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Abstract

Background The health effects of light-intensity physical
activity (PA) are not well known today.

Objective We conducted a systematic review to assess the
association of accelerometer-measured light-intensity PA
with modifiable health outcomes in adults and older adults.
Methods A systematic literature search up to March 2016
was performed in the PubMed, EMBASE, Web of Science
and Google Scholar electronic databases, without language
limitations, for studies of modifiable health outcomes in
adults and older adults in the National Health and Nutrition
Examination Survey accelerometer dataset.

Results Overall, 37 cross-sectional studies and three lon-
gitudinal studies were included in the analysis, with con-
siderable variation observed between the studies with
regard to their operationalization of light-intensity PA.
Light-intensity PA was found to be beneficially associated
with obesity, markers of lipid and glucose metabolism, and
mortality. Few data were available on musculoskeletal
outcomes and results were mixed.

Conclusions Observational evidence that light-intensity
PA can confer health benefits is accumulating. Currently
inactive or insufficiently active people should be encour-
aged to engage in PA of any intensity. If longitudinal and
intervention studies corroborate our findings, the revision
of PA recommendations to include light-intensity activi-
ties, at least for currently inactive populations, might be
warranted.
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Key Points

Current physical activity (PA) recommendations
advise on PA of at least moderate intensity.

Accumulating evidence suggests that PA of light
intensity might be beneficial for cardiometabolic
health and might reduce overall mortality risk.

Inclusion of light-intensity PA in PA
recommendations for currently inactive populations
might be warranted.

1 Introduction

Regular physical activity (PA) is one of the major modi-
fiable risk factors for cardiovascular, metabolic and
cancerous diseases and chronic conditions, as well as pre-
mature mortality [1]. National and international PA rec-
ommendations with a public health focus inform about the
type, amount and intensity of PA judged to be necessary to
maintain and improve health in the general population. A
considerable part of the scientific database underlying these
guidelines is made up of epidemiological studies, typically
with a large number of participants, long follow-up peri-
ods, and hard clinical endpoints such as chronic disease (as
opposed to risk factors) [2]. Epidemiological studies have,
until very recently, relied mainly on self-reported PA. Cost
effective and relatively easy to use, self-report is charac-
terized by limited reliability and validity [3]. Since people
tend to be able to recall PA of moderate to high intensity
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much more accurately than that of lower intensity, this
method seems much less appropriate to capture PA in the
lower intensity range [2, 4], implying that we are unsure
about the possible health effects of light-intensity physical
activity (LIPA) [the intensity range between sedentary
behavior (SB) and moderate intensity, i.e. activities with
1.5-2.9 metabolic equivalents (METs)] rather than the fact
that we can dismiss such effects [2]. Accordingly, current
guidelines recommend regular PA of moderate to vigorous
intensity (MVPA), providing no guidance on activities in
the low-intensity range [5].

Wearable motion sensors such as accelerometers allow
the accurate differentiation of a wide range of PA inten-
sities with a relatively small burden on participants. Fur-
thermore, technological advances have made
accelerometers affordable and easy to use in large, popu-
lation-based studies. Although studies using device-based
measurements of PA suggest that people spend consider-
able time in light-intensity activities, little is known about
the possible health effects of this behavior [6]. The con-
current availability of device-based PA data and health
outcomes in epidemiological studies presents a new
opportunity to study the possible health effects of PA
across the entire intensity continuum.

The National Health and Nutrition Examination Survey
(NHANES) assesses the health and nutritional status of the
civilian, non-institutionalized population in the US,
examining a nationally representative sample of approxi-
mately 5000 individuals [7]. The NHANES database pro-
vides a large dataset of device-based PA behavior and
biomedical data using identical assessment methods and
standards.

We performed a systematic review of the associations
between device-based LIPA and modifiable health out-
comes in adults and older adults in the NHANES, with the
aim of providing further evidence for or against the pro-
motion of LIPA in public health.

2 Methods

2.1 The National Health and Nutrition Examination
Survey (NHANES)

The NHANES combines interviews including demo-
graphic, socioeconomic, dietary, and health-related ques-
tions and physical examinations, taking medical, dental and
physiological measurements, and performing laboratory
tests. Since the 2003/2004 wave, PA has also been device-
based assessed using the ActiGraph model 7164
accelerometer (ActiGraph, LLC, Pensacola, FL, USA) [8].
This model is a uniaxial motion sensor that measures
vertical acceleration, and accelerations are transformed
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into activity count values. The higher the acceleration, the
higher the activity count. Activity counts are recorded in a
1-min time interval (epoch), thus activity counts are
reported as counts per minute (cpm). Activities can be
classified into light-, moderate-, and vigorous-intensity PA
using validated cpm cut-off points [9]. NHANES partici-
pants were invited to wear the device on a flexible elastic
waist belt over the right hip for 7 consecutive days at all
times while awake, except for water-based activities such
as swimming and showering.

2.2 Search Strategy

The present systematic review was prepared according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [10, 11]. A systematic
literature search of the PubMed, EMBASE, Web of Science,
and Google Scholar electronic databases was performed by
two independent researchers (EF and TE) between January
and March 2016, without language limitations. We adapted
the search strategy used in a previous review [12] and
included the term ‘light activity’. Thus, key terms for the
PubMed search were ‘activity monitor’ or ‘ActiGraph’, or
the wild card term ‘acceleromet®’, in addition to ‘NHANES’
or ‘National Health and Nutrition Examination Survey’ and
‘light activity’ and ‘NHANES’. For the EMBASE search,
‘light intensity physical activity and NHANES’ was used; for
the Google Scholar search, ‘light intensity AND physical
activity AND NHANES’ was used; and for the Web of
Science search, ‘light intensity physical activity AND
NHANES’ was used. Studies published between 2007 (re-
lease of the data of the NHANES 2003/2004 wave) and
March 2016 were considered. We also performed hand
searching in the reference citations of identified articles.

2.3 Study Selection

To be included in our analysis, studies had to (1) define and
operationalize device-based LIPA (an intensity range
between SB and moderate intensity); (2) report on the
association between LIPA and a modifiable health outcome
in a cross-sectional or longitudinal design; (3) include
adults and older adults (>18 years of age); (4) use data
from the NHANES; and (5) be published in a peer-re-
viewed journal. Exclusion criteria were (1) studies report-
ing the prevalence of LIPA but no association with a
modifiable health outcome; (2) studies in which analysis
was based on total activity count; (3) studies in children or
youth; and (4) studies other than NHANES. Study selection
was performed independently and in duplicate by two
researchers (EF and TE), and differences in opinion relat-
ing to inclusion and exclusion criteria were discussed until
consensus was reached.
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2.4 Data Extraction

We extracted the following descriptive information from
the included studies into a preformatted spreadsheet: pri-
mary and secondary outcomes; covariates included in sta-
tistical models; sample size and characteristics of study
participants, including age, sex distribution and other
characteristics; NHANES wave; exposure measurement,
including operationalization of LIPA, wear time per day
and number of valid days required for inclusion; statistical
methods used; major findings; study quality; authors; and
year of publication.

2.5 Assessment of Study Quality

We studied the literature relating to reporting and quality
assessment tools for observational studies [13—16] and found
that because of, for example, missing items on accelerom-
etry, no existing quality-assessment tool was ideally suited
for the purposes of our review. For this reason, we devel-
oped a list of items to assess the quality of the studies
included. Domains were identified based on a systematic
review of assessment tools [14], and specific items were
formulated based on Ariéns et al. [17] and CIiff et al. [18].

For each study, information on study quality was
extracted by two reviewers (EF and TE), and differences in
this assessment were discussed until consensus was
attained. Study quality was determined by answers to the
questions listed in Table 1. Items were coded as ‘present’
(1) or ‘absent/unclear’ (0). A cut-off value of 50% of the
total possible points has previously been used to distinguish
high- or moderate-quality studies from low-quality studies
[17]. Since we applied a 12-item checklist, we further
subdivided the upper 50% range into two. Accordingly,

Table 1 Assessment of study quality

studies scoring 10 points and above were classified as high
quality, those scoring 9-6 points were classified as mod-
erate quality, and those scoring below 6 points were clas-
sified as low quality.

3 Results
3.1 Characteristics of the Included Studies

The literature review yielded 12,533 articles. After apply-
ing inclusion and exclusion criteria, 40 studies were
included in the analysis (Fig. 1), of which 37 were cross-
sectional [19-55] and 3 were longitudinal [56-58]. The
cross-sectional studies examined the association of LIPA
with a modifiable health outcome, and the three longitu-
dinal studies examined the association of LIPA with
mortality.

The characteristics of the included cross-sectional and
longitudinal studies are summarized in Tables 2 and 3,
respectively. Sample sizes varied widely across both the
cross-sectional (n = 103-6796) and longitudinal studies
(n = 3029-5575) depending on inclusion and exclusion
criteria and research questions. Five studies analyzed
only data from the 2003/2004 wave, 7 studies analyzed
only data from the 2005/2006 wave, and 28 studies
analyzed only data from the 2003/2004 and 2005/2006
waves. Sixteen studies reported on the general adult
population, 14 studies reported on adults with chronic
diseases, 9 studies reported on older adults with different
age definitions, and 1 study reported on a special adult
population (pregnant women). The lower limit of LIPA
was defined as 100 cpm in all but two studies; Camhi and
colleagues used 760 cpm [20] and Song et al. [55] used

1. Was the study purpose clearly stated?

2. Were eligibility criteria, and the sources and methods of selection of participants clearly defined?

3. Were all outcomes, exposures, predictors, potential confounders, and effect modifiers clearly defined using standardized methods of

acceptable quality?

. Were methods dealing with missing data appropriate?

O 0 N N L A~

. Were results adjusted for sedentary behavior?

10. Were results adjusted for moderate—vigorous physical activity?

. Was exposure measurement carried out using standardized methods and with acceptable quality (e.g. number of valid days)?

. Were all statistical methods, including those used to control for confounding and to examine subgroups and interactions, appropriate?

. Was choice of confounders adjusted for, and, in case of subgroup analysis, definition of subgroups appropriate?

. Were unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (e.g. 95% confidence interval) given?

11. Were estimates of relative risk translated into absolute risk for a meaningful time period?

12. Were study limitations clearly stated?

Items were coded as ‘present’ (1) or ‘absent/unclear’ (0). Studies scoring 10 points and above were classified as high, those scoring 9-6 points
were classified as moderate, and those below 6 points were classified as low quality
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Fig. 1 Article screening process. LIPA light-intensity physical activity, NHANES National Health and Nutrition Examination Survey

500 cpm. The upper limit of LIPA was 1951 or
2019 cpm in all studies. Four reports differentiated
between lower and higher LIPA, using different classi-
fications [23, 30, 31, 56], and one study performed
analyses using two different cut-off values for LIPA:
100-760 and 100-1951 [27]. One study did not provide
cpm-specific information on cut-off points [52]. In all
studies, a valid day was defined as one with >10 h of
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accelerometer wear time. Most studies included partici-
pants with at least 4 valid days, but four studies required
only at least 1 valid day [20, 23, 55, 57] and two pro-
vided no information on the number of required valid
days [47, 48]. Thirteen studies adjusted for MVPA, and
five adjusted for both MVPA and SB. Seven studies were
of high quality, 29 were of moderate quality, and 4 were
of low quality.
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3.2 General Adult Population

Reference
[58]

3.2.1 Cardiometabolic Outcomes

A total of nine studies reported on markers of car-
diometabolic health, including markers of fat and glucose
metabolism, measures of adiposity, blood pressure (BP),
C-reactive protein (CRP), red blood cell distribution width,
the metabolic syndrome, diabetes and non-alcoholic fatty
liver disease (NAFLD) in the general adult population.

Study
quality
10/12

Statistics
proportional
hazard

Cox

3.2.2 Markers of Lipid Metabolism

Two high-quality [19, 53] and four moderate-quality
studies [20, 22, 30, 38] reported beneficial associations
between LIPA and triglycerides (TAG). One high-quality
[19] and one moderate-quality study [20] found a signifi-
cant beneficial association between LIPA and high-density
lipoprotein (HDL)-cholesterol. Howard and colleagues
reported a beneficial association between high LIPA and
HDL-cholesterol but not between low LIPA and HDL-c-
holesterol [30]. One moderate-quality study reported no
association with total cholesterol [38].

had a 16%

reduced
hazard of all-

cause
p < 0.001)

increase,
participants
mortality
(HR 0.84,
95% CI
0.78-0.91;

Major findings
60 min
LIPA

For every

100-2019 cpm
MVPA:
>2020 cpm
>60 min
ys

>4 valid da
>10h

Exposure
LIPA

3.2.3 Markers of Glucose Metabolism

One high-quality [19] and two moderate-quality reports
found significant favorable associations between fasting
insulin and LIPA [22, 30]. Similarly, positive associations
were documented for homeostasis model assessment of -
cell function (HOMA-[3), homeostasis model assessment of
insulin sensitivity (HOMA-S) [19], HOMA-%p and
HOMA-%S [30], and HOMA [22]. A low-quality study
found a risk status-dependent association between glyco-
sylated hemoglobin (HbA,.) and LIPA; only participants
with a low (not moderate or high) diabetes risk benefited
from LIPA [24].

A lack of association with fasting glucose was reported
in one high-quality [19] and two moderate-quality inves-
tigations [20, 38]. Howard et al. found a beneficial asso-
ciation between high LIPA, but not low LIPA, and fasting
or 2-h plasma glucose [30].

Follow-up
Mean 6.5 years

NHANES

wave

2003/2004
and
2005/2006

Mortality
deaths

511

Age
20-85 years

Adults aged

Participants
Study sample
5575

participants

N

3.2.4 Measures of Adiposity

Measures of adiposity used in different studies included
body mass index (BMI), waist circumference (WC) and
triceps skinfold. Two high-quality [19, 53] and four mod-
erate-quality studies [20, 22, 30, 38] found a significant
beneficial association between LIPA and WC. One study
differentiating between high and low LIPA found a sig-
nificant beneficial association only in cases of high LIPA
and BMI [30]. A further study of moderate quality reported

Covariates
MVPA, age, sex,
race/ethnicity,

cotinine,
weight status,
poverty level,
CRP and
comorbid
illness

mortality

NHANES National Health and Nutrition Examination Survey, WC waist circumference, CRP C-reactive protein, BMI body mass index, MVPA moderate to vigorous physical activity, cpm

counts per minute, NR not reported, LIPA light-intensity physical activity, ST sedentary time, HR hazard ratio, CI confidence interval

Table 3 continued

Outcomes
All-cause
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a significant beneficial association between LIPA and BMI
and triceps skinfold [38].

3.2.5 Diabetes and Metabolic Syndrome

Diabetes was negatively associated with LIPA in one study
of moderate quality [20], and two moderate-quality studies
found a beneficial association between LIPA and the
metabolic syndrome [20, 38]. One high-quality report
provided evidence for a negative association for bouted
(=10 consecutive min), but not sporadic, LIPA with the
metabolic syndrome [53].

3.2.6 Red Blood Cell Distribution Width

An investigation of moderate quality found that higher
levels of LIPA were associated with lower red blood cell
distribution width [34].

3.2.7 C-Reactive Protein

Two studies, both of moderate quality, reported an asso-
ciation between LIPA and CRP in the 2003/2004 and
2005/2006 cycles [30, 38]. Contrasting results were
observed by Buman and colleagues in their analysis of the
2005/2006 wave [19].

3.2.8 Non-Alcoholic Fatty Liver Disease

No relationship between NAFLD and LIPA could be
documented in a moderate-quality study [25].

3.2.9 Bone Mineral Density

The relationship between bone mineral density (BMD) and
LIPA appears to be sex dependent; a significant association
was reported in women’s, but not men’s, total femur BMD
and BMD of all subregions [21].

3.2.10 Musculoskeletal and Functional Outcomes

Neither low back pain [54] nor chronic widespread pain
[23] were associated with LIPA in these low-quality
studies. Disability was inversely correlated with LIPA in
one moderate-quality report [52].

3.2.11 Depression

A moderate-quality study found that participants with
mild and moderate-to-severe depression spent less time
in LIPA compared with participants with minimal
depression [55].

3.3 Special Adult Populations

A study of moderate quality found that LIPA was associ-
ated with lower levels of CRP in the second, but not the
first or third, trimester of pregnancy [27].

3.4 Adults with Chronic Diseases

Studies of patients with the following chronic diseases and
conditions were available: diabetes, cancer, chronic
obstructive pulmonary disease (COPD), kidney disease,
osteoarthritis and mobility limitations. Samples in these
studies were considerably smaller than in those in the
general adult population.

3.4.1 Diabetes

Four reports on health outcomes in patients with diabetes
were identified. One moderate-quality article analyzed the
association between LIPA and biological markers, includ-
ing BP, high CRP, unfavorable cholesterol profile, high
TAG, high WC, obesity and multiple cardiovascular dis-
ease risk factors [42]. The results suggested, at least in the
case of some outcomes, an age- and sex-specific associa-
tion. In younger men (18-64 years of age), LIPA was
favorably associated with cholesterol profiles and WC, as
well as in older men (654 years of age) with obesity.
However, no association was observed in either of these
age groups in patients with high BP, high CRP, high TAG
and multiple cardiovascular disease risk factors. Further-
more, no relationship was documented in younger men
with obesity, as well as older men with unfavorable
cholesterol profile and high WC. Obesity and multiple
cardiovascular risk factors were beneficially associated
with LIPA in both younger and older women. A favorable
association was shown in younger women with WC, as
well as older women with CRP and unfavorable cholesterol
profile. No association was found in younger women with
high BP, high CRP, unfavorable cholesterol profile and
high TAG, as well as older women with high BP, high
TAG, and high WC [42].

A further moderate-quality report documented a positive
relationship between LIPA and visual impairment in
patients with diabetes [43]. LIPA was inversely associated
with white blood cell (WBC) and neutrophil counts, but not
CRP, in a moderate-quality study [44], which was consis-
tent with the findings of a low-quality study [26].

3.4.2 Cancer
Four investigations examined the relationship between

LIPA and health outcomes in cancer survivors. Two
moderate-quality studies including patients with different
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types of cancer in the 34—84 and 28-85 years age groups,
respectively, found that there was no association between
LIPA and weight status [39], and that LIPA was benefi-
cially associated with WBC, neutrophils, insulin, and
insulin resistance, but not BMI, CRP, systolic BP, diastolic
BP, fasting glucose, HbA ., HDL-cholesterol, low-density
lipoprotein (LDL) and total cholesterol, TAG, and homo-
cysteine [37]. In two moderate-quality studies, Lynch and
colleagues reported no relationship between LIPA and WC
in prostate cancer survivors [47], and an inverse association
between LIPA and serum insulin levels, but not WC and
BMLI, in breast cancer survivors [48].

3.4.3 Chronic Obstructive Pulmonary Disease

In a moderate-quality study, LIPA was inversely associated
with WBC and neutrophil count in current and former
smokers with COPD [46], and with WC and fasting glu-
cose level in another study [50]. This report of moderate
quality documented no association between LIPA and the
metabolic syndrome, HDL-cholesterol, TAG, and mean
arterial pressure [50]. BMI, age and self-reported health
were significantly negatively associated with LIPA in a
third study of moderate quality [51].

3.4.4 Kidney Disease

One moderate-quality study found that LIPA was posi-
tively associated with kidney function in women with mild
to moderate kidney disease regardless of diabetes status,
and only in men without diabetes [29].

3.4.5 Osteoarthritis

In a moderate-quality study, low, but not high, LIPA was
inversely associated with the metabolic syndrome in
patients with osteoarthritis [31].

3.4.6 Mobility Limitations

In a moderate-quality study, Loprinzi and colleagues
reported an inverse association between LIPA and BMI and
WC, but not CRP, WBC, neutrophils, HDL-cholesterol,
TAG, glucose, HbA|., and homocysteine in participants
with mobility limitations [45].

3.5 Older Adults
3.5.1 Neuropsychological Outcomes
One study of moderate quality documented a protective

effect of LIPA against depression in older adults
(=65 years of age) [32], while another moderate-quality

@ Springer

report found, in adults aged 70-85 years, that for every
I min increase in LIPA, participants with and without
hypertension were 1% less likely to have tinnitus, and, for
every 60 min of LIPA, patients with and without hyper-
tension were 16 and 21%, respectively, less likely to have
tinnitus [41].

3.5.2 Biological Markers

The findings of a moderate-quality study in older adults were
consistent with those for the general population [40]. Higher
volumes of LIPA were associated with more favorable values
for BMI, systolic BP, WC, triceps skinfold, CRP, WBC, neu-
trophils, glucose, insulin, insulin resistance, and HbA ., but not
total and LDL cholesterol and TAG in adults aged >65 years.
Furthermore, LIPA was beneficially associated with the adap-
ted Charlson comorbidity index [40]. A high-quality study
found that time spent in LIPA did not differ between ankle—
brachial index (ABI) groups, and the time spent in LIPA was
not related to Framingham Risk Score (FRS) in adults
>40 years of age [28].

3.5.3 Markers of Cancer Risk

In a high-quality study, Loprinzi and Kohli reported a beneficial
association between LIPA and serum prostate-specific antigen
(PSA) valuesin men >40 years of age [36], while another high-
quality study found LIPA to be beneficially associated with
BMI, WC, CRP, insulin, and HOMA-IR, but not fasting glu-
cose, in postmenopausal women [49].

3.5.4 Balance

In a moderate-quality report, LIPA was associated with
better functional balance in adults aged 40-85 years [35].

3.6 Longitudinal Studies

Two high-quality studies [56, 58] and one moderate-quality
study [57] examined the association between LIPA and
overall mortality. Beddhu et al. analyzed the 2003/2004
wave, including adults >20 years of age [56], whereas
another report only included adults aged 50-79 years from
the 2003/2004 and 2005/2006 waves [57]. Loprinzi
examined the data of adults aged 20-85 years from the
2003/2004 and 2005/2006 waves [58]. All three studies
found a statistically significant beneficial association
between LIPA and mortality.

3.7 Studies Subdividing the Light-Intensity Range

Four studies differentiated between lower and higher LIPA,
using different classifications. Howard et al. defined low
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LIPA as 100-761 cpm and high LIPA as 762-1951 cpm
[30], while two other studies defined low LIPA as
100-759 cpm and high LIPA as 760-2019 cpm [23, 31].
Beddhu and colleagues applied the following classification:
low LIPA 100-499 cpm, high LIPA 500-2019 cpm [56].
Howard and colleagues found that high LIPA was associ-
ated with a higher number of cardiometabolic markers, and
the effect sizes were larger than in the case of low LIPA
[30]. In the longitudinal study, mortality benefits for low
LIPA were marginal, but meaningful in high LIPA [56].
The association between low LIPA, but not high LIPA, and
the metabolic syndrome was significant [31]. Neither low
nor high LIPA was associated with chronic widespread
pain [23].

4 Discussion

Expanding the knowledge on health benefits of PA in the
low-intensity ranges may have important public health
implications, as engaging in and maintaining LIPA might
be more appealing and feasible for currently inactive
populations [59]. The aim of our review was to summarize
available evidence on the relationship between LIPA and
health outcomes based on the 2003/2004 and 2005/2006
NHANES datasets. We found that LIPA was beneficially
related to several, but not all, important markers of car-
diometabolic health and mortality. Major findings are
summarized in Table 4.

4.1 Findings in Relation to Previous Studies

The consistent beneficial associations between LIPA and
measures of insulin sensitivity in the general adult and
older adult NHANES populations (but not in cancer sur-
vivors) are consistent with a current accelerometer study
from Japan involving 807 participants [60], a smaller
investigation in women [61] and randomized controlled
intervention studies [62—-64]. The majority of the studies
included in our review documented no relationship
between LIPA and fasting glucose, which is supported by a
recent meta-analysis of randomized controlled trials [65].
Similar to other accelerometer studies [61], LIPA was
shown to be beneficially related to some markers of lipid
metabolism, namely TAG and HDL-cholesterol in the
NHANES dataset. This finding is also upheld by random-
ized controlled studies [66, 67].

In the general adult and older adult NHANES popula-
tions, LIPA was consistently positively associated with
different measures of adiposity. This finding is corrobo-
rated by other recent studies using different motion sensors
and cut-off points [68, 69]. LIPA (251-1951 cpm) assessed
using the ActiGraph GT1IM was independently associated

with a lower total body and trunk fat mass assessed using
dual-energy X-ray absorptiometry regardless of the amount
of time spent at other activity levels in 636 community-
dwelling older adults (50-80 years of age) [68]. In the
Lifestyle Interventions and Independence for Elders (LIFE)
study (which used the Actigraph GT3X), both lower and
higher LIPA (100-1040 and 1041-1951 cpm, respectively)
were beneficially associated with BMI in 1130 community-
dwelling older adults (70-89 years of age) [69]. In the
1134 participants of the ADDITION-PRO Actiheart study,
LIPA was favorably associated with visceral and subcuta-
neous adipose tissue [70], while ActivPAL data in 195
female adolescents demonstrated lower BMI and sum of
skinfold values [71]. Randomized controlled trials sub-
stantiate favorable changes in different measures of obesity
following an LIPA intervention [72, 73].

Our findings also suggest a beneficial association
between metabolic diseases and LIPA. The intensity of PA
interventions in landmark diabetes prevention studies was
typically defined as moderate [74, 75], but intensity was
not device-based monitored. Recently, the randomized
controlled PreDiabEx study demonstrated that a PA inter-
vention with light intensity had clinically meaningful
benefits for overweight and obese individuals with a high
risk for diabetes [76]. LIPA was inversely associated with
the metabolic syndrome in the general population and in
patients with osteoarthritis in the NHANES dataset. This is
consistent with a recent Japanese study of a triaxial
accelerometer in 483 middle-aged participants [77], but in
contrast to another study that evaluated the SenseWear Pro
3 armband in 370 Flemish adults [78]. Because of the use
of three different devices and different definitions of the
metabolic syndrome, direct comparison of these results is
compromised.

Data on musculoskeletal outcomes were more sparse
than for cardiometabolic outcomes. Recommendations for
optimal bone health typically emphasize weight-bearing
and high-impact activities [79]. In contrast, we report
positive associations between LIPA and BMD in women.
The Healthy Ageing Initiative, a recent triaxial
accelerometer study, found LIPA to be negatively associ-
ated with cortical volumetric BMD of both the radius and
tibia in a study population aged 70 years, which was con-
siderably older than the NHANES sample (52 years of age)
[80]. This age difference in the study populations might
explain the contradictory findings. Consistent with a ran-
domized controlled study using different balance assess-
ment tests [81], we found a positive relationship between
LIPA and balance in the NHANES data.

Patients with depression might find it especially chal-
lenging to engage in taxing PA. Our results, which are
supported by a recent Cochrane review [82], suggest that
PA must not necessarily be of high intensity to yield
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Table 4 Major findings with LIPA in healthy adults and older adults

Outcome Significant benefit from LIPA (no. of studies; No significant benefit from LIPA (no. of studies;
high/moderate/low study quality) high/moderate/low study quality)
TAG 6; 2/4/0 1; 0/1/0
[19, 20%, 22, 307, 38?%, 53%] In older adults >65 years [40]
HDL-C 3; 1/2/0 1; 0/1/0
[19, 20, for high LIPA [30?] For low LIPA [30%]
Total cholesterol - 2; 0/2/0
[387 40]
Fasting insulin 5; 2/3/0 -
[19, 22, 30%, 40, 49%]
HOMA-B, HOMA-S, HOMA-%f, 4; 2/2/0 -
HOMA-%S [19, 22, 30%, 49%]
HOMA-IR
HbA,, 2; 0/1/1 1; 0/0/1

Fasting glucose

wC

BMI

Triceps skinfold

Diabetes

Metabolic syndrome

Red blood cell distribution width

C-reactive protein

Non-alcoholic fatty liver disease

BMD

Pain (low back pain and chronic

widespread pain)

Balance

Disability

Depression

Tinnitus

Mortality

In low-risk diabetes participants [24]
In older adults >65 years [40]

2; 0/2/0

For high LIPA [30%], in older adults >65 years [40]
8; 3/5/0

[19, 207, 22, 30%, 38", 40, 497, 53]
4; 1/3/0

[387% 40, 497, for high LIPA [30%]
2; 0/2/0

[38% 40]

1; 0/1/0

[20%]

3; 1/2/0

[207%, 38%], for bouted LIPA [53%]

1; 0/1/0

[34%]

4; 1/3/0

[30%, 387 40, 49%]

1; 0/1/0
In women [21]

1; 0/1/0

[35]

1; 0/1/0

[52%]

2; 0/2/0

[32], in minimal depression [55]
1; 0/1/0

[41]

3; 2/1/0

[56%, 57, 587]

In moderate- and high-risk diabetes participants [24]

5; 2/3/0

[19, 20%, 38, 49%], for low-LIPA [30?]
1; 0/1/0

For low LIPA [30%]

1; 0/1/0

For low LIPA [30%]

1; 1/0/0
For sporadic LIPA [53%]

1; 1/0/0
[19]

1; 0/1/0
[25]

1; 0/1/0

In men [21]
2; 0/0/2
[23, 54]

# References indicate those that adjusted for moderate to vigorous physical activity

LIPA light-intensity physical activity, TAG triglycerides, HDL-C high-density lipoprotein cholesterol, HOMA-B (HOMA-%}}) homeostasis model
assessment of B-cell function, HOMA-S (HOMA-%S) homeostasis model assessment of insulin sensitivity, HOMA-IR homeostasis model assessment of

insulin resistance, HbAIc glycosylated hemoglobin, WC waist circumference, BMI body mass index, BMD bone mineral density
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benefits, but, also, LIPA can bring meaningful improve-
ments in depressive syndromes.

The results of our review are less consistent in diseased
populations. For example, it is not clear why LIPA is
beneficially associated with measures of adiposity in the
general population and COPD patients, but not in cancer
survivors. In addition, the pattern of beneficial associations
in patients with diabetes (male vs. female, and younger vs.
older) needs to be confirmed or refuted by further studies.

Only three longitudinal studies could be identified for
our review, all examining the relationship between LIPA
and mortality. The results were consistently positive and in
line with those in another study of older men with a follow-
up of 4.5 years [83], and with a large body of evidence
linking even lower amounts of PA to reduced mortality risk
[84-86].

4.2 Biological Mechanisms

LIPA seems to provide outcome-dependent and physio-
logically plausible beneficial health benefits, as supported
by intervention studies [62-64, 66, 67, 72, 73, 76]. Because
of the sparseness of experimental data to date, the under-
lying biological mechanisms cannot be fully explained. It
seems that depending on the endpoint in question, PA-
induced effects might not be driven by activity intensity per
se. Accordingly, a wide range of exercise intensities has
been found to yield the same effect on postprandial gly-
cemia or insulinemia [87] and HDL cholesterol [67]. A
further aspect to consider is that activities of lower inten-
sities can be sustained for much longer periods of time than
higher intensities. Activity duration has been suggested as
one of the major factors that strongly influence activity-
induced metabolic response. Glucose response [88] and
insulin action [62, 63] after exercise training have been
found to be affected more by duration than by intensity.
Similarly, the results of the Studies of Targeted Risk
Reduction Interventions through Defined Exercise
(STRRIDE) suggest that volume of exercise, rather than its
intensity, appears to make a greater difference to plasma
lipoprotein concentrations [89]. Other outcomes, such as
body weight, body composition and measures of obesity,
seem to respond to PA in a dose-response manner, with
benefits already starting to manifest themselves at low
intensities [73]. Since total energy expenditure (rather than
activity intensity) is essential in weight management, the
overall effects of LIPA might protect against weight gain.
Although more research is required to better understand
how LIPA influences metabolic outcomes, the consistency
of associations suggests a possible causal link. The
cumulative cardiometabolic effects of LIPA might translate
into survival benefits over the long term, as seen in the
NHANES dataset.

Nonetheless, a nuanced view is warranted and LIPA
should not to be regarded as a panacea. We found more
data and stronger evidence for the beneficial effects of
LIPA on markers of cardiometabolic health than on mus-
culoskeletal health, including pain and function. Informa-
tion from studies that subdivided the light-intensity range
into lower and higher zones also suggest that there might
be graded benefits across the whole PA intensity contin-
uum. High LIPA was substantially more beneficial for
cardiometabolic markers [30] and mortality risk reduction
[56] than low LIPA. One can also argue that the health
benefits of LIPA might be driven more by high LIPA than
low LIPA, or, in other words, that there may be a minimal
intensity threshold below which activities provide no
quantifiable health benefits. This could also explain the
finding that standing, which is LIPA, has not unequivocally
been found to be beneficial [90]. The results of our review
do not repudiate health effects of PA of moderate to high
intensity, but add to our knowledge of health-relevant
intensity ranges.

4.3 Strength and Limitations

Our review has strengths and limitations. The use of
device-based methods of PA assessment in epidemiologic
studies is relatively new. Our findings have to be seen in
light of the limitations of the evidence base available.
Accelerometry is regarded as an ‘objective’ and accurate
method of PA assessment, yet interpreting data remains
challenging. In the 2003/2004 and 2005/2006 NHANES
waves, the ActiGraph 7164, a uniaxial motion sensor, was
used. Uniaxial accelerometers cannot assess non-step-
based activities and energy expenditure induced by upper
body movement, load carrying or walking uphill. Triaxial
models can measure movement in three dimensions. This
fact has led to the current, not fully confirmed, assumption
that triaxial devices can provide a more accurate assess-
ment of PA [91, 92].

We used the NHANES database for our analysis to
minimize discrepancies arising from various data sources
using different methodologies. Our review shows that even
using the very same database does not automatically
guarantee the ability to make direct comparisons among
studies. The different operationalization of PA ranges and
the definitions of accelerometer wear time and valid days
may compromise such an effort since different definitions
of non-wear time and a valid day might affect study results.
There is also limited knowledge as to what extent cut-off
points established for healthy adults may or may not apply
to all age groups and diseased populations. It has been
suggested that, in adults, 3-5 valid days of accelerometer
wear are necessary to reflect individuals’ habitual PA [93];
however, this recommendation has been followed rather
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inconsistently by researchers [12]. In the present review,
four studies included participants with less than 4 days of
accelerometer wear time. An important issue to consider is
whether excluding participants with invalid accelerometer
data due to, for example, an insufficient number of valid
days might introduce a selection bias. Loprinzi and col-
leagues observed significant differences in demographic,
behavioral, and biological variables between participants
with and without valid accelerometer data, and concluded
that excluding participants with invalid accelerometer data
might limit generalizability [94]. However, one study
included in our review found that results were not sub-
stantially different when including people with 1 or more
days of monitor wear time versus 4 or more days [23].
These findings suggest that dealing with datasets of less
than four valid accelerometer wear days is a complex issue.
This might call for a case-by-case decision carefully
weighing the pros and cons of more versus less accurate
PA data and higher versus lower representativeness of
study samples.

Of the 40 included studies, 13 adjusted for MVPA and
only 5 adjusted for both MVPA and SB. For outcomes
where several studies were available, we found no con-
tradictory results between studies with and without
adjustment for MVPA. Since relatively little is currently
known about the health effects of LIPA, we conceptualised
our analysis as a comprehensive approach and therefore did
not exclude thematically relevant studies based solely on
the one criterion of adjusting or not adjusting for MVPA.

The large majority of the studies identified were cross-
sectional, limiting the ability to draw causal conclusions.
Few data were available for some, and none at all for other,
very important endpoints, such as cardiorespiratory and
muscular fitness. Not all reports provided information on
the validity of the instruments used.

To the best of our knowledge, this is the first systematic
review to focus on the association between LIPA and
modifiable health outcomes. We followed the rigorous
PRISMA guidelines and conducted our literature search in
four databases without language restriction. In order to
minimize methodological diversity in the assessment of PA
and the measurement of health outcomes, we focused on
the NHANES dataset.

4.4 Findings in Relation to Current
Recommendations and Future Research
Directions

Current PA recommendations support the accumulation of
150 min of at least moderate-intensity PA per week [5].
The Australian Physical Activity Guidelines note that
“more research is required to clarify the health effects of
different frequencies, intensities, durations, and types of

@ Springer

activity and SB, especially the overall contribution of light
intensity to health outcomes” [95]. To the best of our
knowledge, the only guidance on light-intensity activity is
given by the American Diabetes Association [96].
Evidence on the health benefits of LIPA is growing but
more work needs to be carried out. Further longitudinal
observational studies as well as intervention trials in various
populations with the major biomarkers as endpoints should
provide further data on the relationship between LIPA and
health. If these data corroborate information available to
date, it would be timely to consider updating PA recom-
mendations to also include light-intensity activity.

5 Conclusions

LIPA seems to be favorably associated with important
health outcomes, such as obesity, markers of lipid and
glucose metabolism, and mortality in the general popula-
tion and in some diseased populations. Currently inactive
or insufficiently active people should be encouraged to
engage in PA of any intensity. Inclusion of LIPA in PA
recommendations for this target group should at least be
considered.
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