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Abstract:
Overlooked in the wave of attention for higher mortality among middle-aged whites in the U.S. is
evidence for rising mortality among white females in midlife by cardiovascular disease (CVD). The
selectivity of this risk by age and sex suggests the potential involvement of a period effect that
reshaped the population risk profile due to psychosocial stress — namely, the burdensome coupling
of motherhood and work outside the home, which originated with females born during the Baby Boom
and may have provoked enough stress to result in CVD morbidity by middle age. Using IPUMSNHIS data for the 1997–2009 period, we examine how these stressors fit in the stress–CVD pathway
for this generation of women. Results show that motherhood and employment are large and
significant, yet mediated, predictors of midlife mortality, indicating potentially complex causal
mechanisms requiring additional analyses.
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1. RESEARCH PROBLEM
In 2015, Case and Deaton reported a recent and disturbing population-level trend: increasing
mortality among working-age non-Hispanic whites in the United States. Their study elicited a torrent
of interest from national news media, not least because of the authors’ suggestion that much of the
heightened risk was attributable to increases in suicide, alcohol abuse, and drug overdose. The study
also prompted academic speculation about alternative explanations, since the nature of this groupspecific higher mortality risk was unclear and deserved a closer look (Diez Roux 2017). Given that
cardiovascular disease (CVD) is the leading cause of death among women in the U.S. (Robbins et al.
2013; McSweeney et al. 2011; Levit et al. 2011) and considering evidence for sex selectivity in
midlife mortality (Montez and Zajacova 2014; Acciai and Firebaugh 2017), conditions for CVDrelated death among women merit a closer look as well. Indeed, the recently reported link between
CVD and higher mortality among non-Hispanic white (NHW) females (Harper et al. 2017) underlies
an important question whose answer may contribute to our understanding of Case and Deaton’s
findings: among contemporary white females in midlife, has CVD-based mortality increased relative
to similarly-aged white males, other similarly-aged females, or the overall downward trend in midlife
mortality? And, if so, why?
Data from the National Center for Health Statistics (NCHS) compressed mortality file for the
period 1999–2016 can shed light on the first part of this question. Figures 1 and 2 illustrate all-cause
and CVD-related NHW crude death rates (CDR) at midlife (ages 35 to 64) by age group and sex.
Fig. 1 — Pct change in overall annual CDR for U.S. non-Hispanic whites (ref = 1999)

Source: NCHS
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Fig. 2 — Pct change in CVD-related annual CDR for U.S. non-Hispanic whites (ref = 1999)

Source: NCHS

Regarding all-cause mortality (Figure 1), all non-Hispanic whites aged 35–54 had higher
annual death rates from 2000 on, relative to 1999, but only females aged 45–54 experienced an
upward trend. For CVD-related mortality specifically (Figure 2), females aged 45–54 showed annual
death rates mostly unchanged from 1999, in contrast with the declining trend in all other groups except
(surprisingly) females a decade younger.
If it can be argued from Figure 2 that NHW females at midlife are experiencing slightly worse
CVD-related mortality, the second element of the earlier question — why — becomes focal. To that
end, this study examines how CVD, CVD behavioral and medical risk factors, and U.S. non-Hispanic
white female mortality at midlife interrelate. We hypothesize that stress is a key CVD risk factor for
contemporary middle-aged female mortality. Evidence from natural experiments and controlled
studies strongly posits a causal link between stress and diseases such as CVD (Cohen et al. 2007,
Steptoe and Kivimäki 2013). Middle-aged females may be susceptible to stress based on the following
premises: (1) Since higher mortality has so far been seen only in working-age adults (Case & Deaton
2015), chronic conditions may be a distal cause of midlife mortality; (2) CVD is often a chronic
condition, resulting from years or even decades of exposure (Levit et al. 2011); (3) if contemporary
middle-aged women are experiencing higher rates of CVD-related mortality, it might be reasoned
that a period-specific effect may have led to the chronic conditions that induced those CVD-related
deaths decades later; and (4) for NHW females in their 40s or 50s in the first decade of the 21st century,
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obvious candidates for a period effect include the sexual and cultural revolutions of the 1960s, which
loosened the norms about women’s work outside the home.
This last point goes to the heart of the stress–CVD pathway as well as our argument that the
first generation of women to come of age at a time of burgeoning gender equity in the labor market
may also have been the first generation to pay the price for that newfound freedom with their health.
This is because the rate of progress in empowering women to strive academically and work outside
the home outpaced the rate of success in deprecating socially reproduced gender roles that assigned
primary responsibility for maintaining the family to women and the responsibility for earning a
livelihood to men (Anderson and Leslie 1991). Consequently, women continued to be more likely to
do most of the child-rearing and housework even if they worked outside the home (e.g., Cinamon et
al. 2002). The stress of juggling the roles of wage-earner and parent within this “second shift” scenario
could feasibly exacerbate stress responses in females to a degree not experienced by most men (Low
et al. 2010).
Conceptually, we conceive stress as the linchpin to CVD, with its origin in workload (see
Figure 3). Workload as a source of stress is explained by the job demand–control model, where
different levels of job demand and job control affect the psychosocial stress response (Häusser et al.
2010). The key factor is job control; work that places high demands on the worker is easier to bear
when the worker has autonomy (control) in how he or she responds to the demand. Jobs with high
demands but low control can significantly increase the odds of early death (Amick et al. 2002).
Fig. 3 — Conceptual diagram of the stress–CVD–midlife mortality pathway

Working mothers, unfortunately, are often denied the level of job control required to procure
the necessary flexibility to accommodate schedules relating to child-rearing (Reifman et al. 1991).
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Working mothers born in the Baby Boom (and reaching middle age in the early 2000s) may have
experienced greater amounts of second-shift stress that, over the course of many years, heightened
CVD risk factors directly via the stress response or indirectly through stress-coping behaviors such
as heavy alcohol use, smoking, or physical inactivity. Either way, the ultimate result might be higher
CVD-related mortality.
2. DATA AND METHODS
Data and Sample
Data for this study come from the IPUMS-NHIS public-use database (Blewitt et al. 2016),
which links National Health Interview Survey (NHIS) data to death certificate records in the National
Death Index (NDI). Our analytic sample (n = 793,325) encompasses the period from 1997 to 2009
and is restricted to cases with NDI follow-up eligibility.1 Case records were kept if respondents were
female, non-Hispanic white, and between 35 and 64 years old in any of three periods: 1997–99, 2002–
04, or 2007–09. We subset the sample into three age ranges (35–44, 45–54, and 55–64) standing for
three stages of the life course: lead-in to middle age, conventional middle age, and “late” middle age.
Grouping by age allows risks to be examined from a biological (time-independent) age perspective.
Other subsets were formed by restricting membership by age range in each of the three-year periods
(1997–99, 2002–04, 2007–09). From these latter subsets, two birth cohort subsamples were formed
by pooling the members of sequential subsets separated by age and time (e.g., the 35–44 age group
in 1997–99 and the 45–54 age group in 2007–09), to identify birth cohort effects. By way of these
subsamples, we can account for age, period, and cohort effects. Table 1 summarizes the size of each
subset sample and the number of reported deaths in each.
Variables
Four sets of independent variables were sequentially added into the models. The baseline
model was defined by three CVD-risk stressor surrogates for work and child-rearing: (1) did the
respondent ever raise children at home; (2) does the respondent live with a partner; and (3) type of
occupation, classified as management/executive, professional, sales/service/administrative, or other.
Marriage has been shown to have a protective effect on health (e.g., Liu 2009) and, in this study,
living with a partner is used to proxy for the effect of sharing some of the stress-inducing burdens in
the work-family dynamic. Occupations are disaggregated because job demand and control aspects
vary by occupational type (von Bonsdorff et al. 2012).
The second set of predictors consisted of four binary health status indicators: (1) CVD risk,
indicating if the respondent was ever informed by their physician of being at risk for stroke,
hypertension, diabetes, angina, heart attack, or other heart conditions; (2) physical limitation; (3) selfreported health; and 4) body mass index. To dichotomize the latter two variables, self-reported health
was recoded as excellent/very good vs. all other levels and BMI was recoded as normal vs.
overweight/obese (underweight persons were recoded to missing due to their small number).
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For the purposes of the public-use data file, NHIS respondents were eligible for follow-up if they were 18 years or older at time of
survey and had given enough data for later matching (Blewitt et al. 2016).
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The third group of predictors included three health behaviors: (1) alcohol consumption, in the
form of number of drinks per event; (2) three levels of smoking history (never, former, current); and
(3) three levels of exercise (none, light/moderate, vigorous). These variables differ from the binary
CVD risk variable in the set of health status indicators by their greater tangibility as activities or
behaviors that researchers have associated with CVD. They have often also been associated or
causally linked by researchers; e.g., the link between CVD and stressful workplace conditions, high
job demands, and child-rearing. By adding them to the model after accounting for health status, we
can evaluate the extent to which these behaviors mediate any observed health status effects — in
particular, the CVD-risk indicator.
Table 1 — Summary statistics for the analytical subsamples

Lastly, a series of four socioeconomic indicators were included as controls to form the fullspecification model. Socioeconomic conditions are shown to explain mortality outcomes, typically
by structuring the context for proximal determinants of health (Link and Phelan 1995; Braveman et
al. 2010; Bell et al. 2018). Educational attainment (aggregated at five levels) was the primary
socioeconomic indicator, as researchers have revealed a strongly graded mortality response across
attainment levels (e.g., Howard and Sparks 2015; Lawrence et al. 2016). The second indicator was
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household income, stratified at three levels (up to $34,999, $35,000–74,999, and $75,000 or more).
Third was homeownership status (indicating whether the respondent’s home was rented or
owned/being bought), and fourth was health insurance status (has insurance vs. has no insurance).
Methods
A two-part approach was used to estimate the mortality risk profile of the sample. First, agespecific all-cause mortality risks were derived from nested Cox proportional hazard regression
models. Advantages of proportional hazard models in survival analysis include their flexibility (as
assumptions about data distribution are relaxed in Cox regression) and their ability to account for
binary outcome variables and the time to outcome event (Powers and Xie 1999). Although the data
in this study are not in true event-history form, we can still use the Cox method because the NHIS
survey data are linked to NDI death certificate data such that the latter constitutes a t + 1 data set in
relation to the survey data collected at time t. In other words, every survey respondent in the NHISLMF experiences an interval of time that starts in the survey year (1997 or later) and continues until
the survival event is experienced or the year 2009, whichever comes first. Individuals who died by
2009 were modeled as having “failed” to survive; all others were right-censored after 2009.
Each of the three categories of subset data were run through each stage of the nested Cox
model and diagnosed for adherence to the proportionality assumption. (Of the 32 Cox models
estimated, only five were minimally in violation.) The above steps were repeated to obtain CVDspecific mortality risks using logistic regression, owing to the difficulty in assuring proportional risk
in the smaller sample sizes. We defined CVD-specific mortality as any death with an underlying
cardiovascular cause of death per ICD-10 categorization and any other cause of death where
hypertension was flagged as a contributing cause.
3. RESULTS
Below, we summarize findings from the first of the two phases in this study.
Age, Period, and Cohort Effects: All-Cause Mortality
We first examined the risks of all-cause mortality by age, period, and cohort to evaluate the
direct effects of the two main-effect stressors (work and child-rearing). In short, motherhood was
more strongly associated with all-cause mortality than occupation type whether the effect was agespecific, period-specific, or cohort-based, and this association was not greatly attenuated or mediated
after controlling for health conditions, health behaviors, or socioeconomic conditions.
Effects for each of the three age groups are shown in Table 2, and the hazard ratios shown are
interpreted in terms of relative risk. For females aged 35–44 (Models 1A–1D), type of occupation
was the dominant hazard. Women working in sales, service, administrative, or related (SSAR) or
professional positions were up to twice as likely to have died by 2009 as women working in other
types of job, and this risk increased when moving from the least-specified to the most-specified
model. The age-specific effect for females aged 45–54 (Models 2A–2D) was largely inconclusive,
apart from heavy alcohol users who showed an increased risk of death that was both statistically
significant and substantial in size. The first evidence of child-rearing as a hazard is seen among
women aged 55–64 (Models 3A–3D). Like younger women in certain types of job, these older women
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were almost twice as likely to have died by 2009 if they had raised children. They were also at higher
risk if they had earned a bachelor’s degree.
The mortality risk posed by child-rearing is shown clearly in the period effects. In all three
periods (1997–99, 2002–04, and 2007–09), mothers aged 35–64 were two to three times as likely to
die by 2009 than childless women of the same age. The size of the effect was highly resilient even
after multiple attempts to mediate it. Also worth noting are the negative effects of heavy alcohol use,
higher education, and living with a partner in the younger age groups, as well as the universally
protective effect of being aware of CVD risk factors. Protective effects were also seen in all health
indicators except BMI when the sample is organized by birth cohort. Both cohorts had a substantially
lower risk of dying if they had ever been informed of CVD conditions, which is plausible if one
assumes that these individuals took steps to improve their health after being informed of their risk.
By contrast, the mechanisms that account for the fact that having a physical limitation or less than
very good health was also protective might be harder to describe.
Apart from these protective effects (which were also strong for females with high incomes),
the two cohorts show dissimilar vulnerability to mortality. Birth cohort A (Models 7A–7D,
representing females born between the mid-1950s and mid-1960s) were less susceptible by exposure
to motherhood than females born a decade earlier (cohort B, Models 8A–8D), while the reverse was
true for heavy alcohol use. Females in the older cohort were at no greater risk of dying if they had not
completed high school, while the risk was dramatically higher for females born just a decade or so
later. In fact, only females in cohort A were at remarkably greater risk of dying if they had either the
highest or lowest amounts of education.
Age, Period, and Cohort Effects: CVD-related Mortality
For mortality caused directly or indirectly by cardiovascular conditions, the risks of dying
were more complex. In all but one case, statistically significant coefficients among the motherhood,
partnership, and occupation main effects in the baseline models — all of which were protective —
were completely attenuated once the full specification models were estimated. The exception —
Model 12D, 1997–99 period effect for all females aged 35–64 — is also notable for being only one
of two models where BMI was significant to .05 (the other being Model 12C).
Otherwise, the principal pattern in these model results is found in the increasing risk of dying
by CVD-related cause as biological age progresses. Regarding age-specific effects (Table 5), females
aged 35–44 who were not current smokers showed minimal levels of risk. (Current smoking was
among the few risk factors that was positively and persistently associated with a dramatically higher
risk of CVD-related death regardless of model scenario.) Females aged 45–54 showed vulnerability
when self-reported health was less than very good (168% higher odds than females reporting excellent
health) but also demonstrated lower risk if they exercised frequently (Model 10D). Only among those
in the oldest age group did CVD risk factors consistently prove to be associated with CVD-related
mortality, but vigorous exercise again significantly reduced the hazard. Notably, females aged 55–64
who earned an advanced degree were highly protected — at 94% lower odds than females of the same
age with only a high school diploma, these women enjoyed the strongest protective effect of any
predictor in any model specification.
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Table 2 — Age effects on all-cause mortality for NHW females: Cox PH model results
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Table 3 — Period effects on all-cause mortality for NHW females: Cox PH model results
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Table 4 — Cohort effects on all-cause mortality for NHW females: Cox PH model results
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Table 5 — Age effects on CVD-related mortality for NHW females: Logistic regression results
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Table 6 — Period effects on CVD-related mortality for NHW females: Logistic regression results

14

Table 7 — Cohort effects on CVD-related mortality for NHW females: Logistic regression results

Across periods and by birth cohort, the lack of significant effect in the stressor indicators
continued to hold. Professional women in birth cohort B had 79% lower odds of a CVD-related death,
but this was significant only to .1. Instead, the most notable results involved health indicators (CVD
risk, physical limitation, and self-reported health). With increasing age and with the passage of time,
these variables became more acutely linked to the likelihood of a CVD-related death. Two striking
examples: Women born in the mid-1940s to mid-1950s (birth cohort B) were almost 14 times more
likely to die a CVD-related death if they were current smokers (Model 16D), and all women in the
sample in the 2007–09 period were over 13 times as likely to experience the same if they reported
anything less than very good health (Model 14D). Overall, examples of statistically significant
protective effects to counter the rising risk grew fewer as time passed.
4. DISCUSSION AND NEXT STEPS
The recent trend in rising mortality within the U.S. non-Hispanic white population has
attracted attention because of the disquieting nature of causes attributed to it. But if Case and Deaton
can be attributed with popularizing the notion of “deaths of despair”, it is the subsequent work of
researchers such as Masters et al. (2017), Acciai and Firebaugh (2017), and others that has shown that
the mechanisms of the underlying causes are more complex. In that spirit, our study aims to find out
if the higher relative incidence of CVD-related mortality among contemporary NHW females in
middle age is linked to long-term stressors — specifically, motherhood and work outside the home
— whose burdensome “second shift” coupling originated with their generation. The transition to
adulthood and early career years of women who reached middle age at the turn of the millennium
were coterminous with the culturally revolutionary postwar era, when the social structures of gender
roles and gender norms began to crumble, opening the door for new life opportunities. These women
were the first to attempt the feat of “having it all” and set the example for all women who came after
(Erwin 2010). From this perspective alone, the notion that these pioneers endured unforeseen levels
of stress as they strove to balance work and family is merited (Rayburn 1986).
The findings from the first of two phases of our study, presented in this paper, provide a firstpass assessment of the link between CVD-related midlife mortality and surrogate measures for
motherhood or working outside the home. While the results do not automatically make a strong case
for either a direct or indirect link, they aid in framing the second phase of analysis by identifying key
patterns. These include:
1. Stress related to both motherhood and work outside the home substantially increases the
risk of death overall, but not CVD-related death specifically. This suggests that the risk
posed by these stressors may be related with other causes of death, which will be examined
in phase two of this study via causal models.
2. The protective effect of being aware of CVD risk factors on overall mortality risk does not
extend to CVD-related mortality. This suggests that the mechanisms that lead to a lower
overall risk of dying following a medical diagnosis of a CVD risk factor (for example,
changing eating habits or starting to exercise) may have little effect on preventing an
eventual cardiovascular failure. Put another way, a CVD risk factor, once identified, may
be a condition that is not ever truly cured, but simply managed. This could easily account
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for events where CVD is only listed as a contributing cause of death instead of the
immediate cause.
3. Current smoking is a consistently strong predictor of CVD-related death but not of allcause mortality, suggesting that its etiological pathway is narrowly defined. In other
words, most of the mortality hazard of smoking might work through cardiovascular
mechanisms. This is, of course, strongly defended in the literature. The correlation
between current smoking, the CVD-risk health indicator, and CVD mortality among
middle-aged white females will be evaluated in phase two of the study, particularly since
CVD-risk does not appear to mediate the current-smoker effect.
4. The types of occupations women work in until they reach middle age appear to affect allcause mortality risk only in the short-term. This may point to as-yet-unrecognized
challenges in revealing the CVD-mortality pathway conceptualized here (at least from the
data publicly available). It may alternately point to important age-specific — and possibly
gendered — effects that represent heightened difficulties among workers in the early
stages of their careers.
5. The protective effects of motherhood and working outside of the home on CVD-related
mortality are quickly lost once other variables are controlled for. An explanation for this
may reside in the encoding of artifacts like “motherhood” and “work”. Absent other
information, child-rearing and gainful employment imply the ability to marshal resources
and be responsible — factors that could certainly correlate with improved health and lower
odds of early death. As soon as other variables are added, the ability for motherhood or
work to account for any effect on their own simply disappears. We aim to identify the
mechanism for subsuming these effects in phase two.
Phase two of the study will involve tests for motherhood and work interactions, additional
hypothesis testing to rule out other causes of death through the pathways argued above, and
exploration of race/ethnicity differences for women on color.
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