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ABSTRACT

Background: Light-intensity physical activity (LPA) is related to a reduced risk of all-cause death in
older adults, butits effect on cardiovascular disease or death remains questioned. This meta-analysis
aimed to quantify the association of LPA with the risk of cardiovascular disease and death in older
adults.

Methods: We conducted a literature search in electronic databases for prospective cohort studies
assessing the relationship between LPA measured by accelerometers and the risk of cardiovascular
disease and/or death in adults aged =60 years. Study-specific hazard ratios (HRs) and 95% confidence
intervals (Cls) were pooled using a random effects model.

Results: Of the 518 articles identified, 5 prospective cohort studies were included. The mean body
mass index of included participants was all over 25 kg/m?2. Pooled results showed that the summary
HR per 60 min/day higher of LPA was 0.90 (95% Cl, 0.83-0.98; n = 3) for the risk of cardiovascular
disease and 0.59 (95% Cl, 0.49-0.72; n = 2) for cardiovascular death. Both the relationship of LPA with
the risk of cardiovascular disease and cardiovascular death were linearly and inversely shaped. The
HR for the risk of cardiovascular disease was greater for LPA than for moderate-to-vigorous physical
activity (MVPA), in either equal time or equal amount scale (both P, <0.01); but the HR for the risk

interaction
of cardiovascular death was comparable between LPA and MVPA in both scales (both P, >0.20).

interaction
Conclusions: Higher LPA is associated with a reduced risk of cardiovascular disease and death in
older adults.

Key words: accelerometer, cardiovascular disease, light-intensity physical activity, moderate-to-
-vigorous physical activity, older adults

INTRODUCTION
Current physical activity guidelines have
consistently recommended a minimum of
150 min/week of moderate-to-vigorous phys-
ical activity (MVPA) to improve or maintain
cardiovascular health in older adults aged
over 60 years [1-3]. However, there has been
a lack of emphasis on the preventive benefit
of light-intensity physical activity (LPA), which

represents the major form of daily physical
activities, particularly in older adults who
present with an increased risk of cardiovas-
cular disease or death and are less likely to
perform physical activities at higher inten-
sities [2, 4, 5]. Understanding the potential
of LPA in reducing the risk of cardiovascular
disease or death may, therefore, modify health
recommendations for older adults.
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WHAT'S NEW?

Current guidelines recommend older adults engage in >150 min/week of moderate-to-vigorous physical activity (MVPA) or
>75 min/week of vigorous-intensity physical activity (VPA) to gain cardiovascular benefits. However, none of the guidelines
issued for older adults emphasize the cardio-protective benefit of light-intensity physical activity (LPA), which is the predominant
component across the spectrum of physical activity in one’s daily life and is probably the most attainable category of physical
activity for older adults. In this study, we found that LPA was related to a reduced risk of cardiovascular disease and death and
was comparable to MVPA in decreasing the risk of cardiovascular death in older adults. This indicates that LPA should be routinely
recommended for older adults, and advice on how to promote LPA should be integrated into clinical practice.

Previous studies have extensively investigated the
benefits of MVPA assessed by questionnaires for reducing
the risk of cardiovascular disease or death [3, 6-9]. Yet
very few of them have focused on LPA [8, 9], which might
be attributable to the fact that questionnaires could not
document the accumulation of LPA accurately and might
be subject to recall bias [10], at least partly. However, ow-
ing to the development of accelerometers, which could
measure LPA in an accurate and objective manner, there
has been a growing interest in investigating the association
of objectively-measured LPA with the risk of cardiovascular
disease or death in recent years [11-17]. However, incon-
sistent outcomes were reported [11-15], with most of them
suggesting that LPA cannot lower the risk of cardiovascular
disease in older adults [12-14], in particular, after con-
trolling for MVPA [12, 13]. Moreover, a recent study noted
that in the context of a given amount of physical activity
(calculated as intensity x time), MVPA led to a larger risk
reduction in all-cause death than LPA [18], indicating that
the intensity of physical activity might matter more than
its amount in reducing the risk of all-cause death. Yet it is
unclear whether this could be generalized to risk reduction
in cardiovascular disease or death in older adults.

As such, we conducted this meta-analysis, aiming to
address these concerns by summarizing and quantifying
the available evidence on accelerometer-measured LPA
and the risk of cardiovascular disease or death in older
adults.

METHODS

Data sources and inclusion criteria

This meta-analysis was based on the guidelines of the
Meta-analysis of Observational Studies in Epidemiology
(Supplementary material, Table S7). We performed a lit-
erature search in PubMed and Scopus before January 5,
2021, which was updated on March 19, 2022, using terms
or words related to light-intensity physical activity, accel-
erometers, and cardiovascular disease (Supplementary
material, Table 52). The detailed search strategy was cre-
ated based on previous meta-analyses. We also manually
checked the reference lists from eligible studies to identify
other potentially relevant studies. Since this study was
a systematic review and meta-analysis summarizing and

quantifying evidence based on published studies, ethical
approval was not required.

In this meta-analysis, studies considered eligible for
inclusion (1) targeted older adults aged at least 60 years;
(2) measured light-intensity physical activity based on
accelerometers (accelerometers have uniaxial motion sen-
sors detecting vertical acceleration with activity-intensity
transformed as count values [10], e.g., Actigraph GT3X+
[Actigraph, Pensacola, FL, US] defined light-intensity as
100-1040 counts per minute [12]); (3) had prospective
cohort design; (4) provided risk estimates (e.g., hazard
ratio [HR] and 95% confidence intervals [Cls]) on cardio-
vascular disease and/or death; and (5) were published in
English-language. Studies were excluded if they enrolled
a population aged below 60 years, assessed physical ac-
tivity by questionnaires, were cross-sectional studies or
conference abstracts, or had no outcomes of interest (e.g.,
reported data on cardiovascular risk factors instead). For
the study that provided outcomes on both coronary heart
disease and cardiovascular disease [13], priority was given
to data on cardiovascular disease since it has a broader
definition than coronary heart disease [19].

Data extraction and assessment of study quality
Allretrieved publications were managed by Endnote X7 to
screen for suitable studies. For each included study the
following information was extracted using a pre-designed
Excel sheet: first author, publication year, name and origin
of the cohort, characteristics of participants such as re-
ported mean age, body mass index, sex, mean follow-up
duration, number of participants and incident cases, LPA
definition and its cut-off point, brand information for
used accelerometers, effect estimates for cardiovascular
outcomes, and adjusted covariates.

Study quality was assessed using the Newcastle Otta-
wa Scale that targets 3 major domains: selection of study
cohorts (4 sub-items), comparability of study cohorts (one
item), and the assessment of outcomes of interest (3 sub-
items). A maximum of 9 stars can be awarded to each study,
and we considered studies of >7 stars high quality [20].

All data extraction and the assessment of study quality
were initially carried out by SQ but were later checked by
BX. Discrepancies were resolved by referring back to orig-
inal studies and discussion with XC (the third investigator).
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Data synthesis and statistical analysis
Study-specific multivariable-adjusted HRs and 95% Cls per
60 min/day higher of LPA for cardiovascular disease and
death were pooled using a random-effects meta-analysis
model, which provides more conservative results and bet-
ter accounts for heterogeneity compared with the fixed-ef-
fects meta-analysis model [21]. For studies that treat LPA as
the categorical variable, their HRs and corresponding 95%
Cls per 60 min/day higher of LPA were computed based
on the generalized least squares for the trend estimation
method. For this, the median was considered equal to its
mean or calculated as the average of the upper and lower
boundaries when LPA was reported in ranges. If the lowest
or highest boundary of LPA was not specified, we assumed
that the width of this category was the same as that of its
neighboring category [22]. Moreover, for the studies that
split LPA into low and high groups, their data were com-
bined into a single one using a fixed-effects model to be
consistent with other studies.

To further analyze the association of LPA with the risk of
cardiovascular disease and death, dose-response analyses
were conducted according to the approach proposed by
Greenland and Longnecker [23]. And the nonlinear rela-
tionship was investigated using the restricted cubic splines
with three knots at the 10™, 50", and 90t percentiles of LPA,
along with the test to assess whether the coefficient of the
second spline is equal to zero.

For the comparisons between LPA and MVPA, we
defined the intensity of LPA as 2.3 metabolic equivalents
(METs) and 5 METs for MVPA [24]. The amount of MVPA and
LPA used for comparison was set to be“150 min x MET/day”,
given that 30 min/day of MVPA is the recommended
amount of physical activity for health promotion by most
guidelines [2, 25]. In this meta-analysis, all analyzes on
MVPA were generally identical to those on LPA. To assess
whether the benefit of LPA was independent of MVPA, we
conducted separate analyses by pooling study-specific HRs
adjusted for MVPA, in addition to the primary outcome
focused on HRs without adjustment for MVPA.

Heterogeneity was quantified by I statistic, and an
Ivalue =50% was considered significant heterogeneity.
In this meta-analysis, publication bias was not assessed
because the number of included studies was rather small.
All statistical analyses were performed using STATA (Version
14.0, StataCorp LP, College Station, TX, US), and a P-value
<0.05 was considered statistically significant unless oth-
erwise indicated.

RESULTS

Literature search and study characteristics

The flowchart of the literature search and study selection
is shown in Figure 1. Out of the identified 518 articles
(113 from PubMed and 405 from Scopus), 103 duplicates
were removed. Upon the evaluation of titles, abstracts, and
full texts, a total of 410 articles were further excluded, for

the reasons listed in Figure 1. As a result, 5 studies were
finally included in this meta-analysis [11-15].

The characteristics of included studies are shown in
Table 1. A total of 766 cases of cardiovascular disease from
10 385 participants in 3 cohorts [11-13] and 292 cases of
cardiovascular death from 9300 participants in 2 cohorts
[14, 15] were reported. The mean ages for enrolled partic-
ipants from individual studies were over 70 years old, and
their mean body mass index was greater than 25.0 kg/m?,
indicative of overweight or obesity. All the included studies
were conducted in Western countries, with 3 in the US and
2 in European countries (1 in Sweden and 1 in the United
Kingdom).

The accelerometer brand — Actigraph GT3X+ (Acti-
graph, Pensacola, FL, US) was most commonly employed
for LPA measurement, but in the study by Ensrud et al.[14],
SenseWear Pro Armband (BodyMedia, Inc,, Pittsburgh, PA,
US) was used. The definition for LPA varied across studies
and different scales were reported, in particular, in the study
by Ensrud et al. [14] who defined LPA as 1.51-2.99 MET
instead of using readings of ‘counts per minute’ All studies
were judged to be of good quality.

Outcomes for cardiovascular disease in relation

to LPA and MVPA

All 3 studies on cardiovascular disease [11-13] reported
a significant reduction in the risk of cardiovascular disease
in relation to increased LPA in the model that adjusted for
the fewest covariables. However, their magnitudes were
decreased when the number of adjusted covariables was
increased, in particular, after controlling for MVPA. For ex-
ample, in studies that provided outcomes with adjustment
for MVPA [12, 13], risk reduction in cardiovascular disease
associated with LPA became all non-significant.

After pooling all the data together, the summary HR for
the risk of cardiovascular disease per 60 min/day higher
of LPA was 0.90 (95% Cl, 0.83-0.98; Figure 2A) without
adjustment for MVPA, but it weakened to be 0.93 (95% Cl,
0.86-0.995) with statistical significance after adjustment
for MVPA. Dose-response analysis showed that there was
no evidence of a non-linear relationship between LPA and
the risk of cardiovascular disease (P, ..., = 0.21), and
the curve was inversely shaped (Supplementary material,
Figure STA).

Three studies reported data on LPA and MVPA, and
comparisons suggested that the magnitude of risk reduc-
tion was less for LPA than MVPA (both P, ~<0.01), in
both equal time (set at per 60 min/day increase, Figure 2A)
and equal amount scales (set at per 150 min x MET/day
increase, Figure 2B).

Outcomes for the relation of LPA and MVPA

to cardiovascular death

Out of the 2 studies on cardiovascular death [14, 15], one
found that LPA was not associated with the reduced risk of
cardiovascular death in men [14], but the other revealed
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Studies identified (n = 518)
«+ 133 from PubMed
« 405 from Scopus

Studies screened
on the title and/or abstract (n = 415)

« 125 not cohort studies

v

Studies reviewed on full-text (n = 22)

Studies eligible for inclusion (n = 5)
« 3 onrisk of cardiovascular disease
« 2 on risk of cardiovascular death

Duplicates identified (n = 103)

Studies excluded (n = 393)
- 56 not on older adults aged =60 years

« 212 not related to the topic

Studies excluded (n =17)
« 9 not on cardiovascular disease or death
« 7 not on older adults aged =60 years
- 1 not on light-intensity physical activity

Figure 1. Flowchart of study search and selection

a significant association in older women, in particular for
the high-LPA group [15]. The pooled HR for the risk of
cardiovascular death per 60 min/day higher of LPA was
0.59 (95% Cl, 0.49-0.72; Figure 3A), while none of the
included studies had controlled for MVPA. Dose-response
analysis suggested that there was no evidence of departure
from linearity regarding the relationship of LPA with the risk
of cardiovascular death (Pnon,,.nea".ry = 0.74, Supplementary
material, Figure S1B).

Further analysis showed that the magnitude of risk re-
duction in cardiovascular death was comparable between
LPA and MVPA (both P, >0.20), regardless of equal

interaction

time (Figure 3A) or equal amount scale (Figure 3B).
DISCUSSIONS

Main findings

Our study is the first meta-analysis that synthesized the
evidence on the association of LPA with the risk of cardio-
vascular disease and death in older adults, which showed
that a 60 min/day higher amount of LPA resulted in a risk
reduction of 10% for cardiovascular disease and 41% for

cardiovascular death. Moreover, despite a lower efficacy
compared with MVPA in reducing the risk of cardiovascu-
lar disease, LPA was shown to be comparable to MVPA in
lowering the risk of cardiovascular death.

Interpretations and implications

Previous meta-analyses have consistently suggested that
the time spent in LPA is related to the reduced risk of
all-cause mortality in either general or older populations
[26-28]. As a supplement to these findings, our meta-anal-
ysis supports the potential of LPA for promoting cardio-
vascular health, which might be independent of MVPA
in older adults. The majority of older adults, in particular,
those overweight or with obesity, are physically inactive,
show impaired physical capability [29], and are less likely
to achieve the minimal amount of physical activity rec-
ommended by current guidelines that generally focus on
MVPA or physical activities at higher intensities [2, 5, 30].
For this population, LPA may represent a desirable alter-
native. Together with the evidence that LPA could help to
reduce therisk of all-cause and cancer death in older adults
[26, 31] and given that increased LPA is associated with
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Table 1. Characteristics of the included studies

Study Study Sample size Age?, BMF?, Follow- LPA definition Adjusted covariables
source name years kg/m? -up?

| Total | Events |

LPA and risk of cardiovascular disease

Ballin et al. HAI 3343 74 70.5 26.4 2.7 Actigraph GT3X+; Sex, accelerometer wear time, smoking status,
2020 [11] 100-1951 CPM marital status, level of education, disposable inco-
me, myocardial infarction, stroke, angina pectoris,
antihypertensives, anticoagulants, statins, systolic
blood pressure, visceral adipose tissue, fasting blo-

od glucose, low-density lipoprotein cholesterol

Jefferis BRHS 1181 122 78.4 27.1 4.9° Actigraph GT3X+;  Age, region of residence, season of wear, accelero-

etal. 100-1040 meter wear time, social class, alcohol use, smoking,

2019[12] CcPM sleep time, living alone, BMI, and mobility disability

LaCroix OPACH 5861 570 785 28.2 35 ActiGraph Age, race/ethnicity, highest education, current smo-

etal. GT3X+; king, alcohol consumption, physical functioning,

2019 [13] 19-518 counts/ comorbidity, and self-rated health, BMI, systolic
/15s blood pressure, high-sensitivity C-reactive protein,

total cholesterol, and high-density lipoprotein
cholesterol

LPA and risk of cardiovascular mortality

Ensrud MrOS 2918 138 79.0 26.9¢ 4.5 SenseWear Pro Age, race, site, season, education, marital status,
etal. 2014 [14] Armband; health status, smoking, comorbidity burden, de-
1.51-2.99 MET pressive symptoms, cognitive function, number of

instrumental activities of daily living impairments,
and percentage of body fat

LaMonte OPACH 6382 154 78.6 28.1 3.1 ActiGraph Awake accelerometer wear time, age, race and eth-

etal. GT3X+; nicity, education, current smoking, alcohol intake in

2018¢[15] 19-518 counts/ past 3 months, age at menopause, self-rated gene-
/15s ral health, and number of comorbid conditions

2All data were the means or the averages from different sub-categories; "The mean value was imputed using the median datum; Data were imputed from the study by Orwoll
et al. [40]; “This study reported results on low- and high-LPA, which were later combined into one dataset using a fixed-effects model

Abbreviations: BMI, body mass index; BRHS, the British Regional Heart Study; CPM, counts per minute; HAI, Healthy Ageing Initiative; LPA, light-intensity physical activity;
MET, metabolic equivalent; MrOS, the Osteoporotic Fractures in Men Study; n.a., not applicable; OPACH, the Objective Physical Activity and Cardiovascular Health; VM, vector
magnitude

A. LPA versus MVPA in reducing risk of cardiovascular disease: equal time (per 60 min/day)

Per 60 min/day higher of LPA : Per 60 min/day higher of MVPA

Somrce (PMID) HR (95% CT) i HI (95% C1)
Ballin ef af. 20200 33063268) 07T (061, 0.98) —_— 035 (0.17,0,74) —_——
lefleris or al. 2009 (30578094) 08K (0.72, 1.08) e (.46 (0,25, 0.78) -
LaCroix eral, 2000 (30874773} 0.93 (0,856, 1.01) . 0.46 (028, 0.73) - =

Overall 0.90 {083, 0.98) ¢ 0.4 (0,32, 0.60) ¢

: L 1 [
03 L0 20 o Lo 100

B. LPA versus MVPA in reducing risk of cardiovascular disease: equal amount (per 150 min-MET/day)

Per 150 min-MET/day higher of LPA Per 150 min-MET/day higher of MVPA
Souree HR (95% CI) HR (93% C1)
Ballin er af, 2020(33063268) 0.75 (.58, 0.98) —— 039 (040, 0.87)  ——
Jefleris er al. 2019 (30578094) 0LET (070, 1.09) o o 068 (053, 0.88) — =
LaCroix ef af. 2019 (30874775} 0,92 (0,85, 1.01) . (LGS (053, 0.ES) ——
Overall 0.89 (0.8, 0.98) '. 0.66 (0.57, 0.78) .
i ' ;

1
L
0.5 10 20 0.5 1.0 10

Figure 2. LPA vs. MVPA and the risk of cardiovascular disease in older adults; A. Per 60 min/day higher of LPA vs. that of MVPA in reducing the
risk of cardiovascular disease; B. Per 150-METs/day higher of LPA vs. that of MVPA in reducing the risk of cardiovascular disease

Abbreviations: Cl, confidence interval; HR, hazard ratio; LPA, light-intensity physical activity; METs, metabolic equivalents; MVPA, moderate-
-to-vigorous physical activity
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Source HE 95% C1)

Ensrud e af. 2014 (2336T147) 065 (041, 1.04)

0,58 (0.47,0,72) .

.59 (0.49,0.72) o

LaMonte of ol 2018 (291433300

verall

A. LPA versus MVPA in reducing risk of cardiovascular mortality: equal time (per 60 min/day)
Per 60 min/day higher of LPA

Per 60 min/day higher of MVPA
HER (95% CI)

0,60 (045, 0.82) .
036 (019, 0GR —_
LS50 (031, 0ET) .

}
T
a.1

I Il 1 1
T T T
10,0 ol 1.0 1000

Source HR {95% CI)

Ensrud o af. 2004 (25367147} 0.63 (038, 1.04)

0,55 (0.43,0.72) .

057 (0,45, 0.71) "

LaMonte eraf. 2008 [29143320)

Owerall

B. LPA versus MVPA in reducing risk of cardiovascular mortality: equal amount (per 150 min-MET/day)
Per 150 min-MET/day higher of LPA !

Per 150 min-MET/day higher of MVPA
HE (95% C1)

0.78 (0,67, 0,90} ..

0.60 (043, 0.83) —f—

071 (056,091

0.1 1.4

100 : 0.5 10 20

Figure 3. LPA versus MVPA and the risk of cardiovascular death in older adults; A. Per 60 min/day higher of LPA vs. that of MVPA in reducing
the risk of cardiovascular death; B. Per 150-METs/day higher of LPA vs. that of MVPA in reducing the risk of cardiovascular death

Abbreviations: see Figure 2

improved cognitive functioning [32] and a better profile
of cardiometabolic control [33], our findings suggest that
LPA should be routinely recommended for older adults, and
advice on how to promote LPA (e.g., using pedometers to
increase daily physical activity [34]) should be integrated
into clinical practice.

Our study found that LPA was inferior to MVPA in re-
ducing the risk of cardiovascular disease in older adults,
which is consistent with the findings by Saint-Maurice et
al. [18] that the intensity of physical activity might matter
more than its amount in reducing the risk of all-cause
death. However, in terms of cardiovascular death, LPA was
comparable to MVPA, either in equal time or equal amount
scale.These results, taken together, indicate that emphasis
on the intensity of physical activity might be not a must, at
least for older adults; it rather depends on the expectation
of health outcomes [35, 36]. For example, high-intensity
interval exercise might be superior to MVPA to improve
cardiorespiratory fitness [37, 38].

Our study suggested that there was a linear and in-
verse dose-response association between LPA and the
risk of cardiovascular disease or death in older adults,
while we could not obtain clear evidence for the target
of the minimal amount of LPA necessary for health pro-
motion. Yet based on the categorical data analysis from
the study by Jefferis et al. [12], it appears likely that about
210 min/day of LPA, on average, might be sufficient to
lower the risk of cardiovascular disease significantly in
older men. However, another study with a much larger
sample size conducted exclusively on women suggested
that an average of 300 min/day of LPA might be required

www.journals.viamedica.pl/kardiologia_polska

[13]. Nevertheless, more prospective cohort studies on
this topic are still warranted.

Strengths and limitations

The strengths of our meta-analysis include a strict selection
criterion limiting the study population to only older adults,
the objective measurement of LPA by accelerometers, the
inclusion of only prospective cohort studies, as well as the
enhanced statistical power. However, several limitations in
our meta-analysis should be noted. First, the differences
in the definition of LPA and the relatively short duration
of follow-up (<5 years) may weaken the robustness of our
findings. Moreover, using aggregated data for LPA rather
than the individual participant data may have caused some
bias in data analysis. Second, we cannot prove the causality
between LPA and the risk of cardiovascular disease and
death in older adults. Third, the number of included stud-
ies was small. Although their data aggregation provided
sufficient ability to obtain clinically meaningful outcomes,
such findings are still required to be validated by future pro-
spective studies. Fourth, the inclusion of only English-writ-
ten studies may have led to an increased risk of selection
bias. Finally, sedentary behavior has been recognized as
an independent risk factor for cardiovascular disease or
death [39], but none of the included studies controlled for
this factor, which may influence the association of LPA with
cardiovascular disease or death.

CONCLUSIONS
In conclusion, higher LPA was associated with a lower risk of
cardiovascular disease and death, and its benefit in reduc-
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ing the risk of cardiovascular death might be not inferior to
MVPA in older adults. Recommendations of LPA for older
adults should, therefore, be an important consideration in
health guidelines.

Article information
Conflict of interest: None declared.

Funding: This work was partly supported by the National Key R&D
Program of China (grant no.2016YFC1305700), the Shanghai Medical
and Health Development Foundation (SHMDF) (no. DMRFP_II_11),and
the National Medical Graduate Education Committee/Chinese Medical
Doctor Association 2021 General Practice Education and Teaching
Research Project (B-YXGP20210301-02). SQ has been supported by
the “Best Young Scholars” Fellowship from Southeast University. The
funders had noroles in the design of the study and collection, analysis,
and interpretation of data or in writing the manuscript.

Open access: This article is available in open access under Creative
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, allowing to download articles and
share them with others as long as they credit the authors and the
publisher, but without permission to change them in any way or use
them commercially. For commercial use, please contact the journal
office at kardiologiapolska@ptkardio.pl.

REFERENCES

1. deSouto Barreto P, Morley JE, Chodzko-Zajko W, et al. International Asso-
ciation of Gerontology and Geriatrics — Global Aging Research Network
(IAGG-GARN) and the IAGG European Region Clinical Section. Recommen-
dations on physical activity and exercise for older adults living in long-term
carefacilities: a taskforce report. J Am Med Dir Assoc. 2016; 17(5): 381-392,
doi: 10.1016/j.jamda.2016.01.021, indexed in Pubmed: 27012368.

2. Lee PG, Jackson EA, Richardson CR. Exercise prescriptions in older
adults. Am Fam Physician. 2017; 95(7): 425-432, indexed in Pubmed:
28409595.

3. Warburton DE, Charlesworth S, Ivey A, et al. A systematic review of
the evidence for Canada’s Physical Activity Guidelines for Adults. Int J
Behav Nutr Phys Act. 2010; 7: 39, doi: 10.1186/1479-5868-7-39, indexed
in Pubmed: 20459783.

4. Cress ME, Buchner DM, Prohaska T, et al. Best practices for physical
activity programs and behavior counseling in older adult populations. J
Aging Phys Act. 2005; 13(1): 61-74, doi: 10.1123/japa.13.1.61, indexed in
Pubmed: 15677836.

5. SunF,Norman lJ, While AE. Physical activity in older people: a systematic
review. BMC Public Health. 2013; 13: 449, doi: 10.1186/1471-2458-13-449,
indexed in Pubmed: 23648225.

6.  Barengo NG, Hu G, Lakka TA, et al. Low physical activity as a predictor
for total and cardiovascular disease mortality in middle-aged men and
women in Finland. Eur Heart J. 2004; 25(24): 2204-2211, doi: 10.1016/].
€hj.2004.10.009, indexed in Pubmed: 15589637.

7. Paffenbarger RS, Hyde RT, Wing AL, et al. The association of chang-
es in physical-activity level and other lifestyle characteristics with
mortality among men. N Engl J Med. 1993; 328(8): 538-545, doi:
10.1056/NEJM199302253280804, indexed in Pubmed: 8426621.

8. Soares-Miranda L, Siscovick D, Psaty B, et al. Physical activity and the risk
of coronary heart disease and stroke in older adults. Circulation. 2016;
133(2): 147-155, doi: 10.1161/circulationaha.115.018323, indexed in
Pubmed: 26538582.

9. Rees-PuniaE, Deubler E, Campbell P, etal. Light-intensity physical activity
in a large prospective cohort of older US adults: a 21-year follow-up of
mortality. Gerontology. 2020; 66(3): 259-265, doi: 10.1159/000502860,
indexed in Pubmed: 31600755.

10.  Fuzéki E, Engeroff T, Banzer W, et al. Health benefits of light-intensity
physical activity: a systematic review of accelerometer data of the Na-
tional Health and Nutrition Examination Survey (NHANES). Sports Med.
2017; 47(9): 1769-1793, doi: 10.1007/s40279-017-0724-0, indexed in
Pubmed: 28393328.

20.

21.

22.

23.

24.

25.

26.

27.

Ballin M, Nordstrém P, Niklasson J, et al. Associations of objectively
measured physical activity and sedentary time with the the risk of stroke,
myocardial infarction or all-cause mortality in 70-year-old men and wom-
en: a prospective cohort study. Sports Med. 2021; 51(2): 339-349, doi:
10.1007/540279-020-01356-y, indexed in Pubmed: 33063268.

Jefferis BJ, Parsons TJ, Sartini C, et al. Does total volume of physical activity
matter more than pattern for onset of CVD? A prospective cohort study
of older British men. Int J Cardiol. 2019; 278: 267-272, doi: 10.1016/j.
jjcard.2018.12.024, indexed in Pubmed: 30578094.

LaCroix AZ, Bellettiere J, Rillamas-Sun E, et al. Women’s Health Initiative
(WHI). Association of light physical activity measured by accelerometry
and incidence of coronary heart disease and cardiovascular disease in
older women. JAMA Netw Open. 2019; 2(3): 190419, doi: 10.1001/jama-
networkopen.2019.0419, indexed in Pubmed: 30874775.

Ensrud KE, Blackwell TL, Cauley JA, et al. Osteoporotic Fractures in Men
Study Group. Objective measures of activity level and mortality in older
men. J Am Geriatr Soc. 2014; 62(11): 2079-2087, doi: 10.1111/jgs.13101,
indexed in Pubmed: 25367147.

LaMonte MJ, Buchner DM, Rillamas-Sun E, et al. Accelerometer-measured
physical activity and mortality in women aged 63 to 99. J Am Geriatr
Soc. 2018; 66(5): 886-894, doi: 10.1111/jgs.15201, indexed in Pubmed:
29143320.

Evenson KR, Wen F, Herring AH. Associations of accelerometry-assessed
and self-reported physical activity and sedentary behavior with all-
cause and cardiovascular mortality among US adults. Am J Epidemiol.
2016; 184(9): 621-632, doi: 10.1093/aje/kww070, indexed in Pubmed:
27760774.

Dohrn IM, Sjostrom M, Kwak L, et al. Accelerometer-measured sedentary
time and physical activity — a 15 year follow-up of mortality in a Swedish
population-based cohort. J Sci Med Sport. 2018; 21(7): 702-707, doi:
10.1016/j,jsams.2017.10.035, indexed in Pubmed: 29128418.
Saint-Maurice PF, Troiano RP, Berrigan D, et al. Volume of light versus
moderate-to-vigorous physical activity: similar benefits for all-cause
mortality? J Am Heart Assoc. 2018; 7(7), doi: 10.1161/JAHA.118.008815,
indexed in Pubmed: 29610219.

Kodama S, Saito K, Tanaka S, et al. Cardiorespiratory fitness as a quantita-
tive predictor of all-cause mortality and cardiovascular events in healthy
men and women: a meta-analysis. JAMA. 2009; 301(19): 2024-2035, doi:
10.1001/jama.2009.681, indexed in Pubmed: 19454641.

Liu XH, Gao XF, Jin CL, et al. Cryoballoon versus radiofrequency ablation
for persistent atrial fibrillation: a systematic review and metaanaly-
sis. Kardiol Pol. 2020; 78(1): 20-29, doi: 10.33963/KP.15048, indexed in
Pubmed: 31688837.

Higgins JPT, Green S. Cochrane handbook for systematic reviews of
interventions. Wiley-Blackwell, Chichester 2008.

Qiu SH, Xue C, Sun ZL, et al. Attenuated heart rate recovery predicts
the risk of incident diabetes: insights from a meta-analysis. Diabet Med.
2017; 34(12): 1676-1683, doi: 10.1111/dme.13517, indexed in Pubmed:
28945922,

Greenland S, Longnecker MP. Methods for trend estimation from sum-
marized dose-response data, with applications to meta-analysis. Am J
Epidemiol. 1992; 135(11): 1301-1309, doi: 10.1093/oxfordjournals.aje.
a116237,indexed in Pubmed: 1626547.

Ainsworth BE, Haskell WL, Herrmann SD, et al. 2011 Compendium of Phys-
ical Activities: a second update of codes and MET values. Med Sci Sports
Exerc. 2011; 43(8): 1575-1581, doi: 10.1249/MSS.0b013e31821ece12,
indexed in Pubmed: 21681120.

Colberg S, Sigal R, Yardley J, et al. Physical activity/exercise and diabetes:
a position statement of the American Diabetes Association. Diabetes Care.
2016; 39(11): 2065-2079, doi: 10.2337/dc16-1728.

Rojer AGM, Ramsey KA, Trappenburg MC, et al. Instrumented measures of
sedentary behaviour and physical activity are associated with mortality in
community-dwelling older adults: A systematic review, meta-analysis and
meta-regression analysis. Ageing Res Rev. 2020;61: 101061, doi: 10.1016/j.
arr.2020.101061, indexed in Pubmed: 32360669.

Ramakrishnan R, He JR, Ponsonby AL, et al. Objectively measured physical
activity and all cause mortality: A systematic review and meta-analy-
sis. Prev Med. 2021; 143: 106356, doi: 10.1016/j.ypmed.2020.106356,
indexed in Pubmed: 33301824.

780 www.journals.viamedica.pl/kardiologia_polska


http://dx.doi.org/10.1016/j.jamda.2016.01.021
https://www.ncbi.nlm.nih.gov/pubmed/27012368
https://www.ncbi.nlm.nih.gov/pubmed/28409595
http://dx.doi.org/10.1186/1479-5868-7-39
https://www.ncbi.nlm.nih.gov/pubmed/20459783
http://dx.doi.org/10.1123/japa.13.1.61
https://www.ncbi.nlm.nih.gov/pubmed/15677836
http://dx.doi.org/10.1186/1471-2458-13-449
https://www.ncbi.nlm.nih.gov/pubmed/23648225
http://dx.doi.org/10.1016/j.ehj.2004.10.009
http://dx.doi.org/10.1016/j.ehj.2004.10.009
https://www.ncbi.nlm.nih.gov/pubmed/15589637
http://dx.doi.org/10.1056/NEJM199302253280804
https://www.ncbi.nlm.nih.gov/pubmed/8426621
http://dx.doi.org/10.1161/circulationaha.115.018323
https://www.ncbi.nlm.nih.gov/pubmed/26538582
http://dx.doi.org/10.1159/000502860
https://www.ncbi.nlm.nih.gov/pubmed/31600755
http://dx.doi.org/10.1007/s40279-017-0724-0
https://www.ncbi.nlm.nih.gov/pubmed/28393328
http://dx.doi.org/10.1007/s40279-020-01356-y
https://www.ncbi.nlm.nih.gov/pubmed/33063268
http://dx.doi.org/10.1016/j.ijcard.2018.12.024
http://dx.doi.org/10.1016/j.ijcard.2018.12.024
https://www.ncbi.nlm.nih.gov/pubmed/30578094
http://dx.doi.org/10.1001/jamanetworkopen.2019.0419
http://dx.doi.org/10.1001/jamanetworkopen.2019.0419
https://www.ncbi.nlm.nih.gov/pubmed/30874775
http://dx.doi.org/10.1111/jgs.13101
https://www.ncbi.nlm.nih.gov/pubmed/25367147
http://dx.doi.org/10.1111/jgs.15201
https://www.ncbi.nlm.nih.gov/pubmed/29143320
http://dx.doi.org/10.1093/aje/kww070
https://www.ncbi.nlm.nih.gov/pubmed/27760774
http://dx.doi.org/10.1016/j.jsams.2017.10.035
https://www.ncbi.nlm.nih.gov/pubmed/29128418
http://dx.doi.org/10.1161/JAHA.118.008815
https://www.ncbi.nlm.nih.gov/pubmed/29610219
http://dx.doi.org/10.1001/jama.2009.681
https://www.ncbi.nlm.nih.gov/pubmed/19454641
http://dx.doi.org/10.33963/KP.15048
https://www.ncbi.nlm.nih.gov/pubmed/31688837
http://dx.doi.org/10.1111/dme.13517
https://www.ncbi.nlm.nih.gov/pubmed/28945922
http://dx.doi.org/10.1093/oxfordjournals.aje.a116237
http://dx.doi.org/10.1093/oxfordjournals.aje.a116237
https://www.ncbi.nlm.nih.gov/pubmed/1626547
http://dx.doi.org/10.1249/MSS.0b013e31821ece12
https://www.ncbi.nlm.nih.gov/pubmed/21681120
http://dx.doi.org/10.2337/dc16-1728
http://dx.doi.org/10.1016/j.arr.2020.101061
http://dx.doi.org/10.1016/j.arr.2020.101061
https://www.ncbi.nlm.nih.gov/pubmed/32360669
http://dx.doi.org/10.1016/j.ypmed.2020.106356
https://www.ncbi.nlm.nih.gov/pubmed/33301824

Bo Xie et al,, LPA and CVD

28.

29.

30.

31.

32

33.

34.

Ku PW, Hamer M, Liao Y, et al. Device-measured light-intensity physical
activity and mortality: A meta-analysis. Scand J Med Sci Sports. 2020;
30(1): 13-24, doi: 10.1111/sms.13557, indexed in Pubmed: 31545531.
Rigby BR, Bolte J, Biggerstaff KD, et al. Cardiorespiratory responses during
aquatic treadmill exercise and land treadmill exercise in older adults
with type 2 diabetes. J Sports Med Phys Fitness. 2018; 58(9): 1331-1338,
doi: 10.23736/50022-4707.17.07445-X, indexed in Pubmed: 28677941.
Keadle SK, McKinnon R, Graubard BI, et al. Prevalence and trends in
physical activity among older adults in the United States: A comparison
across three national surveys. Prev Med. 2016; 89: 37-43, doi: 10.1016/].
ypmed.2016.05.009, indexed in Pubmed: 27196146.

Qiu S, Cai X, Wu T, et al. Objectively-Measured light-intensity physical
activity and the risk of cancer mortality: a meta-analysis of prospective
cohort studies. Cancer Epidemiol Biomarkers Prev. 2020; 29(5): 1067-1073,
doi: 10.1158/1055-9965.EPI-19-1446, indexed in Pubmed: 32303534.
Johnson LG, Butson ML, Polman RC, et al. Light physical activity is
positively associated with cognitive performance in older community
dwelling adults. J Sci Med Sport. 2016; 19(11): 877-882, doi: 10.1016/j.
jsams.2016.02.002, indexed in Pubmed: 26922133.

Amagasa S, Machida M, Fukushima N, et al. Is objectively measured
light-intensity physical activity associated with health outcomes after
adjustment for moderate-to-vigorous physical activity in adults? A system-
aticreview. IntJ Behav Nutr Phys Act.2018; 15(1): 65, doi: 10.1186/512966-
018-0695-z, indexed in Pubmed: 29986718.

QiuS, Cai X, Wang X, etal. Using step counters to promote physical activity
and exercise capacity in patients with chronic obstructive pulmonary dis-
ease: a meta-analysis. Ther Adv Respir Dis. 2018; 12: 1753466618787386,
doi: 10.1177/1753466618787386, indexed in Pubmed: 29993339.

35.

36.

37.

38.

39.

40.

Jegier A, Szalewska D, Mawlichanéw A, et al. Comprehensive cardiac re-
habilitation as the keystone in the secondary prevention of cardiovascular
disease. Kardiol Pol. 2021; 79(7-8): 901-916, doi: 10.33963/KP.a2021.0066,
indexed in Pubmed: 34268725.

Mujovi¢ N, Marinkovi¢ M, Mihajlovi¢ M, et al. Risk factor modification for
the primary and secondary prevention of atrial fibrillation. Part 1. Kardiol
Pol. 2020; 78(3): 181-191, doi: 10.33963/KP.15221, indexed in Pubmed:
32123151,

Qiu S, Cai X, Sun Z, et al. Aerobic interval training and cardiometabolic
health in patients with type 2 diabetes: a meta-analysis. Front Physiol.
2017; 8: 957, doi: 10.3389/fphys.2017.00957, indexed in Pubmed:
29218018.

Gomes-Neto M, Durées AR, Reis HF, et al. High-intensity interval training
versus moderate-intensity continuous training on exercise capacity and
quality of life in patients with coronary artery disease: A systematic re-
view and meta-analysis. Eur J Prev Cardiol. 2017; 24(16): 1696-1707, doi:
10.1177/2047487317728370, indexed in Pubmed: 28825321.

Wilmot EG, Edwardson CL, Achana FA, et al. Sedentary time in adults and
the association with diabetes, cardiovascular disease and death: system-
atic review and meta-analysis. Diabetologia. 2012; 55(11): 2895-2905, doi:
10.1007/500125-012-2677-z, indexed in Pubmed: 22890825.

Orwoll E, Blank JB, Barrett-Connor E, et al. Design and baseline charac-
teristics of the osteoporotic fractures in men (MrOS) study — a large
observational study of the determinants of fracture in older men. Contemp
Clin Trials. 2005; 26(5): 569-585, doi: 10.1016/j.cct.2005.05.006, indexed
in Pubmed: 16084776.

www.journals.viamedica.pl/kardiologia_polska 781


http://dx.doi.org/10.1111/sms.13557
https://www.ncbi.nlm.nih.gov/pubmed/31545531
http://dx.doi.org/10.23736/S0022-4707.17.07445-X
https://www.ncbi.nlm.nih.gov/pubmed/28677941
http://dx.doi.org/10.1016/j.ypmed.2016.05.009
http://dx.doi.org/10.1016/j.ypmed.2016.05.009
https://www.ncbi.nlm.nih.gov/pubmed/27196146
http://dx.doi.org/10.1158/1055-9965.EPI-19-1446
https://www.ncbi.nlm.nih.gov/pubmed/32303534
http://dx.doi.org/10.1016/j.jsams.2016.02.002
http://dx.doi.org/10.1016/j.jsams.2016.02.002
https://www.ncbi.nlm.nih.gov/pubmed/26922133
http://dx.doi.org/10.1186/s12966-018-0695-z
http://dx.doi.org/10.1186/s12966-018-0695-z
https://www.ncbi.nlm.nih.gov/pubmed/29986718
http://dx.doi.org/10.1177/1753466618787386
https://www.ncbi.nlm.nih.gov/pubmed/29993339
http://dx.doi.org/10.33963/KP.a2021.0066
https://www.ncbi.nlm.nih.gov/pubmed/34268725
http://dx.doi.org/10.33963/KP.15221
https://www.ncbi.nlm.nih.gov/pubmed/32123151
http://dx.doi.org/10.3389/fphys.2017.00957
https://www.ncbi.nlm.nih.gov/pubmed/29218018
http://dx.doi.org/10.1177/2047487317728370
https://www.ncbi.nlm.nih.gov/pubmed/28825321
http://dx.doi.org/10.1007/s00125-012-2677-z
https://www.ncbi.nlm.nih.gov/pubmed/22890825
http://dx.doi.org/10.1016/j.cct.2005.05.006
https://www.ncbi.nlm.nih.gov/pubmed/16084776

	_Hlk71639569
	_Hlk521413027
	_Hlk98668730
	_Hlk83815752
	_Hlk82102888
	_Hlk66175610

