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Many studies indicate that women live longer than men but report more physical
illness. This report is the first prospective study of sex ratios for morbidity and
mortality due to a variety of causes in a single cohort: a random sample of 5,239
adults, aged 30 years or older in 1965, who have been followed through 1983 (19
years) by cause and age. For both cancer incidence and mortality there was a
"~ female excess before age 50 years, followed by a male excess peaking between
ages 60 and 69 years. Sex ratios for ischemic heart disease mortality, on the
other hand, indicated a male excess at virtually all ages, and that these sex ratios
declined with age. However, three measures of heart disease morbidity (self-
reported chest pain, heart trouble, and high blood pressure) demonstrated a
female excess that did not vary by age. All four measures of functional disability
(impaired self-care, impaired mobility, cessation of work, and reduction of work)
demonstrated a female excess that did not vary by age (with the exception of a
male excess in impaired self-care in adults aged 30 to 39 years). Further analyses
of sex differences in health need to acknowledge the heterogeneity of the relation
of sex to disease, and the complex age-sex interaction that varies remarkably

with both cause and manifestation of outcome (morbidity vs. mortality).

heart diseases; mortality; neoplasms; risk; sex ratio

One of the most striking patterns in ep-
‘idemiology is the marked sex differential in
mortality (1-5). In the United States,
women live longer than men and they have
lower death rates at virtually every age and
for most causes (1, 3-5). In 1980, the age-
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adjusted mortality ratio between men and
women was 1.8—men had nearly an 80 per
cent higher age-adjusted death rate than
women—Ilife expectancy at birth was 77.5
years for women and 70.0 years for men
(6). This female advantage in life expec-
tancy existed even at age 80 years at which
time women had 8.6 more years expected
and men 6.7 years (6). Our understanding
of these striking differences in mortality is
complicated by an equally striking but op-
posite pattern for physical morbidity
(1, 3,7).

Interpretation of this apparent contra-
diction—that women live longer than men
but experience more physical illness—is
complicated by several factors. First, it has
been proposed that women’s greater rate of
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illness may reflect their greater utilization
of medical services and physicians’ diag-
nostic patterns, as well as women’s greater
willingness to acknowledge and report ill-
ness (1, 3, 8-10). A female excess of illness
persists, however, when physical examina-
tions are used for assessment in population-
based samples and when pregnancy-related
conditions are removed (1). In addition, two
reviews of analyses of reporting behavior
concluded that while underreporting of ill-
nesses was common, there was little evi-
dence of sex differences in such under-
reporting (1, 11).

The apparent contradiction between sex
differentials in morbidity and mortality
may also reflect differences in study design
and resultant differences in measures of
morbidity and mortality. Specifically, vital
statistics data provide mortality rates (1, 3)
while population-based studies provide
mortality risks (12, 13). Cross-sectional
data (e.g., surveys) provide morbidity prev-
alence rates (3, 7), while longitudinal data
provide information on incidence and/or
prevalence. Prevalence measures reflect in-
cidence and survival; for example, the fe-
male excess for morbidity may reflect sex
differences in survival and/or sex differ-
ences incidence. Additionally, estimates of
risk are not always comparable to estimates
of rates (14).

Sex differences in morbidity and mortal-
ity based on different samples may also
reflect geographic, ethnic, and age differ-
ences between the samples, and different
time periods covered, as well as true sex
differences. For example, since the sex dif-
ferentials in mortality have demonstrated
secular trends (1, 5, 15), comparisons across
populations at different points in time may
not reflect a true contradiction. Data have
demonstrated a significant variation in the
sex ratio of both morbidity (1, 3, 5) and
mortality (1-6, 15) by age. Therefore, the
apparent contradiction between sex differ-
ences in morbidity and mortality may be a
- function of differences in the age structure
of the samples studied and whether data
are presented by age-specific categories or
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are age-adjusted to different standard pop-
ulations.

Finally, it has been suggested that there
really is no contradiction between sex dif-
ferentials in morbidity and mortality.
Rather, women have higher morbidity for
conditions that rarely cause death, such as
rheumatoid arthritis, whereas men tend to
have more fatal conditions, such as coro-
nary heart disease (1, 7, 8, 16). While this
may be true for overall morbidity and moz-
tality, there is still a question as to whether

- there is a contradiction in morbidity and

mortality for specific diseases. For example,
based on 1979 National Health and Nutri-
tion Examination Survey (NHANES) data
(7), men reported more coronary heart dis-
ease than women while women reported
equivalent or greater amounts of cerebro-
vascular disease. However, in 1980 there
was a male excess of mortality for both of
these disease categories (6).

Using a general measure for morbidity,
women report more disability than men (3).
Again, this may reflect a higher prevalence
of nonfatal chronic disease in women, or a
longer survival for women with chronic dis-
ease, both of which result in more disabil-
ity. Thus the analysis of sex differences in
functional disability is crucial to under-
standing the apparent contradiction be-
tween sex ratios for morbidity and mortal-
ity.

- This pres‘éntation focuses on the descrip-

tive epidemiology of sex ratios for morbid-
ity and mortality for the two leading causes
of death in the United States, heart disease
and cancer, and for two general measures
of health, functional disability and all cause
mortality. To our knowledge, this is the
first study of sex differences in new func-
tional disability, new morbidity, and mor-
tality based on a single cohort over the
same time period.

MATERIALS AND METHODS

Study population

The study sample consists of 5,239 adults
aged 30 years or older who participated in
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a 1965 survey of physical, social, and psy-
chologic indicators of health conducted by
the Human Population Laboratory of the
California Department of Health Services.
The sample procedure, explained in greater
detail elsewhere (17), elicited an 86 per cent
response rate to the mail questionnaire.
The male and female response rates were
virtually equal (85 per cent and 87 per cent,
respectively). When compared with re-
spondents, the small group of nonrespond-
ents included slightly more older people
and whites, and retired, single, and wid-
"owed persons. However, the differences be-
tween respondents and nonrespondents
have a negligible effect on population esti-
mates, and respondents have been judged
to be a representative sample of adults in
Alameda County, California (18). The pres-
ent analysis is restricted to the 2,424 men
" and 2,815 women who were 30, years old or
older in 1965, 84 per cent of whom were
white.

Morbidity ascertainment

Cancer. Cancer incidence through 1983
was ascertained via automated record link-
age between the Human Population Labo-
ratory data from the 1965 survey and the
population-based cancer incidence files
(California Tumor Registry) maintained by
the Cancer Prevention Section of the State
of California Department of Health Serv-
ices. This on-going population-based tumor
registry has been maintained in Alameda
County since 1960, and was expanded
to the five counties comprising the San
Francisco-Oakland Standard Metropolitan
Statistical Area in 1969. Ascertainment of
newly diagnosed cancers for this geographic
area is estimated to be 98 per cent complete
(19). It should be noted that while cancer
incidence ascertainment was restricted to
respondents still residing in the San Fran-
cisco Bay Area, cancer mortality ascertain-
ment was not so restricted. Comparison of
incidence with mortality data suggests that
underascertainment of incident cases due
to out-migration was minimal. Only 6.6 per
cent of the cancer deaths occurred among
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respondents who had moved outside of the
San Francisco Bay Area and for whom
there was no incident information. Cancer
incidence of all sites included melanoma,
but not skin cancer. Analyses of cancer
incidence excluded persons reporting can-
cer in 1965.

Heart disease. Nearly 80 per cent of sur-
viving 1965 survey respondents returned a
second questionnaire in 1974. Questions on
heart disease morbidity assessed high blood
pressure, heart trouble, and chest pain oc-
curring during the 12 months preceding the
second survey. For heart disease morbidity
analyses, all persons with prevalent condi-
tions reported in 1965 were excluded.

Functional disability. 'The 1974 survey
also asked survivors several questions
about functional disability of six months or
longer duration. These questions covered:
1) work cessation due to illness or injury;
2) work reduction due to illness or injury;
3) impaired self-care (feeding, dressing, or
moving around); and 4) impaired mobility
(climbing stairs or getting outdoors). Again,
all persons reporting similar functional dis-
ability in 1965 were excluded from analyses
of 1974 disability.

Mortality ascertainment

Mortality data were collected for the 19-
year period from 1965 to 1983. Mortality
information was obtained via the California
Death Registry (20) and extensive in-state
and out-of-state tracing procedures.
Through these methods, death certificates
were obtained for 676 men and 654 women
aged 30 years or older in 1965. Underlying
cause of death was coded according to the
International Classification of Diseases, In-
juries, and Causes of Death, Adapted,
Eighth Revision (ICDA-8). Ischemic heart
disease deaths encompassed ICDA-8 codes
410-414. Because of the small number of
cancers for specific sites, all cancers were
grouped together. Nineteen-year mortality
data are presented for mortality compari-
sons and for comparisons of cancer morbid-
ity and mortality. Nine-year mortality data
are presented for comparison with nine-
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year heart disease morbidity and functional
disability.

Statistical analyses

Simultaneous 95 per cent confidence in-
tervals were calculated for age-specific sex
ratios within each outcome (21). This
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method adjusts confidence limits for mul-
tiple.comparisons within each outcome.

RESULTS

Over the 19-year period 1965 to 1983, 676
men and 654 women died of all causes,
including 148 men and 156 women who died
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FIGURE 1. Sex ratios for morbidity and mortality by age and cause, Alameda County, California, 1965-1983.
Circled values indicate 95 per cent confidence interval does not contain 1.0. All causeé mortality and cancer
ratios are based on 19 years of follow-up; heart disease and functional disability ratios are based.on 9 years of
follow-up. For comparability, all cause mortality in the functional disability portion of this illustration is based
on 9 years of follow-up. IHD, ischemic heart disease.
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of cancer, and 257 men and 210 women who
died of ischemic heart disease. Figure 1 (all
cause mortality) presents 19-year age-
specific sex mortality ratios for each of the
foregoing. There was a male excess at all
ages for all cause mortality that peaked in
those aged 60-69 years. There was also a
male excess at all ages for ischemic heart
disease mortality, but the sex ratio declined
steadily with age from 3.2 in those aged 30-
39 years to 1.2 in those aged 80 years or
older. In contrast, there was a female excess
for cancer mortality before age 50 years and
a male excess thereafter that peaked in
those aged 60-69 years.

Figure 1 also allows a comparison of age-
specific sex ratios for morbidity and mor-
tality rates from cancer, heart disease, and
functional disability. Note that for cancer,
age-specific sex ratios for 19-year morbidity
and mortality rates followed the same pat-
tern, a female excess before age 50 years,
followed by a male excess that peaked at
60-69 years of age.

Sex ratios for nine-year heart disease
morbidity and mortality in figure 1 exhibit
very different patterns, however. There was
a male excess at all ages for ischemic heart
disease mortality that declined with age. In
contrast, there was a small nonsignificant
female excess at most ages for hyperten-
sion, heart trouble, and chest pain, with no
obvious age pattern.

As shown in figure 1 (functional disabil-
ity), sex ratios for work cessation, work
reduction of six months or longer due to
illness or injury, impaired self-care, and
impaired mobility of six months or longer
duration exhibited a female excess under
age 60 years, with the exception of impaired
self-care among those aged 30-39 years.

In order to tell if variations in male or
female risks with age explain variations in
the sex ratio, figure 2 presents age and sex-
specific mortality risks. Because figure 2
plots log risk against age, parallel lines
between two points represent a constant
sex ratio with equivalent acceleration in
risk with age for both sexes. The reduction
of the sex ratio at older ages for both all
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cause mortality and heart disease mortality
(figure 1) appears due to acceleration of
female risk with age with a concomitant
deceleration of male risk (figure 2). After



606

age 60 years there is a greater deceleration
of male than female risk. This pattern is
most prominent for heart disease mortality.
A different pattern is evident for cancer
mortality (figure 2). Before age 50 years,
female risk rises more rapidly with age than
male risk. Between ages 50 and 60 years,
the trend reverses. This pattern produces
the female excess in cancer mortality under
age 50 years; this pattern then reverses and
becomes a male excess which peaks in the
60- to 69-year age group (figure 1). The
convergence of the male and female cancer
mortality risks after age 69 years is due to
a decline in male rates after age 69 years.

) Similarly, figure 3 presents age- and sex-
specific 19-year morbidity risks for cancer.
The age pattern of sex-specific risks are
very similar for cancer morbidity (figure 3)
and mortality (figure 2). Females have
higher risks than males at the youngest
ages with very little change in risk with age.
Males experience an acceleration of risk
with age, peaking at ages 60-69 years and
declining thereafter. These patterns pro-
duce the complex relation between age and
sex ratio for cancer morbidity and mortality
shown in figure 1.

Figure 4 presents age- and sex-specific
nine-year morbidity and mortality risks for
heart disease. As for 19-year ischemic heart
disease mortality, nine-year mortality (fig-
ure 4) shows a pattern of convergence for
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bidity by age, Alameda County, California, 1965-1983.
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male and female risks due primarily to ac-
celerated increase in female risk with age
and a concomitant deceleration of the in-
crease in male risk with age. In contrast,
self-reported high blood pressure, chest
pain, and heart trouble do not follow this
pattern (figure 4). Male risk for heart dis-
ease morbidity rarely exceeds that for fe-
males; in fact the sex ratios for these three
measures of heart disease morbidity hover
close to one. ’

Finally, figure 5 presents age- and sex-
specific nine-year risks of functional dis-
ability of six months or longer duration.
The convergence at older ages of male and
female risks of work cessation appears due
to accelerating risk with age in males rela-
tive to females. Impaired self-care shows
an additional alteration of the sex ratio,
reversing from male excess at younger ages
to female excess at older ages due to a
steeper increase in impairment among
young women between ages 30 and 40 years.

DiscussioN

This is the first study of sex differences
in new functional disability, new morbidity,
and mortality in the same population over
the same time period. This allows for con-
trol of extraneous factors specific to differ-
ent populations and time intervals which
may confound comparison of sex ratios.
Reports of new morbidity also permit an
assessment of sex differences in risk; as
opposed to preexisting morbidity which re-
flects both risk and survival differences.
Prior research suggested an excess preva-
lence of morbidity among women for con-
ditions that rarely cause death (1, 7, 8, 16),
an excess of functional disability among
women (3), and excess mortality among
men (1-5). The present study, based on a
single population, also found an excess of
new functional disability among women
and an excess of all cause mortality among
men. For specific diseases, the present
study also confirms a female excess of new
morbidity and a male excess of mortality
for ischemic heart disease, but not for can-
cer.
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Numerous mortality studies have dem-
onstrated a male excess for ischemic heart
disease (1-4, 7), while both the National
Health and Nutrition Examination Survey
(NHANES) (22) and population-based
studies such as Framingham (23) and Ran-
cho Bernardo (13) reported a female excess
in prevalence of hypertension after age 55
or 60 years, and at younger ages a male
excess that was less dramatic than for mor-
tality. The findings for cancer are consis-
tent with reports from the Surveillance,
Epidemiology, and End Results (SEER)
program (24). These reports demonstrate a
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female excess of both incidence and mor-
tality before age 50 years and a male excess
thereafter.

The contrast between sex ratios for isch-
emic heart disease morbidity and mortality
observed in this population is intriguing.
The male excess of mortality, but female
excess for self-reported morbidity may oc-
cur because: 1) women are more perceptive
of their health status and, therefore, report
illness earlier, before it is life threatening;
2) women report their illnesses earlier due
to earlier diagnosis because they are more
likely to utilize medical care; 3) women
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have better survival than men for a given
level of severity of illness; or, 4) women are
reporting different heart disease.

Work is currently in progress to attempt
to disentangle these explanations for the
contradiction between sex ratios for isch-
emic heart disease morbidity and mortality.
We are examining possible interactions be-
tween sex and self-reports of ischemic heart
disease morbidity on subsequent mortality.
If self-reported morbidity is a stronger
predictor for men, we will also examine
whether behaviors, medical care utilization,
or self-perception of health status can ex-
plain this interaction.

Unlike ischemic heart disease, all site
cancer morbidity, measured as incidence,
and all site cancer mortality have similar
sex ratios by age. This suggests that over
the nine-year follow-up period examined,
there may be little male-female difference
in survival. However, since males and fe-
males have different sites of cancer (i.e.,
breast vs. prostate) and since frequency by
site differs by sex (24), it is important to
study sex differences for site specific can-
cers which occur in both sexes. In particu-
lar, we are currently ‘examining sex ratios
for lung cancer mortality and the role of
sex differences in the prevalence of ciga-
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rette smoking in explaining the male excess
for lung cancer mortality. Having observed
a pronounced variation of sex ratios by age
for all sites of cancer, it will be necessary
to control for age very carefully. It is pos-
sible that part of the variation of the sex
ratio by age is due to differences in smoking
prevalence by sex and birth cohort; how-
ever, it is also possible that variations by
age reflect age-related biologic processes, or
other exposures which differ by age and sex
over time.

Similar to the findings for ischemic heart
disease, there is also a contradiction be-
tween sex ratios for all cause mortality and
new functional disability, with a male ex-
cess for mortality and female excess or
parity with males for functional disability
(figure 2). There are important public
health consequences of female parity or
even excess of functional disability relative
to males despite a male excess of all cause
mortality. Health and social services may
be of particular importance to females to
maintain independence and improve qual-
ity of life.

The variations of the sex ratio by both
age and outcome suggest that one’s sex does
not have uniform effects in all aspects of
human health. Thus, it is an oversimplifi-
cation to imply that women (or men) are
the stronger (or weaker) sex. The findings
suggest that serious epidemiologic investi-
gation into the role of sex in disease risk
should begin with highly specific investi-
gation by age and by outcome (morbidity
vs. mortality by cause).

Moreover, rather than focus solely on the
sex ratio in investigating the influence of
sex in disease, the findings of this study
suggest that the components of the sex
ratio, male risk and female risk, should be
examined simultaneously to provide clues
to disease processes. As shown in figures 2
through 5, differences in sex ratios by age
for the different causes are due to sex-
specific variations in risk by age, unique to
the outcome studied. For example, the con-
vergence of the sex ratio for ischemic heart
disease mortality for older ages is due to
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accelerations in female risk with age and
decelerations of male risk with age (figure
2). This may reflect earlier mortality in
susceptible men. In contrast, the same con-
vergence of the sex ratio for cancer mortal-
ity in the older age groups is a result of a
very different pattern with a leveling off for
females and a sharp deceleration for males.

The underlying mechanisms which pro-
duce similar sex ratios for cancer and isch-
emic heart disease mortality at older ages
may be very different. Understanding these
effects may be crucial to understanding the
etiology of these diseases.
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