-10) had
0.43 times (95% confidence interval (CI): 0.31, 0.60) and 0.30
times (95% CI: 0.21, 0.44) the hazard of incident cancer and
cancer mortality, respectively. Comparing those with highest
versus lowest levels of AHA guideline concordance, hazard
ratios for cancer incidence and mortality were 0.71 (95%
CI: 0.50, 1.01) and 0.57 (95% CI: 0.38, 0.84), respectively.
For incident CVD and CV-specific mortality, respectively,
highest concordance with ACS guidelines was associated
with 0.66 (95% CI: 0.53, 0.81) and 0.60 (95% CI: 0.44,
0.82) times the hazard in the lowest levels of concordance.
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Table 1. Characteristics of Participants at Baseline (n = 3,491), Cardiovascular Health Study, 1989-1990 and
1992-19932

Women (n = 2,145) Men (n = 1,346)

Characteristic and Prevention

Guideline Concordance Mean (SD) No. of Participants % Mean (SD) Par't\ligi':;nts %
Age, years 71.9(5.2) 72.8(5.6)
Years of education 13.8(4.4) 14.1(5.0)
Non-Hispanic white 1,837 86 1,190 88
Black 273 13 136 10
Other 35 2 20 1
ACS total score 7.1(1.5) 6.7 (1.5)
0 1 0 0 0
1 1 0 1 0
2 3 0 2 0
3 24 1 24 2
4 91 4 75 6
5 196 9 184 14
6 406 19 285 21
7 513 24 346 26
8 518 24 302 22
9 328 15 110 8
10 64 3 17 1
ACS individual metric, score
Smoking
Poor (0) 280 13 160 12
Intermediate (1) 30 1 20 1
Ideal (2) 1,835 86 1,166 87
Body weight
Poor (0) 443 21 240 18
Intermediate (1) 919 43 749 56
Ideal (2) 783 37 357 27
Drinking
Poor (0) 214 10 172 13
Intermediate (1) 768 36 632 47
Ideal (2) 1,163 54 542 40
Physical activity
Poor (0) 181 8 77 6
Intermediate (1) 526 25 319 24
Ideal (2) 1,438 67 950 71
Diet
Poor (0) 232 11 283 21
Intermediate (1) 1,321 62 871 65
Ideal (2) 592 28 192 14
AHA total score 8.5(2.1) 8.7(1.9)
0-1 1 0 0 0
2 3 0 0 0
3 11 1 0
4 45 2 13 1
5 92 4 35 3
6 188 9 91 7
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Table1. Continued

Women (n = 2,145) Men (n = 1,346)
Characteristic and Prevention
Guideline Concordance Mean(SD)  No.ofParticipants %  Mean(SD) | ar't“i‘c’i';; s %
AHA total score, continued
7 310 14 205 15
8 389 18 268 20
9 395 18 252 19
10 333 16 217 16
11 224 10 170 13
12 111 5 70 5
13 39 2 20 1
14 4 0 0 0
AHA individual metric, score
Smoking
Poor (0) 280 13 160 12
Intermediate (1) 30 1 20 1
Ideal (2) 1,835 86 1,166 87
Physical activity
Poor (0) 181 8 77 6
Intermediate (1) 526 25 319 24
Ideal (2) 1,438 67 950 71
Diet
Poor (0) 465 22 441 33
Intermediate (1) 1,486 69 826 61
Ideal (2) 194 9 79 6
Body weight
Poor (0) 451 21 198 15
Intermediate (1) 809 38 671 50
Ideal (2) 885 41 477 35
Fasting plasma glucose
Poor (0) 230 11 203 15
Intermediate (1) 812 38 632 47
Ideal (2) 1,103 51 511 38
Blood pressure
Poor (0) 886 41 535 40
Intermediate (1) 889 41 594 44
Ideal (2) 370 17 217 16
Total cholesterol
Poor (0) 627 29 145 11
Intermediate (1) 904 42 489 36
Ideal (2) 614 29 712 53

Abbreviations: ACS, American Cancer Society; AHA, American Heart Association; SD, standard deviation.
2 Dietary data for the second cohort were collected at the 1995—1996 study visit.

Similar hazard reductions were observed comparing those guidelines was also associated with reduced rates of all-cause
with the highest versus lowest levels of AHA concordance mortality (HR = 0.50 (95% CI: 0.42, 0.60) and 0.67 (95% CIL:
(for incident CVD, hazard ratio (HR) = 0.50 (95% CI: 0.40, 0.56, 0.80), respectively). Incremental reductions in rates of
0.62); for CV-specific mortality, HR =0.58 (95% CI: 0.42, all-cause mortality across higher concordance with guidelines
0.80)). Increased concordance with both ACS and AHA are illustrated using Kaplan-Meier curves (Figure 1).
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Table2. Selected Sociodemographic and Health Characteristics According to Concordance With Disease Prevention Guidelines (n = 3,491),
Cardiovascular Health Study, 1989-1990 and 1992-1993?

ACS Guidelines Total Score, %° AHA Guidelines Total Score, %°
Characteristic b?vl (gazs)) M‘()gzazt,?; ;%;8) H(|3h= (g;; ;)) P Value® I(-rc:vl (‘:)g:)) Mo(%e;a;c’ea(gg—; 0) Hi(%h =(1 61 3—81)4) P Value®
ACS guidelines total score <0.0001
Low (0-5) 51 15 1
Moderate (6-7) 44 50 25
High (8-10) 5 35 74
AHA guidelines total score <0.0001
Low (0-6) 41 10 0
Moderate (7-10) 58 73 54
High (11-14) 1 17 45
Age, years® 72 (5) 72 (5) 73 (5) NS 72 (5) 72 (5) 72 (5) NS
Male sex 48 39 24 <0.0001 30 40 41 <0.0001
Race <0.0001 <0.0001
Non-Hispanic white 81 87 92 77 87 92
Black 16 12 6 21 11 6
Other 2 1 2 2 1
Educational level 0.0011 <0.0001
Less than high-school 31 28 23 35 28 18
diploma
High-school diploma/ 25 28 33 30 29 27
equivalent
Some college/vocational 27 23 22 23 23 24
College graduate 17 22 22 12 20 30
Annual household income, $ NS <0.0001
<12,000 25 23 17 35 23 14
12,000-24,999 33 32 35 35 33 31
25,000-49,999 23 25 28 17 26 30
>50,000 13 13 13 8 12 19
Missing income 6 6 7 5 6 6
Marital status NS 0.0003
Married 66 68 68 59 68 70
Widowed 23 24 24 29 23 22
Single 11 9 8 12 9 7
Smoking status <0.0001 <0.0001
Never smoked 22 51 66 41 49 54
Former smoker 31 42 34 30 39 45
Current smoker 47 7 0 30 12 2
BMI%e 29 (5) 27 (4) 23(3) <0.0001  30(5) 27 (4) 23(3) <0.0001
Self-rated health, score®f 2.8(1.1) 2.6(1.0) 24(1.0) <0.0001 3.0(1.0) 2.6(1.0) 2.3(1.0) <0.0001
Alcohol consumption, 6.0(10.1) 2.2(5.5) 0.3(1.1)  <0.0001 2.3(6.3) 2.7 (6.9) 2.2(4.4) NS
drinks/week®
Leisure-time physical activity, 14 (25) 27 (31) 39 (34) <0.0001 11(20) 27 (31) 38(34) <0.0001
MET-hours/week?
Functional limitation, 24 20 15 0.0008 37 29 20 <0.0001
IADL >1
Use of NSAIDS 12 13 10 NS 16 12 11 0.0156
History of diabetes® 16 14 7 <0.0001 36 12 1 <0.0001

Table continues
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Table2. Continued

ACS Guidelines Total Score, %°

AHA Guidelines Total Score, %"

Characteristic Low (0-5)

Moderate (6-8) High (9-10)

Low (0-6) Moderate (7-10) High (11-14)

(n=602)  (n=2370)  (n=519) VAU (n_4sa)  (n=2369) (n=63g)  FValue’

Medications at baseline
Lipid-lowering drugs 3 5 5 NS 7 4 0.0078
Antihypertensive 39 40 32 0.0057 53 41 18 <0.0001
Oral hypoglycemic agents 5 5 3 NS 13 <0.0001
Insulin 3 NS 4 2 0 <0.0001

Abbreviations: ACS, American Cancer Society; AHA, American Heart Association; BMI, body mass index; IADL, instrumental activities of daily
living; MET, metabolic equivalent of task; NS, not significant; NSAID, nonsteroidal antiinflammatory drug.
@ Dietary data for the second cohort were collected at the 1995—-1996 study visit.

® Column percentages may not sum to 100 due to rounding.

© P values derived from Pearson y tests or analysis of variance assessing any difference between groups.

9Values are expressed as mean (standard deviation).
© BMI was calculated as weight (kg)/height (m)Z2.
f Self-rated heath on a scale of 1 to 5, where 1 is “excellent.”

9 Prevalent diabetes defined as either pharmacologically treated disease (oral hypoglycemic agents and/or insulin) or fasting plasma glucose

>125mg/dL.

We also examined the multivariable-adjusted association of
concordance with individual disease-prevention targets and rates
of incident cancer and CVD (Web Table 2), as well as cause-
specific and all-cause mortality (Web Table 3). Although not all
targets were significantly associated with each outcome, most
associations were in the expected direction and showed the ex-
pected dose-response relationship with outcomes.

Subsequent analyses examined the joint associations of
concordance with the health behavior targets established by
the ACS guidelines for physical activity, diet, and alcohol
consumption, and concordance with AHA recommended lev-
els of cardiometabolic risk factors including BMI, BP, TC,
and FPG (Table 4). Numbers of individuals achieving the
targets of ACS and AHA appear in Web Table 4. Irrespective
of the number of achieved AHA cardiometabolic risk-factor
targets, individuals with the least favorable score for ACS
health behavior concordance tended to have the highest rates
of all-cause mortality and incident CVD. Even among those
with ideal levels of 3 or 4 AHA cardiometabolic risk mar-
kers, better concordance with ACS health behavior targets
was associated with reduced mortality. Within this stratum
we observed an 82% higher hazard of mortality (95% CI: 25,
167) when comparing subjects with the lowest versus highest
concordance with health behavior targets. For the outcome
of incident CVD, in the group with ideal levels of 3 or4 AHA
cardiometabolic risk makers, the hazard ratio was 1.36 (95%
CI: 0.84, 2.22) when comparing individuals with the lowest
versus highest concordance with health behavior targets. We
did not observe significant interaction between ACS health
behavior targets and AHA clinical cardiometabolic risk-
factor targets in their ability to predict all-cause mortality
(P-interaction = 0.25) and incident CVD (P-interaction = 0.65).
In contrast to the health behaviors, the cardiometabolic variables
did not display a consistent gradient of rates with increasing
number of targets met. When smoking was incorporated into
the modified ACS health behavior concordance score (Web
Table 5), the gradient of all-cause mortality and incident CVD

rates was even greater across the range of concordance with
behavioral recommendations.

DISCUSSION

Among adults aged 65 years or older, we examined the
degree of concordance with recommended targets put forth by
the AHA ideal metrics for cardiovascular health and the ACS
Guidelines on Nutrition and Physical Activity for Cancer Pre-
vention statements, as well as the association of guideline con-
cordance with rates of major health outcomes. Over long-term
follow-up, a higher level of concordance with the AHA and
ACS prevention guidelines was associated with lower rates of
cancer and CVD, as well as lower cause-specific and all-cause
mortality. Comparing those in the highest category versus the
lowest category of concordance defined an approximately 2-fold
gradient in incidence, after adjustment for potential confounding
factors. Favorable rates of outcomes were amplified by concor-
dance with multiple recommendations. To our knowledge, this
is among the largest long-term follow-up studies of older adults
to confirm that achieving recommendations of widely dissemi-
nated cardiovascular and cancer prevention guidelines is associ-
ated with reductions in multiple major health outcomes and
mortality. To our knowledge, this analysis is unique in that we
jointly examine the AHA and ACS scores and examine the asso-
ciations of behavioral metrics beyond the standard physiologic
and cardiometabolic metrics. We performed cross-classification
on multiple sets of guideline targets. These analyses suggested
that behavioral recommendations set forth by the ACS, includ-
ing diet and physical activity targets, in aggregate, might add
to standard cardiometabolic risk factors in the prediction of
all-cause mortality and incident CVD.

Several recent studies have shown improvements in chronic
disease outcomes and survival among individuals meeting
health and lifestyle goals set by health organizations (1-3, 5, 6,
8, 36). We confirmed here, among older adults, that the ACS
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Table3. Concordance With American Heart Association or American Cancer Society Guidelines and Subsequent Incidence of Cancer,
Cardiovascular Disease, and Disease-Specific and All-Cause Mortality Over Long-Term? Follow-up (n = 3,491), Cardiovascular Health Study

Cancer® CVD All-Cause Mortality
Disease Prevention Guideline 5 Noor S o = ——
and Concordance erson- 0.0 c o erson- 0.0 c o erson- 0. O c o
Years Cases HR 95%Cl Years Cases HR 95%Cl Years Cases HR 95%Cl

Incidence
ACS total score

04 1,921 70 1.00 Referent 1,964 131 1.00 Referent
5 3,572 97 0.72 0.53,0.98 3,764 230 0.89 0.71,1.10
6 6,803 149 0.61 0.46,0.81 7,483 407 0.75 0.62,0.92
7 8,908 192  0.61 0.46,0.80 9,927 474 0.68 0.56,0.83
8 8,574 171 0.58 0.44,0.77 9,759 448 0.68 0.56,0.83
9-10 5,744 80 0.43 0.31,0.60 6,444 288 0.66 0.53,0.81
P-continuous® <0.0001 <0.0001
AHA total score
0-6 4,528 108 1.00 Referent 4,378 306 1.00 Referent
7 5,128 122 093 0.72,1.21 5,405 335 0.87 0.74,1.01
8 6,565 154 092 0.72,1.18 7,214 383 0.73 0.63,0.85
9 6,678 143 0.85 0.66,1.10 7,413 367 0.69 0.59,0.81
10 5,793 106 0.72 0.55,0.95 6,637 281 0.60 0.51,0.71
11 4,124 79 0.76 0.56,1.02 4,962 197 0.54 0.45,0.65
12-14 2,705 47 0.71 0.50,1.01 3,333 109 0.50 0.40,0.62
P-continuous® 0.0044 <0.0001
Mortality®
ACS total score
04 2,574 60 1.00 Referent 2,574 60 1.00 Referent 2,574 193 1.00 Referent
5 4,854 81 0.66 0.47,0.92 4,854 120 0.94 0.69,1.29 4,854 327 0.81 0.68,0.97
6 9,553 121 0.49 0.36,0.67 9,553 197  0.71 0.53,0.95 9,553 537 0.60 0.51,0.71
7 12,439 135 0.44 0.32,0.59 12,439 211 0.61 0.46,0.82 12,439 642 0.57 0.49,0.67
8 12,128 125 042 0.31,0.58 12,128 211 0.65 0.48,0.87 12,128 620 0.57 0.49,0.68
9-10 8,025 58 0.30 0.21,0.44 8,025 135 0.60 0.44,0.82 8,025 371  0.50 0.42,0.60
P-continuous® <0.0001 <0.0001 <0.0001
AHA total score
0-6 5,975 99 1.00 Referent 5,975 155 1.00 Referent 5,975 406 1.00 Referent
7 7,180 82 0.64 0.48,0.86 7,180 163 0.86 0.69,1.07 7,180 404 0.79 0.69,0.91
8 9,172 116 0.70 0.53,0.92 9,172 179 0.68 0.54,0.84 9,172 519 0.74 0.65,0.85
9 9,332 108 0.66 0.50,0.87 9,332 170 0.66 0.53,0.83 9,332 510 0.75 0.65,0.85
10 8,092 89 0.64 0.48,0.86 8,092 116  0.54 0.42,0.69 8,092 394 0.68 0.59,0.79
11 5,954 50 0.47 0.33,0.66 5,954 98 0.59 0.46,0.77 5,954 287 0.63 0.54,0.74
12-14 3,867 36 0.57 0.38,0.84 3,867 53 0.58 0.42,0.80 3,867 170  0.67 0.56,0.80
P-continuous® <0.0001 <0.0001 <0.0001

Abbreviations: ACS, American Cancer Society; AHA, American Heart Association; Cl, confidence interval; CVD, cardiovascular disease; HR, hazard
ratio.

& Long-term follow-up was up to 22 years (median, 15 years). Dietary data were collected in 1989—-1990 and 1995—1996.

® Incident cancers included: 148 prostate, 119 lung/respiratory, 107 breast, 97 colorectal, 70 hematologic, 68 noncolorectal gastrointestinal, 43 female
genital tract, 42 urinary, and 65 other, unknown, or ill-defined.

° Adjusted for age (continuous), self-rated health (continuous), race/ethnicity, income, education, sex, and marital status. Models of CVD incidence,
cardiovascular mortality, and all-cause mortality outcomes additionally adjusted for nonsteroidal antiinflammatory drug use and limitations in instrumen-
tal activities of daily living.

9 P values derived from Wald tests in which scores for concordance with ACS and AHA guidelines were entered into models as continuous variables.

¢ Cardiovascular disease deaths included those from atherosclerotic coronary disease, cerebrovascular disease (stroke), other atherosclerotic dis-
ease (such as aortic aneurysm), and other vascular disease (such as valvular heart disease or pulmonary embolism). Noncardiovascular deaths were
first classified into 19 disease and organ-system categories and then collapsed into 5 categories: dementia, cancer, pulmonary disease, infection, and
other causes.
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Figure 1. Adherence to American Cancer Society (ACS) and American Heart Association (AHA) prevention guidelines and overall survival (n =
3,491), Cardiovascular Health Study, 1989-2011. Kaplan-Meier curves for overall survival by adherence to American Cancer Society Guidelines
for Nutrition and Physical Activity for Cancer Prevention (A) and American Heart Association cardiovascular health metrics (B). Participants were

free of cancer or cardiovascular disease at baseline.

guidelines predict CVD-specific mortality (2) and the AHA’s
ideal cardiovascular health metrics were associated with cancer
incidence (6). Elements of AHA and ACS risk prevention
guidelines are partially overlapping, although each guideline
was most strongly associated with its intended target outcome.

One of our most important findings is the observation that
favorable health behaviors were associated with reduced
mortality regardless of the level of cardiometabolic risk fac-
tors. This was seen even among those with “ideal” levels of
BMLI, BP, TC, and/or FPG, although in the elderly, low levels
of these factors may, paradoxically, be a marker of ill health.
Thus, despite being free of elevated cardiometabolic risk
factors late in life, it may still be important for older adults
to follow diet and physical activity recommendations.

Other notable findings concerned the disease associations
for individual risk factors in older adults. While FPG was a
robust predictor of CVD and all-cause mortality, we did not
find a significant association of FPG with cancer incidence or
mortality. Although prior studies had suggested increased
cancer risk in people with obesity and diabetes (37), our data
suggest that this may not hold in older adulthood. As expected,
we found that elevated TC was not an adverse CVD risk factor
in older adults (38, 39). Smoking was the most prominent sin-
gle risk factor for CVD, cancer, and mortality, which confirms
the long-term adverse health effects of smoking even over 20-
plus years’ follow-up in a cohort aged >65 years.

Relatively few prior studies have examined guideline-
established targets and major health events in adults older than
65 years of age, although some available data sets include large

numbers of elderly and provide concordant results about the
association of health behaviors and clinical risk factors with
incidence of CVD (5). Strengths of our study include a well-
characterized population, allowing adjustment for multiple con-
founders, and rigorous assessment of incident and fatal events.
Extended prospective follow-up for more than 20 years and
a large number of events allowed us to evaluate associations
of health behaviors and outcomes within levels of tradi-
tional CVD risk-factor targets. However, a relatively small
sample size for cancer outcomes limited the precision of as-
sociations in this study. Other limitations include the use of
information on lifestyle that was self-reported by participants. For
instance, self-reported physical activity levels were higher than
might be expected (7), which may represent mismeasurement
due to desirability biases. Such community-based studies com-
posed of volunteer participants may also preferentially select
for healthier individuals, thereby limiting the generalizability
of our findings. Because behaviors were measured before the
occurrence of study events, selective recall bias was unlikely to
have induced false associations with study outcomes. In addi-
tion, our study was conducted before widespread uptake of rec-
ommendations for physical activity, which may have increased
internal validity compared with contemporary cohorts, by 1)
reducing social desirability bias in reporting of health beha-
viors, and 2) reducing biases whereby behavior modification
might have been widely prescribed to patients at high disease
risk, therefore introducing reverse causation between event
rates and health behavior patterns. Nevertheless, participants
who reported having healthier levels of the specific behaviors
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Table 4. Modified American Cancer Society Health Behaviors Score as a Predictor of All-Cause Mortality and Incident Cardiovascular Disease,
According to Number of Ideal Cardiometabolic Risk-Factor Metrics Over Long-Term Follow-up® (n = 3,491), Cardiovascular Health Study

No. of AHA Cardiometabolic Risk-Factor Targets Met (FPG, BMI, BP, TC)

Concordance With ACS o 1 2 34 Overall
Health Behavior Guidelines P Value®
HR®  95%CI HR®  95%Cl HR®  95%Cl HR®  95%CI HR® 95% Cl
All-cause mortality 0.25
ACS behaviors sum®
0-2 119 088,162 1.46 1.12,1.90 1.23 0.90,1.68 1.82 1.25,2.67 1.39 1.20,1.61
3-4 1.08 0.89,1.31 1.04 0.87,1.24 121 1.01,146 1.18 0.97,1.45 1.13 1.04,1.23
5-6 110 0.89,1.36 0.90 0.75,1.10 1.00 0.82,1.22 A1 Referent 1 Referent
P continuous® 0.642 <0.001 0.022 0.033 <0.001
Incident CVD 0.65
ACS behaviors sum®
0-2 145 1.02,2.05 1.41 1.03,1.92 1.14 0.78,1.68 1.36 0.84,2.22 1.23 1.03,1.47
3-4 133 1.06,1.66 1.15 0.93,142 1.06 0.85,1.32 0.91 0.71,1.18 1.04 0.95,1.15
5-6 114 0.89,147 1.16 0.93,145 098 0.77,1.24 A1 Referent 1 Referent
P continuous® 0.048 0.496 0.279 0.954 0.054

Abbreviations: ACS, American Cancer Society; AHA, American Heart Association; BMI, body mass index; BP, blood pressure; Cl, confidence
interval; CVD, cardiovascular disease; FPG, fasting plasma glucose; HR, hazard ratio; TC, total cholesterol.

& Long-term follow-up was up to 22 years (median, 15 years). Dietary data were collected in 1989—1990 and 1995-1996.

® Hazard ratios were derived from Cox proportional hazards models with predictors for the sum of ACS behaviors, the number of AHA cardiome-
tabolic risk-factor targets met, and the interaction between them, adjusted for age, detailed smoking history (never smoked, quit >20 years ago, quit
6—20 years ago, quit 0-5 years ago, and currently smoked), self-rated health, race/ethnicity, income, education, sex, marital status, limitations in
instrumental activities of daily living, and use of nonsteroidal antiinflammatory drugs, antihypertensive agents, oral hypoglycemic agents, insulin,
and lipid-lowering drugs.

¢ Interaction P values test for heterogeneity in the adjusted hazard ratio for the sum of ACS behaviors across subgroups defined by the number
of AHA cardiometabolic risk-factor targets met.

9 ACS behaviors sum is the sum of ACS subscores for alcohol consumption, physical activity, and diet.

¢ Derived from Wald tests for ACS behaviors sum treated as a continuous variable within subgroups defined by the number of AHA cardiometa-
bolic risk-factor targets met, while adjusting for all variables in the model.

included in the guidelines may have had a propensity toward
a healthful lifestyle in general, so that other unmeasured fac-
tors may have also contributed to their favorable outcomes.
The tendency to engage in healthy behaviors may either per-
sist or vary over time, and we were not able to adjust for the
effects of health behaviors at younger ages when examining the
benefits of healthy lifestyle practices in this older population.
The study was not designed to quantify the effects of drug treat-
ments, which may be most beneficial when used in the context
of a healthy lifestyle. In addition, secular increases in medica-
tion use in the primary prevention setting since these data were
collected may affect applicability of findings to present-day popu-
lations (40, 41). We excluded participants with prior CVD
or cancer to reduce confounding and to remove individuals
who may have had the most pronounced changes in risk factors
over time. This approach, as well as the fact that only US adults
were studied, may limit generalizability. These observational
data do not substitute for intervention study designs that estab-
lish the risks and benefits of guideline-driven strategies for risk
reduction.

In conclusion, adults who were 65 years of age or older
and who were concordant with ACS and AHA professional
guidelines had reduced rates of chronic disease and mortality.
Our findings suggest that interventions to improve diet and
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increase physical activity have a place in the recommenda-
tions to older adults for prevention of CVD and cancer. We
followed a large population-based study cohort for more than
20 years, showing that both incident disease and mortality
may be preventable into the most advanced stage of life. Even
among those who had ideal levels of cardiometabolic biomar-
kers, prolonged survival was associated with meeting recom-
mended targets for moderate-to-vigorous physical activity,
avoidance of excessive alcohol consumption, and following
a healthy dietary pattern. These findings support increasing ef-
forts to develop efficient clinical approaches to assist older adults
in achieving and maintaining healthy lifestyle behaviors.
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