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Cardiovascular Risk Factors Predictive for Survival and
Morbidity-Free Survival in the Oldest-Old Framingham Heart
Study Participants

Dellara F. Terry, MD, MPH,� Michael J. Pencina, PhD,w Ramachandran S. Vasan, MD,z§

Joanne M. Murabito, MD, ScM,§k Philip A. Wolf, MD,z Margaret Kelly Hayes, EdD, RN,§z

Daniel Levy, MD,z§# Ralph B. D’Agostino, PhD,w§ and Emelia J. Benjamin, MD, ScMz§

OBJECTIVES: To examine whether midlife cardiovascu-
lar risk factors predict survival and survival free of major
comorbidities to the age of 85.

DESIGN: Prospective community-based cohort study.

SETTING: Framingham Heart Study, Massachusetts.

PARTICIPANTS: Two thousand five hundred thirty-one
individuals (1,422 women) who attended at least two ex-
aminations between the ages of 40 and 50.

MEASUREMENTS: Risk factors were classified at routine
examinations performed between the ages of 40 and 50.
Stepwise sex-adjusted logistic regression models predicting
the outcomes of survival and survival free of morbidity to age
85 were selected from the following risk factors: systolic and
diastolic blood pressure, total serum cholesterol, glucose in-
tolerance, cigarette smoking, education, body mass index,
physical activity index, pulse pressure, antihypertensive med-
ication, and electrocardiographic left ventricular hypertrophy.

RESULTS: More than one-third of the study sample sur-
vived to age 85, and 22% of the original study sample sur-
vived free of morbidity. Lower midlife blood pressure and
total cholesterol levels, absence of glucose intolerance,
nonsmoking status, higher educational attainment, and fe-
male sex predicted overall and morbidity-free survival. The
predicted probability of survival to age 85 fell in the pres-
ence of accumulating risk factors: 37% for men with no risk
factors to 2% with all five risk factors and 65% for women
with no risk factors to 14% with all five risk factors.

CONCLUSION: Lower levels of key cardiovascular risk
factors in middle age predicted overall survival and major
morbidity-free survival to age 85. Recognizing and modifying
these factors may delay, if not prevent, age-related morbidity
and mortality. J Am Geriatr Soc 53:1944–1950, 2005.

Key words: aged; cohort studies; mortality; risk assess-
ment; comorbidity

Prior research has established that health-related be-
haviors and genetic influences play important roles in

survival to exceptional old age.1-3 Studies of centenarians
and their offspring have demonstrated that the delay and
avoidance of cardiovascular disease and its risk factors may
play an important role in longevity,4,5 although by virtue of
the fact that it is not possible to predict who survives to very
old age, these studies largely are cross-sectional in nature
and focus only on the current health of long-lived individ-
uals and their family members. Ideally, it would be desirable
to know which, if any, modifiable cardiovascular risk fac-
tors during middle age are important in predicting survival
to very old age. The Framingham Heart Study (FHS), a
longitudinal community-based cohort study with extensive
cardiovascular phenotypic characterization of participants
from young to mid-adulthood through older age groups, is
useful for addressing such a question.

A prior study from the FHS reported on risk factors
measured in middle age that were associated with survival
to the age of 75.6 Although it is helpful to understand the
relationships between these risk factors and average lon-
gevity, the prior work did not answer the question about
which antecedent risk factors predict survival in the oldest
old, commonly defined as age 85 and older.7 Nor did it
evaluate factors influencing morbidity-free survival to age
85. Other prospective examinations of risk factors for sur-
vival, such as those done by the Cardiovascular Health
Study8 and the Honolulu Heart Study,9 have focused on
importance of risk factors at an older age rather than at
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middle age. In contrast to the aforementioned studies, the
current study examined the effect of favorable middle-age
risk factors on survival to very old age. Furthermore, it was
sought to understand factors associated with living in good
health, as well as factors associated with survival per se.
With individuals aged 85 and older constituting the fastest-
growing segment of the U.S. population,10 it is important to
better understand which risk factors health-related be-
haviors can modify to prevent age-related morbidity and
frailty.

METHODS

The FHS is a longitudinal study of risk factors for cardi-
ovascular and other chronic diseases in a sample of resi-
dents initially from Framingham, Massachusetts. The
original cohort included 5,209 persons aged 28 to 62 who
have been followed with biennial examinations since 1948.
The Boston Medical Center institutional review board re-
viewed the FHS examination protocols, and all participants
signed informed consent.

The present study examined midlife cardiovascular risk
factors that may be associated with survival to age 85 in the
original FHS cohort. Eligible participants had to attend two
or more examinations between the ages of 40 and 50, with
at least one examination at age 47 or older (n 5 3,054), to
assure that measurements took place over the entire course
of the fifth decade of life. Participants born after January 1,
1919, were excluded because they could not have achieved
age 85 before the end of follow-up on January 1, 2004
(n 5 161). Additional exclusions were death before age 50
(n 5 26), known cardiovascular disease, valvular heart dis-
ease, cancer in the fifth decade (n 5 261), and individuals
with missing data on covariates (n 5 75, of whom 67 were
missing education data). The final study sample included
2,531 eligible participants. For the analysis of survival to
age 85 free of comorbidities, five participants with comor-
bidity at baseline and 56 participants who were lost to fol-
low-up were excluded. Data on survival were available for
the 56 participants who were lost to follow-up; as such they
were included in the analysis of survival to age 85.

Risk factors eligible for analyses were classified at the
routine examinations performed at or after age 40 until age
50. Data for the midlife risk profile were taken from Ex-
aminations 1 through 11, which occurred between 1948
and 1971. At each FHS research examination, participants
completed a physician-administered medical history and
physical examination, a 12-lead electrocardiogram, stand-
ardized questionnaires, a panel of blood tests, and an-
thropometric measurements. Cigarette smoking was defined
as present if the subject had smoked within the year before
any baseline examination. Educational attainment was cat-
egorized as not having graduated from high school, having
graduated from high school, and having education beyond
high school. Body mass index was measured as weight in
kilograms/height in meters squared. Electrocardiographic
left ventricular hypertrophy was diagnosed using voltage
criteria and repolarization abnormalities. Glucose intoler-
ance was defined as a previous diagnosis of diabetes mellitus
or an abnormal random blood sugar (�140 mg/dL)11 at
any examination between the ages of 40 and 50. The FHS
physical activity index estimated the amount of metabolic

work performed in a typical 24-hour period using a struc-
tured questionnaire that asked participants to report the
number of hours asleep; at rest; and in slight, moderate, and
heavy activity in a typical day. The index had a scale of 24 to
120, with 24 indicating resting state for 24 hours and 120
indicating heavy physical activity for 24 hours.12,13 In the
study sample, the physical activity index scores ranged from
26 to 76. Alcohol consumption was not used as a risk factor
in the logistic regression model, because data on alcohol
intake were not collected at all baseline examinations.

Because classifications of death in older people tend to
be less accurate because of unwitnessed events and a ten-
dency to perform less-thorough evaluations and diagnostic
testing, all-cause mortality was examined as an endpoint. In
the morbidity-free survival analysis, morbidities were se-
lected based on their contribution to the leading causes of
hospitalization and mortality in individuals aged 65 and
older, including heart disease, cancer, and cerebrovascular
disease.14 The major morbidities were defined as myocar-
dial infarction, coronary insufficiency, congestive heart fail-
ure, stroke, cancer (excluding nonmelanoma skin cancer),
and moderate or severe dementia. A panel of three inves-
tigators reviewed suspected cardiovascular events using all
available data, including hospital records and personal
physician records, in addition to FHS clinic records. Sim-
ilarly, a separate independent panel of study neurologists
determined stroke events. A neurologist and a neuropsy-
chologist (PAW) reviewed the evidence for dementia diag-
nosis. Two independent reviewers examined records for all
cancer cases.

Statistical Analysis

To evaluate the influence of various risk factors on survival
to age 85, stepwise logistic regression15 was employed
(Po.05 for retention). Risk factors considered were
systolic, diastolic, and pulse pressures; total serum choles-
terol; glucose intolerance; cigarette smoking; educational
attainment; body mass index; physical activity; antihyper-
tensive medication; and electrocardiographic left ventricu-
lar hypertrophy. For continuous variables, the mean was
calculated across all available examinations occurring be-
tween the ages of 40 and 50. Categorical variables were
coded as present if they occurred at one or more examina-
tions. Sex-by–risk factor interaction was examined to verify
whether the odds ratios for each of the risk factors was
roughly comparable between men and women, because it
was desired to improve statistical power by presenting sex-
pooled analyses.

An analogous approach was adopted to examine the
risk factors related to survival to or past age 85 free of major
comorbidity. To compare the relative importance of risk
factors contributing to survival to very old age identified in
the stepwise regression procedure, odds ratios were calcu-
lated corresponding to a change by approximately one
standard deviation of the risk factor for continuous vari-
ables (20 mmHg systolic blood pressure, 10 mmHg di-
astolic blood pressure, and 40 mg/dL total cholesterol) or
presence versus absence for dichotomous variables (smok-
ers vs nonsmokers, participants with and without glucose
intolerance) and one category increase for education (less
than high school graduate to high school graduate or high
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school graduate to beyond high school). The overall model
performance was assessed through its discrimination ability
quantified by the C-statistic.16

Variables significant in the final logistic regression
model were used to estimate probabilities of survival cor-
responding to low versus high levels of each risk factor,
adjusting for all other retained risk factors, and to calculate
probabilities of survival associated with accumulating num-
bers of risk factors. The higher and lower levels were de-
fined using a cutoff of 140 mmHg for systolic blood
pressure (based on the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of High
Blood Pressure seven criteria),17 and 240 mg/dL for total
serum cholesterol (based on National Cholesterol Educa-
tion Program Adult Treatment Panel III criteria).18,19 Ab-
sence/presence categories were used to define low and high
risk for smoking and glucose intolerance. In the case of
education, those who did not complete high school repre-
sented lower levels, and those who had completed high
school education and beyond represented higher levels.

Because the participants were aged 30 to 60 when in-
itially recruited and hence were eligible for the baseline ex-
aminations (aged 40–50) during different calendar decades,
a secondary analysis was performed to examine the signif-
icance of calendar decade (individuals were born in 1900–
1909 or 1910–1919) in the stepwise model.

All analyses were performed using SAS, version 8 (SAS
Institute Inc., Cary, NC). All tests were two-sided, and
Po.05 was considered to be statistically significant.

RESULTS

Table 1 includes baseline characteristics of the participants
between the ages of 40 and 50, classified by whether they
survived to age 85. More than one-third (35.7%) of the

study sample survived to age 85, as shown in Figure 1, with
more women (44.7%) surviving than men (24.1%).

Of all eligible participants at baseline, 22% (542/
2,475; the denominator did not include the 56 individuals
who were lost to follow-up) survived to age 85 free of the
morbidities examined. Of those who survived to age 85,
60% (542/903) survived without any of the morbidities
examined. Stepwise logistic regression was used to deter-
mine risk predictors for survival to age 85 and survival free
of major morbidity (Table 2). Individuals were considered
to have achieved healthy aging if they did not die or develop
myocardial infarction, coronary insufficiency, congestive

Table 1. Baseline Characteristics of Those Who Did and Did Not Survive to Age 85

Characteristic
Nonsurvivors
n 5 1,628

Survivors
n 5 903

Female, n (%)� 786 (48) 636 (70)
Systolic blood pressure, mmHg, mean � SD� 132 � 17 125 � 14
Diastolic blood pressure, mmHg, mean � SD� 84 � 10 80 � 8
Total serum cholesterol, mg/dL, mean � SD� 236 � 39 229 � 36
Glucose intolerant, n (%)� 60 (4) 8(1)
Cigarette smoker, n (%)� 1,149 (71) 458 (51)
Education, n (%)�

oHigh school graduate 645 (40) 268(30)
High school graduate 519 (32) 312 (34)
4High school 464 (28) 323 (36)

Body mass index, kg/m2, mean � SD 25.8 � 4.1 25.0 � 3.5
Alcohol, ounces/wk, mean � SDw 20 � 31 13 � 22
Physical Activity Index, mean � SDz 33 � 6 32 � 5
Pulse pressure, mmHg, mean � SD 47 � 10 45 � 8
Antihypertensive usage, n (%) 117 (7) 33 (4)
Left ventricular hypertrophy, n (%) 17 (1) 0 (0)

�These seven covariates were retained in the most parsimonious models. Subsequent covariates were not retained in the model.
w Information on alcohol intake was available on 1,623 nonsurvivors and 903 survivors. It was not included in the logistic regression model, because it was not
collected at all baseline examinations.
zPhysical activity index (description in methods section) was available on 1,465 nonsurvivors and 822 survivors.
SD 5 standard deviation.
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heart failure, stroke, cancer (excluding nonmelanoma skin
cancer), or moderate or severe dementia before age 85. The
most parsimonious model retained sex and five risk factors:
blood pressure, total serum cholesterol, glucose intolerance,
history of smoking, and education (Table 2). For the models
predicting survival, systolic blood pressure was selected; for
the models predicting survival free of major morbidity, di-
astolic blood pressure was selected. Tests for effect modi-
fication by sex for the factors retained in the most
parsimonious model were not statistically significant. In
secondary analysis, birth cohort did not enter the most
parsimonious model.

None of the individuals with a diagnosis of definite
diabetes mellitus or electrocardiographic left ventricular
hypertrophy between the ages of 40 and 50 survived to age
85. Because of the small number affected, there was a lack
of power to demonstrate a significant relationship between
diabetes mellitus or left ventricular hypertrophy and mor-
tality by age 85. Hence, glucose intolerance, which was a
significant predictor of mortality, was examined. The pres-
ence of glucose intolerance significantly decreased the odds
of survival to age 85 to 0.30 and the odds of survival to age
85 without major comorbidity to 0.13.

In addition to glucose intolerance, other factors were
significantly related to survival and major comorbidity–free
survival. Being female doubled the odds of surviving to age
85 and surviving free of major comorbidity. Having high
systolic blood pressure decreased the odds of survival to age
85 to 0.57, and having high diastolic blood pressure de-
creased the odds of survival to age 85 free of major comor-
bidity to 0.64. Having elevated serum cholesterol decreased
the odds of survival to age 85 to 0.89 and of major comor-
bidity–free survival to 0.82. Similarly, the presence of
smoking history decreased the odds of survival to age 85 to
0.47 and major comorbidity–free survival to 0.51. One
category increase in education increased the odds of sur-
vival to age 85 to 1.25 and of major comorbidity–free sur-
vival to 1.20. A C-statistic of 0.71 characterized the model’s
discrimination ability.

Estimated probabilities of survival to age 85 were ex-
amined by evaluating individual risk factors (Figure 2) that

were retained in the most parsimonious model. Each risk
factor was examined separately at lower and higher levels;
all of the other risk factor values were modeled at their
mean level. Lower levels of each risk factor were associated
with a higher probability of survival to age 85. For example,
nonsmokers had a 45% probability of surviving to age 85,
whereas the survival probability for smokers was 28%.

Sex-specific accumulated risks from multiple risk fac-
tors are demonstrated in Figure 3. The first bar of the figure
demonstrates the probability of survival to age 85 for in-
dividuals with no risk factors, whereas each successive bar
demonstrates the probability of survival to age 85 in the
presence of an increasing number of risk factors. The pre-
dicted probability of survival to age 85 fell in the presence of
accumulating risk factors: 37% for men with no risk factors

Table 2. Multivariate-Adjusted Odds Ratios (OR) and Confidence Intervals (CIs) for Risk Factors Related to Survival and
Survival Free of Major Morbidity to Age 85 and Older

Risk Factor

Survival to Age 85 (n 5 903)
Survival to Age 85 Free of Major

Comorbidity� (n 5 542)

OR (95% CI) P-value

Female 2.00 (1.66–2.41) o.001 2.08 (1.66–2.61) o.001
Systolic blood pressure (per 20 mmHg) 0.57 (0.50–0.64) o.001 F F F
Diastolic blood pressure (per 10 mmHg) F F F 0.64 (0.57–0.72) o.001
Serum cholesterol (per 40 mg/dL) 0.89 (0.79–0.96) .005 0.82 (0.76–0.92) .001
Glucose intolerance (present vs absent) 0.30 (0.14–0.64) .002 0.13 (0.03–0.54) .005
Smoking history (present vs absent) 0.47 (0.39–0.57) o.001 0.51 (0.41–0.63) o.001
Education (one category increase) 1.25 (1.12–1.39) o.001 1.20 (1.06–1.35) .004

Note: Risk factors considered in stepwise models were sex, systolic blood pressure, diastolic blood pressure, pulse pressure, antihypertensive medication usage, total
serum cholesterol, body mass index, glucose intolerance, electrocardiographic left ventricular hypertrophy, smoking, education, and physical activity index. For
covariate definitions, see Methods.
�Comorbidities were myocardial infarction, coronary insufficiency, congestive heart failure, stroke, cancer, and dementia.
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to 2% with four or more risk factors and 65% for women
with no risk factors to 14% with four or more risk factors.

DISCUSSION

In the FHS original cohort, lower levels of cardiovascular
risk factors in middle age, including blood pressure (systolic
for survival to age 85 and diastolic for survival free of major
morbidity), serum cholesterol, lack of glucose intolerance,
and the absence of cigarette smoking, predicted survival, as
well as major morbidity-free survival, to age 85. In addi-
tion, female sex and higher educational attainment predict-
ed survival to age 85 and survival free of major morbidity.
Furthermore, the predicted probability of survival to age 85
fell dramatically in the presence of an increasing number of
these risk factors measured during middle age: 37% for men
with no risk factors to 2% with four or more risk factors
and 65% for women with no risk factors to 14% with four
or more risk factors.

Other large long-term cohort studies have demonstrat-
ed the importance of individual risk factors in young adult-
hood and midlife in relation to long-term mortality.20-22 For
example, one examined cardiovascular and noncardiovas-
cular mortality 16 to 22 years after an initial assessment of
risk factors in five large low-risk cohorts of young adult and
middle-age men and women from the Multiple Risk Factor
Intervention Trial and the Chicago Heart Association De-
tection Project in Industry and reported that those with low
risk-factor profiles (total cholesterol o200 mg/dL; blood
pressure o120/80; and absence of smoking, diabetes mell-
itus, and myocardial infarction) had significantly lower
coronary heart disease and cardiovascular disease death
rates than those at higher risk.23 The current study extended
this knowledge by examining survival to very old age and
by including education, an indicator of socioeconomic sta-
tus, as a candidate risk factor. Moreover, the current study
differed by examining not only survival but also morbidity-
free survival.

Of those who survived to age 85, 60% (542/903) sur-
vived without major morbidity from the age-related dis-

eases that were examined. The results are consistent with
other studies that indicate that individuals who survive to
older ages often do so in good health, avoiding frailty and
morbidity.24,25

The factors predicting survival to age 85 and older
identified in this study are congruent with the factors cited
by the 2002 World Health Organization (WHO) report as
major contributors to the global burden of disease in the
developed world.26 In addition to the cardiovascular risk
factors noted above, the WHO report noted that elevated
body mass index, low intake of fruits and vegetables, and
lack of physical activity increased burden of disease.26 Ac-
cording to the WHO’s Comparative Risk Assessment Col-
laborating Group, hypertension, hypercholesterolemia,
elevated body mass index, low intake of fruits and vegeta-
bles, lack of physical activity, and smoking contribute to
13.5%, 12.9%, 10%, 6%, 5.6%, and 23.6%, respectively,
of deaths in developed nations. The WHO also noted that
these factors contribute significantly to loss of healthy life
as measured using disability-adjusted life years.27

Other studies have demonstrated that socioeconomic
status is an independent risk factor for all-cause28 and car-
diovascular-disease mortality.29,30 To assess this risk, edu-
cation was included in the model as a proxy for
socioeconomic status, and it was demonstrated that it was
an independent predictor of longevity and morbidity-free
longevity. In models not including educational attainment,
lower body mass index was predictive of survival and major
morbidity–free survival to age 85 (data not shown). Other
factors that it was not possible to assess, such as health
behaviors and access to healthcare, may also affect survival
and the development of age-related disease.

Fortunately, all of the middle-age cardiovascular risk
factors in this model predicting survival and major mor-
bidity–free survival to age 85 are modifiable. For example,
antihypertensive medications have been demonstrated not
only to reduce elevated blood pressure but also to improve
cardiovascular prognosis.31 Lifestyle interventions in high-
risk subjects have been shown to prevent type 2 diabetes
mellitus.32 The benefits of lifestyle changes and treatments
for smoking cessation,33,34 weight loss,35 and cholesterol
reduction36,37 have been demonstrated as well. Modest im-
provements in these factors could lead to substantial gains
in disease-free survival.26,38-40

One of the most notable findings was that all of the FHS
participants included in the study sample that had definite
diabetes mellitus between the ages of 40 and 50 died before
age 85. The uniform lethality of diabetes mellitus in this
study may be in part due to temporal factors such as a lack
of therapeutic options and a lack of understanding of the
importance of tight glucose control, which have subse-
quently become the standard of medical care. Nevertheless,
in view of the increasing prevalence of obesity41 and its
contribution to diabetes mellitus, hypertension, and hyper-
cholesterolemia, these results are troubling. Without a
concerted effort to reduce obesity and diabetes mellitus on a
population-wide basis, currently lengthening life expectan-
cies may begin to be reversed.

None of the individuals with a diagnosis of electrocar-
diographic left ventricular hypertrophy between ages 40
and 50 survived to age 85. Analogous to diabetes mellitus,
the uniform lethality of left ventricular hypertrophy in this
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Figure 3. Sex-specific probability of survival to age 85 based on
the number of risk factors present. The first bar represents the
probability of survival to age 85 for an individual with no risk
factors. Because the number of individuals with four and five
risk factors present was small, these numbers were merged in the
final bar.
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series may be in part due to the less-aggressive approach to
the treatment of blood pressure during the earlier part of
follow-up. Recent data indicate that the return to normal of
left ventricular hypertrophy,42,43 according to electrocardi-
ogram or echocardiogram, is associated with decreased
cardiovascular events. Unfortunately, many individuals
with hypertension are still not treated adequately.44

Strengths and Limitations

One of the major strengths of this study is the use of data
from the FHS cohort, which has been well characterized
over 5 decades. Furthermore, because the data were col-
lected and recorded longitudinally, they were not subject to
recall or survivor bias. This study is distinct from prior
studies in several ways. The measurements of risk factors in
this study included an average of assessments over a period
of 10 years, as opposed to examination of risk factors at a
single point. By using an average of multiple examinations
over a 10-year period, it was possible to reduce regression
dilution bias. In addition, survival to very old age, com-
monly defined in the geriatric literature as age 85 and older,
was examined. This cutpoint is substantially later than the
ages used in the above studies. Finally, and most impor-
tantly, the study examined not only survival but also mor-
bidity-free survival.

Several limitations must be acknowledged. Reflecting
the earlier period of baseline data collection (late 1940s
until early 1970s), diabetes mellitus was defined as having
random blood glucose of 200 or higher or receiving diabetes
mellitus treatment. Because these criteria are less stringent
than the current criteria, the category was expanded to
glucose intolerance, which included individuals meeting the
above criteria as well as those with random whole blood
glucose of 140 or higher.11

Measurements of alcohol use were not included as a
factor in the analyses, because the data were not obtained at
each assessment. This made it impossible to obtain an ac-
curate alcohol classification during the time of interest.

Lack of physical activity has been shown to increase
disability and mortality risk.45,46 Nevertheless, in this
study, the physical activity index was not predictive of sur-
vival to age 85 and therefore was not included in the model.
It is possible that lack of physical activity is the first step in a
causal pathway leading to increased disability and mortal-
ity risk and that adjustment for other downstream risk fac-
tors may mask its role.

In addition, because the focus of the FHS has been on
cardiovascular disease, it should be noted that the risk fac-
tors that were examined pertained to vascular diseases.
Hence, clinically important risk factors for noncardiovas-
cular disease morbidity and mortality may have been
missed. Measurements of lung function were considered,
but they were not included in the model because lung func-
tion may represent an intermediate mechanism of smoking
rather than a direct causal factor. In addition, unlike the
other factors assessed, little can be done to modify or re-
verse declines in pulmonary function once the damage has
occurred.

This study examined a limited number of major mor-
bidities, and other morbidities, such as chronic lung disease
and chronic renal failure, may significantly affect the qual-

ity of life of older individuals. Nevertheless, the morbidities
selected are the largest contributors to hospitalization and
mortality in the geriatric population.14 Furthermore, one of
this study’s strengths was the use of validated medical out-
comes rather than self-report.

Because the risk factor data were collected from par-
ticipants several decades ago, they do not reflect the influ-
ence of current treatment patterns and change in awareness
of the effect of health behaviors. As such, the contemporary
presence of these risk factors may have different prognostic
implications. For instance, diabetes mellitus, systolic blood
pressure, and hypercholesterolemia are now treated much
more aggressively, and such treatment has been demon-
strated to improve prognosis. Furthermore, this study did
not capture the effect of risk factor modification; partici-
pants may have reversed their risk factors by smoking ces-
sation and blood pressure treatment, among other things.
What the results indicate is the importance of recognizing
and treating the risk factors during middle age to delay, if
not prevent, major age-related morbidity and mortality.

The study may have been underpowered to detect
modest interactions between sex and the five risk factors,
but the effect modification by sex was not significant in the
model. In addition, because the study cohort was white, the
generalizability of the findings to other races/ethnicities
remains to be determined.

Implications

Lower midlife levels of blood pressure, body mass index,
serum cholesterol; absence of glucose intolerance; non-
smoking history; female sex; and higher educational at-
tainment predicted survival to age 85 and major morbidity-
free survival in the FHS cohort. Prior studies have demon-
strated that modifying these risk factors in middle age is
cost-effective and beneficial for the disease-free survival of
individuals to very old age. These data emphasize the im-
portance of health promotion in young and mid-adulthood
to promote healthy aging. Further research is needed to
determine the relative contribution of temporal trends in
cardiovascular disease risk factors and treatments to com-
pression of morbidity and improved survival.
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