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Abstract

Background: An increasing number of studies have demonstrated that light-intensity physical activity (LPA) confers
health benefits after adjustment for moderate-to-vigorous physical activity (MVPA). The purpose of this systematic
review was to summarize existing epidemiological evidence on associations of objectively measured LPA with
health outcomes in adults.

Methods: This review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. We searched on PubMed, Web of Science, CINAL, and Cochrane Library for articles analyzing
the association between objectively determined LPA and health outcomes that were published up to January 2017.
Data were extracted regarding authors, publication year, country of survey, study setting, number of participants, study
design, physical activity (PA) assessment (type of accelerometer and intensity), health outcomes, confounders, and
results (summary measures and association). A coding system was used to summarize the results.

Results: Of the 3254 studies identified, 24 cross-sectional and 6 longitudinal studies were included in this review.
Most of the studies targeted the Western population. LPA was inversely associated with all-cause mortality risk and
associated favorably with some cardiometabolic risk factors including waist circumference, triglyceride levels, insulin, and
presence of metabolic syndrome. Only a small amount of data were available on mental health and cognitive function.

Conclusions: L PA appears to be beneficially associated with important health outcomes after adjustment for MVPA in
the adult population. Although current global PA guidelines recommend only MVPA, promoting LPA may confer
additional health benefits.
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Background

It is well documented that moderate-to-vigorous phys-
ical activity (MVPA) is effective in the prevention of
major non-communicable diseases including type 2 dia-
betes, coronary heart disease, stroke, and some types of
cancer [1]. Current global physical activity (PA) guide-
lines recommend that adults engage in at least 150 min
of MVPA in a week or 75 min of vigorous PA in a week
in bouts of at least 10 min to achieve health benefits [2].
Even though LPA has great potential for increasing total
PA levels (i.e., PA energy expenditure) [3, 4], the effect
of light-intensity PA (LPA) has remained controversial.
It has been reported that people spend a significant por-
tion of their time in sedentary behavior (SB) and LPA
and only a little time in MVPA [5-7]. According to the
National Health and Nutrition Examination Survey
(NHANES) data, within a day (24 h), adults spent an
average of 7.7 h in SB, 7.8 h in LPA, 0.2 h in MVPA, and
8.3 h in sleep [6]. Thus, the clarification of the effects of
LPA is crucial to promote public health.

The topic of epidemiological studies has shifted from
MVPA to the health benefits of LPA, owing to the devel-
opment of accelerometry techniques in epidemiological
studies [8, 9]. Even though several studies have con-
firmed the potential health benefits of self-rated LPA
(e.g., housework) [10, 11], recalling the time spent in
LPA dispersed throughout the day may be difficult com-
pared with MVPA lasting for at least 10 min. Objective
assessment can record more detailed and accurate pat-
terns of personal daily activity [9, 12]. Emerging evi-
dence suggests that objectively determined LPA is
associated with all-cause mortality [13], cardiometabolic
biomarkers [14], and plasma glucose levels [15] after ad-
justment for MVPA time.

To date, there have been no comprehensive reviews
published to our knowledge on whether objectively mea-
sured LPA is associated with health outcomes after ad-
justment for MVPA. Fuzeki et al. [16] recently reviewed
the health benefits of objectively measured LPA, but
they focused on only the NHANES dataset and hence
generalizability of the data is limited. Moreover, most
studies, including the review by Fuzeki et al. did not ad-
just for MVPA, which may confound the associations of
LPA with health. Therefore, the aim of this present re-
view was to systematically examine associations of ob-
jectively assessed LPA and health outcomes after
adjustment for MVPA in adults.

Methods

Information sources and searches

Information searches were performed in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [17].
Studies were obtained through searching the following
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four electronic databases: PubMed, Web of Science,
CINAL, and Cochrane Library. We performed the search
on February 2, 2017, using the search terms presented in
Additional file 1. These search terms are created based on
a previous study [18]. A hand search was also carried out
to supplement the electronic database searches.

Study selection

Inclusion and exclusion criteria were determined prior
to undertaking the review. We included the following
observational studies: 1) those that assessed associations
of objectively measured LPA with at least 1 health out-
comes, 2) targeted adults, and 3) were written in English
or Japanese. We included studies that analyzed the ef-
fects of various intensities of PA, provided that they also
analyzed the association between LPA and the outcomes.
No limitation on publication year was included.

Studies were excluded if they met the following cri-
teria: 1) targeted only a particular populations in the
medical setting (e.g., patients, survivors, or pregnant
women), 2) investigated the association with physical fit-
ness, 3) did not control for covariates, and 4) was not an
original research article.

Data extraction and study quality assessment

Data extraction and study quality assessment was per-
formed by two independent researchers (SA and MM),
and differences in judgement between the two re-
searchers were discussed until they reached a consensus.
The extracted data included the following information:
author(s), publication year, county of survey, population
(sex and age), number of participants, study design, PA
assessment (intensity, type of accelerometer, LPA cut off
points, and duration of LPA), health outcomes, and re-
sults (summary measures and association).

The quality of the included studies was assessed using
the Quality Assessment Tool used in a previous review
[16]. Briefly, this assessment tool includes a 12-item
checklist, and items were coded as ‘present (1)’ or ‘ab-
sent/ unclear (0)’. Studies scoring 10 points and above,
9-6 points, and below 6 points were classified as high,
moderate, and low quality, respectively. Because of the
heterogeneity of the study designs, outcome variables,
statistical analyses, and the context in which the data
were collected, a meta-analysis was not applied.
Therefore, a narrative synthesis of the evidence was
conducted. The data synthesis included findings from
the studies analyzed, such as study design, sample,
accelerometer (definition of LPA), exposure, outcomes
(direction), confounders, and quality assessment.

A coding system created by Sallis et al. [19] was used
to summarize the association between LPA and health
outcomes. The results were classified as follows: “no as-
sociation (0)” if 0%—33% of the papers reported a
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statistically significant difference between LPA and out-
comes, “indeterminate (?)” if 34%-59% of the papers
indicated a statistically significant difference, and
“favorable association (+)/unfavorable association (-)” if
60—100% of the papers showed a statistically significant
favorable/ unfavorable difference. When more than four
studies supported an association or no association, it
was coded as “00”, “++”, or “~=". The “??” was used if
there were inconsistent findings. We used the results of
the final model of multivariate analyses (fully adjusted
model) if multiple models were run in one study. Studies
analyzing multiple health benefits were included in each
of the relevant items.

Results

Search and selection

A flow diagram of article inclusion is shown in Fig. 1.
A total of 5059 potential studies were identified
through electronic database searching (1848 from
PubMed, 2218 from Web of Science, 845 from
Cochrane Library, and 148 from CINAL). After remov-
ing duplicate records, 3254 articles remained. Of these,
3164 articles were excluded by means of title and ab-
stract screening and 90 full text articles were assessed
for eligibility. After reading the full text, 28 were con-
cluded to meet the inclusion criteria, and two were
added by further searching. As a result, 30 articles were
included in this review.
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Study characteristics and quality assessment

The characteristics of the studies reviewed are described
in Table 1. Among the 30 eligible studies, 17 included
adults (> 18 years) (men: 2; women: 2; and both: 13),
four included older adults (men: 1; women: 0; and both:
3), and nine included both adults and older adults (men:
0; women: 1; and both: 8). We were unable to
summarize the results by age group (i.e., adults or older
adults) owing to limited data. The eligible papers were
published between 2007 and February 2017, and most of
them (n =24, 80%) were cross-sectional studies. Seven-
teen of the included studies were from the United States,
and the rest were from the United Kingdom (n=3),
Australia (n = 3), Canada (z = 1), Belgium (# = 1), Finland
(n=1), Japan (n = 1), Taiwan (n=1), Sweden (n = 1), and
Saudi Arabia (n=1). Study samples ranged from 50 to
5562 and half of the studies (7 =15) had a sample of
more than 1000 participants. Most of the studies were of
moderate quality.

Definition of light-intensity physical activity

The majority of the studies assessed LPA using the Acti-
Graph accelerometer (Actigraph, LLC, FL) (n = 26, 84%);
however, various cut off points were ued to determine
LPA including 100-1951 counts per minute (CPM) [14,
15, 20-25], 100-2019 CPM [13, 26-30], 150-2689 CPM
[31], 760-2019 CPM ([32], 251-1951 CPM [33, 34],
100-1040 CPM ([35], 100-759 CPM [36], 200-1998
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Fig. 1 Flow diagram of the inclusion of articles in this study. PA: physical activity, LPA: light-intensity physical activity, MVPA: moderate-to-vigorous
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CPM [37], 200-2019 CPM [38], 260-1952 CPM [39],
200-2689 CPM [40], and 51-1040 CPM [41]. Of the
remaining four observational studies, two used the
SenseWear Armband (BodyMedia, Inc., PA) with > 1.5
to < 3.0 Metabolic Equivalents (METs) [42, 43], one used
the Actical (Mini Mitter Co., Inc., OR) with > 1.5 to <3.0
METs [44], and one used the Active style Pro (Omron
Healthcare Co., Ltd,, Kyoto, Japan) with 1.6-2.9 METs
[45]. One study [14] categorized LPA into two types ac-
cording to intensity, namely, low light-intensity physical
activity (LLPA) (100-759 CPM) and high light-intensity
physical activity (HLPA) (760-1951 CPM).

Health outcomes

The association between LPA and health outcomes re-
ported in each study is presented in Table 1, and a sum-
mary of the included studies is listed in Table 2.

Cross-sectional studies

Cardiometabolic risk factors LPA was found to have a
favorable (++) association with waist circumference (WC)
[eight [14, 23, 27, 29, 32, 35, 40, 45] of 12 studies (67%)],
triglycerides [eight [14, 24, 25, 27, 31, 32, 37, 40] of 11
studies (73%)], insulin [five [14, 24, 25, 32, 35] of six stud-
ies (83%)], and presence of metabolic syndrome [five [27,
32, 35, 40, 45] of seven studies (67%)], whereas an incon-
sistent (??) association with BMI [four [23, 29, 35, 45] of
10 studies (40%)], and high density lipoprotein cholesterol
(HDL-C) [four [21, 32, 40, 45] of 11 studies (36%)] was
observed. There was no (00) association with systolic
blood pressure (SBP) [one of six [14, 24, 25, 32, 42, 45]
studies (16%)], diastolic blood pressure (DBP) [zero of
four [14, 24, 42, 45] studies (0%)], high blood pressure
(BP) [one of five [25, 27, 32, 40, 45] studies (20%)], and
glucose [only two [14, 15] of 11 studies (18%)].

Evidence of the association with other cardiometabolic
risk factors, such as fat mass, low density lipoprotein
cholesterol (LDL-C), dyslipidemia, glycated hemoglobin,
homeostasis model assessment (HOMA) B, HOMA R,
C-reactive protein (CRP), lipid accumulation, and Fra-
mingham risk score were insufficient to determine the
direction of association.

Mental health and cognitive function One cross-sec-
tional study reported that LPA was associated with a low
risk of psychological distress [38]. Two studies on older
adults analyzed the association between LPA and cogni-
tive function; one study indicated that LPA was
significantly associated with higher cognitive functioning
[33] whereas the other study found no associations
between LPA and spatial working memory and
task-switching [41].
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Other outcomes Regarding the other health outcomes,
there were two studies reporting favorable associations
between LPA and the medical multimorbidity index [26,
29]. In addition, Loprinzi et al. found a favorable associ-
ation between LPA and prostate-specific antigen concen-
trations [28].

Longitudinal studies

Mortality Four cohort studies investigated the associ-
ation between LPA and mortality [13, 30, 36, 46], and all
studies reported a significant decrease in mortality risk.
Matthews et al. [36] reported that those who performed
4 h/day of LPA had a 21% lower risk of mortality com-
pared with those who did less LPA (3 h/day). Three
studies (Fishman et al. [30], Matthews et al. [36], and
Schmid et al. [46]) indicated that replacing sedentary
time with LPA was associated with a lower risk of mor-
tality; replacing 30 min of sedentary time with LPA was
associated with a 20% reduction in mortality risk [30],
replacing 60 min of sedentary time with LPA was associ-
ated with a lower hazard of death in the low-activity
groups but not in the high-activity groups [36], and a
30 min increase in LPA concurrent with an equal de-
crease in sedentary time reduced mortality risk in both
age groups (< 65 years and > 65 years), respectively. The
study by Borgundvaag et al. [13] analyzed the combined
effects of LPA and MVPA and showed that modest to
high LPA was associated with a significantly lower death
rate than low LPA when MVPA was low in women.

Cardiometabolic risk factors One cohort study for
middle-aged Canadian adults reported that women in
the highest tertiles of time performing LPA had lower fat
mass, percent body fat, and central fat mass at 1 year
follow-up, compared with women in the lowest and mid-
dle tertiles [44]. No significant effects were found in
fat-free mass, peripheral fat mass, body weight, BMI,
and WC [44].

Well-being One cohort study for older adults in Taiwan
showed that LPA was associated with three dimensions
of well-being: psychological, learning and growth, and
social well-being [22].

Duration of light-intensity physical activity bouts and health
outcomes

Three studies [27, 28, 35] analyzed whether performing
LPA in bouts of different length differently associated
with health outcomes. Robson et al. [27] indicated that
for every 30 min/day of activity, there was a significant
4% reduction in the relative odds of having metabolic
syndrome for bouted (lasting at least 10 min) LPA, but
not for sporadic (1-9 min) LPA. Bouted LPA was also
associated with WC and triglyceride levels whereas
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Table 2 Summary of studies analyzing associations of objectively
measured light-intensity physical activity with health outcomes after
adjustment for moderate-to-vigorous physical activity in adults

Summary of all included studies

n/N Association
4/4 (100%)

Mortality Favorable (++)

Cardiometabolic risk factors

WC 8/12 (67%) Favorable (++)
Obese/ adiposity/ BMI 4/10 (40%) Inconsistent (?7)
Fat mass/ percent body fat 3/3 (100%) Favorable (+)

SBP 1/6 (17%) No association (00)
DBP 0/4 (0%) No association (00)
High BP 1/5 (20%) No association (00)
HDL-C 4/11(36%) Inconsistent (7?)
LDL -C 0/3 (0%) No association (0)
Triglycerides 8/11 (73%) Favorable (++)
Dyslipidemia 0/1 (0%) No association (0)
Glucose 2/11 (18%) No association (00)
Glycated hemoglobin 0/2 (0%) No association (0)
Insulin/ diabetes 5/6 (83%) Favorable (++)
HOMA (3 1/2 (50%) Inconsistent (?)
HOMA R 3/6 (50%) Inconsistent (?)
CRP 1/4 (25%) No association (0)
Metabolic syndrome 5/7 (71%) Favorable (++)
Lipid accumulation 1/2 (50%) Inconsistent (?)
Framingham risk score 0/1 (0%) No association (0)

Mental health and cognitive function

1/1 (100%)
1/1 (100%)
1/2 (50%)

Mental health
Well-being

Favorable (+)
Favorable (+)

Cognitive health Inconsistent (?)

Other outcomes
2/2 (100%)
1/1 (100%)

No association (0): 0%-33% of the papers reported a statistically significant
difference between LPA and outcomes, Indeterminate (?): 34-59% of the papers
indicated a statistically significant difference, and favorable association (+)/ unfavorable
association (—): 60%-100% of the papers showed a statistically significant favorable /
unfavorable difference, respectively. When more than four studies supported
an association or no association, it was coded as “00”, “++", or “—=", “2?"
indicates inconsistent findings

BMI Body mass index, BP Blood pressure, DBP Diastolic blood pressure, SBP
Systolic blood pressure, WC Waist circumference, HDL-C High density lipoprotein
cholesterol, LDL-C Low density lipoprotein cholesterol, HOMA Homeostasis model
assessment, CRP C-reactive protein

N indicates the number of studies included in the review. n indicates the number
of studies showing a favorable association

Medical multimorbidity Favorable (+)

Prostate-specific antigen Favorable (+)

sporadic LPA was not. On the other hand, Jefferis et al.
[35] reported BMI, WC, fat mass index, and insulin as
factors benefitting from sporadic LPA in older men. An-
other study by Loprinzi et al. [28] found that every 1-h
increment of activity, there was a significant 18% reduc-
tion in the odds ratio of having elevated prostate-specific
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antigen concentration for 1-min bout of LPA, but not
for 210-min bouts of LPA.

Intensity of light-intensity physical activity and health
outcomes

One study [14] analyzed whether different light-intensity
categories were associated with different cardiometabolic
biomarkers. In the study by Howard et al. [14], both
LLPA and HLPA were favorably associated with CRP, tri-
glyceride levels, insulin, HOMA B, and HOMA R; and
only LLPA showed significant favorable associations with
WC. No association was observed in BMI, SBP, DBP,
HDL-C, LDL-C, plasma glucose, and 2-h glucose.

Sex differences in associations between light-intensity
physical activity and health outcomes

Three papers included in this review performed stratified
analyses [13] or analyzed the interaction [14, 15] of sex
differences in the effects of LPA on health outcomes.
Borgundvaag et al. [13] found that a modest to high level
of LPA was associated with a reduced mortality risk in
women but not in men. In the study by Howard et al.
[14], a significant interaction was observed by sex; asso-
ciation of HLPA with SBP tended to be beneficial in
women only. On the other hand, Healy et al. [15]
showed there was no sex interaction observed for the as-
sociation between LPA and 2-h plasma glucose.

Discussion

To the best of our knowledge, this is the first systematic
review of epidemiological studies analyzing associations
of objectively measured LPA with various health out-
comes after adjustment for MVPA in adults and older
adults. Our present systematic review shows that object-
ively measured LPA was inversely associated with
all-cause mortality risk and was favorably associated with
some cardiometabolic risk factors, including WC, trigly-
ceride levels, insulin, and the presence of metabolic syn-
drome. Associations of LPA with BMI and HDL-C were
inconsistent. On the other hand, there was no associ-
ation with BP and glucose levels.

There is accumulating evidence regarding the health
benefits of LPA, but further research is still needed. Ap-
proximately 90% of the studies included in our present
review targeted the Western population, and thus the
generalization of our findings to other populations
should be performed with caution. Further studies on
various populations should be carried out in the future.
Furthermore, most of the studies were cross-sectional,
and therefore more longitudinal research should be re-
quired to establish causality between LPA and health
outcomes. Because only a small number of studies strati-
fied the participants by age and sex, it was difficult to
make any conclusions regarding the effects of age and
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sex. With increasing age, PA patterns change [47-49];
LPA would play a more important role in determining
overall PA in the older adult population than in the
adult population. Regarding sex, few studies performed
stratified analyses or analyzed interactions to observe
sex differences in the effects of LPA on health outcomes.
Considering sex differences in metabolism (e.g., fat me-
tabolism) and the fact that a number of previous studies
using objective measurements reported that women en-
gaged in more LPA than men [3, 15, 50], sex-stratified
data are also warranted in future research.

The effects of LPA may depend on health outcomes.
In the current review, LPA appears to be associated with
some metabolic factors, including WC, triglyceride
levels, insulin, BMI, and HDL-C, but not with BP. The
physiological mechanisms underlying the observed asso-
ciations are speculative. However, all factors associated
with LPA are relevant to metabolic syndrome/diabetes
followed by fat accumulation [51]. The increased activity
of lipoprotein lipase and hormone-sensitive lipase that
regulates lipid metabolism following muscular contrac-
tions causes decomposition of triglycerides into free fatty
acid (FFA) [52-54], which reduces the triglycerides from
the circulation. FFA is the primary fuel during low inten-
sity activity [55]. Increased energy expenditure by LPA
may be the reason for these the associations of LPA with
fat-related metabolism. It is estimated that 1 h per day
shift from SB to LPA (additional one MET-hour) would
increase energy expenditure by about 3%, which could
be significant to receive health benefits [25, 36]. On the
other hand, LPA appears not to be associated with BP.
Higher intensity PA may be needed for favorable effects
on BP [56].

Limitations

Several limitations should be considered when interpret-
ing our present findings. First, this review used the
P-counting method to summarize the research findings.
It was not possible to perform a meta-analysis since
there were some discrepancies and inconsistencies in
how LPA was defined and analyzed between studies and
populations. Analyzing accelerometer data using stan-
dardized methods will be helpful towards improving the
quality of the scientific literature on PA and for maxi-
mizing comparability and synthesizing the results. Sec-
ond, we cannot deny the effects of the differences in
confounding adjustments that affect the associations be-
tween LPA and health outcomes. Third, our search strat-
egy was restricted to studies written in English or
Japanese, which might have resulted in language bias.
Fourth, all of the studies included except one study [24]
use a non-compositional approach. Therefore, the
co-dependence of time-use domains is not totally taken
into account. Further studies are needed to investigate
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combined effects of time spent in PA, SB and sleep on
health markers using a compositional data analysis.
Finally, there were no intervention studies and most of
the studies were cross-sectional, which does not enable
us to address the direction of causality. Therefore, add-
itional longitudinal or intervention studies are needed
to confirm these findings reported in this review. In the
future, LPA should be measured and reported when
intervention studies are performed, even on other
time-use domains.

Conclusions

This review highlights previous studies on the associa-
tions of objectively measured LPA and important health
outcomes in adults. After adjustment for MVPA, LPA
was inversely associated with all-cause mortality risk and
was favorably associated with some cardiometabolic risk
factors including WC, triglyceride levels, insulin, and the
presence of metabolic syndrome. Although current glo-
bal PA guidelines recommend only MVPA, promoting
LPA may confer additional health benefits. Therefore,
the inclusion of LPA in the PA recommendations should
be considered in the future.
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