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Abstract This study estimated the long-term mortality

hazards and disability risks associated with various com-

binations of smoking and physical inactivity measured over

time in a sample of middle-aged adults. Data have been

collected from a national sample of Swedish adults, orig-

inally interviewed in 1968 and followed until 2007

(N = 1,682). Smoking and physical activity status were

measured at baseline and 13 years later (1981). Different

patterns of change and stability in smoking and physical

inactivity over this 13 year period were used as predictors

of mortality through 2007. Also, associations between

different patterns of these health behaviors and the odds of

disability (measured in 2004) were estimated among sur-

vivors (n = 925). Results suggest that mortality rates were

elevated among persistent (HR = 1.7; 95 % CI = 1.5–2.0)

and new smokers (HR = 2.5; 95 % CI = 1.6–4.1), but not

among discontinued smokers. However, mortality rates

remained elevated among discontinued smokers who were

also persistently inactive (HR = 1.9; 95 % CI = 1.3–2.6).

Additional findings suggest that persistent physical inac-

tivity during midlife was associated with increased odds of

late life disability (OR = 1.8; 95 % CI = 1.1–2.7), but that

smoking had no clear additive or multiplicative effects on

disability. As such, these findings indicate that while per-

sistent smoking during midlife primarily impacts sub-

sequent mortality, persistent physical inactivity during

midlife appears to counteract the survival benefits of

smoking cessation, while also imposing a long-term risk on

late life disability among those who do survive to old age.

Keywords Smoking � Physical activity � Mortality �
Disability � Midlife � Aging

Introduction

A mounting body of research suggests that certain personal

behaviors—especially smoking and physical inactivity—

are the leading root causes of death (Mokdad et al. 2004).

As such, individuals who smoke or are physically inactive

are less likely than those with healthier behaviors to

achieve the gains in life expectancy that are currently being

experienced by the population as a whole (Chipperfield

2008; Knoops et al. 2004). Studies also show that smokers

and physically inactive individuals who survive into older

ages are at increased risk for poor health and disability

(Chakravarty et al. 2012; Lee et al. 2012).

However, it is now also becoming well-established that

the health risks of these behaviors are mitigated substan-

tially among adults who make positive behavioral changes.

For example, data from 877,243 respondents to the U.S.

Cancer Prevention Study II have shown that quitting

smoking during midlife can increase life expectancy by as

much as 8 years, with greater benefits among those who

have quit at younger ages (Taylor et al. 2002). Similar

findings have emerged from a study of close to 35,000

British Male doctors (Doll et al. 1994), as well as other

smaller studies (Gerber et al. 2012). On the other hand,
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data from the Nurses’ Health Study suggest that quitting

smoking, compared to continuing smoking, may have

negligible benefit in terms of health-related quality of life

(Sarna et al. 2008), perhaps indicating the presence of

lingering impairments within former smokers that are not

necessarily life threatening, but could diminish well-being.

Researchers have also found that the risks associated

with physical inactivity can be mitigated as individuals

transition out of inactive lifestyles. For example, in a

population-based cohort study of 50-year-old Swedish men

who were followed for over 35 years, researchers found

that those who increased their levels of activity before age

60 exhibited a mortality risk that was equivalent to those

who had maintained a high level of activity throughout this

period (Byberg et al. 2009); in fact, the degree of

improvement in survival reported in this study was on par

with the effects of smoking cessation. A large multi-center

prospective cohort study in the U.S. also indicated that

increases in levels of physical activity among women aged

65 and older were associated with lower mortality rates

relative to continually inactive women (Gregg et al. 2003).

Risk of death was also found to be significantly reduced

among adults ages 20–79 from the Copenhagen City Heart

Study who had increased their levels of activity, with this

association being most evident among those who were over

65 years of age (Schnohr et al. 2003). Positive changes in

physical activity have also been found to postpone the

onset of disability (Berk et al. 2006).

Taken together, these bodies of literature provide com-

pelling evidence that the prospects for healthy aging can be

improved considerably for middle-aged adults who quit

smoking or become physically active. However, what is

currently not well known is whether midlife patterns of

smoking interact with midlife patterns of physical inac-

tivity in determining mortality and health risks years later,

during old age. Considering the combined impact of

smoking and physical activity is consistent with a lifestyle

approach to the study of behavior and health, in which the

focus is on the combined effects of an individual’s col-

lective pattern of multiple behaviors (Cockerham et al.

1997). Most studies adopting a lifestyle approach have

done so by creating a combined health behavior index,

representing a simple count of the number of risk behaviors

in which an individual is currently engaged (e.g., Hubert

et al. 2002; Khaw et al. 2008; Knoops et al. 2004; Kvaavik

et al. 2010; Meng et al. 1999; Myint et al. 2009; Sabia et al.

2009; van Dam et al. 2008; Willcox et al. 2006). The

findings from the vast majority of these studies suggest that

risks of death, along with several other health outcomes,

are proportional to the number of risk behaviors that a

person has accumulated (Loef and Walach 2012). How-

ever, these studies have not been able to show how two

specific risk behaviors, like smoking and physical

inactivity, may interact with one another in affecting health

in later life. Nor have they been able to account for the

long-term health impact of changing, or failing to change,

multiple risk behaviors during midlife.

Therefore, the purpose of the current study is to examine

how patterns of stability or change in smoking and physical

inactivity during midlife may combine with one another to

influence both mortality rates throughout the ensuing two

and a half decades, as well as risk for late life disability.

While some other studies have examined interactions

between these specific behaviors, these studies have typi-

cally measured the behaviors at just a single point in time.

For instance, data from the Established Populations for

Epidemiologic Studies of the Elderly (EPESE) have shown

that lifestyles combining smoking and physical inactivity

were associated with a particularly high risk for losses in

active life expectancy (Ferrucci et al. 1999). A Swedish

study has shown similar findings regarding the com-

pounding effects of smoking and physical inactivity on

health and mortality (Johansson and Sundquist 1999),

while more recently, studies have shown that the health and

mortality risks associated with smoking can be partially

mitigated among those with moderate and high levels of

physical activity (Ford et al. 2012; Garcia-Aymerich et al.

2007).

To the best of our knowledge, the joint effects of

changes in smoking and physical inactivity during midlife

on mortality and late life disability have not been previ-

ously examined. Examining these joint effects could reveal

whether the benefits of a positive behavior change are

moderated when another unhealthy behavior is maintained.

Likewise, these joint effects could reveal whether the risk

of remaining engaged in an unhealthy behavior over time is

amplified in the presence of another unhealthy behavior, or

mitigated in the presence of another healthy, or improving,

behavior.

Methods

Data source and collection

Data have been collected from the level of living survey

(LNU) and the Swedish panel study of living conditions of

the oldest old (SWEOLD). LNU is a nationally represen-

tative study of the Swedish adult population, ages 18–75; it

was first carried out in 1968, and subsequently in 1974,

1981, 1991, 2000, and 2010 (Fritzell and Lundberg 2007).

Persons from the LNU sample who have passed the upper

age limit of 75 years have been included in the SWEOLD

study (Lundberg and Thorslund 1996), which has been

carried out in 1992, 2002, 2004, and 2011. In the 2004

wave of SWEOLD, respondents ages 69 and older were
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interviewed. In both the LNU and SWEOLD, professional

interviewers conducted structured interviews with partici-

pants in their homes. The interviews addressed questions

about work life, family situation, health behaviors, eco-

nomic conditions, living conditions, and health status.

The current study focuses on adults who were between

the ages of 33 and 55 in 1968. The initial response rate in

1968 was 90 %. The analytic sample for the mortality

analysis (n = 1,682) represents 80.2 % of those initial

respondents, and includes only those who were interviewed

in both the 1968 and 1981 LNU. To analyze associations

between midlife behaviors and subsequent mortality, the

1968 and 1981 LNU data were merged with data on

mortality status from the Swedish National Cause of

Deaths Register. The mortality analysis sample was created

after excluding all respondents who died within 1 year

from their 1981 interview (n = 40), as their health

behaviors during midlife may have been strongly influ-

enced by their health status at that time. To analyze asso-

ciations between midlife behaviors and disability status, the

1968 and 1981 LNU data were merged with health status

data from the 2004 SWEOLD. As such, the disability

analysis sample (n = 925) includes only those original

respondents who survived to 2004.

Measures

Health behavior patterns

Each respondent’s smoking and physical inactivity

behavior was measured in both 1968 and 1981. In both

waves, smoking was measured dichotomously, distin-

guishing between current smokers and current non-smok-

ers. The measure of physical inactivity used in both 1968

and 1981 was an index summarizing an individual’s par-

ticipation in a variety of active behaviors, including gar-

dening, hunting, dancing, and engaging in any type of sport

during the past 12 months. Respondents engaging in any of

these activities ‘‘sometimes’’ received one point; two

points were given for activities that were conducted

‘‘often.’’ Two points were also given to respondents who

engaged in a sport, independent of frequency. Persons with

a summary score of less than two points were defined as

being currently inactive.

Patterns of smoking and physical inactivity behavior

over time were ascertained by combining each respon-

dent’s status with respect to these behaviors in 1968 and

1981. Respondents who were non-smokers in both 1968

and 1981 were defined as ‘‘Non-smokers’’; respondents

who were smokers in 1968 and non-smokers in 1981 were

defined as ‘‘Discontinued smokers’’; those who were non-

smokers in 1968 and smokers in 1981 were defined as

‘‘New smokers’’; and, those who were smokers in both

1968 and 1981 were defined as ‘‘Persistent smokers.’’ The

equivalent categories for physical inactivity were the

‘‘Active,’’ ‘‘Discontinued inactive,’’ ‘‘New inactive,’’ and

‘‘Persistent inactive’’ respondents.

We examined the joint effects of these behavioral pat-

terns by cross-stratifying the smoking and physical inac-

tivity patterns. To guard against prohibitively low cell sizes,

we merged the ‘‘New smoker’’ and ‘‘Persistent smoker’’

categories, as well as the ‘‘New inactive’’ and ‘‘Persistent

inactive’’ categories before cross-stratifying. The result was

nine subgroups that represent nine distinct patterns of

smoking and physical inactivity behavior over time, ranging

from ‘‘Non-smoker, active’’ respondents to ‘‘Persistent/new

smokers, persistent/new inactive’’ respondents.

Mortality

Follow-up on all-cause mortality was carried out from the

time of interview in 1981 until April 2007. Date of death

was obtained from the Swedish National Cause of Deaths

Register. During the follow-up period, 875 individuals

(52 %) died; those who were still alive at the end of the

follow-up were censored.

Disability

Late life disability was measured in the 2004 SWEOLD

with items that detect limitations with activities of daily

living (ADL) and instrumental activities of daily living

(IADL). ADL items included eating, dressing, toileting,

transferring in and out of bed, and bathing; IADL items

included house cleaning, shopping, and preparing food.

Respondents who reported needing help with any of these

activities were defined as being in a state of disability in

2004.

Control variables

The analyses in this study controlled for the effects of

several sociodemographic characteristics, including age,

gender, education (measured in years of completed

schooling), and occupational status (categorized as

unskilled blue-collar workers, skilled blue-collar workers,

lower white-collar workers, and intermediate and higher

white-collar workers) in 1968. Also, to account for the

potential influence of poor health on smoking and physical

inactivity behavior, all models controlled for health status

in 1981, including measures of circulatory problems (chest

pain; heart weakness; high blood pressure; breathlessness/

shortness of breath; or dizziness), mobility problems

(inability to walk 100 m fairly briskly without difficulties;

inability to run 100 m without greater difficulties; or
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inability to go up and down stairs without difficulties), and

psychological problems (anxiety, nervousness, anguish;

general fatigue; sleeping problems; or depression).

Data analysis

The main analyses employed Cox regression to compare

the rates of mortality, between 1981 and 2007, for

respondents with different patterns of smoking and physi-

cal inactivity during midlife. First, the independent mor-

tality hazards associated with patterns of smoking, and

patterns of physical inactivity, were assessed. Next, the

joint effects of these patterns on mortality were assessed by

entering the combined, cross-stratified, smoking and

physical inactivity variables into the model. In supple-

mentary analyses, we also tested for joint effects by

specifying interactions between the smoking and physical

inactivity variables. The proportional hazards assumptions

were not violated, as assessed through examination of the

Kaplan–Meier survival plots.

A similar set of analyses, examining both the indepen-

dent and joint effects of midlife smoking and physical

inactivity patterns, was carried out to assess associations

between midlife behavior and late life disability among

survivors to old age. Here, logistic regression was

employed, with 2004 disability status as the outcome.

Results

Descriptive analyses

In 1968, 43.7 % of the mortality analysis sample were

current smokers, and 32.6 % were physically inactive; in

1981, 32.2 % were smokers and 34.0 % were inactive.

Individual behavioral patterns between 1968 and 1981 are

characterized in Table 1. Over half (54.5 %) of the sample

were non-smokers in both 1968 and 1981, while 13.3 %

discontinued smoking, 1.8 % were new smokers, and close

to one-third of the sample (30.4 %) were persistent

smokers. Both gender and age varied significantly across

these various smoking patterns. In addition, one-half

(50.5 %) of the sample were active in both 1968 and 1981.

The remainder of the sample was fairly equally distributed

across the other patterns of physical inactivity. Significant

variation with regard to gender, age, education, and

Table 1 Characteristics associated with different smoking and physical inactivity profiles among Swedish adults ages 33–55 in 1968

Sample size (%) % Women Mean age (SD) Mean education

years (SD)

% Unskilled

blue collar

Mortality analysis sample 1,682 51.1 44.0 (6.6) 8.1 (2.8) 34.8

Smoking in 1968/1981 a b

No/no (non-smoking) 917 (54.5) 63.1 44.5 (6.6) 8.0 (2.8) 36.5

Yes/no (discontinued smoking) 224 (13.3) 26.8 44.4 (6.9) 8.3 (2.9) 29.0

No/yes (new smoking) 30 (1.8) 50.0 41.5 (6.4) 8.3 (2.5) 20.0

Yes/yes (persistent smoking) 511 (30.4) 40.1 43.2 (6.4) 8.2 (2.6) 35.4

Inactivity in 1968/1981 a b b a

No/no (active) 850 (50.5) 46.2 43.8 (6.5) 8.5 (3.1) 28.3

Yes/no (discontinued inactivity) 260 (15.5) 47.7 42.7 (6.8) 8.1 (2.4) 34.2

No/yes (new inactivity) 283 (16.8) 60.4 44.6 (6.4) 7.9 (2.5) 37.8

Yes/yes (persistent inactivity) 289 (17.2) 59.2 45.4 (6.5) 7.5 (2.3) 51.6

Disability analysis sample 925 57.5 41.3 (6.0) 8.6 (3.0) 31.4

Smoking in 1968/1981 a b

No/no (non-smoking) 549 (59.4) 66.5 42.0 (6.1) 8.5 (3.0) 33.3

Yes/no (discontinued smoking) 121 (13.1) 33.1 41.3 (6.4) 8.7 (3.1) 27.3

No/yes (new smoking) 15 (1.6) 46.7 38.5 (5.3) 8.8 (3.1) 33.3

Yes/yes (persistent smoking) 240 (25.9) 50.0 40.0 (5.3) 8.7 (3.0) 28.7

Inactivity in 1968/1981 a a

No/no (active) 497 (53.7) 53.5 41.4 (6.0) 8.9 (3.3) 27.4

Yes/no (discontinued inactivity) 153 (16.5) 54.2 40.6 (6.2) 8.3 (2.6) 32.7

No/yes (new inactivity) 142 (15.4) 66.9 41.2 (5.7) 8.3 (2.6) 31.0

Yes/yes (persistent inactivity) 133 (14.4) 66.2 42.1 (6.0) 8.0 (2.7) 45.1

a p \ 0.001 based on Chi square tests
b p \ 0.001 based on F tests from ANOVA
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occupational status was evident across these patterns of

physical inactivity.

The characteristics of the disability analysis sample are

presented in the bottom portion of Table 1. Compared to

the sample used in the mortality analysis, the reduced

sample of survivors used in the disability analysis had a

higher percentage of women, a lower mean age, a higher

mean level of education, and a lower percentage of

unskilled blue-collar workers.

Health behavior patterns in midlife and mortality

Table 2 presents the results from a Cox regression model

estimating the independent mortality hazard associated

with smoking and physical inactivity patterns between

1968 and 1981. As the results from this model show,

compared to persistent non-smokers, mortality rates were

elevated among both new smokers (hazard ratio

(HR) = 2.5; 95 % confidence interval (CI) = 1.6–4.1) and

persistent smokers (HR = 1.7; 95 % CI = 1.5–2.0).

Although the HR estimate for the new smokers was larger

than that for the persistent smokers, the former group was

quite small (n = 30), and the confidence intervals for these

two groups overlap considerably. Also, compared to non-

smokers, a greater percentage of discontinued smokers died

during the follow-up period (46.2 vs. 55.8 %), but after

adjusting for sociodemographic and 1981 health variables,

the hazard ratio indicates a non-significant elevation in

mortality hazard associated with discontinued smoking

(HR = 1.1; 95 % CI = 0.9–1.4).

Regarding physical inactivity, the estimates from this

model show that both newly inactive (HR = 1.2; 95 %

CI = 1.0–1.4) and persistently inactive (HR = 1.2; 95 %

CI = 1.0–1.5) adults exhibited only slight elevations in

mortality hazard during the follow-up period. The mortality

hazard associated with discontinued inactivity was not

distinguishable from the mortality hazard of persistently

active behavior.

The joint effects of smoking and physical activity pat-

terns on mortality are presented in Table 3. Compared to

the reference group of persistently non-smoking, active

individuals, all groups of persistent/new smokers exhibited

elevated mortality hazards, regardless of the physical

activity pattern. More specifically, the mortality hazard was

elevated by close to twofold among persistent (or new)

smokers who were active (HR = 1.8; 95 % CI = 1.4–2.2),

among persistent/new smokers with a pattern of discon-

tinued physical inactivity (HR = 2.1; 95 % CI = 1.5–2.8),

as well as among persistent/new smokers who were also

persistently, or newly, inactive (HR = 1.9; 95 %

CI = 1.5–2.4). In contrast, almost none of the non-smok-

ing or discontinued smoking subgroups exhibited elevated

mortality hazards. The one exception involved individuals

who were discontinued smokers in combination with per-

sistent or new physical inactivity. These individuals

exhibited a close to twofold elevation in mortality hazard

compared to non-smoking, physically active individuals

(HR = 1.9; 95 % CI = 1.3–2.6). This joint effect, in

which the mortality hazard of discontinued smoking was

elevated only among persistently inactive respondents, was

also tested formally with an interaction term that was sta-

tistically significant at p = 0.008.

The pattern of mortality hazards across all different

combinations of smoking and physical inactivity behavior

over time is presented in Fig. 1.

Health behavior patterns in midlife and late life

disability

Among survivors to old age, associations between midlife

behavioral patterns and the odds of being disabled are

Table 2 Mortality rates and hazard ratios for smoking and physical

inactivity patterns measured in 1968 and 1981 (n = 1,682)

N % Died

through 2007

Mortality hazard

ratio (CI)b

Smoking in 1968/1981 a

Non-smoking 917 46.2 1.0 Reference

Discontinued smoking 224 55.8 1.1 (0.9–1.4)

New smoking 30 60.0 2.5 (1.6–4.1)

Persistent smoking 511 60.3 1.7 (1.5–2.0)

Inactivity in 1968/1981 a

Active 850 48.7 1.0 Reference

Discontinued inactivity 260 47.7 1.0 (0.8–1.3)

New inactivity 283 55.5 1.2 (1.0–1.4)

Persistent inactivity 289 62.3 1.2 (1.0–1.5)

a p \ 0.001 for Chi square test of group differences in % died
b Adjusted for age, sex, education, social class, as well as health

problems (circulatory, mobility, and psychological) in 1981

Table 3 Mortality hazard ratios associated with different combina-

tions of smoking and physical inactivity patterns in 1968 and 1981

(n = 1,682)

Non-smoking Discontinued

smoking

Persistent/

new smoking

Active 1.0 (Reference)

n = 423

1.0 (0.7–1.3)

n = 118

1.8 (1.4–2.2)

n = 231

Discontinued

inactivity

1.0 (0.7–1.3)

n = 190

0.8 (0.5–1.3)

n = 41

2.1 (1.5–2.8)

n = 107

Persistent/new

inactivity

1.1 (0.9–1.4)

n = 304

1.9 (1.3–2.6)

n = 65

1.9 (1.5–2.4)

n = 203

Adjusted for age, sex, education, social class, as well as health

problems (circulatory, mobility, and psychological) in 1981
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presented in Table 4. This model shows no significant

associations between midlife smoking patterns and late life

disability. Furthermore, the model estimates indicate that

discontinued inactivity in midlife was not associated with

an increase in the odds of being disabled in old age.

However, new inactivity in midlife [Odds Ratio

(OR) = 1.6; 95 % CI = 1.0–2.4] and persistent inactivity

in midlife (OR = 1.8; 95 % CI = 1.1–2.7) were both

associated with elevated odds for being disabled in later

life.

Table 5 presents findings from models estimating the

joint effects of midlife smoking and physical inactivity

patterns on the odds of late life disability. These findings

provide no evidence of joint effects between smoking and

physical inactivity during midlife on late life disability.

The odds of being disabled in later life were elevated

among those who exhibited persistent and new inactivity

during midlife, but the strength of this association did not

vary significantly across the various midlife smoking pat-

terns. In particular, the odds of being disabled were ele-

vated to a similar degree among non-smokers who were

persistently inactive (OR = 1.7; 95 % CI = 1.1–2.6), and

persistent smokers who were persistently inactive

(OR = 2.1; 95 % CI = 1.2–3.7). None of the other com-

binations of smoking and physical inactivity were associ-

ated with elevated odds of disability. Supplemental tests of

statistical interactions between the smoking and physical

inactivity variables also found no evidence that these

behaviors have multiplicative effects on the odds of late

life disability.

Discussion

By examining the mortality hazards and late life disability

risks associated with different patterns of smoking and

physical inactivity behavior during midlife, the current

study reveals several important findings that have not

previously emerged from studies assessing these health

behaviors individually or at one point in time (Wong et al.

2008). In particular, our findings suggest that while midlife
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Fig. 1 Mortality hazard ratios

associated with different

combinations of smoking and

physical inactivity patterns in

1968 and 1981

Table 4 Odds ratios for disability in 2004, according to smoking and

physical inactivity profiles in 1968–1981 (n = 925)

N % Disabled

in 2004

Disability odds

ratio (CI)b

Smoking in 1968/1981 a

Non-smoking 549 35.0 1.0 Reference

Discontinued smoking 121 28.9 0.8 (0.5–1.3)

New smoking 15 26.7 1.0 (0.3–3.6)

Persistent smoking 240 30.4 1.0 (0.7–1.5)

Inactivity in 1968/1981 a

Active 497 28.9 1.0 Reference

Discontinued inactivity 153 28.1 1.0 (0.7–1.6)

New inactivity 142 38.7 1.6 (1.0–2.4)

Persistent inactivity 133 46.7 1.8 (1.1–2.7)

a p \ 0.001 for Chi square test of group differences in % died
b Adjusted for age, sex, education, social class, as well as health

problems (circulatory, mobility, and psychological) in 1981
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smoking is associated with long-term survival disadvan-

tages in general, the extent of this disadvantage is regulated

somewhat by both one’s level of persistence in smoking

over time, as well as one’s pattern of physical activity

during midlife. Furthermore, our findings suggest that

physical inactivity in midlife is associated with risk for

disability in late life. This association appears to be mod-

erated only by one’s level of persistence in being physi-

cally inactive, and not by one’s smoking behavior.

Like several prior studies (Doll et al. 1994), our data

showed that compared to persistent non-smokers, persistent

and new (or more likely, relapsing) smokers during midlife

exhibited increased mortality rates, while smokers who

discontinued their habit during midlife did not experience

elevated rates of death during the subsequent two-plus

decades. At the same time, however, our findings advance

our understanding of the long-term risk of midlife smoking

by showing that among persistently inactive adults, quitting

smoking during midlife may not alleviate mortality hazard.

Indeed, according to our findings, the mortality rate of

individuals who quit smoking while remaining persistently

inactive was equivalent to the rate of those who were

persistent smokers during midlife.

Additionally, our findings regarding changes in physical

inactivity indicate that when assessed independently,

midlife patterns of physical inactivity have fairly negligible

associations with subsequent mortality. Moreover, our

findings indicate that, among non-smokers and persistent

smokers, positive changes in physical activity during

midlife offer relatively inconsequential advantages in terms

of survival. Indeed, we found that active behavior was not

able to counteract the mortality hazard imposed by per-

sistent smoking, while a history of physical inactivity did

not increase the mortality hazard among non-smokers.

These findings are somewhat inconsistent with previous

findings showing strong associations between midlife

physical activity and mortality (Byberg et al. 2009). Our

findings, however, suggest that when assessed in

combination with smoking, the risks of inactivity may be

overshadowed by the risks of smoking. Pampel and Rogers

(2004) have proposed a similar hypothesis with respect to

the combined effects of smoking and socioeconomic status,

stating that the risks of smoking may be relatively small

within the context of the harms brought on by disadvan-

taged socioeconomic circumstances. Though Pampel and

Rogers (2004) failed to find support for this hypotheses,

our study of physical inactivity and smoking does show

some support for this general type of combined effect, by

finding that the risk of inactivity is small or negligible

among those who are already exposed to the risks of

smoking. Only among discontinued smokers did the risks

of persistent inactivity become apparent.

Regarding the impact of midlife behavioral patterns on

adults who survive into late life, some prior research has

suggested that ex-smokers tend not to enjoy the same

health-related quality of life as compared to never smokers

(Sarna et al. 2008; Strandberg et al. 2008). Our findings

with respect to late life disability, however, show no evi-

dence of increased risk among former smokers. Instead, we

found that persistent physical inactivity during midlife was

associated with risk of late life disability, and that this

association was neither exacerbated, nor alleviated, by

midlife smoking status. Prior studies of physical activity

and smoking among older adults have similarly found that

relatively recent patterns of physical activity are associated

with disability risk among both smokers and non-smokers

(Ferrucci et al. 1999); our findings suggest that older

adults’ physical inactivity histories dating back more than

three decades, to midlife, may continue to bare conse-

quences for disability risk during late life. Smoking his-

tories, however, do not seem to carry the same long-term

consequences for disability, perhaps due to the selective

mortality of smokers prior to reaching old age.

Each of these main findings build upon a growing

number of studies that have examined how one’s prospects

for healthy aging are influenced by the combined effects of

engaging in multiple risk behaviors during midlife (e.g.,

Britton et al. 2008; Myint et al. 2011; Willcox et al. 2006).

While most of these studies have supported the notion that

multiple risk behaviors are associated with a cumulating, or

compounding, of health risk, very few have attempted to

account for behavior changes over time when assessing the

potential joint effects of key risk behaviors in midlife. By

revealing a previously undocumented influence of midlife

physical inactivity on the survival of individuals who quit

smoking in midlife, our findings highlight the value of

considering midlife health lifestyles not as a series of

unrelated and static behaviors, but rather as a dynamic and

interactive collection of behaviors.

Still, further research is needed to uncover why dis-

continuing smoking while maintaining a physically

Table 5 Disability (2004) odds ratios associated with different

combinations of smoking and physical inactivity patterns in 1968 and

1981 (n = 925)

Non-smoking Discontinued

smoking

Persistent/new

smoking

Active 1.0 (Reference)

n = 264

1.2 (0.6–2.2)

n = 64

0.8 (0.5–1.4)

n = 117

Discontinued

inactivity

1.2 (0.7–2.0)

n = 121

0.5 (0.2–1.4)

n = 30

1.2 (0.6–2.5)

n = 54

Persistent/new

inactivity

1.7 (1.1–2.6)

n = 164

0.9 (0.3–2.5)

n = 27

2.1 (1.2–3.7)

n = 84

Adjusted for age, sex, education, social class, as well as health

problems (circulatory, mobility, and psychological) in 1981
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inactive lifestyle during midlife seems to offer such little

benefit when it comes to survival. Perhaps this type of joint

effect is the direct result of physiological interactions

caused by these two behaviors. For example, the cardio-

vascular benefits resulting from smoking cessation (Bakru

and Erlinger 2005) may somehow be blocked, or negated,

by the cardiovascular deterioration resulting from physical

inactivity. Alternatively, perhaps this joint effect is an

indication that one’s health lifestyle is more than just a

direct accounting of risk behaviors observed at a given

time, and instead is a proxy for less readily observable, yet

potentially influential, ways in which individuals think

about, and attempt to care for, their own health (Cocker-

ham et al. 1997). For instance, perhaps lifestyles charac-

terized by discontinued smoking plus regular physical

activity in midlife are indicative of only minor lapses in

otherwise healthy lifestyles, whereas lifestyle profiles

characterized by discontinued smoking plus persistent

inactivity are indicative of more chronic and extensive

patterns of unhealthful living across the adult life course. In

such cases, perhaps only a comprehensive change in life-

style—involving multiple behavioral improvements—is

sufficient to change one’s future health prospects

significantly.

In assessing these findings, it is important to note that a

particular strength of this study was its design, which

allowed for the measurement of health behavior patterns at

midlife, and the prospective assessment of mortality over

the course of the subsequent three decades. The ability to

use data on health behaviors collected during midlife helps

to minimize the effects of selective attrition that frequently

hamper studies focusing on the impact of health behaviors

among aging adults. In particular, when selective attrition

is not accounted for, the likelihood of finding associations

between unhealthy lifestyles and health may be diminished

because many individuals from the population that had

unhealthy lifestyles are apt to have already died or to be too

impaired to participate (Andel et al. 2008; Pluijm et al.

2007; Rovio et al. 2005; Sabia et al. 2009). Nevertheless,

this type of selective attrition could not be accounted for in

our disability analysis, which focused only on the sub-

sample of respondents who survived until 2004. Therefore,

the total scope of the long-term health impact of midlife

smoking and physical inactivity behavior can only be fully

appreciated by examining impacts not only on the health

status of survivors to old age but also on mortality leading

up to old age.

Furthermore, studies of associations between health

behaviors and late life health typically are unable to

account for the possibility that declining health has influ-

enced one’s lifestyle choices (de Groot et al. 2004).

However, by measuring individuals’ health behaviors at

midlife in the current study, while also controlling for

baseline (1981) health status, a more accurate representa-

tion of actual behavior patterns that existed before the onset

of illness is likely to be reflected. This allows us to be more

confident that the associations estimated reflect the influ-

ence of behavior on health, rather than the reverse. How-

ever, it remains possible that other uncontrolled for health

problems at baseline may be partially responsible for some

of the associations found in this study between midlife

health behaviors and late life health.

Other limitations of the current study involve the mea-

surement of health behaviors. First, our measure of

smoking did not distinguish between levels of smoking

(e.g., heavy vs. light) or smoking history, both of which

may have important implications for mortality (Hart et al.

2010). Second, our data did not allow us to account for

possible fluctuations in behavior that might have occurred

between 1968 and 1981, or the precise timing of behavior

changes during this period. Therefore, our measures of

behavior change and stability are rather crude. Addition-

ally, we did not account for changes in behavior that may

have occurred beyond 1981. However, given that most

prior studies of these combined effects have measured

these behaviors at just a single point in time, being able to

capture at least some information about the stability, or

lack of stability, of these behaviors over time, represents an

important advance. Third, because our definition of phys-

ical inactivity was based on the frequencies of various

behaviors observed in 1968 and 1981, this definition does

not necessarily equate to current public health guidelines

for physical activity. Moreover, it is possible that the

validity of our measure of physical inactivity is weaker

than that of our smoking measure. This may have resulted

in a relatively heterogeneous group of physically inactive

individuals, and could partially explain why we found

generally weaker effects for physical inactivity than for

smoking with respect to mortality. And fourth, the preva-

lence and distribution of smoking and physical inactivity

throughout the population of midlife adults observed in

1968–1981 are not necessarily accurate representations of

the current prevalence and distribution of risk (Ahacic et al.

2008).

Despite these data limitations, the current study lends

important insight into health behaviors and their impli-

cations for survival and health leading up to and during

old age. Perhaps most importantly, these results suggest

that smoking cessation in midlife offers no clear

improvements in long-term survival prospects unless one

is also physically active, or becomes active, during

midlife. Persistent physical inactivity during midlife also

appears to impose a long-term risk for late life disability,

but any additional impact due to smoking patterns during

midlife was not apparent among those who survived into

old age. Future research in this area is needed in order to

202 Eur J Ageing (2014) 11:195–204

123



determine if the health effects of specific combinations of

the health behaviors are due purely to the combined

physiologic effects that the behaviors impose, or whether

one’s specific health lifestyle profile might represent

some more latent characteristic of an individual that is

linked to other risk or protective factors existing in the

social environment.
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