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Abstract: Objectives: Physical activity (PA) is associated with health-related quality of life (HRQL). The
specific PA types that provide beneficial effects in an older population remain unclear. We assessed the
association of total PA, walking, cycling, domestic work, sports and gardening with HRQL in middle-aged
and elderly adults. Design: Cross-sectional study. Setting: Rotterdam, the Netherlands. Participants: 5,554
participants, with a mean age of 69 years. Measurements: Total PA was categorized in five groups to evaluate
the dose-response effect of PA and specific PA types were categorized in tertiles. HRQL was measured with
the EuroQoL 5-dimension. The outcome of every HRQL domain (i.e. mobility, self-care, daily activities, pain
and mood) was expressed as having any problems versus not having problems. Logistic and linear regression
analyses were used, adjusting for confounders, to examine associations of total PA and PA types with HRQL
domains. Results: In both middle-aged (<65 years) and elderly adults (>65 years), we found a dose-response
association between total PA and better HRQL (i.e. lower odds of having problems in HRQL domains). In
the middle-aged, sports was the only PA type associated with lower odds of having problems with all HRQL
domains. In the elderly, all PA types were associated with less problems with HRQL domains, but cycling
contributed most to the beneficial effect. Conclusions: Total PA was associated with better HRQL. Sports
and cycling were the activity types that contributed most to this association in the middle-aged and elderly,
respectively. Since PA levels tend to decline with aging, cycling and sports should be promoted with the aim to

improve HRQL.
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Introduction

Recent studies have shown a consistent association between
physical activity (PA) and health-related quality of life (HRQL)
(1, 2). HRQL is defined as an individuals’ perspective of
well-being in physical, mental and social domains of life (3).
Previous studies have mainly focused on the effect of overall
PA (1, 2), whereas it remains unclear how specific PA types
affect quality of life. To be able to make clear and effective
public health recommendations, it is important to distinguish
between different types of PA (e.g. cycling, walking) and
HRQL.

In young adults, performing sports was reported to be
associated with better HRQL in 20-70 year old adults (4) and
domestic work was positively associated to general health in
male university students (5). In men aged 18-55 years old,
cycling frequency was associated with higher physical and
psychological quality of life (6). However, information among
older adults remains scarce. With increasing age, PA levels
tend to decrease (7) and PA types in which older adults engage
differ markedly from the activities performed by younger
adults (8). This raises the question what kind of activities are
beneficially associated with HRQL in the middle-aged and
elderly. Additionally, because 65 years of age is considered the
retirement age in many countries, it is interesting to explore
whether different PA types are associated with HRQL before
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and after retirement age. Moreover, only a few studies have
investigated the nature of the dose-response relation between
PA and HRQL, with conflicting results and limited information
among the elderly (2, 9-11). The Rotterdam study includes
adults aged 45 years and older and has previously shown to be a
relatively active population (12), which makes it an interesting
population to study.

Therefore, we aimed to examine the association between
total PA, PA types (walking, cycling, sports, domestic work,
and gardening) and HRQL in a middle-aged and elderly
population. In addition, we aimed to describe the dose-response
relationship between PA and HRQL.

Methods

Study population

This study was embedded within the Rotterdam Study, a
prospective population-based cohort in the Netherlands (13).
The cohort was initially defined in 1990 (RS-I) and expanded
in 2000 (RS-II) and 2005 (RS-III). In 1990 and 2000, all
inhabitants aged 55 years and older of Ommoord, a suburb of
Rotterdam, were invited to participate. In 2005, all inhabitants
aged 45 years and older were invited. For the current study,
we used data from participants attending the fifth examination
of the original cohort (RS-I-5, between 2009 and 2011; n
=2,147; aged 72 to 97 years), participants attending the third
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examination of the extended cohort (RS-II-3, between 2011
and 2012; n=1,893; aged 64 to 97 years) and participants
attending the second examination of the third cohort (RS-III-2,
between 2012 and 2014; n=3,122; aged 51 to 92 years) (13,
14). Of this combined total, 5,573 completed both PA and
HRQL collection (See Supplementary Figure S1). We did not
exclude any participants based on their health status. However,
19 cases were excluded because their PA data was considered
unreliable. After exclusion, 5,554 participants were available
for the current analysis.

All subjects gave written informed consent, and the study
protocol was approved by the medical ethics committee
according to the Wet Bevolkingsonderzoek ERGO (Population
Study Act Rotterdam Study), executed by the Ministry of
Health, Welfare and Sport of The Netherlands. Detailed
information on the design of the Rotterdam Study can be found
elsewhere (13, 14).

Physical activity assessment

PA levels were assessed with the self-administered LASA
Physical Activity Questionnaire (LAPAQ). This questionnaire
has been validated in 439 participants from the Longitudinal
Aging Study Amsterdam (LASA), in which the LAPAQ was
completed twice and participants completed a 7-day activity
diary and wore a pedometer for 7 days. The test-retest reliability
was reasonably good (0.65-0.75) and the correlations with the
pedometer and 7-day diary were 0.56 and 0.68, respectively
(15). The LAPAQ contains questions regarding the frequency
and duration of walking, cycling, sports, gardening, and
housework. Participants were asked how many hours per week
they spent in each activity in the past two weeks. Furthermore,
the questionnaire provided two questions in which participants
could mention other sports they participated in that were not
captured by previous questions. Missing values for specific
PA questions were imputed using age- and sex-specific means.
For example, if participants indicated they participated in
walking two times per week, but they did not fill in the walking
duration, the age- and sex-specific mean was imputed.

To quantify activity intensity, we used metabolic equivalent
of task (MET). MET-values were assigned to all activities in
the questionnaire, according to the 2011 updated version of
the Compendium of Physical Activities (16). Of all mentioned
other activities, 14 (3.8%) were not sports and 16 (4,4%) were
not in the compendium (e.g. ‘treadmill’, ‘indoor sports’, ‘power
plate’). For these activities, no MET-values were assigned and
they were not used in the analyses.

Finally, we multiplied MET-values of specific activities
with time (in hours) per week spent in that activity to calculate
MET-hours-week™ in total PA, defined as the sum of cycling,
walking, sports, domestic work and gardening, and in every
type of PA.

Covariates

Information on covariates was collected through home
interviews, using an extensive questionnaire, or obtained at
the study center visit, as described previously (17, 18). Briefly,
alcohol use was defined as alcohol intake in grams per day.
Smoking was divided in three categories: current, former
and never. Education was assessed according to the standard
classification of education, comparable to the international
standard classification of education (19). We assessed living
situation as a dichotomous variable describing whether the
participant lived alone or not. Information on job status was
categorized in employed/unemployed. Height and weight were
measured and body mass index (BMI) was calculated (kg/m?).
Finally, comorbidity was defined as the presence of cancer,
diabetes, stroke, or coronary heart disease in 2012 and used as a
binary variable (yes/no).

Health-related quality of life (HRQL) assessment
(Outcome)

HRQL was evaluated using the Dutch version of the
EuroQoL, during the home interview. This questionnaire
has been validated in 90 participants who completed the
questionnaire at baseline and after six months (20), in which the
Spearman retest correlation was 0.67. The EuroQoL consists
of five dimensions: mobility, self-care, daily activities, pain/
discomfort, and mood (i.e. anxiety/depression) (21, 22) and
each of the dimensions is assessed based on a single question
with three response levels (no problem, some or moderate
problems, and extreme problems). For the current study, each
dimension was recoded in two levels: no problems versus
any problems. Furthermore, the EuroQoL includes a standard
vertical 20 cm visual analogue scale (VAS), for recording an
individual’s rating for their current HRQL.

Statistical analysis

For all PA types, we categorized participants into tertiles
based on MET-hours-week', because of the non-normal
distribution of all PA types. For activities not practiced by
more than 60% of the population (cycling, gardening, sports,
domestic work), the bottom category for PA levels was no
participation and the remaining two categories were divided
by using the median (23). The median levels were 6.0, 26.9,
8.0 and 14.9 MET-hours'week™ for cycling, domestic work,
gardening and sports, respectively. For total PA, we created
five categories, based on percentiles, to examine the dose-
response association between total PA and HRQL. The values
on which the categories were based are 12.0, 27.5, 53.0 and
88.8 MET-hours-week™'.

Logistic regression models were used to analyze
associations between PA (total and per type) with binary
HRQL outcomes and linear regression models were used to
evaluate the association with the VAS. A lower odds ratio
(OR) indicates lower odds of having problems in a particular
HRQL domain. We performed separate analyses for middle-
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aged (<65 years) and elderly adults (>65 years) because
PA might have a different association with HRQL in both
age groups (9). Analyses were adjusted for age, sex, living
situation, smoking, alcohol consumption, education, job status
and comorbidity. For PA types, models were additionally
adjusted for the other PA types. The decision to include
confounders in the multivariable regression models was based
on previous literature or >10%-change of the effect estimate in
the crude model (9, 10). Total PA and PA types were entered as
categorical variables in the separate models.

Given prior work, we conducted a sensitivity analysis using
stratified models by sex (11). Moreover, 24.6% (n=1,364) was
employed at baseline, but we did not collect information on
occupational PA. Therefore, we repeated our analyses in non-
workers. Finally, we repeated the analysis in participants with
and without comorbidity to evaluate whether the association is
driven by individuals who are less healthy.

Our data contained 15.2% missing data for alcohol
consumption and all other covariates had less than 5%
missing data. We used multiple imputation (n=5 imputations)
by the Expectation Maximization method. All analyses were
conducted using SPSS software version 20 (IBM SPSS
Statistics for Windows, Armonk, NY: IBM Corp) and R (3.0.1).

Results

Middle-aged adults participated more often in cycling,
domestic work, gardening and sports than elderly adults (Figure
1). Additionally, middle-aged adults reported fewer problems
with mobility, self-care and daily activities (Table 1). The
number of participants in each group of every PA type is
presented in Supplementary Table S1.

Figure 1
Proportion of participants by physical activity type for the
Rotterdam Study
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The median (range) of the 5 categories of total PA are
1) 6.0 (<12.0) MET-hours-week-1; 2) 18.8 (12.1-27.5)

MET-hours-week-1; 3) 39.3 (27.6-53.0) MET-hours-week-1;
4) 68.2 (53.1-88.8) MET-hours-week-1; 5) 119.9 (>88.8)
MET-hours-week-1. The median levels of total PA across
categories are therefore equivalent to 13, 40, 84, 146 and 257
minutes per day of total physical activity of 4 METs. There
were no associations found with the VAS for any PA variable
(Supplementary Table S2).

In both middle-aged and elderly adults, higher total PA was
associated with lower odds of having problems with mobility,
daily activities and mood (i.e. being anxious or depressed) and
with lower odds of having pain (Figure 2). Additionally, total
PA was associated with lower odds of having problems with
self-care in the elderly. The ORs (95%CI) of the associations
between the highest level of total PA, compared to the lowest
level of total PA, and having mobility problems were 0.54
(0.35, 0.83) and 0.33 (0.26, 0.43) in middle-aged and elderly
adults, respectively. For problems with mood the ORs (95%CT)
for the highest level of total PA were 0.59 (0.36, 0.96) and 0.57
(0.41,0.8) for the middle-aged and elderly, respectively.

Figure 2
Associations between total physical activity groups with quality
of life measures in middle aged (<65 years) and elderly adults
(age >65 years)
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Abbreviations: OR, odds ratio; VAS, visual analogue scale. Association between five total
PA categories and six measures of health-related quality of life. The x-axis represents the 5
levels of total physical activity The median (range) are 1) 6.0 (<12.0) MET-hours-week-1;
2) 18.8 (12.1-27.5) MET-hours-week-1; 3) 39.3 (27.6-53.0) MET-hours-week-1; 4) 68.2
(53.1-88.8) MET-hours'week-1; 5) 119.9 (>88.8) MET-hours'week-1. The median levels
of total physical activity across categories are therefore equivalent to 13, 40, 84, 146
and 257minutes per day of total physical activity of 4 metabolic equivalents. The y-axis
represents odds ratios (OR) and 95% confidence intervals (95%CIs) of having problems
with a quality of life domain, and beta coefficients and their 95%CI for the visual analogue
scale. The first total physical activity category is the reference category (i.e. OR = 1 and
p=0). Models are adjusted for age, sex, marital status, smoking, alcohol consumption,
education, job status, and comorbidity.
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Table 1 Regarding PA types, walking was not associated with any
HRQL domain in middle-aged adults (Table 2), but with
mobility, self-care, daily activities and pain in the elderly (Table
3). For example, in the elderly, the high walking category

Baseline Participant Characteristics per Age Group (n=5,554)

1::2(511;1%2? (j;dyeer;yrs) was associated with 43% lower odds of having problems with

Participants, no 1819 3735 mobility (95%CI: 0.47,0.69), compared to the low category.
Female. no. (%) 1,055 (58.0) 2.143 (574) Cycling was associated with HRQL in the elderly only
Age 59237) 740 6.4) (Table 3). Moreover, cycl.ing was the PA type associated with
Educational level the ?owes.t ORs qverall in eldgrly adu.lts. Compared to low
cycling, high cycling was associated with 37% (95%CI: 0.50,

Primary education. no. (%) 1267 32386) 0.78), 57% (95%CI: 0.24, 0.77), 58% (95%CI: 0.30, 0.59) and

Lower education , no. (%) 373 G13) 1.635(438) 33% (95%CI: 0.56, 0.80) lower odds of having problems with

Intermediate education, no. (%) 553 304) 1,112.(29.8) mobility, self-care, daily activities and pain, respectively.

Higher education, no. (%) 571 (314) 665 (17.8) We found domestic work to be associated with pain in
Living with partner, no. (%) 1455 (80.0) 2,489 (66.6) middle-aged adults (Table 2) and with mobility, self-care, daily
Employed, no. (%) 1,134 (62.3) 232 (6.2) activities and pain in the elderly (Table 3). For example, in the
Smoking middle-aged, medium domestic work was associated with 27%

Never. no. (%) 637 (35.0) 1297 (34.7) }ower odds of having pain (95%CI: 0.57, 0.93), compared to the

ow category.

Formet. no- (%0 SEO ST 200 For gfrdgning we found significant associations with HRQL

Current. no. (%) 296169 30D domains in both middle-aged and elderly adults (Table 2-3).
Aleohol, grams/day 13304.7) 1L.13d4.D For example, high gardening was associated with 57% (95%CI:
BMI 0.21, 0.88) and 38% (95%CI: 0.41-0.92) lower odds of having

Underweight (<18.5 kg/m?), no. (%) 49 2.7) 60 (1.6) problems with daily activities in middle-aged and elderly adults,

Normal weight (18.5 — 25.0 kg/m?), no. (%) 539 (29.6) 980 (26.2) respectively.

Overweight (25 — 30 kg/m?), no. (%) 822 (45.2) 1,825 (48.9) We found sports to be associated with better mobility and

Obese (=30 ke/m?), no. (%) 409 (22.5) 870 (23.3) less pain in both age groups and with better self-care, daily
Diabetes, no. (%) 166 9.1) 649 (17.4) activities and mood in middle-aged adults (Table 2). Moreover,
Cancer, no. (%) 166 9.1) 818 21.9) it was the PA type with the most associations with HRQL

domains in the middle-aged. In this age group, compared to

CHD. no- (%) 5E0 400100 low sports, high sports was associated with 41% (95%CI: 0.41
ports, high sp )

Stroke, no. (%) 17 (0.9) 148 (4.0) 0.85), 82% (95%CI: 0.04,0.84), 60% (95%CI: 0.24, 0.66), 44%
Groups of physical activity (95%CI: 0.43, 0.72) and 34% (95%CI: 0.45, 0.99) lower odds

Very low, no. (%) 305 (16.8) 822 (22.0) of having problems with mobility, self-care, daily activities,

Low, no. (%) 350 (19.2) 740 (19.8) pain and mood, respectively (Table 2).

Medium, no. (%) 417 (22.9) 698 (18.7) In our sensitivity analyses by gender, employment status and

High, no. (%) 393 (21.6) 719 (19.3) presence of comorbidity, our findings did not materially change

Very high, no. (%) 354(19.5) 756 (202) (Supplementary Table S3 - S12).

Total PA, MET-hours-week ' 559 (52.1) 54.1(55.0) . .

Walking, MET-hours-week! 11.3(15.0) 122 (14.1) Discussion

Cyeling, MET hours weelc' 33109 #2060 In this population-based cohort of middle-aged and elderly
Domestic work, MET hours week-1 208313 200289) adults, we found a dose-response relation between total PA and
Gardening, MET"hours-week! 3.7(10.7) 38113) better HRQL. Additionally, we found that sport was associated
Sports, MET-hours-week-1 14.6(23.8) 140 (28.9) with better mobility, self-care, daily activities, mood and less
Any problems with mobility, no. (%) 278 (15.3) 967 (25.9) pain in middle-aged adults, whereas cycling was associated
Any problems with self-care, no. (%) 33(1.8) 196 (5.2) strongest with these HRQL domains in the elderly.

Any problems with daily activities, no. (%) 174 (9.6) 526 (14.1) Only a few studies have investigated the nature of the dose-
Any problems with pain, no. (%) 825 (45.4) 1,657 (44.4) response relation between PA and HRQL, and have reported
Any problems with mood. no. (%) 223 (12.3) £24(114) conflicting results (2, 9-11). A systematic review among

) adults aged <65 years suggested that there might be optimal
Visual analogue scale 82.1(53.1) 80.4 (40.1)

levels of PA, and any PA below or above this threshold might
not have additional benefits on HRQL (2). In contrast, two

Abbreviations: BMI, body mass index; no, number. Numbers are mean (SD), unless
otherwise stated.
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Table 2
Odds ratios and their 95% confidence intervals for quality of life scores in middle-aged adults (< 65 years) for all physical acti-
vity types, the Rotterdam Study, 2009-2014 (n= 1,819)

Mobility Self-care Daily activities Pain Mood
Median MET-hours-week’ OR 95% CI OR 95% CI1 OR 95% CI OR 95% CI OR 95% CI
(range)
Walking®
Low 23 (<4.5) 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref
Moderate 79 (45-12.0) 091 (0.66, 1.25) 1.38 (0.61,3.1) 0.95 (0.64,1.41) 1.02 (0.82,1.28) 0.95 (0.68,1.33)
High 21.0 (z12.1) 1.00 (0.72,1.38) 0.55 02,1.54) 1.04 (0.69, 1.56) 0.88 (0.69,1.12) 0.76 (0.53,1.11)
Cycling®
Low 0(0) 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref
Moderate 3.0 (0-6.0) 1.03 (0.76, 1.40) 1.11 (0.47,2.63) 1.06 (0.73,1.53) 1.03 (0.82,1.29) 1.00 (0.71, 1.40)
High 12.0 (z6.1) 0.81 (0.57,1.14) 1.63 (0.65,4.05) 0.68 (0.44, 1.06) 0.82 (0.64,1.04) 0.93 (0.65,1.35)
Domestic work®
Low 0(0) 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref
Moderate 12.3 (0-26.9) 0.75 (0.53,1.05) 0.99 (0.41,2.39) 0.99 (0.65, 1.50) 0.73 (0.57,0.93) 0.82 (0.56,1.18)
High 459 (=27.0) 0.74 (0.52,1.05) 0.67 (0.24,1.90) 1.15 (0.75,1.77) 0.81 (0.63,1.05) 0.81 (0.56,1.18)
Gardening?
Low 0(0) 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref
Moderate 4.0 (0-8.0) 0.63 (0.44,0.89) 1.14 (0.48,2.70) 0.80 (0.54,1.20) 0.90 0.72,1.14) 1.05 (0.74,1.49)
High 16.0 (=8.1) 0.84 (0.54,1.31) 031 (0.04,2.36) 043 (0.21,0.88) 1.08 (0.79, 1.48) 1.25 (0.79,1.97)
Sports®
Low 0(0) 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref
Moderate 7.6 (0-14.9) 0.94 (0.67,1.31) 132 (0.56,3.11) 1.15 0.77,1.72) 0.82 (0.64, 1.05) 0.96 (0.67,1.39)
High 29.0 (=15.0) 0.59 (0.41,0.85) 0.18 (0.04,0.84) 0.40 (0.24,0.66) 0.56 (043,0.72) 0.66 (0.45,0.99)

Abbreviations: CI, confidence interval; OR, odds ratio; Ref, referent; Odds ratios below 0 indicate lower odds of having problems in that domain; Models are adjusted for age, sex, marital
status, smoking, alcohol consumption, education, job status, comorbidity and the other physical activity types; a. Walking is equivalent to 3.0 METs. The median levels of walking across
categories are therefore equivalent to 6,23 and 60 minutes per day of walking; b. Cycling is equivalent to 4.0 METs. The median levels of walking across categories are therefore equivalent
to 0, 6 and 26 minutes per day of walking; c. Average domestic work is equivalent to 3.5 METs.(16) The median levels of domestic work across categories are therefore equivalent to 0, 30
and 111 minutes per day of domestic work; d. Gardening is equivalent to 4.0 METs. The median levels of gardening across categories are therefore equivalent to 0, 9 and 34 minutes per
day of gardening; e. Sports can consist of different intensities. The median levels of sports across categories are therefore equivalent to 0, 13 and 50 minutes per day of sports of 5 METs.

studies in middle-aged adults found a linear trend between
PA and HRQL (10, 11). Finally, a study from the Australian
Longitudinal Study on Women’s Health, in middle-aged and
elderly women (aged 50-81 years), found that improvements in
HRQL were observed at very low levels of PA and continued
up to higher levels, after which increases were less marked
for some outcomes, like the physical component summary
and physical functioning (9). In agreement with this study, we
found that the odds of having problems with HRQL domains
decreased with increasing total PA levels in both middle-aged
and elderly adults. In the elderly, the decreases were observed
at the lowest PA levels and continued up to the highest level,
but were less marked. In middle-aged participants, the odds
of having problems with HRQL domains declined less rapidly
with increasing total PA levels. Due to the cross-sectional
nature of the studies, we cannot comment on the direction of
the association between PA and HRQL. It is unclear whether
physically active individuals experience a better HRQL or that
people with a better HRQL are more likely to be physically

active. In this regard, it is plausible that lower odds of having
pain lead to higher levels of sports participation, but it could
also be that higher sports participation leads to lower odds of
having pain problems. Data from randomized controlled trials
indicate that exercise has a positive effect on quality of life in
older adults with insomnia (24) and minor depression (25) and
can reduce pain among individuals with osteoarthritis (26, 27).
In addition, a recent randomized controlled trial in frail elderly
adults indicated that an activity oriented intervention program
(e.g. training of functions and skills) could aid in improving
physical functioning and vitality, although these results did not
reach significance (28). Moreover, longitudinal studies suggest
that increases in PA levels are associated with improvements in
physical functioning and vitality scores (9, 29), indicating that
PA patterns are an important determinant of HRQL.

Our study included both middle-aged (<65 years) and elderly
adults (>65 years). In the Netherlands, 65 years is considered
retirement age, and different PA patterns for these groups are
therefore expected. We found that walking was associated with
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Table 3
Odds ratios and their 95% confidence intervals for quality of life scores in elderly adults (> 65 years) for all physical activity
types, the Rotterdam Study, 2009-2014 (n= 3,735)

Mobility Self-care Daily activities Pain Mood
Median MET hours-week™! OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
(range)
Walking®
Low 2.3 (<4.5) 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref
Moderate 79 (4.5-12.0) 0.74 (0.61,0.89) 0.48 (0.34,0.69) 0.61 (0.48,0.77) 0.87 (0.74,1.03) 0.81 (0.63,1.04)
High 21.0 (=12.1) 0.57 (0.47,0.69) 0.44 (0.31,0.64) 0.55 (0.43,0.70) 0.81 (0.69,0.96) 0.83 (0.65, 1.06)
Cycling”
Low 0(0) 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref
Moderate 3.0 (0-6.0) 0.61 (0.49,0.76) 0.34 (0.19,0.60) 04 (0.29,0.54) 0.71 (0.60, 0.85) 0.82 (0.62, 1.08)
High 12.0 (=6.1) 0.63 (0.50,0.78) 043 (0.24,0.77) 042 (0.30,0.59) 0.67 (0.56,0.80) 0.80 (0.60, 1.08)
Domestic work®
Low 0 (0) 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref
Moderate 14.5 (0-26.9) 0.84 (0.68,1.02) 0.93 (0.63,1.37) 0.99 (0.76, 1.27) 0.82 (0.69,0.98) 0.94 (0.71,1.22)
High 47.2 (=27.0) 0.65 (0.53,0.80) 0.60 (0.38,0.96) 0.61 (0.46,0.81) 0.79 (0.67,0.94) 0.80 (0.61,1.04)
Gardening?
Low 0 (0) 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref
Moderate 4.0 (0-8.0) 0.81 (0.62, 1.05) 0.57 (0.30, 1.08) 0.58 (0.40,0.85) 0.78 (0.64,097) 1.16 (0.85,1.58)
High 17.8 (=8.1) 0.86 (0.66, 1.13) 0.46 (0.21, 1.00) 0.62 (0.41,0.92) 1.13 (0.92, 1.40) 0.77 (0.53,1.11)
Sports®
Low 0 (0) 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref 1.00 Ref
Moderate 6.8 (0-14.9) 097 (0.79,1.18)  1.09 (0.73,1.64) 117 (091,151) 0.89 (0.75,1.06) 091 (0.70, 1.19)
High 30.5 (=15.0) 0.68 (0.54,087) 1.10 (0.64,189) 0.75 (0.53,1.05) 0.71 (0.59,0.86) 0.77 (056, 1.04)

Abbreviations: CI, confidence interval; OR, odds ratio; Ref, referent; Odds ratios below 0 indicate lower odds of having problems in that domain; Models are adjusted for age, sex, marital
status, smoking, alcohol consumption, education, job status, comorbidity and the other physical activity types; a. Walking is equivalent to 3.0 METs. The median levels of walking across
categories are therefore equivalent to 6,23 and 60 minutes per day of walking; b. Cycling is equivalent to 4.0 METs. The median levels of walking across categories are therefore equiva-
lent to 0, 6 and 26 minutes per day of walking; c. Average domestic work is equivalent to 3.5 METs.(16) The median levels of domestic work across categories are therefore equivalent to 0,
35 and 114 minutes per day of domestic work; d. Gardening is equivalent to 4.0 METs. The median levels of gardening across categories are therefore equivalent to 0,9 and 38 minutes per
day of gardening; e. Sports can consist of different intensities. The median levels of sports across categories are therefore equivalent to 0, 12 and 52 minutes per day of sports of 5 METs.

lower odds of having problems with mobility, self-care, daily
activities and pain in elderly participants, but not in the middle-
aged. This resembles results from a recent study, that found
stronger associations of walking with the mental component
summary, physical functioning, mental health and vitality in
older compared to middle-aged women (9). Another study in
adults aged 75 years and older reported that older persons who
attained recommended levels of walking had better results in
most aspects of HRQL (30). Moreover, a walking intervention
among older individuals has shown beneficial effects on
physical and mental HRQL (31). The fact that in the current
study walking was only associated with HRQL in the elderly
participants might be explained by the relative importance of
this activity type among the elderly, whereas they participated
less in other PA types (32).

We found that a high level of cycling was associated with
fewer problems with daily activities, mobility, self-care
and pain in the elderly, but not in middle-aged adults. We
are not aware of another study evaluating the association

between cycling and HRQL in elderly adults. Even so, a
study in Australian men, aged 18-55 years, found a beneficial
association between cycling frequency and psychological well-
being (6). The fact that we found no association between
cycling and HRQL in middle-aged adults might be explained by
the fact that in contrast to Australia, cycling is a common way
of commuting in the Netherlands, instead of a solely a form of
sports. Indeed, a large proportion of participants in our study
participated in cycling on a weekly basis (57.5% of middle-
aged and 39.8% of elderly).

We found an association between gardening and HRQL
that has not been reported before. Since gardening can be
considered a relaxing activity, this might explain the positive
association. Moreover, being outside might contribute to the
effect as well. It is possible that sunlight exposure during
gardening increased vitamin D levels, which consequently
improved quality of life (33). Furthermore, in literature, the
association between domestic work and HRQL remains unclear.
A study in younger adults reported an inverse association (34),
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whereas domestic work was positively related to HRQL in
university students (5). Our study indicates that domestic work
is associated with better HRQL in middle-aged and elderly
adults.

Sports is an activity type that has been reported to be
associated with HRQL in middle-aged adults (4). In our study,
we found that it was associated with lower odds of having
problems with all HRQL-aspects in middle-aged adults,
whereas it was only associated with better mobility and less
pain in elderly adults. Probably, elderly adults engage in
different kinds of sports than their middle-aged counterparts.
Indeed, we found that younger adults engage more in high
intensity activities like tennis and jogging, whereas elderly
participated more in gymnastics, bowls and billiards (data
not shown). Additionally, sports made up 20% of the total
MET-hours-week™! in middle-aged adults and 15% of the
MET-hours-week™! in the elderly.

Major strengths of our study were the use of a large
community-based cohort and the categorization of participants
into broad range of PA categories, to facilitate the examination
of dose-response relationships. Furthermore, we included a
number of different activities while adjusting for the remaining
activities, which enabled us to examine their independent
associations with HRQL. However, our study has some
limitations worth mentioning: because of the cross-sectional
design, the influence of PA on HRQL could not be determined.
It is possible that PA influenced HRQL, but it is also possible
that people with lower HRQL are less likely to engage in PA.
Second, it may be hypothesized that people in poor health
participate in PA less than others, creating the opportunity
for reverse causation. Although we did not find that results
were influenced by comorbidity. Furthermore, we had data on
cancer, cardiovascular disease and diabetes up to 2012, whereas
we collected data on PA and HRQL for RS-III (n=1,893)
between 2012 and 2014. It is possible that part of the observed
associations might be explained presence of comorbidities that
presented after 2012. Therefore, we cannot fully exclude the
possibility of residual confounding by comorbidities. Another
limitation is that our results are based on self-reported PA and
HRQL. Although our questionnaires have shown to be valid
and reliable (15, 35) potential recall bias and social desirability
cannot be excluded.

In summary, sport was the PA type with most associations
with HRQL in middle-aged adults, whereas activities with
lower intensity, like walking, cycling and domestic work, were
more important in elderly adults. These results suggest that
different activities could be promoted to different age groups,
to improve HRQL. Future research, involving trials or studies
with longitudinal designs, could provide more insight about the
characteristics of specific PA types beneficially related with
HRQL in different populations.
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