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ABSTRACT. This article uses a demographic approach and data from
the Health and Retirement Survey, a nationally representative sample of
the U.S. population, to investigate sex differences in the length of life
lived with heart disease and after a heart attack for persons in the United
States age 50 and older. On average, women live longer than men with
heart disease. At age 50 women can expect to live 7.9 years and men
6.7 years with heart disease. The average woman experiences heart dis-
ease onset three years older and heart attacks 4.4 years older than men.
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INTRODUCTION

Heart disease is the most prevalent fatal chronic disease afflicting
older Americans. It accounts for approximately 32 percent of all deaths
and is the leading cause of death for both men and women aged 65 years
and older (Anderson & Smith, 2005). It is also a major cause of illness;
37 percent of men and 27 percent of women over age 65 reported having
a heart condition in 2001/2002 (Federal Interagency Forum on Aging-
Related Statistics, 2004). Men have higher heart disease mortality rates
than women at all ages with the gap declining as age increases (Khaw &
Barrett-Connor, 1992; Markides, 1992), although in recent years the de-
clines have been less for women than for men (American Heart Associ-
ation, 2004). For this reason, many Americans do not perceive heart
disease as a woman’s health issue although estimates indicate that from
40 to 50 percent of postmenopausal women will develop heart disease
(Col et al., 1997; Lloyd-Jones et al., 2006). There is also evidence that
women have heart attacks 5 to 10-years older than men, that women who
have a heart attack have more confounding health problems, and that
women who are hospitalized after a heart attack are less likely to re- .
ceive certain types of drugs and diagnostic and treatment procedures
(Clarke, Gray, Keating & Hampton, 1994; Eastwood & Doering, 2005;
Fuchs, 1999). Controversy continues about whether sex differences
occurin initial hospital survival and long-term survival after a heart at-
tack (Coronado, Griffith, Beshansky & Selker, 1997; Maynard, Every,
Martin, Kudenchuk & Weaver, 1997; Vaccarino, Krumholz, Yarzebski,
Gore & Goldberg, 2001; Vaccarino, Parsons, Every, Barron & Krumholz,
1999).

Despite glimpses into the heart disease experiences of men and women,
basic information on gender differences in heart disease morbidity, inci-
dence and duration for the national population of the U.S. is elusive.
Unclear, for example, is how much of men’s higher prevalence of heart
disease signifies a higher incidence of heart disease and longer periods
of life spent with heart disease; or whether men’s higher death rates re-
sultin fewer years lived with heart disease. It is also unclear how the dif-
ferent age structure of the female and male populations affects some of
the generalizations about men and women. Incorporating the age pat-
terning of heart disease onset and death into a multistate life table model
allows us to calculate the length of life “with and without heart disease,”
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which identifies the average period of heart disease development or pro-
gression and the period of treatment or monitoring in the population.
Clarification of sex differences in this disease process will inform our
understanding of the likely effects of potential intervention.

Demographic models of chronic disease onset and outcome have been
used previously to examine life expectancies with and without disease or
impairment (Jagger & Matthews, 2002; Robine, Jagger & Cambois, 2002),
and are well-suited to clarifying the effects of sex differences in mor-
bidity and mortality rates for the length of life with and without disease,
expected ages at major health events, and population disease composi-
tion (Laditka & Hayward, 2003; Robine, Jagger, Mathers, Crimmins &
Suzman, 2003). We estimate the age-specific likelihood of a series of
health events using hazard models. We use the parameters of these mod-
els to calculate multistate life table models of heart disease—free life ex-
pectancy for Americans over 50 by gender.

MATERIALS AND METHODS
Dqta

Incidence measures of heart disease experience are calculated using
data from the first two waves of the Health and Retirement Survey (HRS)
including the older sample which began as the Assets and Health Dy-
namics Among the Oldest Old (AHEAD) Survey. The HRS sample was
nationally representative of community-dwelling persons aged 51-61
in 1992 and their spouses. The AHEAD was representative of persons
70 years of age and older in 1993 and their spouses. The pooled sample
covers the entire age range over 50 at the initial interview because spouses
fill in the ages 62 to 69. Wave 2 surveys for both the HRS and AHEAD
occurred approximately two years after the baseline survey, that is, in
1994 and 1995, respectively.

We use the sample from age 50 through 97 years of age (N = 18,160)
who had information on heart disease status or death at waves 1 and 2
(unweighted N = 18,034). Persons with missing information were more
likely to be older and female. The sample has more women (N = 10,110)
than men (N = 8,050). The sample is racially and ethnically representa-
tive of the U.S. national community-dwelling population when sample
weights are used as in this analysis.
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Measures

Information on the presence of heart disease at the two interviews is
provided by self-report and is used to classify individuals according to
initial heart disease state at each wave. Each person can be allocated to
one of three states: “No heart disease,” never having been told by a doc-
tor that they have coronary heart disease, angina, congestive heart fail-
ure, or other heart problems; “Heart disease without heart attack™ means
that a respondent has been told that he/she has one of the conditions
listed above but has never had a “‘heart attack or myocardial infarction”;
and having had a “heart attack.” Heart attack is a state that can be en-
tered after heart disease but one cannot return to the state of only heart
disease after having had a heart attack; nor can one return to never having
heart disease.

Self-reports of conditions in the HRS produce similar levels of dis-
ease prevalence as in other national surveys, for example, the National
Health Interview Survey (Fisher et al., 2005). Several studies have com-
pared self-reported history of heart disease and medical record report and
generally found good agreement (Bush, Miller, Golden & Hale,1989;
Lampe, Walker, Lennon, Whincup & Ebrahim, 1999; Psaty et al., 1995;
Voalklander et al., 2006). The question wording in the AHEAD survey
allows us to identify only those who have had a heart attack in the last
five years so there will be some underestimate at the start of the popula-
tion in this state at the older ages; however, it is the rates of onset rather
than prevalence that are the building blocks of the multistate life tables.

Multistate life tables allow us to estimate state-specific mortality rates
from the three heart disease states. Reports of death supplied by infor-
mants at the time of the second interview are supplemented with infor-
mation from the National Death Index (NDI) to determine the vital
status and to determine cause of death. To incorporate information on
heart disease development among those who died within the interval
and to put them at risk in an appropriate manner for our demographic
model, decedents with heart disease designated as a cause of death are
classified as getting heart disease mid-interval if it was not reported at
the initial interview. Decedents from heart attacks are classified as hav-
ing a heart attack mid-interval if they have not reported an earlier heart
attack. Some decedents did not give permission to be linked to the NDI
and thus death certificates indicating cause of death are not obtained. We
preserve the population’s level of mortality from heart disease and other
causes by randomly assigning a cause (i.e., death due to heart disease,
heart attack, or other causes) for decedents with missing information
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based on age-sex specific distributions of cause of death in the U.S.
population. About one-third of all decedents are classified as dying
from heart disease (N = 335 out of 1,045) and about one-third of these
(N =110) die from a heart attack.

Methods

The multistate life table method has been described and compared to
others in a number of methodological papers on estimating healthy life
expectancy (Laditka & Hayward, 2003). It involves two stages, the esti-
mate of a series of incidence-based health state transition schedules which
are then used as the input to the multistate life table which is used to de-
rive the lifetime events for a synthetic cohort experiencing all of the es-
timated age-specific transition rates. The health transition schedules
indicate the annual likelihood of getting heart disease or of having a
heart attack. Mortality schedules represent the mortality rates -experi-
enced by those with heart disease, those who have had a heart attack, and
those with no disease. Incidence rates of morbidity track whether disease
events occurred over the 2-year observation interval among the appro-
priate “at risk” populations. All events, including censoring, are assumed
to occur at the end of the interval unless a person dies of previously unre-
ported heart disease~which is assumed to occur mid-interval. For this rea-
son, we calculate the rates by separating all intervals into two one-year
periods.

We estimate the incidence rates for the multistate life table using a
discrete-time hazard model (Crimmins, Hayward & Saito, 1994, 1996;
Land et al., 1994). In this approach, the probability, p;;, is the probabil-
ity of moving from state i to state j at age x where x refers to the age at
last birthday. We model the probabilities separately for men and women
using a log-linear model, that is,

1nPijx =By + BIAGEX

The model’s parameter estimates are used to calculate predicted tran-
sition probabilities, p;:(x) which serve as the inputs for the multistate life
table. The multistate life table develops the lifetime implications for the
life table cohort of experiencing the health transitions and mortality as
observed in the population. These are represented by traditional life ta-
ble functions such as survivors at a given age but in a given state, deaths
ata given age, and life expectancy and years lived after a specified age.



10 JOURNAL OF WOMEN & AGING

Two types of multistate life tables are constructed: population-based
and status-based. The population-based life table provides the experi-
ence for the average person in the population. It allocates a life table co-
hort to each disease state at age 50, the initial age of the life table,
according to observed disease prevalence at that age. Status-based life
tables provide information on the average outcome for persons with a
given disease status at a given age. The status-based table begins with
an entire cohort in a given state at a set age, for example, no heart dis-
ease at age 60. The projected disease lifecycle of that hypothetical co-
hort is then determined according to the transition probabilities.

RESULTS

Atbaseline, 14 percent (1,131 of 8,050) of male respondents 50 years
of age and over report having heart disease; an additional 9 percent have
had a heart attack. Women’s prevalence rates are 15 and 5 percent, re-
spectively. About 200 men and 300 women reporting no disease at base-
line were diagnosed by Wave 2, and about 100 of each sex had a heart
attack. Approximately 50 persons of each sex who had heart disease at
baseline reported a heart attack by Wave 2. About 500 of each sex died
over the observation period. These transitions are the basis for calculat-
ing our life tables.

The parameters of the hazard models of the disease transitions indi-
cate that all of the transitions are significantly more likely to occur among
older persons, except for heart attacks among men who have heart dis-
ease (Table 1). The age effects for the two models predicting heart at-
tack are about twice as large for women indicating that heart attack risk
increases more steeply with age among women. The other age effects
are similar for both sexes. By pooling the data for the two sexes, models

-were estimated to test the significance of the differences between the
two groups (results not shown but described below).

Based on the sex-specific models’ parameter estimates shown in
Table 1, the age-specific rates of heart disease and heart attack onset
and death from each state are calculated and shown in Figure 1. These
figures clarify the age and sex differences in the rates of heart disease
onset and progression. Most of the events indicating progression to
worse cardiovascular health or death, for example, are more frequent
among men; however, there is no sex difference in the onset of heart dis-
ease among those without heart disease initially (Figure 1A). On the
other hand, men who begin the interval without reported heart disease,
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TABLE 1. Summary of Equations for Heart Disease Hazard Models

Event Men . Women
Intercept Age Intercept Age

No Heart Disease to Heart -7.120* 0.049** -7.077* 0.047**

Disease (not Attack)

No Heart Disease to Heart -6.615** 0.032** —9.504** 0.066**

Attack :

Heart Disease (not Attack) —-4.737™ 0.017 —-6.115** 0.031*

to Heart Attack

No Heart Disease to Death —10.854"* 0.098** —10.345"" 0.086™"

Heart Disease (not Attack) —7.874* 0.070** —7.663*" 0.064** -

to Death .

Heart Attack to Death -7.125" 0.065** —6.938** 0.063**

*p < 0.01, **p < 0.001

or who have heart disease but have not had a heart attack are more likely
to have a heart attack up until the older ages (Figures 1B, 1C). An exam-
ination of death rates from the various states shows that men who do not
have heart disease or who have heart disease but have not had a heart at-
tack have higher rates of death than women (Figures 1D, 1E). Men and
women who have had a heart attack do not differ in their death rates
(Figure 1F).

The multistate life expectancies based on this combination of transi-
tion rates identify how long men and women can expect to live with
heart disease and after a heart attack. These are shown for the popula-
tion at ages from 50 to 80 (Figure 2). The average length of life men at
age 50 can expect to live is 26.9 years in total. Approximately 20 years
of life are free of heart disease and 6.7 are spent with heart disease with
2.4 of those after having had a heart attack and 4.3 with heart disease but
not having had a heart attack. Women at age 50 average 31 years in total
with about 23 heart-disease free years. They live more years than men
disease-free, more years with heart disease but no heart attack (5.8 vs.
4.3), but not more years after having had a heart attack (2.1 vs. 2.4).

On average, women experience heart disease at older ages than men.
The average age at onset of heart disease in the population aged 50 and
overis 70 for men and 73 for women. On average, men will have a heart
attack at 74.5 and women at 78.9. At age 50, both men and women can
expect to have heart disease for approximately 1/4 of their remaining
lives. As individuals survive, the relative proportion of life that is free of
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FIGURE 2. Total Life Expectency and Life Expectency by Heart Disease Status
and Age and Expected Age at Heart Disease Onset, Heart Attack, and Death:
Population-Based Life Table
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heart disease declines. By age 70, for example, 57 percent of men’s re-
maining life is free of heart disease; the figure for women is almost
identical (58 percent). This is because the average years free of disease
are smaller at the later ages and the average years with disease are not
reduced as much. '

In terms of absolute years spent with heart disease, Figure 2 shows
that at every age the average woman can expect to live with heart dis-
ease more years than the average man. At age 50, the average woman
can expect to live 7.9 years with heart disease, while the figure for the
average man is 6.7 years. At each age, women are more likely to spend
time diagnosed with disease and without a heart attack. Men at every
age can expect to spend more years after a heart attack than women.

Examination of the full life table (data not shown) can provide infor-
mation on the health status of the life table population. Given these morbid-
ity and mortality rates, out of 100,000 men in a cohort at age 50, one-third
(33,368) are expected to have a heart attack at some time in their lives; for
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women, about one-quarter (26,599) will have a heart attack. Three-fourths
(72 percent) of both men and women will develop heart disease over
their lifetimes.

The results for the population-based life tables show life expectancy
for the average person alive at a given age irrespective of his or her dis-
ease status. Status-based tables show the consequences of being in a dis-
ease state at a given age for subsequent health. Men who have no heart
disease at age 50, for example, can expect to live free of heart disease un-
til age 71; for women, the figure is 74. Surviving in good health has sig-
nificant payoffs in terms of one’s future health; for both men and women,
we observe a compression of life spent with heart disease as persons
survive to later ages without heart disease. Among men, surviving to 70
without heart disease, the average man is free of heart disease until 80.
Women free of heart disease at 70 are likely to survive disease-free to 82.

Women who have heart disease but who have not had a heart attack at
a given age live longer with the disease than men. Men who have heart
disease by age 50, can expect to live two years less than women who have
heart disease, 21.3 years versus 23.3 years. Among people who have had
a heart attack at a given age, life expectancy is strikingly similar for men
and women. At age 50, both men and women who have had a heart at-
tack can expect to live 18 more years. By age 70, both sexes can expect
to live 8 more years—a pattern produced by the similar age-specific male/
female death rates after heart attack noted earlier. These figures indicate
the potential years of treatment for persons who get heart disease at a
young age.

Disease prevalence implied by the life table is a useful means to gauge
what current rates portend for the future prevalence of heart disease in
the population as they indicate the health of the population after the ob-
served incidence rates have been in effect for some years. In general, if
incidence and mortality rates reported in this survey continue, the life ta-
bles point to small decreases in heart disease prevalence at younger ages
and increases at older ages. Half of surviving men will have heart disease
by age 77 and half of women by age 87—currently prevalence peaks at
about 40 percent. This increase reflects current higher levels of survival
with heart disease than experienced historically. The percentage of the
surviving population who will have had a heart attack is considerably
higher at each age for men than for women. At age 75, one-quarter of men
in the life table population have had a heart attack; for women, this is
halved.
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DISCUSSION

Using a life table approach which controls for difference in popula-
tion age composition, we have documented some similarities and some
differences in the heart disease experience of American men and women.
The average woman lives more years with heart disease at every age af-
ter 50 because of the lower survival among men both with and without
heart disease and because men progress to heart attacks faster than
women. Persons who have had a heart attack have higher mortality than
others; once men and women have a heart attack, however, their sur-
vival is similar. Men and women over age 50 do not differ in the likeli-
hood of onset of heart disease without heart attack, but men are more
likely to have a heart attack.

Our estimate is that women are 4.4 years older on average when they
have a heart attack which is near the lower end of previous estimates.
The fact that women are older at heart attack could be a factor in the dif-
ferent treatment that men and women receive upon hospital admission
(Clarke et al., 1994; Eastwood & Doering, 2005; Fuchs, 1999).

Men are more likely to end up having had a heart attack than women,
and a heart attack appears to be more likely as the first sign of heart dis-
ease for men than for women from age 50 through sometime in their
early 80s. This could result from sex differences in the disease process
but reports could also be affected by gender differentials in the use of
medical care during which one becomes aware of having heart disease.
Because younger men are less likely to visit doctors, men with heart dis-
ease may be less likely to be diagnosed with heart disease before heart
attack. This could partly explain the fact that observed heart disease on-
set rates among those without disease are similar for men and women.

It is interesting that men and women who know that they have had
a heart attack do not survive differently. One can assume that most of
these people are under a physician’s care. We must also consider the
possibility that heart attacks may be less recognized in women. “Silent
myocardial infarctions (MIs)” are thought to be more common among
women (de Bruvne et al., 1997).

Interestingly, our estimates of total life expectancy and life expectancy
without heart disease for a national sample representative of all race-
ethnic groups in the American population are similar to results derived
from the more local Framingham study, which has a low participation
rate and an ethnically unrepresentative sample of the U.S. In addition to
geographic coverage, our estimates differ from those developed from
Framingham in that they are derived from self-reports of conditions in
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the 1990s, while the Framingham estimates are derived from examina-
tion and laboratory results for over 40 years for persons free of disease
at age 40 in approximately 1950. We estimate that women aged 50 would
live 31 more years with 23 free of heart disease; the estimates from the
Framingham data were 32 years and 26 free of heart disease (Peeters,
Mamun, Willekens & Bonneux, 2002). For men, the estimate for the
Framingham cohort was 26 years of life with 20 free of disease; while
ours was 27 years of life with 20 free of disease. Our models indicate that
more persons will experience heart disease over their lifecycles than es-
timates arising from the Framingham data. Our data indicate that almost
3 out of 4 men and women will experience heart disease before death,
while the estimates from the Framingham data are 52 percent for men
and 39 percent for women (Lloyd-Jones et al., 2006). Our more recent
data may reflect the recently observed increases in heart disease preva-
lence in the U.S. population (Crimmins & Saito, 2000; Cutler & Rich-
ardson, 1997). '

This article provides the first estimates of life expectancy with and
without heart disease for the U.S. national population based on multi-
state life table methods. Earlier estimates of life expectancy with heart
disease developed using cross-sectional prevalence data appear to be
lower than those obtained here. Using age-specific prevalence data from
the National Health Interview Survey with heart disease presence defined
using a simple question about the presence of heart disease, both men and
women have about 4.5 years of heart disease at age 65 (Crimmins, Kim &
Hagedorn, 2002). The estimate for both sexes developed here would be
" 6.8 years. In addition to having a different definition of heart disease,
the estimates based on cross-sectional data did not incorporate different
mortality rates by disease state. This is probably the reason that the esti-
mated length of life with heart disease in the previous study is lower
than that estimated with the multistate method employed in this analysis
which has clearly documented a difference in mortality by heart disease
state.

CONCLUSIONS

The multistate approach to estimating time spent with and without
disease clarifies that heart disease is a major health problem for both
sexes. The importance of behavioral changes and medical advances that
would delay the onset of fatal conditions such as heart disease is clear
(Franco, de Laet, Peeters, Jonker, Mackenbach & Nusselder, 2005a;
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Franco, Peeters, Bonneux & de Laet, 2005b; Laditka & Laditka, 2000).
If no one got heart disease before age 70 and all other rates stayed the
same as observed, the number of years spent with heart disease would
decrease by about a third.

The number of years lived with heart disease indicates the tremen-
dous burden of heart disease for both sexes and for the medical care sys-
tem. The multistate approach and the models developed in this article
provide an ideal mechanism for understanding the implications of proj-
ected medical and technological innovation or changes in behavior or
population characteristics on future population health. For instance, the
basic model parameters can be changed using assumptions about the fu-
ture benefit of new technology on the prevention of disease and death in
order to derive implied changes in the burden of disease represented by
years spent with heart disease. Further research using multistate models
of disease which incorporates the potential of health innovations and
behaviors to change model parameters which can be derived from epi-
demiological or clinical data is the next step in extending the use of the
multistate life table approach and examining the potential difference in the
effect of new health innovations, policy changes, and behavioral modifica-
tion for men and women (Laditka & Laditka, 2000).
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