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ABSTRACT

While there are many known health benefits to maintained physical activity levels in late adulthood, there have
been very few studies that have considered relationships between morbidity profile and physical activity in the
eighth decade of life. We studied 1097 participants, 555 men and 542 women from the Hertfordshire Cohort Study,
a UK community based sample. Validated questionnaire based data were used to relate self-reported physical
activity (PA) levels to medical history, and medication use. Regression analyses were adjusted for age, BMI,
smoker status, alcohol consumption. The mean (SD) age of participants in the study was 80.2 (2.7) years for men
and 80.2 (2.6) for women. A higher proportion of men (33.7 %) than women (24 %) were in the high activity score
group. 20.8 % of female participants and 22.6 % male participants reported having no comorbid disease; 10.5 %
men and 8.4 % women were taking no medication. Higher number of chronic conditions was associated with lower
levels of PA [men (OR 0.73, 95 % CI 0.63-0.84, p<0.001); women (OR 0.74, 95 % CI 0.64-0.86, p<0.001)] as
was being prescribed a higher number of medications [men (OR 0.88, 95 % CI 0.84-0.93, p<0.001); women (OR
0.86, 95 % CI 0.82-0.91, p<0.001)]. All these associations remained robust following adjustments. Strong rela-
tionships were seen in both sexes between PA and taking medication for disorders of the central nervous system
and gastrointestinal system, with relationships generally stronger in men. We have observed relationships between
comorbid medical history and medication use with physical activity in a cohort of community dwelling older
adults. These highlight the need to consider medical history when considering how best to optimize PA in older
adults.
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INTRODUCTION

In recent decades a research literature has
emerged showing a multitude of health bene-
fits associated with frequent participation in
physical activity. These include a risk reduc-
tion of developing type 2 diabetes mellitus
(Smith et al., 2016) and cardiovascular dis-
eases (Lear et al., 2017) and regular physical
activity has also been shown to have a protec-
tive effect on depression risk (Gianfredi et al.,
2020). These findings are paramount in an ag-
ing society where the general population is
projected to be living longer (Kontis et al.,
2017), and this increases the likelihood of de-
veloping age-related conditions and chronic
conditions (Dhalwani et al., 2016; Fortin et
al., 2005). Physical activity has been steadily
promoted in the public health agenda by the
World Health Organization (WHO, 2018). In
the 2015 World Report on Aging and Health,
physical activity was highlighted as a key
component to the concept of “healthy ageing”
with particular focus on the derived benefits
from physical activity participation in the
older adult population (WHO, 2015). Despite
this drive for healthy aging the uptake of
physical activity remains low in older adults
(Salman and Sellami, 2019).

Multimorbidity has been linked to de-
creased physical activity in the general popu-
lation (Chudasama et al., 2019; Cimarras-Otal
et al., 2014) and some specific conditions
such as chronic obstructive pulmonary dis-
ease (Mantoani et al., 2017; Sanchez Castillo
et al., 2020) and inflammatory rheumatic con-
ditions have been specifically identified as be-
ing a risk factor for low levels of activity
(Cook et al., 2018). However, data on the re-
lationship between medical history and phys-
ical activity in older adults aged 80 years and
above remain sparse with most studies involv-
ing younger participants aged 50-60 years and
over, with far fewer participants at much ad-
vanced ages (Dhalwani et al., 2016; Steeves
et al., 2019; Vancampfort et al., 2018). For
example, a cross-sectional study focusing on
six low- and middle-income countries (China,
Ghana, India, Mexico, Russia, South Africa)
found participants aged >65 years old in the

lowest tertile of activity had 1.28 times higher
odds of physical multimorbidity than those in
the highest tertile (Vancampfort et al., 2018).
In the UK, in the English Longitudinal Study
of Ageing, researchers found an inverse dose
response between levels of physical activity
and multimorbidity in participants aged >50
years (Dhalwani et al., 2016).

In the present study we sought to explore,
in a cohort of community-dwelling older
adults in the UK in their eighth and ninth dec-
ades, whether self-report of chronic health
conditions, medications, and medicated sys-
tems was associated with self-reported levels
of physical activity. An understanding of such
relationships may help clinicians caring for
older adults living with several medical con-
ditions, as it may allow focussed intervention
in those at greatest risk.

METHODS

The Hertfordshire Cohort Study (HCS) is
a population-based sample of 2997 individu-
als born in Hertfordshire between 1931 and
1939 and who still lived there in 1998-2004,
when they were first recruited in order to
study the relationship between growth in in-
fancy and the subsequent risk of adult dis-
eases (Syddall et al., 2005, 2019). In 2014-
2016, 1097 HCS participants completed
postal questionnaires, which included ques-
tions on anthropometry, lifestyle, time spent
doing physical activity in the past week, and
their current health.

Medical history included information on
diagnosed conditions and medications they
had been prescribed. Participants recruited for
this study were selected from the total cohort
sample, based on geographical location only.
The participants were asked ‘Do you have or
have you ever had any of the following dis-
eases?’ A list of 12 common chronic condi-
tion categories were listed in the question-
naire, as follows: chronic non-specific lung
disease (asthma, chronic bronchitis or pulmo-
nary emphysema), cardio-vascular disease,
peripheral arterial disease, diabetes mellitus,
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stroke, cancer, osteoporosis, rheumatoid/oste-
oarthritis, chronic liver or kidney disease, an-
orexia nervosa, overactive thyroid/parathy-
roid gland, and coeliac disease or malabsorp-
tion.

Participants were asked to provide details
of any medications they were currently tak-
ing. Medications were grouped according to
the system medicated: cardiovascular, respir-
atory, gastro-intestinal, endocrine, central
nervous system, malignant disease and immu-
nosuppression, nutrition and blood, musculo-
skeletal and joint disease, eye, ear, nose, skin,
genito-urinary tract and miscellaneous. Phys-
ical activity was assessed asking participants
how much time, in the past week, they had
spent taking part in various activities, namely:
aerobics, aqua aerobics, playing badminton,
playing bowls, cycling, dancing, playing foot-
ball or hockey, light gardening (e.g. pruning,
watering), heavy gardening (e.g. digging,
mowing), playing golf, exercising at a gym,
hiking, doing housework, jogging or running,
snow skiing, playing squash, swimming,
playing tennis, practicing tai chi/yoga/Pilates,
walking, practicing water sports (e.g. wind-
surfing), and practicing any other activity not
listed. Answers were recorded as <1 hour, 1-
2 hours, 2-4 hours, and >4 hours, and scored
as 1, 2, 3, and 4 respectively. These were then
summed to generate an activity score, and
based on the tertiles of the activity score, the
participants were assigned to three different
physical activity groups: low activity (scores
<5), medium activity (scores >5 and <10), and
high activity (scores >10).

The questionnaire also recorded several
demographic and lifestyle factors. Partici-
pants were asked to self-report measurements
of height and weight that were used to calcu-
late body mass index (BMI) and smoker sta-
tus was categorized as never smoked, ex-
smoker or current smoker based on the fol-
lowing two questions “Are you a current
smoker?” and “Have you ever smoked regu-
larly?” Participants were asked whether they
drank different types of alcohol (beer, wine,
spirits, etc.) in the past week and how much

they drank each time. This was used to esti-
mate their alcohol consumption in units per
week. Lastly, participants were asked
whether, in the past year, they had any falls
and if so how many.

STATISTICAL ANALYSIS

Descriptive statistics for continuous vari-
ables were expressed as mean and standard
deviation (SD) or median and interquartile
range (IQR) as appropriate. Categorical vari-
ables were expressed as frequencies and per-
centages. Differences between men and
women were assessed using Student’s t-tests,
Mann-Whitney tests or Pearson’s y? tests, as
appropriate. Ordinal logistic regression anal-
yses were used to examine the associations
between the number of chronic conditions,
number of medications, and systems medi-
cated and physical activity outcome (defined
as low, medium or high activity). The regres-
sion analyses were undertaken with and with-
out adjusting for age, BMI, smoker status, al-
cohol consumption. Our analyses were re-
peated after additional adjustment for falls in
the last year. The results of the regression
analyses are presented as odds ratios (OR)
and 95 % confidence intervals (CI). A p-value
0f'<0.05 was considered to be statistically sig-
nificant. One of the models (relationships be-
tween respiratory disease and PA) breached
the assumption of linearity between catego-
ries and is therefore not reported. The anal-
yses were conducted using Stata version 16.

RESULTS

Data were available for 1097 participants,
555 men and 542 women. Table 1 shows the
demographic characteristics of the partici-
pants. The mean (SD) age of participants in
the study was 80.2 (2.7) years for men and
80.2 (2.6) for women, with BMIs differing
very little between the sexes. More men
(10.5 %) than women (8.4 %) reported that
they were not taking any medications.
Women were more likely to have fallen in the
past year than men, 62.7 % of female partic-
ipants reported no falls in the past 12 months
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compared to 66.7 % of male participants.  while 22.6 % of men said they did not have
These differences, however, were not statisti-  any of the conditions listed. A higher percent-
cally significant. A higher proportion of men  age of men, 10.5 % reported they took no
were in the high activity score group (33.7 %)  medication compared to 8.4 % of women.
than women (24 %). 20.8 % of female partic-

ipants reported having no medical conditions,

Table 1: Participants’ characteristics*

MEN WOMEN
N Mean SD N Mean SD p-value diff
Height (cm) 534 174.6 6.8 522 161.0 6.4 <0.01
Weight (kg) 504 79.9 12.0 500 67.4 12.5 <0.01
N Median IQR N Median IQR p-value diff
BMI (kg/m?) 493 25.8 23.7-28.0 486 25.5 22.8 - 0.11
28.4
Alcohol consumption in 544 5 1-14 534 1 0-5 <0.01
last week (units)
Total activity score 555 7 3-11 542 6 3-9 0.01
Total N N % Total N N % p-value diff
Smoker status 550 529 <0.01
Never 229 41.6 359 67.9
Ex 302 54.9 161 30.4
Current 19 35 9 1.7
Social class 543 542 0.88
I-[INM 274 50.5 271 50.0
1HIM-V 269 495 271 50.0
Total activity score 555 542 <0.01
Low activity score 193 34.8 216 39.9
Medium activity score 175 315 196 36.2
High activity score 187 33.7 130 24.0
Number of falls in last 546 534 0.68
year
0 364 66.7 335 62.7
1 105 19.2 108 20.2
2 43 7.9 50 9.4
3 21 3.8 25 4.7
4 or more 13 2.4 16 3.0
Number of 553 539 0.37
comorbidities?
0 125 22.6 112 20.8
1 219 39.6 191 35.4
2 136 24.6 152 28.2
3 49 8.9 59 10.9
4 or more 24 4.3 25 4.6
Number of 541 537 0.78
medications
0 57 10.5 45 8.4
1 63 11.6 60 11.2
2 60 11.1 63 11.7
3 78 14.4 76 14.2
4 or more 283 52.3 293 54.6
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Table 1 (cont.): Participants’ characteristics*

MEN
N Mean
System medicated?
cardiovascular 541 412
respiratory 541 63
gastro-intestinal 541 157
endocrine 541 85
central nervous sys- 541 86
tem
malignant disease & 541 35
immunosuppression
nutrition & blood 541 80
musculoskeletal & 541 84
joint disease
eye 541 25
ear 541 0
nose 541 9
skin 541 10
miscellaneous 541 8
genito-urinary tract 541 138

WOMEN

SD N Mean SD p-value diff
76.2 537 396 73.7 0.36
11.6 537 58 10.8 0.66
29.0 537 177 33.0 0.16
15.7 537 129 24.0 <0.01
15.9 537 179 33.3 <0.01
6.5 537 37 6.9 0.78
14.8 537 157 29.2 <0.01
15.5 537 128 23.8 <0.01
4.6 537 43 8.0 0.02
0.0 537 1 0.2 0.50
1.7 537 10 1.9 0.80
18 537 8 15 0.65
15 537 10 1.9 0.62
25.5 537 30 5.6 <0.01

*N = number; SD = standard deviation; IQR = interquartile Range
I Number of comorbidities out of 12: lung disease, cardiovascular disease, peripheral arterial disease, diabetes, stroke, cancer,
osteoporosis, arthritis, liver or kidney disease, anorexia, overactive thyroid/parathyroid gland and coeliac disease/malabsorption
2Whether or not taking a medication that affects this system (regardless of whether any other systems were medicated)

We explored the relationship between the
number of comorbidities, number of medica-
tions, and system medicated with physical ac-
tivity (Table 2). The number of chronic con-
ditions was significantly associated with
lower levels of physical activity: both men
(OR 0.73, 95 % CI 0.63-0.84, p<0.001) and
women (OR 0.74, 95% CI 0.64-0.86,
p<0.001) such that those participants with a
higher number of chronic conditions had a
lower odds of being in a higher activity score
category compared to being in a lower cate-
gory after adjustment for other factors i.e. as-
suming these are held constant. Similarly, be-
ing prescribed a higher number of medica-
tions was associated with a lower odds of be-
ing in a higher activity score category in both
men (OR 0.88, 95 % CI 0.84-0.93, p<0.001)
and women (OR 0.86, 95 % CI 0.82-0.91,
p<0.001). All these associations remained ro-
bust following adjustment for age, BMI,
smoker status, alcohol consumption (all p
<0.001).

Table 2 also shows relationships between
system medicated and physical activity.
Strong relationships were seen in both sexes

between PA and taking medication for disor-
ders of the central nervous system and gastro-
intestinal system, with statistical significance
maintained after adjustments. In men we
noted those taking medications for the muscu-
loskeletal and joint, nutrition and blood and
endocrine systems had significantly lower
odds of being in a higher activity score cate-
gory than being in a lower category.

Finally we performed our analyses before
and after adjustment for number of falls in the
last year. This did not materially affect our re-
sults (data not shown).

DISCUSSION

In this study we have reported high rates
of community dwelling older adults living
with chronic health conditions in a UK cohort.
We have also found that those individuals
with higher number of comorbidities and
number of medications were less likely to be
active. These relationships were particularly
marked in men. These data are significant as
they represent a rare investigation of much
older community dwelling adults.
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Table 2: Number of comorbidities, number of medications and system medicated as explanatory variables for activity score (low, medium, high) - Odds ratios
are the odds of being in a higher activity score category compared to being in a lower category*

MEN Unadijusted Adjusted?
N OR 95 % ClI p-value N OR 95 % ClI p-value

Number of comorbidities? 553 0.73 (0.63, 0.84) <0.01 480 0.73 (0.62, 0.86) <0.01
Number of medications 541 0.88 (0.84, 0.93) <0.01 472 0.90 (0.85, 0.95) <0.01
System medicated®:

cardiovascular 541 0.93 (0.65, 1.34) 0.70 472 1.18 (0.79,1.77) 0.43

gastro-intestinal 541 0.53 (0.37, 0.75) <0.01 472 0.60 (0.41, 0.88) 0.01

endocrine 541 0.51 (0.33, 0.80) <0.01 472 0.48 (0.29, 0.78) <0.01

central nervous system 541 0.39 (0.25, 0.60) <0.01 472 0.40 (0.25, 0.64) <0.01

malignant disease & immuno- 541 0.58 (0.30, 1.112) 0.10 472 0.62 (0.30, 1.28) 0.19

suppression

nutrition & blood 541 0.69 (0.44,1.07) 0.10 472 0.60 (0.37,0.99) 0.05

musculoskeletal & joint dis- 541 0.51 (0.33, 0.80) <0.01 472 0.56 (0.34,0.91) 0.02

ease

genito-urinary tract 541 0.66 (0.46, 0.94) 0.02 472 0.72 (0.49, 1.05) 0.09
WOMEN Unadjusted Adjusted*

N OR 95 % ClI p-value N OR 95 % CI p-value

Number of comorbidities? 539 0.74 (0.64, 0.85) <0.01 468 0.76 (0.65, 0.88) <0.01
Number of medications 537 0.86 (0.82, 0.91) <0.01 467 0.89 (0.84, 0.95) <0.01
System medicated®:

cardiovascular 537 0.75 (0.53, 1.07) 0.12 467 0.88 (0.60, 1.29) 0.51

respiratory 537 0.64 (0.38, 1.06) 0.09 467 0.69 (0.40, 1.20) 0.19

gastro-intestinal 537 0.59 (0.42, 0.83) <0.01 467 0.62 (0.43, 0.90) 0.01

endocrine 537 0.79 (0.55, 1.13) 0.20 467 0.91 (0.61, 1.35) 0.63

central nervous system 537 0.36 (0.25, 0.51) <0.01 467 0.43 (0.30, 0.63) <0.01

malignant disease & immuno- 537 0.52 (0.27, 0.99) 0.05 467 0.65 (0.33,1.27) 0.21

suppression

nutrition & blood 537 0.70 (0.49, 0.99) 0.05 467 0.74 (0.51, 1.07) 0.11

musculoskeletal & joint dis- 537 0.72 (0.50, 1.04) 0.08 467 0.83 (0.56, 1.22) 0.34

ease

genito-urinary tract 537 0.73 (0.36, 1.48) 0.38 467 0.82 (0.39, 1.74) 0.61

*N = number; OR = odds ratio; Cl = confidence interval

!Adjusted for age, BMI, smoker status and alcohol consumption

2Number of comorbidities out of 12: lung disease, cardiovascular disease, peripheral arterial disease, diabetes, stroke, cancer, osteoporosis, arthritis, liver or kidney disease, anorexia, overactive
thyroid/parathyroid gland and coeliac disease/malabsorption

3whether or not study participant reported taking a medication that affects system specified (regardless of whether any other systems were medicated)
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The term multimorbidity has been used to
decribe the presence of multiple chronic con-
ditions but there remains much heterogeneity
in the definition used in research literature
(Johnston et al., 2018), however the common
cut off is the presence of two or more condi-
tions (Johnston et al., 2018), and this is ech-
oed by NICE (National Institute for Health
and Care Excellence) where its guideline de-
fines multimorbidity as “the presence of two
or more long-term health conditions”. Using
this definition, the presence of multimorbidity
in our sample was 37.8 % in men and 43.7 %
in women. The prevalence of multimorbidity
reported elsewhere varies depending on the
geographical location of studies. For exam-
ple, the UK Biobank reported the prevalence
to be 19 % in a cohort of 502,643 participants
aged 40 to 69 years (Zemedikun et al., 2018),
whereas the Scottish Health Survey found the
prevalence of two or more comorbidities to be
44 % but this is likely to reflect the older age
range of the participants for the Scottish
Health Survey, 65 years and over (Salman and
Sellami, 2019). Given the age range of our
study it is difficult to make a direct compari-
son with current literature, however the pres-
ence of chronic conditions was linked to
lower odds of being physically active in our
cohort of older adults, is in keeping with other
studies involving participants younger than
our study cohort (Chudasama et al., 2019;
Dhalwani et al., 2016; Vancampfort et al.,
2018).

We found that overall taking more medi-
cations was associated with a lower chance of
being in a higher activity score category com-
pared to being in a lower category. These data
are consistent with a study of a German older
adult cohort, aged 65-94 years, that found
those participants in the lower tertile com-
pared to the higher tertile of physical activity
were more likely to be on >4 medications
(OR: 1.64, 95% CI: 1.05- 2.56, P=0.031)
(Volaklis et al., 2018). In another work, in a
US cohort, aged 49-79 years, an increased
number of prescription medications (>5 med-
ications) was associated cross-sectionally
with decreased objectively measured physical

activity compared to those who did not meet
the medication criterion, although this cohort
was recruited on the basis of having knee os-
teoarthritis (Thanoo et al., 2020).

There are likely to be a number of mecha-
nisms at play here including the underlying
medical condition and as well as the potential
side effects experienced from taking the med-
ications themselves that may result in lower
participation in physical activity. Another
possible mechanism is falls risk, as several of
the conditions studied may increase falls risk
directly or be associated with medication
which can lead to enhanced falls risk. How-
ever, we undertook our analysis before and af-
ter adjustment for falls, which did not change
our findings, suggesting that this was not a
major modifier of PA in this group.

In this study we were able to explore the
relationship between the use of various medi-
cations and physical activity in older adults,
in particular the relationship between differ-
ent systems medicated and physical activity
which has not been well studied previously.
We saw some differences between men and
women for these relationships; in general,
these were stronger in men than women, an
observation that would be interesting to ex-
plore further in future work. For example,
prescription of central nervous system medi-
cation was a very strong predictor of reduced
physical activity. Such associations might be
anticipated — for example, Parkinson’s’ dis-
ease is a chronic progressive neurological
condition that leads to immobility which in
turns impact on participation of physical ac-
tivity (Ellis and Motl, 2013).

There are some limitations to this study.
Our study population may not be entirely rep-
resentative of the wider UK population, since
all recruited participants were born in the
county of Hertfordshire, and were all Cauca-
sian. Nevertheless, it has been previously
demonstrated that the HCS is representative
of the general population with regard to an-
thropometric body build and lifestyle factors,
such as smoking and alcohol intake, which
was in line with data found in the European
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Investigation into Cancer and Nutrition Co-
hort (EPIC) (Dik et al., 2014). Comorbidities
were self-reported and therefore recall bias
cannot be ruled out, however we used medi-
cation prescribed to validate the self-reported
conditions. We do not know how long the
medication had been taken for, nor indeed
whether subjects were compliant with their
therapy. We also have no information on se-
verity of disease. Physical activity was self re-
ported, but has previously been validated
(Deere et al., 2016). Finally, fewer subjects
just had one system medicated making it
harder to look at relationships between indi-
vidual comorbidities and PA.

In conclusion we have observed relation-
ships between comorbidities and medication
taken with physical activity in a cohort of
community dwelling older adults aged 77
years and over. The prevalence of multimor-
bidity is high in the older adult population,
and this is likely to increase as the population
lives longer. Considering which medications
are being prescribed to older adults, and the
medical conditions underlying these prescrip-
tions, might help guide clinicians caring for
older patients to discuss PA levels, and might
also inform a research agenda that considers
interventions in individual patients groups.

Acknowledgments

We thank the Hertfordshire Cohort study
participants who made this work possible.
This work was funded by the Medical Re-
search Council. FL and JZ are supported by
the NIHR Southampton Biomedical Research
Centre, and the University of Southampton.

Conflict of interest

Professor Cyrus Cooper has received lec-
ture fees and honoraria from Amgen, Danone,
Eli Lilly, GSK, Kyowa Kirin, Medtronic,
Merck, Nestlé, Novartis, Pfizer, Roche, Ser-
vier, Shire, Takeda and UCB outside of the
submitted work. Drs. Faidra Laskou and Jean
Zhang are supported by the NIHR Southamp-
ton Biomedical Research Centre, and the Uni-
versity of Southampton. Professor Elaine

Dennison has received lecture fees and hono-
raria from UCB, Pfizer, Lilly and Viatris out-
side of the submitted work. Dr. Nicholas Fug-
gle has received travel and educational bursa-
ries from Pfizer and Lilly. Drs. Gregorio
Bevilacqua and Millie Parsons declare no
conflicts of interest.

REFERENCES

Chudasama YV, Khunti KK, Zaccardi F, Rowlands
AV, Yates T, Gillies CL, et al. Physical activity, mul-
timorbidity, and life expectancy: a UK Biobank longi-
tudinal study. BMC Medicine. 2019;17(1):108. doi:
10.1186/s12916-019-1339-0.

Cimarras-Otal C, Calderdn-Larrafiaga A, Poblador-
Plou B, Gonzalez-Rubio F, Gimeno-Feliu LA, Arjol-
Serrano JL, et al. Association between physical activ-
ity, multimorbidity, self-rated health and functional
limitation in the Spanish population. BMC Public
Health. 2014;14:1170. doi: 10.1186/1471-2458-14-
1170.

Cook MJ, Bellou E, Bowes J, Sergeant JC, O'Neill TW,
Barton A, et al. The prevalence of co-morbidities and
their impact on physical activity in people with inflam-
matory rheumatic diseases compared with the general
population: results from the UK Biobank. Rheumatol-
ogy (Oxford, England). 2018;57:2172-82. doi:
10.1093/rheumatology/key224.

Deere KC, Hannam K, Coulson J, Ireland A, McPhee
JS, Moss C, et al. Quantifying habitual levels of phys-
ical activity according to impact in older people: accel-
erometry protocol for the VIBE study. J Aging Phys
Act. 2016;24:290-5. doi: 10.1123/japa.2015-0066.

Dhalwani NN, O'Donovan G, Zaccardi F, Hamer M,
Yates T, Davies M, et al. Long terms trends of multi-
morbidity and association with physical activity in
older English population. Int J Behav Nutr Phys Activ-
ity. 2016;13:8. doi: 10.1186/512966-016-0330-9.

Dik VK, Murphy N, Siersema PD, Fedirko V, Jenab
M, Kong SY, et al. Prediagnostic intake of dairy prod-
ucts and dietary calcium and colorectal cancer sur-
vival—results from the EPIC cohort study. Cancer Ep-
idemiol Biomarkers Prev. 2014;23:1813-23.

Ellis T, Motl RW. Physical activity behavior change in
persons with neurologic disorders: overview and ex-
amples from Parkinson disease and multiple sclerosis.
J  Neurol Phys Ther. 2013;37:85-90. doi:
10.1097/NPT.0b013e31829157¢0.

702



EXCLI Journal 2022;21:695-703 — ISSN 1611-2156

Received: March 24, 2022, accepted: April 12, 2022, published: April 19, 2022

Fortin M, Bravo G, Hudon C, Vanasse A, Lapointe L.
Prevalence of multimorbidity among adults seen in
family practice. Ann Family Med. 2005;3:223-8. doi:
10.1370/afm.272.

Gianfredi V, Blandi L, Cacitti S, Minelli M, Signorelli
C, Amerio A, et al. Depression and objectively meas-
ured physical activity: a systematic review and meta-
analysis. Int J Environ Res Public Health. 2020;17(10):
3738. doi: 10.3390/ijerph17103738.

Johnston MC, Crilly M, Black C, Prescott GJ, Mercer
SW. Defining and measuring multimorbidity: a sys-
tematic review of systematic reviews. Eur J Public
Health. 2018;29(1):182-9. doi:
10.1093/eurpub/cky098.

Kontis V, Bennett JE, Mathers CD, Li G, Foreman K,
Ezzati M. Future life expectancy in 35 industrialised
countries: projections with a Bayesian model ensem-
ble. The Lancet. 2017;389(10076):1323-35. doi:
10.1016/S0140-6736(16)32381-9.

Lear SA, Hu W, Rangarajan S, Gasevic D, Leong D,
Igbal R, et al. The effect of physical activity on mortal-
ity and cardiovascular disease in 130 000 people from
17 high-income, middle-income, and low-income
countries: the PURE study. Lancet. 2017;390(10113):
2643-54. doi: 10.1016/s0140-6736(17)31634-3.

Mantoani LC, Dell'Era S, MacNee W, Rabinovich RA.
Physical activity in patients with COPD: the impact of
comorbidities. Exp Rev Respir Med. 2017;11:685-98.
doi: 10.1080/17476348.2017.1354699.

Salman A, Sellami M. Do older adults with multimor-
bidity meet the recommended levels of physical activ-
ity? An analysis of Scottish health survey. IntJ Environ
Res Public Health. 2019;16(19):3748. doi:
10.3390/ijerph16193748.

Sanchez Castillo S, Smith L, Diaz Suéarez A, Lopez
Sanchez GF. Associations between physical activity
and comorbidities in people with COPD residing in
spain: a cross-sectional analysis. Int J Environ Res
Public Health. 2020;17(2):594. doi:
10.3390/ijerph17020594.

Smith AD, Crippa A, Woodcock J, Brage S. Physical
activity and incident type 2 diabetes mellitus: a system-
atic review and dose-response meta-analysis of pro-
spective cohort studies. Diabetologia. 2016;59:2527-
45. doi: 10.1007/s00125-016-4079-0.

Steeves JA, Shiroma EJ, Conger SA, Van Domelen D,
Harris TB. Physical activity patterns and multimorbid-
ity burden of older adults with different levels of func-
tional status: NHANES 2003-2006. Disabil Health J.
2019;12(3):495-502. doi: 10.1016/j.dhjo.2019.02.005.

Syddall HE, Aihie Sayer A, Dennison EM, Martin HJ,
Barker DJ, Cooper C. Cohort profile: the Hertfordshire
cohort study. Int J Epidemiol. 2005;34:1234-42. doi:
10.1093/ije/dyil27.

Syddall HE, Simmonds SJ, Carter SA, Robinson SM,
Dennison EM, Cooper C. The Hertfordshire Cohort
Study: an overview. F1000Research. 2019;8:82. doi:
10.12688/f1000research.17457.1.

Thanoo N, Gilbert AL, Trainor S, Semanik PA, Song
J, Lee J, et al. The Relationship between polypharmacy
and physical activity in those with or at risk of knee
osteoarthritis. J Am Geriatr Soc. 2020;68:2015-20. doi:
10.1111/jgs.16501.

Vancampfort D, Smith L, Stubbs B, Swinnen N, Firth
J, Schuch FB, et al. Associations between active travel
and physical multi-morbidity in six low- and middle-
income countries among community-dwelling older
adults: A cross-sectional study. PloS  One.
2018;13(8):e0203277. doi: 10.1371/jour-
nal.pone.0203277.

Volaklis KA, Thorand B, Peters A, Halle M, Heier M,
Strasser B, et al. Physical activity, muscular strength,
and polypharmacy among older multimorbid persons:
Results from the KORA-Age study. Scand J Med Sci
Sports. 2018;28:604-12. doi: 10.1111/sms.12884.

WHO, World Health Organization. World report on
ageing and health. Geneva: WHO, 2015.

WHO, World Health Organization. WHO Global ac-
tion plan on physical activity 2018-2030: more active
people for a healthier world. Geneva: WHO, 2018
[30/09/2021]. Available from:
https://apps.who.int/iris/bitstream/han-
dle/10665/272722/9789241514187-eng.pdf?se-
guence=1&isAllowed=y.

Zemedikun DT, Gray LJ, Khunti K, Davies MJ, Dhal-
wani NN. Patterns of multimorbidity in middle-aged
and older adults: an analysis of the UK Biobank Data.
Mayo  Clinic  Proc.  2018;93:857-66.  doi:
10.1016/j.mayocp.2018.02.012.

703


https://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf?sequence=1&isAllowed=y

