1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

> % NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATTG,

O

Published in final edited form as:
J Health Soc Behav. 2013 ; 54(3): 353-368. d0i:10.1177/0022146513489312.

Educational Differences in Healthy Behavior Changes and
Adherence Among Middle-aged Americans

Rachel Margolis?
1University of Western Ontario, London, Ontario, Canada

Abstract

Although the better-educated are more likely to practice healthy behaviors when measured at one
point in time, there is no clear evidence regarding whether more educated people are more likely
to initiate healthy behavior changes in the face of new chronic conditions and whether they are
better able to adhere to these healthy changes, once made. | use data from the Health and
Retirement Study (HRS) (1992-2010) to examine smoking cessation and starting physical activity
by educational attainment over an 18-year period among 16,606 respondents ages 50 to 75. The
more-educated are the least likely to smoke and most likely to be physically active in middle age.
They are also most likely to make healthy changes overall and better adhere to them. Education
also shapes behavior change after a new diagnosis, which likely contributes to socioeconomic
status differences in chronic disease management and health outcomes.
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Health behaviors are an important contributor to chronic disease management and overall
health in older age (ACCF/AHA 2009). However, there is little research about how common
healthy behavior changes are, for how long they are sustained, and whether people are more
likely to make behavior changes when they get sick. Understanding social patterns in health
behavior changes and trajectories can help locate opportunities for interventions that
decrease morbidity and mortality. Moreover, studying the socioeconomic status (SES)
gradient in health behavior changes in the face of a new health condition highlights an
important mechanism through which education shapes health disparities over the lifespan.

In this analysis, | examine patterns in health behavior changes by educational attainment and
how they change in response to a new illness among a representative sample of middle-aged
Americans over an 18-year period. | focus on healthy behavior changes for smoking and
physical activity, two behaviors that are important for preventing and managing chronic
illness (Rogers, Hummer, and Nam 2000). | examine educational differences in the
likelihood of making a healthy behavior change during this time period and whether the
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more-educated are more likely to make healthy changes in the face of a new condition.
Lastly, | examine patterns of adherence to healthy changes, once made. | find that there is a
large degree of change in smoking and physical activity in middle age, and that diagnosis
with a new condition is an important predictor of these changes. Results show that education
influences the ways in which people respond to a new health problem, which in turn shapes
socioeconomic differences in health over the lifespan. Moreover, education is a more
important moderator of behavior change upon diagnosis in earlier than later adulthood,
highlighting the importance of life stage in understanding how education works to shape
health.

Background

Health Behaviors and the SES Gradient in Health

Health behaviors are often cited as a primary cause of the SES gradient in health because
negative health behaviors such as smoking, heavy alcohol consumption, physical inactivity,
and obesity are most common among those with low levels of education (Cutler and Lleras-
Muney 2010) and they are associated with the onset of chronic diseases (Rogers et al. 2000).
However, estimates of the contribution of health behaviors to SES differences in mortality
are sensitive to the length of time during which health behaviors are observed.

Studies measuring health behaviors at one point in time in adulthood and subsequent
mortality have found that health behaviors account for a substantial proportion of SES
differences in mortality (Avendano 2006; Hirdes and Forbes 1992; Schrijvers et al. 1999;
Smith, Shipley, and Rose 1990). For example, Lantz et al. (1998) examined the extent to
which smoking, alcohol, sedentary life-style, and body weight accounted for differences in
mortality by SES among a nationally representative sample of adult Americans. They found
that these behavioral factors accounted for 14 percent of SES differences in mortality. Other
similar studies report larger estimates among subgroups such as smoking among men
(Denney et al. 2010; Jha et al. 2006; Marmot 2006), but lower estimates among older
women (Denney et al. 2010).

There has been more recent emphasis on measuring health behaviors dynamically, since
health behaviors might explain even more of the SES gradient in health if measured over the
life course rather than at one point in time. For example, Stringhini et al. (2010) examined
the role of health behaviors in explaining the association between socioeconomic position
and mortality among a sample of British civil servants. They found that health behaviors
measured at one point in time explained 42 percent of SES differences in all-cause mortality
and 72 percent when including multiple measures of health behaviors. The fact that health
behaviors over the life course are more strongly tied to mortality highlights the importance
of understanding why there are SES differences in health behaviors over the life course and
what predicts changes.

Health Behavior Changes and New Chronic Conditions

Health problems arise throughout the life course and how people respond to a new condition
may shape future health. Several theories may explain why people with more education
might be more likely to make a healthy behavior change in response to a new health
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condition. Comparing the way in which education moderates two different types of behavior
change—smoking cessation and starting physical activity—can help us to understand how
education may be influencing health behavior continuity and change and to what extent a
new diagnosis is a critical point for shaping health disparities.

First, the more-educated may have more information about the importance of a health
behavior change for disease management. This was important in explaining why college-
educated smokers quit five times faster than less educated smokers between 1974 and 1985
after evidence accumulated that smoking causes lung cancer and heart disease (de Walque
2010; Pierce et al. 1989). However, educational levels may be less important for current
middle-aged and older smokers because there is now widespread understanding that
smoking causes health risks (Saad 2006) and there are few differences by SES in people’s
reported desire to quit smoking (Barbeau, Krieger, and Soobader 2004; Link 2008).
Information may be particularly important for knowledge about the benefits of physical
activity (Siahpush et al. 2006). If knowledge about the benefits of making the healthy
change is driving educational differences, then one would expect greater differences for
physical activity than smoking cessation.

Second, the more-educated might better understand health information, which could
translate to decisions to overcome nicotine addiction and the discomfort of exercise
(Mirowsky and Ross 2003). The more-educated have a higher locus of control, which is
important for quitting smoking (Ockene et al. 2000) and even more important for starting
physical activity (Droomers et al. 1998). Making a healthy change for physical activity
involves starting something, while smoking cessation involves stopping an unhealthy
behavior. The highly educated might be better at translating health information into action
through the ability to overcome discomfort.

These theoretical mechanisms focus on individual characteristics and how education serves
as a critical feature of agency. However, structural factors also have an important role in
shaping life chances and choices. Social class, capturing occupation, income, and wealth, as
well as age and race-ethnicity are critical structural variables that shape the context in which
individuals make life-style choices and changes (Cockerham 2005). This analysis focuses on
education and how it shapes health behavior changes, but these important structural factors
shape education and the propensities to make these changes.

Several recent studies found that smoking cessation and weight loss among the obese are
more likely after respondents receive a new diagnosis (Clark and Etilé 2002; Falba 2005;
Keenan 2009; Wray et al. 1998). However, it is not clear whether there are educational
differences in behavior changes in response to a health shock. Only Wray et al. (1998) have
addressed SES differences in the propensity to make these healthy changes upon diagnosis.
They analyzed Health and Retirement Study (HRS) respondents in their 50s (1992-1994) to
see whether education is associated with different rates of smoking cessation following a
heart attack in a two-year period. They find that more educated respondents were more
likely to stop smoking than less educated respondents after a heart attack. No studies have
addressed educational differences in physical activity changes in response to a new
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condition or how the importance of education as a moderator of behavior change after an
illness depends on stage of the life course.

Adherence to Healthy Behavior Changes

Little is known about patterns of adherence to behavior changes once initiated, and whether
they differ by education. I hypothesize that the highly educated will have better adherence to
healthy behaviors based on the fact that the well-educated better manage chronic conditions
with complex treatment regimes (Goldman and Smith 2002) and better adhere to preventive
screenings (Carrasquillo, Lantigua, and Shea 2001). If there are educational differences in
adherence to smoking cessation and physical activity, there are several factors that could
mediate the relationship between education and adherence. The highly educated might better
adhere to healthy behaviors because they are in better health, with lower rates of disability,
obesity, and later onset of chronic conditions than those of low SES (Hayward et al. 2000).
Disability, obesity, and illness may hinder the ability to continue exercise. Similarly, illness
can bring on stress, which can affect negative health behaviors. In this analysis, | examine
each of these aspects of health status to see whether they mediate the effect of education on
adherence to healthy behavior changes.

Contributions

In this analysis, | use nationally representative survey data on Americans ages 5075 to
document patterns in healthy behavior changes and trajectories for smoking and physical
activity. First, I examine how frequent healthy behavior changes are among middle-aged
Americans. Second, | examine educational differences in the probability of making a healthy
behavior change. Third, | examine whether healthy behavior changes are more likely when
respondents report new chronic conditions for which behavior changes are desirable for
managing those specific conditions, and whether the more-educated are more likely to make
healthy changes in the face of a new condition. Last, | examine whether educational
attainment is associated with adherence to healthy changes. If so, then | examine whether
the better adherence of the highly educated can be explained by their lower rates of
disability, obesity, and chronic conditions.

This analysis extends research on SES and health in several ways. First, by examining
educational differences in healthy changes after diagnosis, it highlights the way in which
education conditions a response to a health shock, which is an important channel through
which education affects health. The article highlights that education becomes decreasingly
important as a moderator of healthy behavior changes upon diagnosis as age increases. This
extends prior research, which assumes the equal importance of education for health
throughout the life course (Mirowsky and Ross 2003). Second, prior research has not
examined adherence to healthy behaviors, whether these patterns differ by education, and
why. Third, a clear understanding of who makes healthy behavior changes and when they
are made can improve health interventions. Lastly, if education is positively correlated with
healthy behavior changes and adherence, then this pattern may explain why measuring
health behaviors over time explains much more of SES differences in health than when
measured only once.
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Data and Methods

This study is based on the HRS, a longitudinal study of aging that is nationally
representative of the U.S. population above age 50 (Juster and Suzman 1995). The HRS
allows the analysis of health behavior changes over a long period of time. The longitudinal
property is important because respondents’ trajectories are observed starting from when they
are in their 50s, when most are still relatively healthy, into their 60s and early 70s, a period
during which many report new chronic conditions and change their health behaviors.
Another advantage is the ability to take into account confounding factors such as health
status, existing chronic conditions, and changes in work hours, which have been linked to
behavior change (Evenson et al. 2002).

This analysis examines HRS participants ages 50—-75 during the study period 1992-2010.
The analytic sample is structured to follow respondents’ health behavior trajectories for as
long as the data allow. It includes respondents who were interviewed in two or more
interviews until death or attrition.1 Of the 25,838 age-eligible respondents (50-75), |
exclude AHEAD respondents (Assets and Health Dynamics Among the Oldest Old) because
respondents because questions on health behaviors differed and focus on 18,066 respondents
born between 1931 and 1959. | exclude 1,153 respondents because they completed less than
two consecutive interviews and 307 because of missing data on education or health
behaviors. Thus, the analytic sample consists of 16,606 respondents and 109,107 panel
observations—92 percent of the age-cohort-eligible respondents. The analytic sample is
similar to the age-eligible sample (Table Al).

Dependent Variables: Health Behavior Changes

In each interview, participants answered questions about their health behaviors. Smoking
cessation is defined by whether the respondent reported smoking in one interview, but
reported not smoking in the subsequent interview. Questions about smoking refer to
cigarette smoking, but exclude pipes or cigars. Starting physical activity is defined as
reporting doing “vigorous physical activity” in an interview, but not having done so in the
previous interview. Coding draws on the RAND file, which recodes measures across waves
to be as consistent as possible. Between 1992 and 2002, vigorous physical activity is defined
as participating in vigorous physical activity three times a week or more. From 2004-2010,
question wording was slightly different and is coded as vigorous physical activity more than
once per week (online supplement details available at http://jhsb.sagepub.com/
supplemental). A limitation due to question wording is that questions in 1996-2002 include
physical activity due to exercise and work, but other waves exclude physical activity due to
work. All analyses therefore take into account changes in work during the period of
observation. Related sensitivity analyses are discussed at the end of the article. A limitation
inherent in examining physical activity in middle and older age is that physical activity is a
measure of health status as well as a predictor of future health status. Therefore, in
examining changes in physical activity, | take into account how disability and obesity may
be potential mediators.

1Proxy interviews are included, but results do not differ if they are excluded.
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I measure health behavior changes between two subsequent interviews. To examine whether
these changes occur when respondents report new chronic conditions, | examine behavior
change during the same two-year period as the new condition because diagnosis offers an
opportunity for a turning point in health behaviors as patients are faced with new
information about their health. Diagnosis refers to whether the doctor ever told the
respondent that he or she has a certain condition. If diagnosis is a turning point for behavior
change, then it is most likely that the behavior change would occur immediately or very
soon after learning about the new condition.?

Adherence to smoking cessation and physical activity is examined among respondents who
make a healthy change from smoking to nonsmoking and from physical inactivity to being
physically active, and whom are followed at least one subsequent interview after this
change. The length of adherence is measured from the first healthy behavior change to the
interview when respondents report the unhealthy behavior or are censored either because of
death, attrition from the study, or the end of the follow-up period. The samples are 2,071
respondents who quit smoking and 7,035 respondents who began physical activity during
the follow-up period.

This analysis of adherence captures broad health behavior trajectories. The data do not
capture short-term changes in behavior since health behaviors are recorded at interviews
about two years apart. This measurement of behaviors at infrequent but regular intervals is
similar to the study of the maintenance of HPV screening and mammography (Gierisch et al.
2010). This study of adherence starts with the first observed healthy change, which for most
respondents is the only healthy change. For example, of those who stop smoking, 84 percent
are observed quitting only once. Similarly, of those who start physical activity, 70 percent
start only once during the study period. These data allow the examination of broad health
behavior trajectories and provide a conservative estimate of the amount of change because
very short-term health behavior changes are not observed.

Key Independent Variables: Socioeconomic Status and New Chronic Conditions

Educational attainment is the key measure of socioeconomic status and is analyzed both as a
continuous measure (years) and as a categorical variable measuring degrees: less than high
school, high school degree or GED, some college, or college degree. | focus on education as
the key measure of socioeconomic status, rather than income or wealth, for three reasons.
First, the ways in which education is thought to affect health, such as health literacy and
self-efficacy, are particularly important for health behavior changes (Mirowsky and Ross
2003). Second, higher education leads to more health-promoting resources such as gym
membership and healthy food (Ross and Wu 1995). Last, income and wealth can be volatile
in middle age, partially because they are affected by changes in health and retirement (Smith
1999).

2Smoking cessation is no more likely in the period before or after reporting new chronic conditions, compared to when reporting no
new conditions. Similarly, there are no differences in starting physical activity in the period after reporting a new condition relative to
none. However, starting physical activity is less likely (OR = .90, p <.10) in the period before reporting a new chronic condition,
relative to no new condition (results not shown).
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| examine whether healthy behavior changes are more likely when respondents report new
chronic conditions for which healthy behavior changes are important for disease
management as suggested by treatment guidelines (ACCF/AHA 2009). The chronic
conditions examined are chosen because they are highlighted in medical guidelines that
doctors follow for recommending behavior change at diagnosis. Smoking cessation is
particularly important for managing the following six conditions: hypertension, heart
disease, diabetes, lung disease, stroke, and cancer. | analyze three of them—nhypertension,
heart disease, and diabetes—in the analysis of physical activity because it is especially
important for the treatment of these conditions and because they do not inhibit physical
activity. Stroke, cancer, and lung disease may limit movement or lung capacity. New
reported conditions are coded from questions that ask if a doctor ever told the respondent
that he or she had the conditions listed below. If the condition is reported for the first time in
a given wave after the baseline interview, it is coded as a new chronic condition.3

Other Explanatory Variables

Three sets of variables are potential mediators between educational attainment and healthy
behavior changes and adherence. First, | include demographic characteristics: age, sex, race-
ethnicity, and partnership status. Race is coded as non-Hispanic white, non-Hispanic black,
and Hispanic/other. Partnership status is coded as partnered (married or cohabiting) or un-
partnered (widowed, separated, divorced, or never married). Health status may also mediate
the effect of education on health behavior changes and | measure it with four time-varying
variables. The first is whether the respondent reports any new chronic conditions (of those
listed above) or none. The second is the number of existing chronic conditions (of the six
examined) that the respondent reported in the interview prior to reporting the new chronic
condition. Additionally, the more-educated may be more likely to start physical activity
because they are less likely to be obese or affected by disability. Therefore in the physical
activity analysis, | also control for whether the respondent was obese (BMI = 30), which was
coded from questions that asked weight at each interview and height at baseline.# Mobility
limitations are coded as whether the respondent had difficulty with any of the following
tasks: walking several blocks, one block, or across the room; climbing several flights of
stairs; and climbing one flight of stairs. These questions were asked in every interview after
1992. | also control for labor force participation at first interview (works full-time, part-time,
or not working) and changes in labor force participation (no change, worked more hours, or
worked fewer hours). Change in labor force participation is time-varying and refers to the
same period as behavior change, when it is most likely to affect behavior change.

Two additional control variables are included. First is a dummy variable for whether the
respondent was reported dead during the study period to examine whether attrition due to
death affects the results. Second, analysis of smoking cessation includes a variable for the
number of cigarettes smoked in the previous period. This is to take into account the fact that

3New conditions are coded from the RAND data file and are based on questions that ask respondents whether a doctor ever told the
respondent that he or she had the following conditions: high blood pressure or hypertension, diabetes or high blood sugar, cancer or a
malignant tumor of any kind except skin cancer, chronic lung disease except asthma such as chronic bronchitis or emphysema, heart
attack, coronary heart disease, angina, congestive heart failure or other heart problems, and stroke or transient ischemic attack.
4Results for physical activity are robust to controlling for body mass index (BMI) = 35 rather than BMI = 30.
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smoking is an addictive behavior and because different levels of smoking intensity by
education may explain educational differences in smoking cessation.

Analytical Approach

| estimate a series of logistic regressions to model the odds of making a healthy behavior
change among a sample of respondents who practiced the unhealthy behavior at the previous
interview. First, | examine whether there are differences by educational attainment in the
odds of making a healthy behavior change during the follow-up period. Then I analyze SES
patterns in behavior change when reporting new chronic conditions with an interaction term
for education and any new chronic condition. To test whether education moderates behavior
change differently depending on age, | run the interaction model for respondents ages 50-60
and 61-75. The age groups are chosen to be comparable to that of Wray et al. (1998) and to
split the sample into similar size groups. The logistic regression model is used rather than
conditional logit models with individual fixed effects in order to examine patterns of
behavior change for the whole sample at risk of making a change. Including a fixed-effects
term would control for time-invariant unobserved factors, but would exclude respondents
who did not experience a change in the outcome of interest. This analysis includes all
respondents at risk of making a healthy behavior change, including those who change and
those who do not.

To account for the nonindependence of observations for each individual, | estimate the
models on pooled data using robust standard errors (Huber-White method). The regression
models are weighted to be representative of the population of that age group. Because
respondents can change a health behavior more than once during the study period, the
analysis includes more than one change for some respondents. However, results do not differ
qualitatively when restricting the sample to the first observed healthy change.

The last part of the analysis addresses whether there are differences by educational
attainment in adherence to healthy behavior changes after they are initiated. | chart
adherence to smoking cessation and physical activity with Kaplan-Meier survival curves.
Then, | estimate adherence to healthy behavior changes using a discrete-time event history
framework, estimating binary logistic regression models on pooled person-interview
observations (Allison 1982). This method is ideal because it is not biased by censoring and
allows time-varying covariates. It is also more appropriate than continuous survival analysis
because the data on health behaviors are available at each biennial interview, not at the exact
time that the change occurs, making it inappropriate to treat the data as continuous.

| estimate the conditional probability of reverting to an unhealthy behavior, given that the
individual has started practicing the healthy behavior at the previous interview. Respondents
cease contributing person-interviews when they revert back to an unhealthy behavior or are
censored, either because of the end of the study, death, attrition, or missing values. First, |
examine whether there are differences in adherence to each health behavior by educational
attainment, when controlling for age, number of months between interviews, and time since
the change was made. Then | estimate a series of nested models to explore the other
correlates of adherence. The first model includes education and demographic characteristics.
The second model tests whether poorer adherence to healthy behaviors among those with
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low education is due to poorer health and higher levels of disability. The last model controls
for labor force participation at first interview and changes.

Table 1 presents weighted characteristics for the analytic sample. At first interview,
respondents are on average 54.2 years old (SD = 3.1). Respondents are relatively healthy at
first interview. More than half (56 percent) have no existing chronic conditions, 30 percent
have only one, and 13 percent have two or more. Almost 80 percent report being in
excellent, very good, or good health. During the study period, half of respondents report one
or more new chronic conditions. Hypertension is the most common new condition, with one
quarter (26 percent) of respondents reporting the new condition during the study. Fifteen
percent report new heart disease, 13 percent new diabetes, 10 percent new cancer, 8 percent
new lung disease, and 6 percent report new stroke. The majority of respondents in the
sample (62 percent) are followed for six or more interviews, and 13 percent are reported
dead during the study period.®

Healthy behavior changes are common in middle and older age. Three in ten respondents
smoke during the study period (28.4 percent) and half of those smokers stop (13.4 percent of
the sample). A minority of respondents do not change their physical activity during the study
period. Only 7 percent are physically active each time they are interviewed and three in ten
are never physically active. Most respondents start physical activity during the study,
whether it is their only change (9 percent) or whether they make more than one change (41
percent). The high proportion of respondents who change their physical activity is
noteworthy, however not surprising, given that many respondents retire and start new
activities during this time. Many also develop new health problems and disability over the
study period, which may make it more difficult to stay active.

Table A2 in the online supplement shows that there are large differences by education in
health behavior continuity and change. Those with high levels of education are more likely
to be nonsmokers. Only 15 percent of college-educated respondents smoke compared to 41
percent of high school dropouts. In the past, these cohorts had very high rates of smoking,
and other research has documented high rates of smoking cessation in the past, especially
among the highly educated (de Walque 2010). There are also large differences by education
in physical activity over the study period. The college-educated are the most likely to be
consistently active. For example, 14 percent of the college-educated are physically active
throughout the study compared with 2 percent of those with less than a high school
education.

Education Differences in Healthy Behavior Changes

Next, | examine whether the more-educated are more likely to make healthy behavior
changes. Results in Table 2 show that education is positively associated with smoking
cessation (Models 1-3). Each year of education is associated with a 3 percent increase in the
odds of quitting in middle age when including all controls (Model 3). Moreover, reporting a

SCharacteristics of respondents who die are reported in Table Al in the online supplement.
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new chronic condition is a strong predictor of smoking cessation, associated with an odds
ratio of 2.38 relative to when reporting no new condition. Model 4 examines whether the
more-educated are more likely to quit smoking upon reporting a new chronic condition.
Among the whole sample (ages 50-75) there is no interaction between education and a new
chronic condition (Model 4). However, education is a significant moderator of smoking
cessation upon diagnosis among adults ages 50-60 (Model 4b), but not among adults ages
61-75 (Model 4c). Figure 1 charts the predicted probabilities of this behavior change from
Models 4b and 4c. Respondents of all educational levels are more likely to stop smoking
when they report a new condition relative to when reporting none. However, among
respondents in their 50s, those with higher education are more likely to stop smoking when
reporting a new condition. Those with less than a high school education have a .15-.20
probability of quitting at this time compared to the college-educated, who have more than a .
30 probability of quitting after a new diagnosis. Among the older age group, the lines are not
exactly parallel, but the interaction is not statistically significant.

Table 3 shows that education is also positively associated with starting physical activity.
Each year of education is associated with 3 percent higher odds of starting exercise in
middle age (Model 1). Model 2 examines whether differences in health status explain why
the more-educated are more likely to start physical activity. Educational differences in
physical activity disappear when controlling for health status, measured by any new chronic
condition, existing conditions, obesity, and mobility limitations. Of these factors, mobility
limitations alone can account for educational differences in physical activity (Model 2b).
Disability is much more important than any of the other factors in explaining education
differences in this behavior change.

In contrast to smoking cessation, reporting a new chronic condition is associated with lower,
not higher, odds of starting physical activity. This may be because those who report new
chronic conditions are negatively selective in terms of health and exercise. It also may be
that people are dealing with health complications. Model 4 examines whether the pattern of
starting activity upon a new health problem differs by education. The interaction term shows
that education is a significant moderator of this relationship among all respondents ages 50—
75. The last two models test whether there are differences by age and find that although the
coefficients hardly differ, the interaction is not statistically significant among the smaller
samples. The probability of starting physical activity is plotted from Models 4b and 4c in
Figure 1. The degree to which reporting a new condition is associated with a lower
probability of starting activity differs by education. There is no difference among the highly
educated in the odds of starting activity depending on reporting a new illness, but among the
less educated, those who report a new illness are less likely to start activity at this time.
Similar to smoking cessation, the differences in the probabilities of behavior change upon
diagnosis seem larger for adults ages 50-60 than 61-75.
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Adherence to Smoking Cessation and Physical Activity

Last, | turn to patterns in adherence to healthy behavior changes shown in Figure 2.8
Examining the proportion of those who remain nonsmokers at each subsequent interview
after quitting shows that there is a large drop off in the period following cessation. Thirty
percent of those who stopped smoking report smoking again at the next interview. Of the 70
percent who remain nonsmokers after two years, most adhere to smoking cessation. Just
over half who quit remain nonsmokers over the study period. The college-educated and
those with a high school degree have better adherence to smoking cessation than those with
less than a high school education or some college. In Table A3 in the online supplement, the
bivariate and multivariate discrete-time event history models clearly show that the more-
educated have better adherence to smoking cessation.

The survival curves for adherence to physical activity are steeper than those for smoking
cessation. For all education groups, the shape of the survival curve is steadily downward,
with the largest drop-off at the next interview. The superior adherence to physical activity by
the more-educated remains throughout the period of observation. Table A3 presents nested
models to examine whether educational differences in adherence to physical activity can be
explained by the better health of those with more education. Results from Model 1 show that
relative to high school dropouts, respondents with more education have much lower odds of
reverting to inactivity. Model 2 examines whether health explains these differences. Health
does not explain the differences between those with the least education and those with
higher levels of education. However, controlling for mobility limitations explains
differences between those with a high school degree, some college, and a college degree
(results not shown), highlighting that disability is an important factor in explaining the
differences in adherence to activity between those with all but the least education. Model 3
includes changes in labor force participation, which also cannot explain the differences in
adherence between high school dropouts and those with more education. In summary,
differences in adherence to physical activity remain between those with the least education
and all other groups, which cannot be explained by the examined factors.

Discussion

One puzzle about SES and health is why health behaviors explain so much more of SES
differences in mortality when capturing health behaviors measured at multiple times
(Stringhini et al. 2010) than when measured at one point in time (Lantz et al. 1998). This
article documents that there are very large differences by education in smoking and physical
activity trajectories in middle age, even though many health habits are already set by this
stage of the life course. Health behavior changes are surprisingly common between ages 50
and 75 and the fact that the more-educated are more likely to stop smoking, start physical
activity, and maintain both of these behaviors over time likely contributes to SES
differences in chronic disease incidence and management in middle and older age. The fact
that SES differences in health behavior trajectories by education are so large may help to

6The data do not allow the observation of the exact length of adherence. The change could be maintained for a very short time or
could be until just before the next interview.
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explain why much more of SES differences in mortality are explained when capturing
trajectories rather than when measured once.

I examined whether the more-educated respond differently than the less-educated in making
healthy behavior changes when diagnosed with chronic conditions for which changes are
important for disease management. Education increases the odds of a healthy behavior
change upon diagnosis. This highlights the way in which education conditions a response to
a health shock, which is an important channel through which education affects health.
Importantly, | find that education becomes decreasingly important as a moderator of healthy
behavior changes upon diagnosis as age increases. Education increases the odds of smoking
cessation when reporting a new illness among respondents in their 50s, but not those in their
60s or early 70s.

This has two implications for research on education and health behaviors. First, research on
how education influences health should examine how the importance of education for health
behaviors and health changes varies over the life course. Previous work on the mechanisms
through which education shapes health and health behaviors has assumed that education is
equally important across age (Link and Phelan 1995; Mirowsky and Ross 2003).
Understanding when education has the greatest effect in conditioning behavior changes is
important for understanding how and why health inequalities change across age. Second, the
more-educated are more likely to make changes when they get sick, even when the health
shock is not that serious. Wray et al. (1998) examined this interaction for a relatively serious
health event—a heart attack. However, this article highlights that education moderates
behavior change upon a broader set of health events, including hypertension diagnosis.
Future research should examine which kinds of new health shocks people respond to,
because if the more-educated respond more to less serious shocks, then this may be another
mechanism shaping health disparities.

Why does education moderate the effect of a new condition on smoking cessation for
respondents in their 50s, but not in their 60s and early 70s? One explanation is that the
sample of smokers becomes more and more select over the lifespan. The examined cohorts
experienced high rates of smoking cessation before middle age whereby smokers who were
the least attached to smoking and cared most about their health quit earlier on. In the 1970s
and 1980s, more educated smokers quit much more quickly than less educated smokers (de
Walque 2010; Pierce et al. 1989). Thus, well-educated smokers in their 60s and early 70s are
a small and select group. They may be the most addicted or the most stubborn. | find that
older well-educated smokers are less likely to quit than younger smokers of the same
education level and just as likely to quit as less educated smokers when they get sick. This
explanation implies that for smoking, a behavior which is increasingly negatively selective
over the life course, the predictors of behavior change vary over the lifespan. Education
becomes decreasingly important as a moderator of behavior change upon diagnosis as age
increases.

A second explanation is that the longer people expect to live when they get sick, the more
likely they are to make a healthy behavior change. This could explain why the more-
educated are more likely to quit smoking when they get sick in their 50s than less educated
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smokers (the more-educated live longer) and also why education is a more important
moderator of behavior change in the 50s than in older ages. Wray et al. (1998) tested various
explanations for why education moderates smoking cessation after a heart attack and found
that the only factor that mattered was future orientation, as measured by financial planning
timeline. In additional analyses (results not shown), | find that future orientation and
cognitive functioning can explain the differential behavior at diagnosis by education. This
suggests that perhaps the more-educated are more likely to quit smoking upon diagnosis
than less educated smokers because they expect to live for longer, better understand how
quitting smoking can increase their lifespan, or can better translate the will or knowledge
into actually quitting (Mirowsky and Ross 2003; Ockene et al. 2000).

Disability was the most important mediator explaining SES differences in starting and
maintaining physical activity. However, other aspects of health, such as number of chronic
conditions and obesity, were also important. Higher levels of physical activity also likely
contribute to better health. Even after accounting for health status, there still remained
differences in adherence to physical activity between the least educated and all others.
Future research should try to differentiate between various proposed mechanisms that were
not directly measured here, such as knowledge about importance of physical activity,
investment in future health, and self-control, as suggested by Pampel et al. (2010).

The more-educated also responded differently in starting physical activity upon diagnosis
than their less-educated counterparts. In additional analyses (results not shown), | found that
the differential behavior by education was not explained by differences in future orientation
or cognitive function. Future research should test whether the educational differences in
starting physical activity upon diagnosis are due to the highly educated having better
information about the short- and long-run benefits of physical activity for health, which has
been highlighted in previous work (Siahpush et al. 2006). This information could be coming
from the doctor at the time of diagnosis or from peer or family networks. Other research
should also test whether there are SES differences in knowledge of the importance of
physical activity for specific chronic conditions like hypertension and diabetes. If so, policy
could affect this by targeting information at the point of diagnosis.

This analysis is limited by several features of the available data. Health behaviors are
measured in each interview approximately every two years and questions refer to smoking at
the time of the survey and physical activity over the 12 months before the interview. These
data allow the examination of broad health behavior trajectories, but may underestimate the
amount of change because short-term behavior changes are not observed. Other studies do
not have a long follow-up, but have more detailed short-term data on patterns of smoking
relapse. Some find no differences by education in short-term relapse (Garvey et al. 1992),
but others document differences by confidence and self-efficacy, which are correlated with
education (McBride and Pirie 1990; Ockene et al. 2000). More short-term changes may be
missed for those with lower education. In these data, the education distribution of
respondents making two or more changes for physical activity is no different than for the
cohort at large. However, respondents that make two or more smoking changes are, on
average, slightly less educated. Thus, the results do not have external validity for short-term
changes. However, given that short-lived healthy changes do not affect health as much as
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long-term trajectories, these results may be more important for explaining SES differences
in broad health behavior trajectories.

A second limitation is that the data do not allow us to distinguish the intentionality of
physical activity. Physical activity could be part of work due to question wording in four
interviews, and work changes during the study period. However, this limitation does not
discount the article’s results. The multivariate models control for work status at baseline and
changes in labor force participation. The same pattern of results is found when controlling
for whether the respondent’s work is physically challenging at least some of the time or
controlling for whether the respondent was working in a physically demanding occupation.
But even then, the analysis likely underestimates the degree of educational differences in
starting physical activity because low-SES men who do physically demanding jobs are not at
risk of starting activity.

As the respondents move from middle age to older age during the study period, 13 percent
are reported dead. Unsurprisingly, those who died were more likely to be male, less
educated, more likely to smoke, and less likely to be physically active at baseline than the
whole sample (Table Al in the online supplement). The selective mortality means that those
with higher education and better health behaviors are observed for longer on average.
However, the results do not differ when excluding those who die from the analysis
altogether. Lastly, this study did not examine patterns of behavior change for chronic
conditions separately or the severity of conditions at diagnosis, but future research can
address these questions.

Despite limitations, this analysis shows that the way in which education conditions a
response to a health shock is an important channel through which education shapes health.
The fact that education moderates the effect of a new health problem on smoking cessation
and starting physical activity may account for why the better-educated are better able to
manage chronic conditions and have better health outcomes. Results highlight the
importance of life stage in understanding how education works to shape health.
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Figure 1.
Predicted Probabilities of Smoking Cessation and Physical Activity, by Education and Whether Reported a New Chronic

Condition, Health and Retirement Study (1992-2010).
Note: Predicted probabilities are calculated from Models 4b and 4c on Tables 2 and 3, holding other covariates at mean levels.
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Kaplan Meier Survival Curves for Adherence to Smoking Cessation and Physical activity after Initiation by Education, Health

and Retirement Study.

Note: The log-rank test of equality across strata finds significant differences between the adherence patterns by education to

smoking cessation (p < .05) and physical activity (p <.001).
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Weighted Sample Characteristics, Health and Retirement Study (N = 16,606).

Table 1

Characteristic % or M (SD) Characteristic % or M (SD)
Demographic characteristics® Labor force participation changeb
Age 54.2 (3.1) No change 40.1
Female 49.4 Worked less 51.9
Educational attainment Worked more 25.7
Less than high school 16.3 Cigarettes smoked per day among smokers 17.4 (11.8)
High school degree 34.2 Reported dead (1992-2010)
Some college 248 Number of completed consecutive interviewsC 129
College degree 24.8
Race-ethnicity 10 20.0
Non-Hispanic white 79.5 9 12.4
Non-Hispanic black 10.8 8 9.3
Hispanic/other race 9.8 7 13.6
Partnership status 6 6.5
Partnered 74.8 5 5.9
Unpartnered 25.2 4 175
Health status® 3 8.3
Number existing chronic conditions 2 6.2
None 56.4 0
One 30.2 Health behavior continuity and change
Two 10.2 Smoking behavior summary
Three or more 3.2 Nonsmoker throughout study 715
Self-rated health Smoker throughout study 13.7
Good, very good, excellent 79.1 Stops smoking once 7.9
Fair or poor 20.9 Starts smoking once 14
Obese (BMI = 30) 28.0 Starts and stops smoking 55
Any mobility limitation 326 Total 100
Health changesP Smoking
Number new chronic conditions % smokes during study periodd 28.4
None 48.7 % stops smoking 13.4
One 316 % smokes at baseline 25.2
Two 14.2 Physical activity behavior summary
Three or more 55 Always physically active 6.8
Type of new chronic condition® Never physically active 30.2
Hypertension 25.9 Stops physical activity once 13.1
Heart disease 14.8 Starts physical activity once 8.6
Diabetes 134 Starts and stops physical activity 41.3
Cancer 10.2 Total 100
Lung disease 7.8 Physical activity
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Characteristic % or M (SD) Characteristic % or M (SD)
Stroke 5.6 % inactive during study 93.1
Labor force participation at baseline % starts physical activity 49.9
Not working 25.6 % physically active at baseline 31.8
Works part-time 13.2
Works full-time 61.2

aMeasured at first interview.

bRespondents may have experienced more than one change (1992-2010); therefore, changes do not sum to 100 percent.
CUnweighted for sample description.

dThe respondents at risk of smoking cessation are all except those who are nonsmokers throughout the study.
eReported throughout study period (1992-2010).

fThe respondents at risk of starting physically activity are all except those who are always physically active.
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