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synopsis

objective. Men have higher mortality rates than women for most causes of 
death. This study was conducted to determine the contribution of specific 
causes of death to the sex difference in years of potential life lost (YPLL).

Methods. The authors examined data from the National Health Interview  
Survey with linked mortality data through 1997. Using survival analysis esti-
mates, a stochastic simulation model to simulate death events for cohorts of 
white, African American, and Latino adults was created. 

Results. YPLL from all causes were greater among men than women. Homi-
cide, motor vehicle accidents, and suicide accounted for 33% of YPLL sex 
difference among whites, 36% among African Americans, and 52% among 
Latinos. For all three racial/ethnic groups, cardiovascular disease (principally 
ischemic heart disease) was the second largest contributor to the sex difference 
in YPLL (29% among whites, 23% among African Americans, and 25% among 
Latinos). Lung cancer was also important among whites and African Americans, 
accounting for 15% and 17% of the sex difference in YPLL from all causes, 
respectively.

Conclusions. Ischemic heart disease, lung cancer, and traumatic deaths 
account for as much as three-quarters of the excess YPLL among men, sug-
gesting that a few modifiable behaviors such as the use of tobacco, alcohol, 
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and drugs and violence may account for much of the 
shorter life expectancy among men. 
While mortality rates have dropped for both men and 
women over the last century, women have consistently 
had longer life expectancy. In 1900, women lived on 
average two more years than men,1 and most recent 
estimates from 2002 indicate this gap is now just over 
five years.2 The sex differential in life expectancy 
appears to be attributable to a broad range of causes. 
Specifically, men have higher relative death rates from 
ischemic heart disease, cancer, stroke, diabetes, liver 
disease, kidney disease, pneumonia, and accidents.3 
This suggests that a variety of biologic and behavioral 
mechanisms might be involved in the different health 
trajectories of men and women. 

Studies examining specific causes of death can be 
useful in identifying the relative impact of various 
diseases on sex differences in life expectancy. This 
information is important because it can suggest which 
mechanisms are more likely to account for sex differ-
ences in life expectancy and also help direct future 
studies toward those diseases that have the biggest 
impact. However, previous studies examining sex dif-
ferences in cause-specific mortality are limited because 
they have largely examined mortality rates and mortal-
ity rate ratios,4 which do not completely account for 
the burden of premature death.5 Vital statistics reports 
have examined years of potential life lost (YPLL) for 
men and women,6 but these reports estimated YPLL 
occurring over a one-year period rather than for a 
cohort of individuals followed over their lifetime. 
This “cross-sectional” estimate of YPLL is potentially 
misleading.7 

In the present study, we examined death data from 
a nationally representative sample of adults in the 
U.S. and estimated the sex differences in YPLL over 
a lifetime. We also examined whether sex differences 
in YPLL vary by race or ethnicity. 

MeThoDS

Overview
The goal of the study was to estimate differences in 
YPLL before age 75 from specific causes of death 
between men and women. YPLL are the years a per-
son would have lived (up to an age cutoff) had he or 
she not died, with the number of years attributed to 
a specific cause.5 To estimate YPLL, we first estimated 
the hazard of death from specific causes using national 
data. We then used estimated survival times to simulate 
mortality events in a stochastic simulation model for 
a cohort of 25-year-olds followed until death. Similar 
methods are described elsewhere.8

Data
We analyzed data from the National Health Interview 
Survey (NHIS), an annual cross-sectional study of a 
nationally representative sample of households, the 
primary purpose of which was to assess the prevalence 
of illness, disability, and chronic disease among the 
U.S. population.9 National Death Index data through 
December 1997 has been linked to NHIS participants 
surveyed from 1986 to 1994.10 These nine cross-sec-
tional samples include 1,009,997 children and adults. 
We examined data on non-Latino whites (whites), non-
Latino African Americans (African Americans), and 
Latinos of all races and excluded 36,795 individuals 
(3.6%) from other racial/ethnic groups. Because we 
were primarily interested in adults, we also excluded 
an additional 361,487 individuals (35.8%) younger 
than 25 years old. We excluded an additional 20,650 
individuals (2.0%) because they had inadequate identi-
fying information, which precluded reliable linkage to 
death certificates, and 5,810 individuals (0.6%) because 
of missing key demographic data.

Data analysis
We used NHIS data to estimate the hazard of death 
from specific causes. We examined the single underly-
ing cause of death derived from all the causes listed 
on the death certificate.11 Causes of death were then 
coded using the International Classification of Diseases-
9 (ICD-9).12 We examined deaths from cardiovascular 
disease (ischemic heart disease, cerebrovascular stroke, 
hypertension, congestive heart failure, other athero-
sclerotic disease, and other cardiovascular disease), 
cancer (colon cancer, other gastrointestinal cancers, 
gynecologic cancers, prostate cancer, lung cancer, 
breast cancer, hematologic malignancies, and other 
cancer), infection (pneumonia, acquired immunode-
ficiency syndrome [AIDS], and other infection), lung 
disease, diabetes mellitus, liver disease, and trauma 
(motor vehicle accident, suicide, homicide, and other 
accidents). All other causes of death were categorized 
as “other causes.”

To estimate cause-specific death hazards, we used 
parametric survival analysis rather than a Cox propor-
tional hazards model, which is more commonly used, 
because the latter method treats the hazard function 
as a nuisance parameter.13 To find the best fitting 
parametric distribution for each cause of death, we 
compared various distributions with the non-parametric 
hazard curve using the Kaplan-Meier method.13 For 
almost all of the causes of death, we used a Weibull 
distribution.13 For traumatic deaths and HIV, which 
did not fit standard parametric distributions, we used 
a piecewise exponential model.14 Covariates in each 
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model were sex, self-reported race/ethnicity (white 
vs. African American vs. Latino), and education (less 
than high school vs. high school graduate or more), 
as well as all two- and three-way interactions. Compet-
ing risks of death from other causes were treated as 
non-informative censoring. 

Because death data were available only through 
1997, the data do not accurately account for more 
recent trends in AIDS mortality. Therefore, we used 
national AIDS surveillance data to determine the trends 
in AIDS mortality that occurred from 1994 to 2002.15 
According to these estimates, AIDS mortality over this 
time period dropped by 23% to 85%, depending on 
the age, gender, and race/ethnicity of the population. 
Using these estimates, we proportionally adjusted the 
hazard estimates of AIDS mortality for the decline in 
AIDS mortality that occurred after 1997, stratified by 
sex, race/ethnicity, and 10-year age categories. For the 
survival analyses, we used analytic weights that account 
for the sampling methods used in NHIS,9,10 sample 
loss because some individuals could not be linked to 
the National Death index8 and the combining of nine 
different NHIS samples.8 

Simulation model
We used a stochastic simulation model to simulate 
death events for a cohort of 25-year-olds. For each 
person in the cohort, we used the estimated survival 
functions (based on the person’s sex, race/ethnicity, 
and education level) to simulate the age at which the 
person would die for each of the 25 specific causes of 
death, assuming that death is a non-competing event. 
This process yields 25 possible death events, but of 
course, each cause of death is a competing event 
(e.g., a person cannot die of cancer after they have 
already died of a stroke). Thus, the age and specific 
cause of death was determined based on the earliest of 
the simulated mortality events. This process was then 
repeated for each person in the cohort. The cohort 
consisted of six sex/race/ethnicity strata (white men 
and women, African American men and women, and 
Latino men and women) comprised of 80,000 people 
in each stratum, which was the minimum size to yield 
consistent and reliable estimates, given our model 
design and parameters. 

 Finally, we calculated YPLL as the number of years 
lived with no premature death (which we set at 75 
years) minus the actual age of death. For those dying 
at age 75 or later, YPLL equals zero. Estimates were 
made separately for each sex/race/ethnicity strata. 
We reported the difference in YPLL between men and 
women for each race/ethnicity group, standardized to 
the education distribution of the U.S. adult population 

based on 2000 NHIS data. We also calculated YPLL 
using ages 65 and 85 as the age cutoff. Results were 
very similar in these sensitivity analyses; thus, we pres-
ent only the results for YPLL before age 75.

In addition to calculating YPLL, we also estimated 
the potential gain in life expectancy (PGLE) that would 
occur if a particular cause of death were eliminated. 
PGLE is superior to YPLL because it better accounts for 
competing causes of death.16 As with previous analyses,8 
the PGLE results (not shown) were similar to the YPLL 
results. Thus, for simplicity’s sake we have presented 
only the YPLL results.

To estimate standard errors, we used a simulation 
method approach17 in which we randomly drew 1,000 
sets of parameter estimates, β, from each of the survival 
analyses. Each set of parameter estimates was drawn 
using the variance-covariance matrix of the estimated 
models. Thus, each draw captures the uncertainty 
around β. For each set of parameters, we ran the 
simulation and estimated the gender difference in 
YPLL using the methods described above. This yielded 
1,000 estimates of YPLL, from which we calculated 
confidence intervals using the percentile method. 
To compare YPLL among men and women, we also 
estimated two-sided p-values by examining the centile 
for the male-female difference in YPLL equal to zero. 
We used STATA version 8.018 and SAS version 8.0219 
software for all analyses. 

ReSULTS 

Sex differences in YPLL for major  
categories of death
For all three racial/ethnic groups, men lost more years 
of potential life before age 75 than women from all 
causes of death combined. The greatest difference 
was among African Americans (2,886 years per 1,000 
individuals; 95% confidence interval [CI] 2,606, 3,231), 
followed by Latinos (2,406 years; 95% CI 1,929, 2,879) 
and whites (1,845 years; 95% CI 1,731, 1,954) (see Table 
1). With just a few exceptions, YPLL was significantly 
greater among men than women from almost all of 
the major causes of death that we examined. These 
included cardiovascular disease, cancer, infection, 
lung disease, diabetes, liver disease, and traumatic 
deaths. For all three racial/ethnic groups, trauma 
contributed the most to the sex difference in YPLL, 
accounting for 33% (618/1,845 years per 1,000 indi-
viduals) of the YPLL due to all causes among whites, 
36% (1,032/2,886) among African Americans, and 
52% (1,245/2,406) among Latinos. Cardiovascular 
disease accounted for approximately one-quarter of 
the sex difference in YPLL for all three racial/ethnic 
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groups. Cancer accounted for 15% of the sex differ-
ence in YPLL among whites and 20% among African 
Americans, but only 2% among Latinos. 

Sex differences in YPLL from specific  
causes of death
We examined specific types of traumatic deaths, includ-
ing motor vehicle accidents, suicide, and homicide and 
found different patterns across the three racial/ethnic 
groups (Table 2). Among African Americans, men lost 
539 more years of potential life per 1,000 individuals 
than women due to homicide, which accounted for 
19% of the total YPLL disparity. In comparison, the 
male-female difference in YPLL due to homicide was 
481 years per 1000 (20%) among Latinos, but only 
41 years (2%) among whites. In contrast, suicide 
accounted for 15% of the sex disparity in YPLL among 
whites, 10% among Latinos, and 5% among African 
Americans. 

Cardiovascular disease is the second largest con-
tributor to the sex difference in YPLL, most of which 
is due to ischemic heart disease (Table 3). Among 
whites, ischemic heart disease accounted for 23% 
(424/1,845) of the male-female difference in YPLL 
from all causes, compared to 11% among African 
Americans and 17% among Latinos. The remainder 
of the cardiovascular causes of death, which included 
cerebrovascular strokes, hypertension, and congestive 
heart failure, contributed much less to the sex differ-
ence in YPLL. Similar patterns in the contribution 
of cardiovascular disease were observed for all three 
racial/ethnic groups. 

As expected, YPLL from breast and gynecologic 
cancers was almost entirely among women and YPLL 
from prostate cancer was restricted to men (Table 4). 
For the remainder of the specific types of cancers that 
we examined, which included colon and other gastro-
intestinal tract cancers, lung cancer, and hematologic 
cancers, men lost more years of potential life than 
women. Among whites, lung cancer had the largest 
impact, accounting for 15% of the excess YPLL (from 
all causes) among men for whites, 17% for African 
Americans, but only 4% among Latinos. Colon cancer 
accounted for only 1% of the male-female difference 
in YPLL for all three racial/ethnic groups.

Impact of HIV
Adjusted for more recent estimates in HIV mortality, 
YPLL from HIV among white men was 45 years per 
1,000 individuals and six years among white women. 
This difference of 39 years per 1,000 individuals (95% 
CI 26, 41) represents 2% of the sex difference in YPLL 
from all causes. In comparison, African American men 

lost 378 and African American women lost 168 years 
of potential life from HIV, (difference of 210 years; 
95% CI 185, 218), and Latino men and women lost 
190 and 71 years, respectively (difference of 119 years; 
95% CI 102, 129). Thus, HIV accounted for 7% of the 
sex difference in YPLL among African Americans and 
5% among Latinos. We estimate that prior to 1997 
(i.e., no adjustment for recent AIDS mortality trends), 
HIV accounted for 9% of the sex difference in YPLL 
among whites, 21% among African Americans, and 
19% among Latinos. 

DISCUSSIoN

Numerous hypotheses have been suggested as to why 
women live longer than men.4,20 One explanation is 
that men have an innate and/or acquired greater 
physiologic susceptibility to disease. Men also have 
worse health behaviors. They are more likely to use 
tobacco, alcohol and illicit drugs, drive without a seat-
belt or while intoxicated, use firearms, exhibit violent 
behavior, eat a poor diet, live a sedentary lifestyle, and 
have high-risk sexual behaviors.21,22 Men may also be 
more commonly exposed to environmental hazards 
and unsafe working conditions.23 Furthermore, numer-
ous psychosocial factors could explain sex differences 
in health, including differences in coping strategies, 
response to stress, and willingness to seek medical 
care.23 

Most, if not all, of these explanations seem plausible, 
given that men appear to have higher mortality rates 
from a broad range of causes.3 However, we found that a 
few specific causes of death account for most of the sex 
difference in YPLL. Traumatic deaths, which include 
homicide, suicide, and accidental deaths, account 
for one-third of the sex difference in YPLL among 
whites and African Americans and 50% of the differ-
ence among Latinos. These differences in traumatic 
deaths are primarily due to homicide among African 
Americans and Latinos, while suicide and motor vehicle 
accidents are important among whites. 

These findings suggest that violence and use of 
firearms, as well as drug and alcohol use, are impor-
tant contributors to the sex difference in mortality 
and that public health efforts targeting these factors 
could dramatically close the sex gap in life expectancy. 
Men are much more likely than women to use drugs 
and alcohol,21,24 and approximately 75% of homicides 
are related to the use of drugs or alcohol or the sell-
ing of illicit drugs.25 Furthermore, about half of all 
deaths from motor vehicle accidents among men are 
related to the use of alcohol, compared to 33% among 
women.26 Although women are almost twice as likely 
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to be diagnosed with major depression and three 
times more likely to attempt suicide than men, men 
are more likely to successfully commit suicide.27 This 
difference occurs partly because men are more likely 
to use effective methods such as firearms or hanging, 
and tend to use drugs and alcohol, which increase 
impulsive behavior.28

Among deaths related to specific diseases, ischemic 
heart disease and lung cancer contribute most to the 
YPLL difference between men and women. This sug-
gests that higher rates of smoking among men may 
explain why they have shorter life expectancy. Recent 
estimates indicate that 26% of men have used tobacco 
compared with 21% of women.29 Still, it is unlikely that 
tobacco use alone completely explains the sex differ-
ences for these two causes. One might expect that sex 
differences in YPLL from other smoking-related deaths, 
such as other atherosclerotic diseases and chronic lung 
disease, would be larger than they are. In addition, the 
contribution of lung cancer varies substantially across 
the three racial/ethnic groups and does not appear 
consistent with racial/ethnic variations in smoking. 
Among Latinos, lung cancer accounts for 4% of total 
sex difference in YPLL, compared to 15% among 
whites and 17% among African Americans. Rates of 
smoking, however, are similar among men of different 
racial/ethnic groups (26% among whites and African 
Americans and 24% among Latinos), while Latino 
women are much less likely to smoke (13%) compared 
with white women (22%) and African American women 
(21%).29 Thus, Latinos have the greatest sex difference 
in smoking rates, yet have the smallest sex difference 
in YPLL from lung cancer.

Our study also found that HIV contributed sub-
stantially to the mortality difference between men and 
women prior to 1997. Since then, HIV mortality has 
dropped dramatically as the result of more effective 
medications and the use of multiple drug regimens.16,30 
We estimate that this change has led to a substantial 
drop in the contribution of HIV to sex difference in 
mortality for all three racial/ethnic groups. 

The causes of death that contribute most to the 
sex difference in YPLL vary by race/ethnicity. Cancer 
accounted for only 2% of the sex difference in YPLL 
among Latinos, compared to 15% among whites and 
20% among African Americans. These findings are not 
likely to be explained by differences in smoking rates, 
as mentioned previously, nor by differences in cancer 
screening. Latinos are less likely to receive mammog-
raphy, Pap smears, and colon cancer screening.31,32 
Whether Latinos have less exposure to carcinogens 
or have innate or acquired protection from cancer is 
unknown.

The sex difference in YPLL attributable to suicide 
is much larger among whites than African Americans. 
Some possible explanations for this are that whites, 
compared to African Americans, are more likely to 
become depressed, have a poor response to treatment, 
and/or receive worse treatment. Evidence does not 
support these explanations, however. Whites appear 
to have equal or lower rates of depression.33–35 Whites 
also tend to receive better mental health care35,36 partly 
because of better access to care35 and greater accep-
tance of medications and counseling.37 Whites do not 
appear less responsive to treatment,31 but evidence 
is limited. Whites may also have higher suicide rates 
because they tend to have more severe depression,38 
though it is not clear whether this finding is related 
to detection bias. Other factors, such as religion and 
cultural norms (e.g., the acceptability of suicide), 
may also protect African Americans from committing 
suicide. 

The results of this study should be interpreted 
in light of some limitations. First, we examined the 
underlying cause of death, determined as the single 
cause from among all of the causes listed on the death 
certificate that ultimately caused the person’s death. 
Though the underlying cause was determined using a 
commonly used algorithm,11 death is often attributable 
to more than one cause. In addition, the death certifi-
cate data on cause of death may be inaccurate.

Other limitations include the fact that we exam-
ined Latinos as a single ethnic group. Results may 
differ according to immigration status and country 
of origin.39–42 We were also unable to examine the 
impact of tobacco, drug and alcohol use, or other 
potential mediating factors. The survival and simula-
tion models used in this study assume that the risks 
of dying from various causes are independent from 
each other. Of course, many causes of death that we 
examined share similar risk factors and violate this 
assumption. Thus, caution is warranted in comparing 
the relative contribution of causes that share similar 
risk factors, e.g., ischemic heart disease and stroke. 
While we adjusted for recent trends in HIV mortality, 
we did not adjust for potential temporal changes that 
might have occurred since 1997 for other causes of 
death. Finally, we estimated YPLL without taking into 
account disability or quality of life. Although there is 
some debate on this topic,18 some evidence suggests 
that in spite of having longer life expectancy, women 
also have more comorbid conditions, greater disability, 
and worse quality of life.4 Thus, adjusting YPLL for 
quality of life may decrease the apparent difference 
in YPLL between men and women and may also alter 
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the study results regarding the relative importance of 
various diseases to the sex difference in YPLL.

Achieving equal life expectancy between men and 
women has seemed rather daunting, given that numer-
ous and diverse factors were thought to be involved.16 
In the present study, we have found that just a few 
causes—homicide, suicide, motor vehicle accidents, 
ischemic heart disease, and lung cancer—account for 
71% of the total YPLL gap between men and women 
among whites, 63% among African Americans, and 
73% among Latinos. Thus, a few factors such as 
violence and the use of tobacco, alcohol, and drugs 
may be responsible for much of the sex difference 
in life expectancy. Public health researchers should 
focus future studies on understanding how much 
these behaviors, as well as cardiovascular risk factors, 
contribute to life expectancy differences between 
men and women. Future studies will also need to take 
race/ethnicity into account, which is clearly associated 
with differences in causes of death between men and 
women. Our results also suggest that the sex gap in 
life expectancy might be substantially reduced if clini-
cians and public health officials targeted risky health 
behaviors among adolescents and young adults, who 
have the highest rates of traumatic deaths.
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