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Abstract

Combined exposure to several healthy behaviors (HB) is associated with reduced mortality
in older adults but its impact on health-related quality of life (HRQL) is uncertain. This is a
cohort study of 2,388 individuals aged >60 recruited in 2000—2001, whose data were
updated in 2003 and 2009. At baseline, participants reported both traditional HB (non-smok-
ing, being very or moderately active, healthy diet) and non-traditional HB (sleeping 7—8 h/d,
being seated <8 h/d, and seeing friends every day). HRQL was measured with the SF-36
questionnaire at baseline, in 2003 (short-term) and in 2009 (long-term); a higher score on
the SF-36 represents better HRQL. Linear regression models were used to assess the asso-
ciation between HB at baseline and HRQL in 2003 and 2009, with adjustment for the main
confounders including baseline HRQL. In the short-term, being physically active, sleeping
7-8 h/d, and being seated <8 h/d was associated with better HRQL. Compared to having
<1 of these HB, the 8 (95% confidence interval) for the score on the physical component
summary of the SF-36 in 2003 was 1.42 (0.52—2.33) for 2 HB, and 2.06 (1.09-3.03) for 3
HB, p-trend <0.001. Corresponding figures for the mental component summary score were
1.89 (0.58-3.21) for 2 HB and 3.35 (1.95-4.76) for 3 HB, p-trend <0.001. Non-smoking, a
healthy diet or seeing friends did not show an association with HRQL. In the long-term,
being physically active was the only HB associated with better physical HRQL. As a conclu-
sion, a greater number of HB, particularly more physical activity, adequate sleep duration,
and sitting less, were associated with better short-term HRQL in older adults. However, in
the long-term, being physically active was the only HB associated with better physical
HRQL.
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Introduction

There is evidence of the benefits of a healthy lifestyle in old age. Specifically, several healthy
behaviors (HB), including traditional factors (non-smoking, physical activity, and healthy
diet) and non-traditional factors (adequate sleep duration, avoiding sedentariness, and a good
social network) have been associated with reduced mortality in older adults; moreover, there is
an inverse dose-response between the number of HB and mortality.[1]This approach, that
considers the combined exposure to several HB, is relevant because it captures their synergistic
impact; in fact, HB do not occur in isolation, but they aggregate in the population.[2-4]

A complete assessment of the impact of HB should also include health outcomes other than
mortality. This is particularly important in older adults, whose life expectancy is limited; in
fact, in this population subgroup, adding health to years is a key personal and social objective.
[5] In the last decades, life expectancy has increased substantially in many countries, but heath
status, including physical function, is still poor among the elderly.[5] Many health problems in
older people result from chronic diseases that could be prevented or palliated by appropriate
HB. Thus, healthy ageing through the adoption or maintenance of HB among older people is
still a challenge to be addressed in the future.

Health-related quality of life (HRQL) represents how an individual perceives their own
health status, and provides subjective information on physical, social and mental health
aspects.[6] As a result, a poor HRQL predicts higher mortality[7] and greater use of healthcare
services, including hospital admission.[8] A number of recent studies have assessed the com-
bined effect of several HB on HRQL,[9,10] and have found that the accumulation of unhealthy
behaviors is associated with poor HRQL. Specifically, the "Midlife in the United States" study
(MIDUS) examined the joint protective contribution of control beliefs, social support and
physical exercise to changes in functional health, and found that age-related declines in health
were reduced among those with more protective factors, fostering the maintenance of func-
tional health.[9] Also, a cross-sectional study in Australia investigated the combined influence
of smoking, alcohol consumption, physical activity, diet, sitting time, and sleep duration on
HRQL, and found that engaging in a greater number of poor lifestyle behaviours was associ-
ated with a higher prevalence of poor HRQL.[10]

However, these studies were conducted mostly with middle-aged individuals. As such and
to our knowledge, this is the first study to assess the association between a healthy lifestyle and
HRQL in older adults; specifically, it examined the short- and long-term combined impact of
traditional and non-traditional HB on HRQL in older adults from Spain.

Materials and Methods

Informed consent was given by each participant in the study. The research protocol was
approved by the Clinical Research Ethics Committee of "La Paz" University Hospital in
Madrid, Spain. All the participants gave written consent.

The methods of this study have been reported elsewhere.[11,12] Briefly, data were taken
from a prospective cohort of 4,008 individuals (1,739 men and 2,269 women) aged 60 and
older who were recruited in 2000-2001 in Spain. The study participants were selected by prob-
abilistic and multistage cluster sampling. The clusters were stratified by region of residence
and size of municipality. A total of 420 census tracts were randomly selected within clusters,
and participants were chosen according to age and sex strata in each tract. Individuals who did
not participate after 10 visits, those who had died or were institutionalized at the moment of
data collection, and those who refused to participate were replaced with the same sampling
procedure. In the analyses, each subject was weighed according to their sex, age, region of resi-
dence and size of the municipality, to reflect the characteristics of the population of older
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Spanish adults. Data were collected at home with an interview and physical examination per-
formed by trained and certified staff. The study response rate was 71%.

In 2003, the study participants were contacted again. After excluding 245 who had died, we
obtained information on 2,388 individuals through a telephone interview. Those contacted did
not differ significantly from those lost to follow-up in socio-demographic characteristics and
lifestyle, except for the number of diagnosed chronic conditions in 2001, that was 1.2 among
those who remain in the cohort, and 1.4 among those lost during follow-up.[13]

Lastly, in 2009 another wave of data collection was performed. After excluding 1,105 who
had died since 2003, telephone interviews were conducted with 1,323 individuals. Compared
with those who were lost to follow-up between 2003 and 2009, those who continued in the
study were younger, had a higher level of education, were less sedentary, and had a fewer num-
ber of chronic diseases.[14]

Traditional and non-traditional HB were chosen according to public health guidelines,
[15,16] systematic reviews of the literature,[17,18] and findings of a recent analysis in this
cohort.[1] As regards traditional HB, individuals reported their smoking status (never, former
or current smoker); former smokers also indicated the time since smoking cessation, and
never smoking or having quit at least 15 years ago was considered a HB. Physical activity (PA)
was assessed with a single global question that classified subjects as very active, moderately
active, less active or inactive, as compared with people of their age.[19] Being very or moder-
ately active were deemed to be a HB. Food consumption was ascertained with a simplified
14-item instrument developed from a validated food-frequency questionnaire.[20,21] Con-
sumption of fruit, vegetables, whole grains, red or processed meat, animal and vegetable fat,
and fish was used to build a healthy diet index. For each group of foods, the following con-
sumption categories were considered: every day, 3-5 days a week, 1-2 days a week, or never.
We assigned +1 point to each of the following categories: fruit every day, vegetables every day,
whole grains every day, vegetable oils every day, and fish at least three days a week; we also
assigned -1 point for consuming red meat or processed meat every day, or animal fats every
day. A lower score indicates a worse diet; we defined a healthy diet as a score > the median in
the cohort.

Regarding non-traditional HB, sleep duration was obtained with the question: How many
hours do you usually sleep per day (including both night-time and daytime sleep)?[22] Partici-
pants had a HB if they slept 7 to 8 hours/day. Sedentary lifestyle was estimated by leisure time
spent sitting down, based on the following question: How much time do you spend sitting dur-
ing weekdays? Please indicate the total hours of all these activities (eating, listening to the
radio, watching TV, reading, sewing, driving, etc.).[12] The same question was asked about the
weekends. The number of hours spent seated per day were calculated as follows: [(time sitting
on weekdays X 5 + time sitting on weekends X 2)/7)]. Being seated <8 hours/day was consid-
ered as a HB. Finally, the social network was represented by the frequency (every day, 1-2
times a week, 1-2 times a month, every few months, rarely or never) with the individuals saw
their friends or neighbours.[23] Seeing them every day was deemed as healthy.

HRQL was measured at baseline, in 2003, and 2009 using the SF-36 questionnaire.[24] This
instrument consists of 36 items, that measure the following eight dimensions of HRQL: physi-
cal functioning, physical role, bodily pain, general health, vitality, social functioning, emotional
role, and mental health. Physical functioning, physical role, and body pain reflect mainly the
physical health dimension; social functioning, emotional role and mental health mainly repre-
sent psychosocial and mental health; and vitality and general health are associated with both
physical and mental HRQL. The subjects’ responses to each of the items were scaled from 0 to
100, with a higher score representing better HRQL. In general, differences of 3-5 points in
each scale are considered clinically relevant.[25] The SF-36 also allows to build a physical
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component summary (PCS) and a mental component summary (MCS), where higher scores
indicate better HRQL. The Spanish version of the SF-36 has been previously used to measure
HRQL in the elderly, and has demonstrated good reproducibility and validity. [24,26,27]

We recorded age, sex, education (no formal, primary, secondary or higher education) and
employment status (employed, unemployed, retired, and housewives). Consumption of beer,
wine and spirits was assessed with a quantity-frequency questionnaire, that served to classify
individuals as non-drinkers, former-, moderate- or excessive-drinkers.[28] To minimize recall
bias in sleeping disorders, analyses were adjusted for extreme sleep durations (<3 or >16 h/d).

Weight, height and waist circumference (WC) were measured using standardized proce-
dures.[29] Body mass index (BMI) was calculated as weight (kg) divided by squared height
(m?). General obesity was defined as BMI >30 kg/m?, and abdominal obesity as WC >102 cm
in men and >88 cm in women. Blood pressure was measured six times in the right arm at the
heart level with standardized methods.[30] The average of the six measurements was used in
the analyses. Hypertension was defined as systolic blood pressure >140 mmHg. Participants
were considered as hypercholesterolemic when they answered positively to this question: Did
your physician ever tell you that you had high blood cholesterol?

Finally, the following self-reported physician-diagnosed diseases were recorded: coronary
heart disease, stroke, diabetes mellitus, hip fracture, cancer at any site, chronic obstructive pul-
monary disease, and osteoarthritis.

Among 2,388 individuals who provided updated information in 2003, 295 were excluded
because of missing data on HB, HRQL and potential confounders. Thus, the analyses using
data at baseline and in 2003 were performed with 2093 individuals. Among the 1,323 partici-
pants in 2009, 330 were excluded due to missing data on study variables. Therefore, analyses in
2009 were conducted with 993 individuals.

Baseline characteristics of the participants were age-adjusted using the Willett’s residual
method.[31] Linear regression models were fitted using the SF-36 scales and summaries as
dependent variables, and the traditional and non-traditional HB as the main independent vari-
ables. The models were adjusted for the potential confounders described above and for HRQL
at baseline. To calculate the p for linear trend, the number for HB was introduced as a continu-
ous variable. Analyses were performed with Stata/MP v13.

Results

At baseline, men scored higher than women in all SF-36 scales and summaries. Higher educa-
tion and higher alcohol intake were also associated with better HRQL. By contrast, individuals
with extreme sleep duration, general or abdominal obesity, and the rest of morbidities had
lower scores on HRQL (Table 1).

Short-term follow-up (20002001 to 2003)

After 2.5 years of follow-up, those who were never smokers or quit at least 15 years ago, and
those with a healthy diet did not exhibit a positive association with HRQL. However, being
very/moderately physically active was associated with better scores in all SF-36 scales and sum-
maries. As regards non-traditional HB, sleeping 7-8 h/d was associated with better scores on
physical role, social functioning, emotional role and the MCS. Also, people who spent seated
<8 h/d scored better on bodily pain, and social functioning. Finally, those who saw their
friends or neighbors daily scored worse on most SF-scales. Being physically active was the indi-
vidual HB most strongly associated with better physical and mental HRQL (Table 2).

We decided to model the combined impact of those HB with a positive association with
HRQL (being active, sleeping 7-8 h/d, and being seated <8 h/d). We found a strong and
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Table 2. Beta regression coefficients (95% confidence interval) of the SF-36 scales and summaries in 2003 according to traditional and non-tradi-
tional health behaviors in 2001 among older adults. (n=2093).

N/% Physical Physical role Bodily pain General health Vitality
functioning
Traditional behavior
Never smoking or quitting tobacco
>15y
No 566/27.0 Ref. Ref. Ref. Ref. Ref.
Yes 1527/ 0.18(-2.40t02.76) | -2.29 (-6.61 to -3.08 (-6.25to -0.11 (-2.27 to -0.82(-3.46 to
73.0 2.04) 0.09) 2.05) 1.82)
Very/moderately active
No 401/19.2 Ref. Ref. Ref. Ref. Ref.
Yes 1692/ 6.50° (3.92109.17) |6.60° (2.25to 3.60% (0.42to 3.91°(1.71to 6.54°(3.85t0
80.8 10.95) 6.77) 6.12) 9.22)
Healthy diet score > median in the
cohort
No 1028/ Ref. Ref. Ref. Ref. Ref.
49.1
Yes 1065/ -0.12(-1.98t0 1.75) | -1.72 (-4.84 to -0.98 (-3.27 to -0.62(-2.17 to -0.14 (-2.05 to
50.9 1.40) 1.31) 0.94) 1.77)
Non-traditional behavior
Sleeping 7-8 h/d
No 1195/ Ref. Ref. Ref. Ref. Ref.
57.1
Yes 898/42.9 | 1.88 (-0.011t03.78) | 4.30° (1.13t07.48) | 1.85(-0.47 to 0.52 (-1.06 to 0.49 (-1.45t0
4.18) 2.11) 2.43)
Sitting time <8h/d
No 208/10.0 Ref. Ref. Ref. Ref. Ref.
Yes 1884/ 2.48(-0.81t05.76) | 5.18(-0.29to 4.70% (0.68 to 0.06 (-2.67 to 1.00 (-2.35to
90.0 10.65) 8.73) 2.79) 4.35)
Interaction with friends daily
No 313/15.0 Ref. Ref. Ref. Ref. Ref.
Yes 1780/ -2.01 (-4.67 t0 0.65) | -6.36° (-10.81 to -1.78 (-5.04 to -2.77% (-4.99 to— -4.71° (-7.43 10
85.0 -1.91) 1.49) 0.55) -1.98)
Traditional behaviors
Never smoking or quitting tobacco
>15y
No 566/27.0 | Ref. Ref. Ref. Ref. Ref.
Yes 1527/ -2.10(-5.11t00.92) | -0.03 (-4.29 to -1.93(-4.35t0 -0.16 (-1.01to -0.73(-1.99to
73.0 4.23) 0.49) 0.68) 0.52)
Very/moderately active
No 401/19.2 | Ref. Ref. Ref. Ref. Ref.
Yes 1692/ 4.64° (1.59t0 7.70) | 11.10° (6.86 to 3.59° (1.16 to 1.92° (1.06 to 2.61°(1.35t0
80.8 15.34) 6.03) 2.78) 3.86)
Healthy diet score > median in the
cohort
No 1028/ Ref. Ref. Ref. Ref. Ref.
49.1
Yes 898/42.9 | 0.20 (-1.97102.38) | -0.54 (-3.62to 0.52 (-1.23to -0.22(-0.83 to 0.09 (-0.82to
2.53) 2.26) 0.39) 1.00)
Non-traditional behaviors
Sleeping 7-8 h/d
No 1195/ Ref. Ref. Ref. Ref. Ref.
57.1
(Continued)

PLOS ONE | DOI:10.1371/journal.pone.0170513 January 25, 2017 7/16



o ®
@ ’ PLOS | ONE Healthy Behaviors and Quality of Life

Table 2. (Continued)

N/% Physical Physical role Bodily pain General health Vitality
functioning
Yes 898/42.9 | 3.07° (0.86t05.28) | 5.14° (2.02t08.26) | 1.29 (-0.49 to 0.53 (-0.09 to 1.21%(0.29to0
3.06) 1.15) 2.13)
Sitting time <8h/d
No 208/10.0 | Ref. Ref. Ref. Ref. Ref.
Yes 1884/ 4.92% (1.08108.75) | 2.04(-3.35t07.43) | 1.94 (-1.12t0 1.00(-0.07 to 0.76 (-0.82 to
90.0 5.00) 2.08) 2.35)
Daily interaction with friends
No 313/15.0 | Ref. Ref. Ref. Ref. Ref.
Yes 1780/ -2.27 (-5.37t0 0.84) | -5.22% (-9.60 to -2.52% (-5.02 to -0.90% (-1.77to -1.75° (-3.05 to
85.0 -0.83) -0.03) -0.03) -0.46)
&p <0.05;
p<0.01;
¢p <0.001.

Models adjusted for age (years), sex, educational level (no formal education, primary education, secondary education or higher), occupational status
(employed, unemployed, retired, housewife), alcohol intake (non drinker, ex-drinker, moderate consumption, excessive consumption), extreme sleep
durations (no, yes), body mass index (<30 Kg/m?, >30 Kg/m?), waist circumference (no abdominal obesity, abdominal obesity), systolic blood pressure
(<140 mmHg, >140 mmHg), hypercholesterolemia (no, yes), coronary heart disease (no, yes), stroke (no, yes), diabetes mellitus (no, yes), hip fracture (no,
yes), cancer (no, yes), chronic obstructive pulmonary disease (no, yes), osteoarthritis (no, yes) and the corresponding scale of HRQL in 2001.

doi:10.1371/journal.pone.0170513.t002

graded direct relationship between the number of HB and the score on most SF-36 scales
(Table 3). Moreover, compared with individuals with <1 HB, the § (95% confidence interval)
for the score on the PCS of the SF-36 was 1.42 (0.52 to 2.33) in those with 2 HB, and 2.06 (1.09
to 3.03) in those with 3 HB, p-trend <0.001. Corresponding figures for the MCS were 1.89
(0.58 to 3.21) for 2 HB, and 3.35 (1.95 to 4.76) for 3 HB, p-trend <0.001 (Table 3). To place
these results into context, we compared the magnitude of this association with the expected
decline in HRQL over time (as age increases). For instance, in our cohort, the average decrease
in the physical functioning scale was 0.71 points for the increase in one year in the age of par-
ticipants; thus, in Table 3 the B coefficient for 3 positive HB of 7.18 corresponds to a 10-year
improvement in physical functioning.

Long-term follow-up (2000—2001 to 2009)

After an 8.5-year follow-up, never being a smoker or quitting tobacco >15 year ago was associ-
ated with worse score in the emotional role scale and in MCS. A healthy diet, adequate sleep
duration, short time spent seated, and frequently seeing friends and neighbors did not show
an association with HRQL. However, being very/moderately physically active was linked to
better scores on most physical dimensions of the SF-36: physical functioning, physical role,
bodily pain, general health, vitality, social function, emotional role, and the PCS (Table 4).
Given that the average decrease in the physical functioning score from 2000-2001 to 2009 was
1.06 points per year of follow-up, the B coefficient associated with being very/moderately phys-
ically active (B = 10.65) equals to a 10-year improvement in this scale.

Discussion

Among older adults in Spain, a greater number of traditional and non-traditional HB (being
active, adequate sleep duration, and being non-sedentary) were linked to better short-term
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Table 3. Beta regression coefficients (95% confidence interval) of the SF-36 scales and summaries in 2003 according to the number of positive
health behaviours in 2001 among older adults. (n =2093).

Number of positive healthy behaviors

0-1
2
3
P for trend
Number of positive healthy
behaviors
0-1
2
3
P for trend
8 p <0.05;
p<0.01;
°p <0.001.

N/%

352/16.

1016/
48.5

725/34.

N/%

352/16.

1016/
48.5

725/34.

Physical Physical role Bodily pain General health Vitality
functioning
8 Ref. Ref. Ref. Ref. Ref.
5.01°(2.24107.77) | 6.10° (1.53t0 10.66) | 3.24 (-0.11 to 1.80(-0.49to 4.58° (1.76 to
6.58) 4.09) 7.40)
6 7.18°(4.21t0 10.5°(5.62t015.38) | 5.29°(1.73to 2.76% (0.29 to 5.14° (2.10to
10.15) 8.84) 5.23) 8.18)
<0.001 <0.001 0.004 0.033 0.004
Social Emotional role Mental health Physical Mental summary
functioning summary
8 Ref. Ref. Ref. Ref. Ref.
5.30° (2.07t0 8.52) | 7.98° (3.53t0 12.44) | 2.53%(-0.00 to 1.42°(0.52to0 1.89° (0.58 to
5.07) 2.33) 3.21)
6 8.39°(4.96 to 14.36° (9.62 to 4.26° (1.54 to 2.06° (1.09to 3.35°(1.95t0
11.82) 19.10) 6.97) 3.03) 4.76)
<0.001 <0.001 0.002 <0.001 <0.001

Models adjusted for age (years), sex, educational level (no formal education, primary education, secondary education or higher), occupational status
(employed, unemployed, retired, housewife), alcohol intake (non drinker, ex-drinker, moderate consumption, excessive consumption), extreme sleep
durations (no, yes), body mass index (<30 Kg/m?, >30 Kg/m?), waist circumference (no abdominal obesity, abdominal obesity), systolic blood pressure
(<140 mmHg, >140 mmHg), hypercholesterolemia (no, yes), coronary heart disease (no, yes), stroke (no, yes), diabetes mellitus (no, yes), hip fracture (no,
yes), cancer (no, yes), chronic obstructive pulmonary disease (no, yes), osteoarthritis (no, yes) and the corresponding scale of HRQL in 2001.

9 Being very/moderate physically active, sleeping 7-8 hours, and sitting time <8h/d were considered as healthy behaviours.

doi:10.1371/journal.pone.0170513.t003

HRQL. Also, being physically active showed a long-term association with better HRQL. How-
ever, several HB that in previous studies were associated with lower mortality, such as non-
smoking, a healthy diet, or frequent contact with friends and neighbors, did not show a rela-
tion to HRQL.

Traditional health behaviors

In several cohort studies in older adults, smoking has been associated with higher mortality
and morbidity, and lower HRQL.[32-35] However, in our study having never being a
smoker or former smoker showed a worse score in bodily pain, although this association did
not reached statistical significance. This observation might be due to survival bias, whereby
some smokers die early in life and those who reach old age represent a subset of individuals
who are partly resistant to the effects of tobacco.[34] Also, some former smokers might have
quit because of health reasons, which may have reduced HRQL.[36] In fact, while smokers in
the Nurses’ cohort study had lower HRQL, those who quit did not improve HRQL during a
21-year follow-up.[37] Moreover, non-smokers might suffer greater musculoskeletal pain
because of a higher body weight than smokers. Notwithstanding this, the association between
smoking and pain is still unclear because in experimental research nicotine has shown some
analgesic effects, but in epidemiological studies smoking has been linked to chronic pain.
(38]

Only three studies have assessed prospectively the association between a healthy diet and
HRQL.[39-41] The first one is a small prospective analysis nested in the DASH (Diet to Stop
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Table 4. Beta regression coefficients (95% confidence interval) of the SF-36 scales and summaries in 2009 according to traditional and non-tradi-
tional healthy behaviours in 2001 among older adults. (n=993).

N/% Physical Physical role Bodily pain General health Vitality
functioning

Traditional behavior

Never smoking or quitting tobacco

>15y

No 248/ Ref. Ref. Ref. Ref. Ref.
25.0

Yes 745/ 2.54(-1.81t06.90) |-2.00(-9.49t05.49) | 0.33(-4.81to -1.22 (-4.20 to -1.06 (-5.40to
75.0 5.48) 1.77) 3.27)

Very/moderately active

No 132/ Ref. Ref. Ref. Ref. Ref.
13.3

Yes 861/ 10.65° (5.87 to 15.30° (7.09 to 6.312(0.72to0 7.14°(3.82t0 9.88° (5.12to0
86.7 15.44) 23.51) 11.90) 10.45) 14.65)

Healthy diet score > median in the

cohort

No 447/ Ref. Ref. Ref. Ref. Ref.
45.0

Yes 547/ 0.22(-2.86t03.31) | 0.14(-5.18t05.46) |-3.10(-6.75t0 -0.74 (-2.85 to -0.96 (-4.02 to
55.0 0.55) 1.37) 2.10)

Non-traditional behavior

Sleeping 7-8 h/d

No 554/ Ref. Ref. Ref. Ref. Ref.
55.8

Yes 439/ 1.54 (-1.57t04.65) | 0.03(-5.33t05.38) | 0.89(-2.78t0 0.32(-1.81to 1.77 (-1.33to
44.2 4.56) 2.46) 4.87)

Sitting time <8h/d

No 63/6.4 Ref. Ref. Ref. Ref. Ref.

Yes 930/ 0.84 (-5.59t07.28) |8.22(-2.87to -1.55(-9.16 to 0.90 (-3.50 to -3.55(-9.95to
93.6 19.31) 6.06) 5.31) 2.86)

Interaction with friends daily

No 134/ Ref. Ref. Ref. Ref. Ref.
13.5

Yes 859/ -3.36 (-7.971t0 1.25) |-5.23(-13.15t0 0.87 (-4.57 to -1.88 (-5.04 to -1.32(-5.91to
86.5 2.70) 6.32) 1.27) 3.28)

Traditional behavior

Never smoking or quitting tobacco

>15y

No 248/ Ref. Ref. Ref. Ref. Ref.
25.0

Yes 745/ -0.13(-4.92t0 4.67) | -6.47% (-12.69to -2.76 (-6.74 to 0.98 (-0.82 to -2.18% (-4.27to
75.0 -0.24) 1.21) 2.78) -0.08)

Very/moderately active

No 132/ Ref. Ref. Ref. Ref. Ref.
13.3

Yes 861/ 5.63% (0.36 to 7.88%(1.10to0 1.79 (-2.55t0 4.24° (2.27 to 1.20 (-1.08 to
86.7 10.90) 14.66) 6.14) 6.22) 3.49)

Healthy diet score > median in the

cohort

No 447/ Ref. Ref. Ref. Ref. Ref.
45.0

Yes 547/ -0.68 (-4.07t0 2.71) | -0.98 (-5.39t0 3.42) | -1.22 (-4.04 to -0.03 (-1.31to -0.54 (-2.03 to
55.0 1.60) 1.25) 0.94)

(Continued)
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Table 4. (Continued)

N/% Physical Physical role Bodily pain General health Vitality
functioning

Non-traditional behavior

Sleeping 7-8 h/d

No 554/ Ref. Ref. Ref. Ref. Ref.
55.8

Yes 439/ 1.77 (-1.65t05.19) | -0.39 (-4.831t04.05) | 1.14 (-1.70to 0.30 (-0.99 to 0.45 (-1.05 to
442 3.98) 1.58) 1.94)

Sitting time <8h/d

No 63/6.4 | Ref. Ref. Ref. Ref. Ref.

Yes 930/ 1.00(-6.10t0 8.09) | -3.98(-13.20to 0.79 (-5.09 to 1.01(-1.65to0 -1.32(-4.41to
93.6 5.23) 6.66) 3.67) 1.77)

Interaction with friends daily

No 134/ Ref. Ref. Ref. Ref. Ref.
13.5

Yes 859/ -1.61(-6.69103.47) | 4.33(-2.26 to -0.52 (-4.73 to -1.51(-3.41to 0.79 (-1.43to
86.5 10.93) 3.69) 0.39) 3.01)

&p <0.05;

®p <0.001.

Models adjusted for age (years), sex, educational level (no formal education, primary education, secondary education or higher), occupational status
(employed, unemployed, retired, housewife), alcohol intake (non drinker, ex-drinker, moderate consumption, excessive consumption), extreme sleep
durations (no, yes), body mass index (<30 Kg/m?, >30 Kg/m?), waist circumference (no abdominal obesity, abdominal obesity), systolic blood pressure
(<140 mmHg, >140 mmHg), hypercholesterolemia (no, yes), coronary heart disease (no, yes), stroke (no, yes), diabetes mellitus (no, yes), hip fracture (no,
yes), cancer (no, yes), chronic obstructive pulmonary disease (no, yes), osteoarthritis (no, yes) and the corresponding scale of HRQL in 2001.

doi:10.1371/journal.pone.0170513.1004

Hypertension) trial. Individuals following a "combination diet", which emphasized fruit, vege-
tables, and low-fat dairy products, improved their HRQL modestly compared to those follow-
ing the typical American diet. However, the mean age of participants in this analysis was only
45.[39] In the second study, that included younger subjects (mean age 40), a Mediterranean
diet was also linked to a slightly better HRQL.[40] And in the third study, conducted among
individuals with a mean age of 67, a high adherence to the Australian Guide to Healthy Eating
was associated with better physical health.[41] However, in the latter two studies, HRQL was
not assessed at baseline, so the observed results might be explained by baseline differences in
HRQL across dietary groups. Finally, in our cohort, a healthy diet was not associated with bet-
ter HRQL. It is possible that those with a higher adherence to a healthy diet did so because of
health reasons. So that the well-known benefits of a healthy diet in reducing morbidity could
be compensated for the impact on HRQL of health disorders that led to a better diet. Indeed,
in our cohort, the number of chronic conditions suffered by those with a healthy diet was
slightly greater than in those without one. To address this issue, the analyses were adjusted for
self-reported morbidity and HRQL at baseline. Unfortunately, we did not collect data on the
severity and duration of diseases or on dietary changes before study initiation.

Like in our cohort, other studies in older adults have shown that regular PA is associated
with better HRQL;[42]and there is also evidence of a direct dose-response between PA and
HRQL, particularly on physical functioning and vitality, which is observed even if walking is
the only activity performed.[43] Moreover, accelerometry-based light PA has been associated
with better self-reported health after controlling for moderate-vigorous PA and sedentary
behavior. [44] Regarding mental well-being, a meta-analysis of the literature has shown that
PA improves mental well-being even in the frail elderly.[45]
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Non-traditional healthy behaviors

In a systematic review of the literature, sleep duration has shown a U-shaped relationship with
mortality.[17] Also in several cross-sectional studies both short and long sleep durations were
related to poor self-rated health and lower HRQL.[46,47] However, very few studies have
examined this association prospectively. In our cohort, we had already reported that extreme
sleep durations (< 5 or > 10 hours) are linked to worse HRQL in the elderly.[48] Moreover, in
another longitudinal study, short sleep (< 7 h/d) as well as long sleep (> 8 h/d) sleep were
associated with worse late life cognitive function.[49] In line with these findings, our results
show that sleeping 7-8 h/d is associated with better scores on most scales of HRQL in the
short-term. However, the magnitude of this association decreased in the long-term, perhaps
because sleep needs progressively decline with age (in 2009 the mean age of participants

was 80).

Only a few studies have examined the association between a sedentary lifestyle and HRQL.
In a cross-sectional study with 3,796 Australian subjects aged > 18, PA had a stronger associa-
tion with HRQL than screen-time, but HRQL was worse in those who simultaneously did no
PA and had a high screen-time.[50] Also, a previous analysis in our cohort showed that, after
controlling for PA, the number of sitting hours had a gradual and inverse relationship with
physical functioning, physical role, bodily pain, vitality, social functioning, and mental health.
[12] Lastly, even among adults who do the recommended PA, those with prolonged sitting
time gain greater weight, which in turn could reduce HRQL.[51] Thus, both increasing PA
and decreasing sitting time might improve HRQL.

A poor social network has been associated with increased risk of death.[52] In a previous
cross-sectional analysis in this cohort, HRQL was lower among those who seldom or never
saw friends or neighbors,[53] but this association is no longer held in this prospective analysis.
In fact, in old age frequent interaction with friends or neighbors could simply be a marker of
poor health; in this case, it could indicate previous poor physical condition that remained dur-
ing the follow-up.[54]

Combined HB and HRQL

We are aware of only two previous studies that evaluated the joint impact of several HB on
HRQL, and they were conducted among middle-age individuals. The "Midlife in the United
States" study (MIDUS) using the SF-36 assessed the joint contribution of control beliefs, social
support and physical exercise on physical functioning. Individuals in better categories in the
studied variables experienced a smaller decline in physical function after 10 years of follow-up,
either when these variables were considered individually or as an aggregate.[9] The second
study was a cross-sectional analysis of data on some traditional and non-traditional HB (smok-
ing, physical activity, diet, sitting time, sleep duration and sleep quality) among 10,478 individ-
uals; those with a greater number of unhealthy behaviors had a higher prevalence of poor self-
rated health, and higher frequency of "unhealthy" days. When these behaviors were considered
individually, bad sleep quality and low PA had the strongest associations. However, reverse
causation cannot be ruled out due to the cross-sectional design.[10]

Strengths and limitations

Strengths of this study were the prospective design, data collection with validated and stan-
dardized methods, and that the analyses were adjusted for many potential confounders,
including baseline HRQL. This study also had some limitations. First, as in other studies with
older adults, the size of the cohort decreased over time because of a substantial number of
deaths and losses to follow-up. Second, we assumed that HB were stable over time. However,
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given that some HB deteriorate over time (e.g., PA decreases during follow-up), the association
between HB and HRQL has probably been underestimated. And third, the data were self-
reported, that might be affected by recall bias.

Practical implications

While the aggregation of traditional and non-traditional HB seems to be more important to
prevent mortality, HB related to movement and rest could help in promoting HRQL among
older persons. PA seems to be the pivotal HB to improve HRQL among older adults.

Supporting Information

S1 Dataset. One dateset is available.
(DTA)

Author Contributions

Conceptualization: AB-B PG-C FR-A.

Formal analysis: AB-B RFP-T EL-G.

Funding acquisition: FR-A EL-G DM-G.

Investigation: CS-O DM-G.

Supervision: PG-C.

Visualization: AB-B.

Writing - original draft: AB-B PG-C.

Writing - review & editing: AB-B RFP-T CS-O DM-G EL-G FR-A PG-C.

References

1.

Martinez-Gomez D, Guallar-Castillon P, Leon-Munoz LM, Lopez-Garcia E, Rodriguez-Artalejo F. Com-
bined impact of traditional and non-traditional health behaviours on mortality: a national prospective
cohort study in Spanish older adults. BMC Med 2013; 11:47. doi: 10.1186/1741-7015-11-47 PMID:
23433432

Conry MC, Morgan K, Curry P, McGee H, Harrington J, Ward M et al. The clustering of health behav-
iours in Ireland and their relationship with mental health, self-rated health and quality of life. BMC Public
Health 2011; 11:692. doi: 10.1186/1471-2458-11-692 PMID: 21896196

Pronk NP, Anderson LH, Crain AL, Martinson BC, O’Connor PJ, Sherwood NE et al. Meeting recom-
mendations for multiple healthy lifestyle factors. Prevalence, clustering, and predictors among adoles-
cent, adult, and senior health plan members. Am J Prev Med 2004; 27(2 Suppl):25-33. doi: 10.1016/].
amepre.2004.04.022 PMID: 15275671

Galan |, Rodriguez-Artalejo F, Diez-Ganan L, Tobias A, Zorrilla B, Gandarillas A. Clustering of beha-
vioural risk factors and compliance with clinical preventive recommendations in Spain. Prev Med 2006;
42(5):343-347. doi: 10.1016/j.ypmed.2006.01.018 PMID: 16545444

Word report on ageing adn health. Geneva: World Health Organization; 2015.
Hickey A, Barker M, McGee H, O’Boyle C. Measuring health-related quality of life in older patient popu-
lations: a review of current approaches. Pharmacoeconomics 2005; 23(10):971-993. PMID: 16235972

Otero-Rodriguez A, Leon-Munoz LM, Balboa-Castillo T, Banegas JR, Rodriguez-Artalejo F, Guallar-
Castillon P. Change in health-related quality of life as a predictor of mortality in the older adults. Qual
Life Res 2010; 19(1):15-23. doi: 10.1007/s11136-009-9561-4 PMID: 19946754

Hutchinson AF, Graco M, Rasekaba TM, Parikh S, Berlowitz DJ, Lim WK. Relationship between health-
related quality of life, comorbidities and acute health care utilisation, in adults with chronic conditions.
Health Qual Life Outcomes 2015; 13:69. doi: 10.1186/s12955-015-0260-2 PMID: 26021834

PLOS ONE | DOI:10.1371/journal.pone.0170513 January 25, 2017 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0170513.s001
http://dx.doi.org/10.1186/1741-7015-11-47
http://www.ncbi.nlm.nih.gov/pubmed/23433432
http://dx.doi.org/10.1186/1471-2458-11-692
http://www.ncbi.nlm.nih.gov/pubmed/21896196
http://dx.doi.org/10.1016/j.amepre.2004.04.022
http://dx.doi.org/10.1016/j.amepre.2004.04.022
http://www.ncbi.nlm.nih.gov/pubmed/15275671
http://dx.doi.org/10.1016/j.ypmed.2006.01.018
http://www.ncbi.nlm.nih.gov/pubmed/16545444
http://www.ncbi.nlm.nih.gov/pubmed/16235972
http://dx.doi.org/10.1007/s11136-009-9561-4
http://www.ncbi.nlm.nih.gov/pubmed/19946754
http://dx.doi.org/10.1186/s12955-015-0260-2
http://www.ncbi.nlm.nih.gov/pubmed/26021834

@° PLOS | ONE

Healthy Behaviors and Quality of Life

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

Lachman ME, Agrigoroaei S. Promoting functional health in midlife and old age: long-term protective
effects of control beliefs, social support, and physical exercise. PLoS One 2010; 5(10):e13297. doi: 10.
1371/journal.pone.0013297 PMID: 20949016

Duncan MJ, Kline CE, Vandelanotte C, Sargent C, Rogers NL, Di ML. Cross-sectional associations
between multiple lifestyle behaviours and health-related quality of life in the 10,000 Steps cohort. PLoS
One 2014; 9(4):€94184. doi: 10.1371/journal.pone.0094184 PMID: 24714564

Guallar-Castillon P, Santa-Olalla PP, Banegas JR, Lopez E, Rodriguez-Artalejo F. [Physical activity
and quality of life in older adults in Spain]. Med Clin (Barc) 2004; 123(16):606—610.

Balboa-Castillo T, Leon-Munoz LM, Graciani A, Rodriguez-Artalejo F, Guallar-Castillon P. Longitudinal
association of physical activity and sedentary behavior during leisure time with health-related quality of
life in community-dwelling older adults. Health Qual Life Outcomes 2011; 9:47. doi: 10.1186/1477-
7525-9-47 PMID: 21708011

Leon-Munoz LM, Guallar-Castillon P, Banegas JR, Gutierrez-Fisac JL, Lopez-Garcia E, Jimenez FJ
et al. Changes in body weight and health-related quality-of-life in the older adult population. Int J Obes
(Lond) 2005; 29(11):1385-1391.

Balboa-Castillo T, Guallar-Castillon P, Leon-Munoz LM, Graciani A, Lopez-Garcia E, Rodriguez-Arta-
lejo F. Physical activity and mortality related to obesity and functional status in older adults in Spain. Am
J Prev Med 2011; 40(1):39—46. doi: 10.1016/j.amepre.2010.10.005 PMID: 21146766

World Health Organization. Policy recommendations for smoking cessation and teatment of tobacco
dependence. Geneva, Switzerland: World Health Organization; 2003.

World Health Organization. Global Strategy on Diet, Physical Activity and Health. Geneva, Switzerland:
World Health Organization. Geneva, Switzerland: 2004.

Cappuccio FP, D’Elia L, Strazzullo P, Miller MA. Sleep duration and all-cause mortality: a systematic
review and meta-analysis of prospective studies. Sleep 2010; 33(5):585-592. PMID: 20469800

Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviours and subsequent health outcomes
in adults a systematic review of longitudinal studies, 1996-2011. Am J Prev Med 2011; 41(2):207-215.
doi: 10.1016/j.amepre.2011.05.004 PMID: 21767729

Forsen L, Loland NW, Vuillemin A, Chinapaw MJ, van Poppel MN, Mokkink LB et al. Self-administered
physical activity questionnaires for the elderly: a systematic review of measurement properties. Sports
Med 2010; 40(7):601-623. doi: 10.2165/11531350-000000000-00000 PMID: 20545382

Fernandez-Ballart JD, Pinol JL, Zazpe |, Corella D, Carrasco P, Toledo E et al. Relative validity of a
semi-quantitative food-frequency questionnaire in an elderly Mediterranean population of Spain. Br J
Nutr 2010; 103(12):1808—1816. doi: 10.1017/S0007114509993837 PMID: 20102675

Martin-Moreno JM, Boyle P, Gorgojo L, Maisonneuve P, Fernandez-Rodriguez JC, Salvini S et al.
Development and validation of a food frequency questionnaire in Spain. Int J Epidemiol 1993; 22
(3):512-519. PMID: 8359969

Mesas AE, Lopez-Garcia E, Leon-Munoz LM, Guallar-Castillon P, Rodriguez-Artalejo F. Sleep duration
and mortality according to health status in older adults. J Am Geriatr Soc 2010; 58(10):1870—-1877. doi:
10.1111/1.1532-5415.2010.03071.x PMID: 20840460

Guallar-Castillon P, Sendino AR, Banegas JR, Lopez-Garcia E, Rodriguez-Artalejo F. Differences in
quality of life between women and men in the older population of Spain. Soc Sci Med 2005; 60
(6):1229-1240. doi: 10.1016/j.socscimed.2004.07.003 PMID: 15626520

Alonso J, Prieto L, Anto JM. [The Spanish version of the SF-36 Health Survey (the SF-36 health ques-
tionnaire): an instrument for measuring clinical results]. Med Clin (Barc) 1995; 104(20):771-776.

McHorney CA, Ware JE Jr., Raczek AE. The MOS 36-Item Short-Form Health Survey (SF-36): II. Psy-
chometric and clinical tests of validity in measuring physical and mental health constructs. Med Care
19983; 31(3):247-263. PMID: 8450681

Alonso J, Regidor E, Barrio G, Prieto L, Rodriguez C, de la Fuente L. [Population reference values of
the Spanish version of the Health Questionnaire SF-36]. Med Clin (Barc) 1998; 111(11):410-416.

Ferrer M, Alonso J. The use of the Short Form (SF)-36 questionnaire for older adults. Age Ageing 1998;
27(6):755-756. PMID: 10408673

Guallar-Castillon P, Rodriguez-Artalejo F, Diez Ganan LD, Banegas Banegas JR, Lafuente Urdinguio
PL, Herruzo Cabrera RH. Consumption of alcoholic beverages and subjective health in Spain. J Epide-
miol Community Health 2001; 55(9):648—652. doi: 10.1136/jech.55.9.648 PMID: 11511643

Gutierrez-Fisac JL, Lopez E, Banegas JR, Graciani A, Rodriguez-Artalejo F. Prevalence of overweight
and obesity in elderly people in Spain. Obes Res 2004; 12(4):710-715. doi: 10.1038/0by.2004.83
PMID: 15090641

PLOS ONE | DOI:10.1371/journal.pone.0170513 January 25, 2017 14/16


http://dx.doi.org/10.1371/journal.pone.0013297
http://dx.doi.org/10.1371/journal.pone.0013297
http://www.ncbi.nlm.nih.gov/pubmed/20949016
http://dx.doi.org/10.1371/journal.pone.0094184
http://www.ncbi.nlm.nih.gov/pubmed/24714564
http://dx.doi.org/10.1186/1477-7525-9-47
http://dx.doi.org/10.1186/1477-7525-9-47
http://www.ncbi.nlm.nih.gov/pubmed/21708011
http://dx.doi.org/10.1016/j.amepre.2010.10.005
http://www.ncbi.nlm.nih.gov/pubmed/21146766
http://www.ncbi.nlm.nih.gov/pubmed/20469800
http://dx.doi.org/10.1016/j.amepre.2011.05.004
http://www.ncbi.nlm.nih.gov/pubmed/21767729
http://dx.doi.org/10.2165/11531350-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20545382
http://dx.doi.org/10.1017/S0007114509993837
http://www.ncbi.nlm.nih.gov/pubmed/20102675
http://www.ncbi.nlm.nih.gov/pubmed/8359969
http://dx.doi.org/10.1111/j.1532-5415.2010.03071.x
http://www.ncbi.nlm.nih.gov/pubmed/20840460
http://dx.doi.org/10.1016/j.socscimed.2004.07.003
http://www.ncbi.nlm.nih.gov/pubmed/15626520
http://www.ncbi.nlm.nih.gov/pubmed/8450681
http://www.ncbi.nlm.nih.gov/pubmed/10408673
http://dx.doi.org/10.1136/jech.55.9.648
http://www.ncbi.nlm.nih.gov/pubmed/11511643
http://dx.doi.org/10.1038/oby.2004.83
http://www.ncbi.nlm.nih.gov/pubmed/15090641

@° PLOS | ONE

Healthy Behaviors and Quality of Life

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

Banegas JR, Rodriguez-Artalejo F, Ruilope LM, Graciani A, Luque M, de la Cruz-Troca JJ et al. Hyper-
tension magnitude and management in the elderly population of Spain. J Hypertens 2002; 20
(11):2157-2164. PMID: 12409953

Willett WC, Howe GR, Kushi LH. Adjustment for total energy intake in epidemiologic studies. Am J Clin
Nutr 1997; 65(4 Suppl):1220S-1228S. PMID: 9094926

Ostbye T, Taylor DH, Jung SH. A longitudinal study of the effects of tobacco smoking and other modifi-
able risk factors on ill health in middle-aged and old Americans: results from the Health and Retirement
Study and Asset and Health Dynamics among the Oldest Old survey. Prev Med 2002; 34(3):334-345.
doi: 10.1006/pmed.2001.0991 PMID: 11902850

Ostbye T, Taylor DH. The effect of smoking on years of healthy life (YHL) lost among middle-aged and
older Americans. Health Serv Res 2004; 39(3):531-552. doi: 10.1111/j.1475-6773.2004.00243.x
PMID: 15149477

Strandberg AY, Strandberg TE, Pitkala K, Salomaa VV, Tilvis RS, Miettinen TA. The effect of smoking
in midlife on health-related quality of life in old age: a 26-year prospective study. Arch Intern Med 2008;
168(18):1968-1974. doi: 10.1001/archinte.168.18.1968 PMID: 18852397

Holahan CK, Holahan CJ, North RJ, Hayes RB, Powers DA, Ockene JK. Smoking status, physical
health-related quality of life, and mortality in middle-aged and older women. Nicotine Tob Res 2013; 15
(3):662—669. doi: 10.1093/ntr/nts182 PMID: 22965789

Agahi N, Shaw BA. Smoking trajectories from midlife to old age and the development of non-life-threat-
ening health problems: a 34-year prospective cohort study. Prev Med 2013; 57(2):107—112. doi: 10.
1016/j.ypmed.2013.04.016 PMID: 23648525

Sarna L, Bialous SA, Cooley ME, Jun HJ, Feskanich D. Impact of smoking and smoking cessation on
health-related quality of life in women in the Nurses’ Health Study. Qual Life Res 2008; 17(10):1217—
1227. doi: 10.1007/s11136-008-9404-8 PMID: 18931942

Shi'Y, Weingarten TN, Mantilla CB, Hooten WM, Warner DO. Smoking and pain: pathophysiology and
clinical implications. Anesthesiology 2010; 113(4):977-992. doi: 10.1097/ALN.0b013e3181ebdaf9
PMID: 20864835

Plaisted CS, Lin PH, Ard JD, McClure ML, Svetkey LP. The effects of dietary patterns on quality of life: a
substudy of the Dietary Approaches to Stop Hypertension trial. J Am Diet Assoc 1999; 99(8 Suppl):
S84-S89. PMID: 10450299

Henriquez SP, Ruano C, de IJ, Ruiz-Canela M, Martinez-Gonzalez MA, Sanchez-Villegas A. Adher-
ence to the Mediterranean diet and quality of life in the SUN Project. Eur J Clin Nutr 2012; 66(3):360—
368. doi: 10.1038/ejcn.2011.146 PMID: 21847137

Gopinath B, Russell J, Flood VM, Burlutsky G, Mitchell P. Adherence to dietary guidelines positively
affects quality of life and functional status of older adults. J Acad Nutr Diet 2014; 114(2):220-229. doi:
10.1016/j.jand.2013.09.001 PMID: 24239401

Guedes DP, Hatmann AC, Martini FA, Borges MB, Bernardelli R Jr. Quality of life and physical activity
in a sample of Brazilian older adults. J Aging Health 2012; 24(2):212-226. doi: 10.1177/
0898264311410693 PMID: 21750225

Heesch KC, van Uffelen JG, van Gellecum YR, Brown WJ. Dose-response relationships between phys-
ical activity, walking and health-related quality of life in mid-age and older women. J Epidemiol Commu-
nity Health 2012; 66(8):670-677. doi: 10.1136/jech-2011-200850 PMID: 22544920

Buman MP, Hekler EB, Haskell WL, Pruitt L, Conway TL, Cain KL et al. Objective light-intensity physical
activity associations with rated health in older adults. Am J Epidemiol 2010; 172(10):1155-1165. doi:
10.1093/aje/kwq249 PMID: 20843864

Windle G, Hughes D, Linck P, Russell |, Woods B. Is exercise effective in promoting mental well-being
in older age? A systematic review. Aging Ment Health 2010; 14(6):652—669. doi: 10.1080/
13607861003713232 PMID: 20686977

Magee CA, Caputi P, Iverson DC. Relationships between self-rated health, quality of life and sleep dura-
tion in middle aged and elderly Australians. Sleep Med 2011; 12(4):346-350. doi: 10.1016/j.sleep.
2010.09.013 PMID: 21388876

Yokoyama E, Saito Y, Kaneita Y, Ohida T, Harano S, Tamaki T et al. Association between subjective
well-being and sleep among the elderly in Japan. Sleep Med 2008; 9(2):157-164. doi: 10.1016/j.sleep.
2007.02.007 PMID: 17644480

Faubel R, Lopez-Garcia E, Guallar-Castillon P, Balboa-Castillo T, Gutierrez-Fisac JL, Banegas JR
et al. Sleep duration and health-related quality of life among older adults: a population-based cohort in
Spain. Sleep 2009; 32(8):1059-1068. PMID: 19725257

Virta JJ, Heikkila K, Perola M, Koskenvuo M, Raiha I, Rinne JO et al. Midlife sleep characteristics asso-
ciated with late life cognitive function. Sleep 2013; 36(10):1533—41, 1541A. PMID: 24082313

PLOS ONE | DOI:10.1371/journal.pone.0170513 January 25, 2017 15/16


http://www.ncbi.nlm.nih.gov/pubmed/12409953
http://www.ncbi.nlm.nih.gov/pubmed/9094926
http://dx.doi.org/10.1006/pmed.2001.0991
http://www.ncbi.nlm.nih.gov/pubmed/11902850
http://dx.doi.org/10.1111/j.1475-6773.2004.00243.x
http://www.ncbi.nlm.nih.gov/pubmed/15149477
http://dx.doi.org/10.1001/archinte.168.18.1968
http://www.ncbi.nlm.nih.gov/pubmed/18852397
http://dx.doi.org/10.1093/ntr/nts182
http://www.ncbi.nlm.nih.gov/pubmed/22965789
http://dx.doi.org/10.1016/j.ypmed.2013.04.016
http://dx.doi.org/10.1016/j.ypmed.2013.04.016
http://www.ncbi.nlm.nih.gov/pubmed/23648525
http://dx.doi.org/10.1007/s11136-008-9404-8
http://www.ncbi.nlm.nih.gov/pubmed/18931942
http://dx.doi.org/10.1097/ALN.0b013e3181ebdaf9
http://www.ncbi.nlm.nih.gov/pubmed/20864835
http://www.ncbi.nlm.nih.gov/pubmed/10450299
http://dx.doi.org/10.1038/ejcn.2011.146
http://www.ncbi.nlm.nih.gov/pubmed/21847137
http://dx.doi.org/10.1016/j.jand.2013.09.001
http://www.ncbi.nlm.nih.gov/pubmed/24239401
http://dx.doi.org/10.1177/0898264311410693
http://dx.doi.org/10.1177/0898264311410693
http://www.ncbi.nlm.nih.gov/pubmed/21750225
http://dx.doi.org/10.1136/jech-2011-200850
http://www.ncbi.nlm.nih.gov/pubmed/22544920
http://dx.doi.org/10.1093/aje/kwq249
http://www.ncbi.nlm.nih.gov/pubmed/20843864
http://dx.doi.org/10.1080/13607861003713232
http://dx.doi.org/10.1080/13607861003713232
http://www.ncbi.nlm.nih.gov/pubmed/20686977
http://dx.doi.org/10.1016/j.sleep.2010.09.013
http://dx.doi.org/10.1016/j.sleep.2010.09.013
http://www.ncbi.nlm.nih.gov/pubmed/21388876
http://dx.doi.org/10.1016/j.sleep.2007.02.007
http://dx.doi.org/10.1016/j.sleep.2007.02.007
http://www.ncbi.nlm.nih.gov/pubmed/17644480
http://www.ncbi.nlm.nih.gov/pubmed/19725257
http://www.ncbi.nlm.nih.gov/pubmed/24082313

@° PLOS | ONE

Healthy Behaviors and Quality of Life

50.

51.

52.

53.

54.

Davies CA, Vandelanotte C, Duncan MJ, van Uffelen JG. Associations of physical activity and screen-
time on health related quality of life in adults. Prev Med 2012; 55(1):46—49. doi: 10.1016/j.ypmed.2012.
05.003 PMID: 22588226

Owen N, Bauman A, Brown W. Too much sitting: a novel and important predictor of chronic disease
risk? Br J Sports Med 2009; 43(2):81-83. doi: 10.1136/bjsm.2008.055269 PMID: 19050003

Eng PM, Rimm EB, Fitzmaurice G, Kawachi |. Social ties and change in social ties in relation to subse-
quent total and cause-specific mortality and coronary heart disease incidence in men. Am J Epidemiol
2002; 155(8):700-709. PMID: 11943687

Garcia EL, Banegas JR, Perez-Regadera AG, Cabrera RH, Rodriguez-Artalejo F. Social network and

health-related quality of life in older adults: a population-based study in Spain. Qual Life Res 2005; 14
(2):511-520. PMID: 15892440

White AM, Philogene GS, Fine L, Sinha S. Social support and self-reported health status of older adults
in the United States. Am J Public Health 2009; 99(10):1872—-1878. doi: 10.2105/AJPH.2008.146894
PMID: 19696390

PLOS ONE | DOI:10.1371/journal.pone.0170513 January 25, 2017 16/16


http://dx.doi.org/10.1016/j.ypmed.2012.05.003
http://dx.doi.org/10.1016/j.ypmed.2012.05.003
http://www.ncbi.nlm.nih.gov/pubmed/22588226
http://dx.doi.org/10.1136/bjsm.2008.055269
http://www.ncbi.nlm.nih.gov/pubmed/19050003
http://www.ncbi.nlm.nih.gov/pubmed/11943687
http://www.ncbi.nlm.nih.gov/pubmed/15892440
http://dx.doi.org/10.2105/AJPH.2008.146894
http://www.ncbi.nlm.nih.gov/pubmed/19696390

