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Stress and Health Behaviors

• Higher levels of stress are associated with less 
healthy behaviors

• Stress and unhealthy behaviors are each 
associated with the risk of death

• Prior research has not examined whether unhealthy 
behaviors moderate the relationship between stress 
and mortality
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Perceived stress is a negative affective state that individuals may attempt to relieve or cope with through unhealthy but often pleasurable behaviors that provide pleasure in the short run: smoking, alcohol consumption, being sedentary.

High levels of stress are associated with higher levels of smoking and drinking, and lower levels of physical activity. (Ng & Jeffrey, 2003)

Stress and unhealthy behaviors are each associated with the risk of death

Social stressors (divorce, job loss, living in unsafe areas, etc) are associated with increased mortality

Health behaviors are a leading determinant of premature mortality in the U.S.: Smoking, drinking, and activity may account for up to ~40% of the premature deaths in the U.S. (McGinnis and Foege 1993)

Prior research has not examined whether unhealthy behaviors moderate the relationship between stress and mortality



Unhealthy Behaviors and the Stress- 
Mortality Relationship

• Aim 1: Do unhealthy behaviors moderate the stress- 
mortality relationship?

• Double jeopardy: unhealthy behaviors and stress 
may combine to increase the risk of death

• Effective coping strategy: unhealthy behaviors may 
allow individuals to cope effectively with stress
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Aim 1: Do unhealthy behaviors moderate the stress-mortality relationship?

Double Jeopardy perspective suggests that multiple risk factors may combine to increase the risk of death more than any single factor alone would indicate

Smoking, drinking, and physical inactivity may be pleasurable but pernicious strategies for coping w/ perceived stress, and may inadvertently increase the effect of stress on mortality

IN CONTRAST

Unhealthy behaviors may allow individuals to cope effectively with stress. 

Although unhealthy behaviors and stress are each associated with increased mortality, unhealthy behaviors may nevertheless reduce the effect of stress on mortality





Stress, Health Behaviors, & 
Socioeconomic Status (SES)

• Aim 2: Do health behaviors moderate the stress- 
mortality relationship differently by SES?

• Social vulnerability: unhealthy behaviors and stress 
may be particularly harmful among low SES 
individuals

• Blaxter Hypothesis: unhealthy behaviors may be 
less harmful among low SES individuals
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Aim 2: Do unhealthy behaviors moderate the impact of stress on mortality differently across socioeconomic strata?

Social vulnerability: The combination of unhealthy behaviors and high stress levels may be particularly risky among individuals of low SES, who might be more vulnerable or less resilient to accumulating health risks.

Low SES individuals might experience multiple threats to their health (suppressed immune function, less access to health care, exposure to environmental toxins, unsafe work, housing, or neighborhood environments), with each threat making the other more serious. (Pampel and Rogers 2004)

Unhealthy behaviors will be especially harmful to high stress individuals if they are also low SES

Blaxter hypothesis suggests that unhealthy behaviors may be less harmful among those in low-SES groups, precisely because members of these groups already face numerous insults from unsafe housing, work, and neighborhood environments.

If unhealthy behaviors increase the harmful impact of stress on mortality, this effect may be attenuated among those who are already disadvantaged by low SES

If true, the Blaxter hypothesis implies that improving health behaviors without ameliorating underlying socioeconomic disadvantage may to little to improve health



National Health Interview Survey (NHIS)

• 1990 Health Promotion and Disease Prevention 
Supplement (HPDPS) to the NHIS

» Representative of U.S. adults aged 18 and older

• Cross-sectional NHIS data are linked to prospective 
mortality in the National Death Index through 1997

» N=40,335, Deaths=3,441

• Gompertz hazard models examine the risk of death
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The 1990 Health Promotion and Disease Prevention Supplement to the National Health Interview Survey is nationally representative of non-institutionalized adults aged 18 and older in the U.S. in 1990.

The cross-sectional HPDPS-NHIS data are statistically linked to mortality in the National Death Index through 1997 based on 12 characteristics: SSN; first and last name; middle initial; race; gender; marital status; day, month, and year of birth; state of birth and residence)

Excluded 1.9% of survey respondents who did not provide enough information in their interviews to be linked to death certificates. If we didn’t drop them, they would appear to live forever. 

N=40,335; Deaths=3,441

Used Gompertz hazard models to estimate the risk of death. Gompertz models assume that mortality increases exponentially with time, an assumption that is reasonable among adults (Preston et al. 2001)

Gomptertz models fit better than Cox proportional or other parametric survival models, but the estimated relationships were nearly identical across models



Key Variables

• Perceived stress in the last 2 weeks & in the last year

• Health behaviors: 

» Number of cigarettes currently or previously smoked 
(never smoked is referent)

» Average number of drinks when drinking 

» Exercise: whether exercise regularly, how many 
years exercised, level of exercise relative to others

• SES: family income and education
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Perceived stress: “During the past (2 weeks/year), would you say that you experienced a lot of stress, a moderate amount of stress, relatively little stress, or no stress at all?” 

Took mean of 2 items, and standardized to interpret results in terms of standard deviations of the index (alpha=.73)

Perceived stress may be particularly important in shaping health behaviors, and is more useful than focusing on specific stressors that may be less useful for some individuals. 

Health behaviors

Smoking: number of cigarettes currently or previously smoked/20 (never smoked is referent)

Drinking: average number of drinks consumed when drinking, raised to the powers of .5 & 1.0 to capture J-shaped relationship between drinking and mortality.

Exercise: standardized, mean of 3 items: Whether individuals exercise regularly, how many years they have exercised regularly, and level of exercise relative to others (alpha .68)

SES: 

Family income: resources available to household, is applicable even to those who have no earnings, less sensitive to bouts of poor health than personal earnings

education is established early in life before the onset of age related poor health, is associated both with better health behaviors and future material wellbeing.

LOW SES (12 or fewer years of education & lt $20,000), MID SES (12 or fewer years and income ge $20,000, or more than 12 years edu and income lt $20,000),HIGH SES (more than 12 years edu and ge $20,000)

All models control for race, age, sex, and marital status



Multiple Imputation for Missing Data

• Create multiple (5) “complete” data sets, each with 
different imputed values drawn from the posterior 
predictive distribution 

• Adjusting for variance between data sets inflates 
the standard errors of the estimated coefficients, to 
reflect the increased uncertainty associated with 
using imputed data
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Biases may result from dropping all cases with any missing data. 

Those methods assume that the missing values are missing completely at random (unconditional on observed variables), i.e., that the complete cases are a random subset of the observed data.

We use multiple imputation to deal with missing data. Particularly important in these analyses when including detailed family income (~17% of cases are missing)

Also helps to preserve statistical power in our analyses.

Create multiple (5) “complete” data sets, each with different imputed values drawn from the posterior predictive distribution

These methods assume that values are “missing at random” after conditioning on observed variables that predict missing-ness and the values themselves. This assumption is un-testable, but it becomes more plausible as you condition on more variables.

Condition on over 70 variables

Adjusting for variance between data sets inflates the standard errors of the estimated coefficients, to reflect the increased uncertainty associated with using imputed data (Rubin 1987)

The aim of multiple imputation is not to get the correct values for the missing data per se, but to better estimate model parameters. 
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Consistent w/ prior research, put perhaps counterintuitively, stress is positively associated with SES.

Current smoking falls with increasing SES, but former smoking and never smoking levels increase with SES

Drinking has a non-monotonic relationship w/ SES

Lowest among low SES individuals, highest among middle SES individuals, and mid-range drinking among high SES individuals

Physical inactivity falls w/ increasing SES

Mortality falls w/ SES
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Gompertz hazard coefficients for the relationships among stress, health behaviors, and the risk of death

MODELS CONTROL FOR AGE, SEX, RACE, MARITAL STATUS, EDUCATION, AND FAMILY INCOME.

Model 1: Increasing levels of perceived stress, current and former smoking levels, high or low levels of drinking, and high levels of physical inactivity are associated with increased risks of death.

Model two: interactions between stress and health behaviors. 

As stress increases, the adverse consequences of former smoking also increases

No support for interaction b/w drinking and stress

As stress increases, the adverse consequences for physical inactivity for mortality also increase



Risk of death for alcohol consumption by stress
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Illustrates the non-monotonic relationship between alcohol consumption and mortality, by stress (from Model 1, previous slide).

The increased risks of death among abstainers remains high in separate analyses that remove those who abstain for reasons related to health or due to alcoholism





Aim 1

• Do unhealthy behaviors moderate the stress- 
mortality relationship?

» Former smoking levels increase the relationship 
between stress and mortality

» Physical inactivity increases the impact of stress 
on mortality

• In support of the double jeopardy perspective, some 
unhealthy behaviors increase the impact of stress 
on mortality
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Aim 1: Do unhealthy behaviors moderate the stress-mortality relationship?

Smoking:

Former smoking levels increase the effect of stress on mortality

current smoking levels do not moderate the stress-mortality relationship

 Drinking: No support for the notion that alcohol consumption moderates the relationship between stress and mortality

Exercise: Physical inactivity increases the impact of stress on mortality

In the general population, there is some support for the idea that unhealthy behaviors exacerbate the impact of high perceived stress levels on mortality. 

There is no support for the notion that unhealthy behaviors provide effective strategies (at least in terms of the risk of death) for coping with high levels of stress
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Gompertz coefficients for the relationships among stress, health behaviors, and the risk of death, when stratifying by SES (models control for age, sex, race, marital status).

Low SES=12 or fewer yrs ed & family income less than $20,000; High SES= more than 12 years of ed & family income of $20,000 or more; Middle SES=low ed & high income, or high ed & low income.

Low SES: as former smoking levels and levels of physical inactivity increase the impact of perceived stress on mortality.

Middle and High SES: There are no interactions between stress and unhealthy behaviors.

The model with interactions between stress and unhealthy behaviors fits significantly better for low SES individuals (p=.49) but not among middle (p=.435) or high (p=.887) individuals, than models that do not include these interactions.  



Aim 2

• Do health behaviors moderate the stress-mortality 
relationship differently by SES?

• Former smoking levels and physical inactivity 
increase the impact of stress on mortality among 
low SES individuals

• The combination of high perceived stress levels and 
unhealthy behaviors is particularly harmful among 
those who have few socioeconomic resources
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Aim 2: Do health behaviors moderate the stress-mortality relationship differently by SES?

Global tests of model fit suggest that the health behaviors significantly moderate perceived stress among the low SES individuals, but not among the middle or high SES individuals

Specifically, former smoking levels and physical inactivity increase the impact of stress on mortality among low SES individuals, but not among middle or high SES individuals. 

Social vulnerability: our results support the notion that low SES individuals are more vulnerable to the combination of high perceived stress levels and unhealthy behaviors (especially former smoking levels and physical inactivity). 

We find no support for the notion that low SES individuals are less susceptible to unhealthy behaviors or stress, as might be suggested by the Blaxter hypothesis.



Summary and Conclusion

• Unhealthy behaviors increase the impact of stress 
on mortality, especially among low SES individuals

• The unhealthy behaviors that are prevalent among 
low SES individuals augur poorly for their health
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In support of the double jeopardy perspective, unhealthy behaviors increased the impact of stress in the general population. Further, in support of the social vulnerability perspective, unhealthy behaviors increased the impact of stress on mortality to the greatest extent among low SES individuals

We found no evidence that unhealthy behaviors allowed individuals to cope effectively with perceived stress, at least in terms of their mortality risk

We also found no evidence that unhealthy behaviors reduced the impact of stress on mortality among low SES individuals, as would be consistent with the Blaxter hypothesis.

But unhealthy behaviors tend to be highest among low SES individuals. Thus, it is of particular concern that unhealthy behaviors increase the impact of stress on mortality among low SES individuals. 

Low SES, unhealthy behaviors, and high levels of stress ostensibly combine to form a truly disadvantaged population in the U.S., that warrants particular attention from policy makers and public health interventions





Strengths of these Analyses

• Nationally representative sample of non- 
institutionalized adults

» 7 years of prospective mortality matches

• Multiple imputation helped to preserve sample size 
and more accurately accounts for uncertainty about 
missing values than other methods
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Strengths: Nationally representative data

links to prospective mortality over a 7 year follow-up period

multiple imputation helped to limit the problems associated with missing data and maintained our large sample size. MI better accounts for uncertainty about missing values (by allowing missing data points to be represented by multiple values that were drawn from the posterior predictive distribution)









Limitations of these Analyses

• Prior research has not validated our stress measure 
for mortality

• Cross-sectional data at baseline preclude insight 
into the temporal ordering of the risk-variables.

• The health behavior measures did not capture all 
dimensions of behaviors in question.
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Prior research has not validated our stress measure for mortality. 

But our stress measure was associated positively with SES and health behaviors as in prior work. 

Perceived stress was associated positively with mortality, which is consistent with the established relationship between stressors and mortality. 

Cross-sectional data offer little insight into the temporal ordering of stress, health behaviors, and SES. 

But health behaviors are often established early in life, and stress was measured over the last year.

But stress, health behaviors, and SES may have been recalled imperfectly and might change over the follow-up period

The health behaviors did not capture all dimensions of the behaviors in question. But

Dropping former smokers who quit in the past 2 months and are most likely to resume smoking did not change our results.

The increased mortality among those who abstain from drinking persisted even after dropping respondents who abstained for reasons of poor health and those who abstained due to alcoholism



Implications

• Perceived stress, unhealthy behaviors, and low 
SES combine to form a truly vulnerable segment of 
the population

• Policies or public health interventions might be most 
effective if they simultaneously target unhealthy 
behaviors and  poor strategies for coping with 
stress in low SES populations
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Unhealthy behaviors and stress combine to form potent risk factors for premature mortality

That is especially true among low SES individuals

Possibly because they have fewer resources to manage their health in positive ways, or to mitigate severe stress 

Interventions might be most effective if they are multifaceted and simultaneously target (1) socioeconomic disadvantage, (2) unhealthy behaviors, and (3) poor stress management strategies

Interventions that focus on only one mechanism may fail to reducing mortality among the most vulnerable populations where multiple factors combine to affect the risk of death
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Notes and Additional Slides



Power Polynomials

• Allow for the flexible characterization non-linear 
relationships

» More parsimonious than using dummy variables

» Wide array of possible curves allowed

Presenter
Presentation Notes
Power polynomials (sometimes called fractional polynomials) allow us to flexibly characterize the non-monotonic relationship between some independent variable and some dependent variable

Especially valuable in our context because it is more parsimonious (uses fewer degrees of freedom to identify the underlying relationship) than using dummy variables—good when estimating interactions

Less flexible than splines, although splines can require more degrees of freedom

Like splines, power polynomials assume a continuous relationship between the independent and dependent variables (while dummy variables assume distinct cut-points)
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1. One set of curves that can be estimate when raising X to all possible pairs of powers: .5, 1, 1.5, 2
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