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Abstract 

Background: In an effort to increase people’s adherence to active lifestyles, contemporary physical activity (PA) 
guidelines now include low-dose PA.

Methods: PA was evaluated in 583 participants of the Nutritional and Physical Activity Intervention Study (NEXIS) 
cohort (30–65 years old); 349 inactive participants (MVPA, 2.7 ± 1.0 MET-h/day) were randomly assigned to the 
intervention or control groups, and 235 active participants participated in follow-up visits. The intervention aimed 
to increase MVPA and comprised five brief counseling sessions over 1 year. The 1-year target for the participant was 
increasing their step-count to 10,000 steps/d or +3000 steps/d, relative to the baseline score. The counseling sessions 
were designed to stimulate progressive changes in physical behaviors by recommendations promoting small and/or 
light-intensity bouts of PA. PA was measured at baseline, the end of the intervention, and 1 year after the intervention 
ended. Additionally, several nutrition, health, and fitness parameters were measured.

Results: Participants in the intervention group significantly increased their step-count from 8415 ± 1924 at baseline 
to 9493 ± 2575 at the end of the 1-year period. During the same period, MVPA significantly increased by 0.9 MET-h. 
The daily time spent in ≥ 3, ≥ 4 and ≥ 5 MET activities increased by 11, 6, and 3 min, respectively. This increase in PA 
remained observable 1 year after intervention concluded. The active group maintained higher physical activity levels 
throughout the two years. The intervention group showed smaller energy intakes at the end of the 2-year period. Sig-
nificant correlations were noted between the 1-year change in MVPA and the change in resting heart rate (r =  − 0.22), 
and between the 2-year change in MVPA and the change in waist circumference (r =  − 0.08) and peak oxygen con-
sumption capacity (r = 0.23) in the intervention group only.

Conclusions: A prolonged and progressive PA intervention promoting small bouts of light-to-moderate PA may 
be used in healthy, not-optimally-active people to increase PA beyond the strict period of the intervention. Further 
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Introduction
Numerous studies have described insufficient physical 
activity (PA) as a risk factor for a wide range of non-com-
municable diseases, including heart diseases [1], diabe-
tes mellitus [2], cancers [3], pulmonary diseases [4], and 
dementia [5]. Consequently, physical inactivity is esti-
mated to be annually responsible for > 5 million prema-
ture deaths worldwide [6].

In 2010, in an effort to address physical inactivity, the 
World Health Organization (WHO) released PA guide-
lines [7]. The WHO recommends a minimum of 150 min 
of moderate-intensity PA or 75 min of vigorous-intensity 
aerobic PA per week. In Japan, the Ministry of Health, 
Labour and Welfare released the “Physical activity guide-
lines for the promotion of population health” (or simply 
“ActiveGuide”) in 2013 [8]. This document recommends 
that adults under 65 years of age perform 60 min of mod-
erate-to-vigorous PA (MVPA) every day (equivalent to 
3.3 metabolic equivalent of task [MET]-h/d). The Active-
Guide includes the “+10” topline message, which stands 
for “add 10 min of physical activity every day” and points 
toward several other low-dose PA recommendations. 
This original top message and content aims to keep the 
recommended amount of PA to a minimum to increase 
the chances of adherence, that is, removing barriers for 
people who may not have sufficient time or intrinsic 
motivation to engage in prolonged PA on a daily basis [9, 
10].

PA can be characterized quantitatively using the three 
following dimensions: frequency, duration and inten-
sity [11]. One dose of PA corresponds to a volume of 
PA defined as the product of the frequency, total dura-
tion, and mean intensity of the activity bouts occurring 
over a given period of time. A low dose of PA therefore 
coincides with a small volume of PA and may result from 
the low intensity, low duration, or low frequency of the 
activity bouts, or a combination of these features. The 
dose–response relationship between PA and mortality 
is now well documented, even in low-volume regions [9, 
12–17]. For instance, a higher daily step-count, even that 
of < 5000 steps/d, has recently been associated with lower 
mortality in American adult women [17]. The existence 
of such a relationship would tend to support the system-
atic inclusion of low-dose PA messages in official PA rec-
ommendations, but the effectiveness of these messages 

to initiate a progressive increase in PA toward larger vol-
ume remains unaddressed in randomized control trials 
(RCTs).

The present study aimed to comprehensively determine 
the effectiveness of a PA intervention composed of brief 
counseling sessions and low-dose PA recommendations 
in healthy yet inactive Japanese adults. The assessment of 
a large panel of nutrition, health, and fitness parameters 
allowed us to further explore the effect of a low-dose PA 
intervention. More specifically, the following four ques-
tions were addressed:

• Question #1: Is a 1-year PA intervention composed 
of brief counseling sessions and low-dose PA recom-
mendations effective in increasing the level of MVPA 
in a population of healthy Japanese adults?

• Question #2: Are active behaviors possibly adopted 
during this type of PA intervention still observable 
1 year after the end of the intervention?

• Question 3: Is a 1-year PA intervention composed of 
brief counseling sessions and low-dose PA recom-
mendations able to yield any significant physical fit-
ness and health benefits?

• Question #4: Which factors influence the response 
to the PA intervention and the retention of the effect 
beyond the 1-year intervention period?

Materials and methods
Protocol overview
The Nutrition and Exercise Intervention Study (NEXIS, 
Clinical Trials.gov, identifier: NCT00926744) is a 
multi-year longitudinal cohort study aiming to moni-
tor the association between lifestyle and health mark-
ers in the Japanese adult population. In total, 1075 
participants were recruited in the Tokyo metropoli-
tan area (N = 819) and Okayama prefectures (N = 256) 
between 2007 and 2015. A total of 224 participants 
were excluded from analysis because they were older 
than 64 years at the time of baseline measurements or 
because they met at least one of the following exclu-
sion criteria: history of stroke, cardiac disease, or 
chronic renal failure or difficulty with ambulation 
due to knee or back pain. The remaining 851 partici-
pants underwent an objective evaluation of PA using 

studies are necessary to understand whether low-dose PA messages can be effective in initiating a progressive 
increase toward larger amounts of PA.

Trial registration: Clinical Trials.gov, NCT00926744, retrospectively registered.
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accelerometer-based activity monitors. Three hundred 
and fifty-six participants who presented both an MVPA 
level of ≥ 3.3 MET-h and a step-count value of ≥ 10,000 
steps were allocated to the “active” group. The remain-
ing 495 participants were assigned randomly to one of 
the two following groups: “PA intervention” (N = 248) 
or “control” (N = 247). After 327 participants, who were 
referred to the National Institutes of Biomedical Inno-
vation, Health, and Nutrition in Tokyo renewed their 
consent in 2019, the number of participants allocated 
to each group was updated as follows: 186 participants 
in the PA intervention group, 163 participants in the 
control group, and 234 participants in the active group.

Participants engaged in the NEXIS participated in 
annual experimental visits at baseline and at +1- and 
+2-year (thereafter denoted, “+1-year follow-up” 
and “+2-year follow-up,” respectively). These visits 
included anthropometric measurements, physical fit-
ness tests, blood examinations, vascular function tests, 
and dietary assessments. Prior to each visit, a 1-month 
objective assessment of PA was performed. The dietary 
assessment was performed using the brief self-adminis-
trative dietary habit questionnaire (BDHQ) [18]. These 
experimental visits occurred without discontinuation 
until March 2018. The results of all tests were sent to all 
the participants approximately 1 month after each visit. 
They included a description of the objective measure-
ment of PA, as well as automatically generated dietary 
recommendations based on the BDHQ test outcomes. 
In this study, nine participants who presented cor-
rupted data for the baseline PA were excluded from the 
analysis. The sample size of each group varied each year 
due to normal sample attrition over the study. Similarly, 
the size of analyzed samples varied for each variable for 
the following reasons: participant not able to perform 
some assessments due to a transient medical condition, 
participant not willing to perform some specific tests, 
and impossible extraction of some specific parameters, 
because the collected data did not meet the necessary 
quality standard. A CONSORT flow chart of the study 
is shown in Fig.  1. In the present analysis, MVPA was 
considered the primary outcome for assessing the effec-
tiveness of the intervention.

Objective evaluation of physical activity parameters
Physical activity was evaluated at baseline and +1 
and +2-year follow-up using a waist-worn three-axis 
accelerometer monitor (Actimarker EW4800, Pana-
sonic Electric Works, Osaka, Japan; dimensions, 
74 × 33 × 13 mm; weight, 24 g). For 1 month, all partici-
pants were asked to wear the device continuously dur-
ing the waking hours and remove it when going to bed 
and having a shower/bath and during water activities. 
During the evaluation periods, the screen of the moni-
tor was always blinded, except for the one month prior 
to the +1-year follow-up evaluation of participants in the 
intervention group. For inclusion in analysis, an evalua-
tion was required to have spanned a minimum of 14 days. 
If the first evaluation did not meet this criterion, the 
assessment was repeated.

The Actimarker EW4800 system samples the acceler-
ometer sensor output at 20 Hz, and the signal is cleaned 
up using a low-pass filter. Computations involving the 
calculation of the three-dimensional vector norm every 
minute allows the synthesis and storage of the accelera-
tion information at an epoch length of 1  min. Further 
algorithmic details related to the signal processing and 
the computation of PA parameters (i.e., prediction equa-
tions) can be found elsewhere [19–21]. Moreover, the 
system includes a peak-detection-based step-count algo-
rithm. The hardware and software characteristics of the 
Actimarker EW4800 allow monitoring and storing of 
acceleration data for a continuous period of ≥ 30  days, 
without changing the battery or reset of memory. The 
validity of the Actimarker EW4800 for the objective 
assessment of PA has been demonstrated elsewhere [21, 
22].

The present study reports the following PA parameters: 
step-count (steps/d), MVPA (MET-h/d), sedentary time 
(< 1.5 MET), and daily time of engaging in light PA (LPA, 
1.5– 2.9 MET), moderate PA (MPA, 3.0–5.9 MET), ≥ 3 
MET PA, ≥ 4 MET PA, ≥ 5 MET PA, and ≥ 6 MET PA 
(i.e., vigorous PA).

Arms and intervention
Baseline MVPA and step-count values were used to split 
the participants into two groups. Participants performing 

(See figure on next page.)
Fig. 1 CONSORT flow chart of the study. 1Sample size counted in 2015. 2Five-hundred-eighty-three of the 851 participants primarily assigned 
to the intervention, control, or active groups renewed their consent in 2019, granting access to the data for an additional 5-year period. 3PA 
assessment may have been corrupted for the following reasons: medical conditions impairing normal physical behaviors during the assessment 
period (pregnancy, injury, etc.), acceleration signal summary not meeting inclusion criteria (4 days with a minimum of 10 h/d wearing time) despite 
several measurement attempts, etc. 4The number of analyzed data varies for each variable (see N values within brackets for each group). Reasons for 
missing data include: baseline assessment of physical activity not meeting quality standards, non-eligibility to physical fitness tests (e.g., participant 
becoming over 65 during the course of the study), impossible extraction of some specific parameters (e.g., vascular echo parameters due to the 
quality of images), participant not willing/able to perform one specific test on the date of the visit, among others
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Fig. 1 (See legend on previous page.)
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at least 3.3 MET-h/d of MVPA and 10,000 steps/day were 
assigned to the “active” group. Participants not reaching 
3.3 MET-h/d of MVPA or 10,000 steps/day were consid-
ered not optimally active with regard to the marks sug-
gested by the Japanese “Exercise and Physical Activity 
Reference for Health Promotion 2006” [23], and were 
randomly split into two groups: “intervention” and “con-
trol.” Baseline characteristics of the participants are pre-
sented in Table 2.

A dynamic randomization algorithm was used to 
minimize the imbalance between the intervention and 
control groups for several stratification factors, such as 
sex, age, body mass index (BMI), PA, and location. The 
generation of the allocation sequence and assignment of 
participants to the control or intervention groups were 
outsourced to a third-party company (Mebix Ltd., Japan). 
Researchers were not involved in the allocation process. 
In order to ensure concealment of the group informa-
tion, the study coordinators referred inactive participants 
to the company after the baseline evaluation of PA was 
completed. They coordinated the management of partici-
pants throughout the protocol without communicating 
the participant information to research staff during the 
experimental visits.

The objective of the PA intervention was to increase 
MVPA. The intervention included four interventional 
components, which had previously been given considera-
tion for supporting PA increase in RCT or observational 
studies [24, 25]:

• Self-monitoring of PA using a waist-worn accelerom-
eter-based device

• Physical behavior counseling
• Goal-setting

• Keeping a PA diary

In addition, the PA intervention comprised various char-
acteristics, which can be described as follows: 

• Light: Over the 1-year intervention period, the par-
ticipants were assigned to five counseling sessions at 
intervals of 3  months, representing a total of 100–
200 min of counseling.

• The objective of the PA intervention was to increase 
MVPA. The intervention included four interven-
tional components, which had previously been given 
consideration for supporting PA increase in RCT or 
observational studies [24, 25]: Self-monitoring of PA 
using a waist-worn accelerometer-based device

• Physical behavior counseling
• Goal-setting
• Keeping a PA diary
 In addition, the PA intervention comprised various 

characteristics, which can be described as follows: 
Light: Over the 1-year intervention period, the par-
ticipants were assigned to five counseling sessions at 
intervals of 3  months, representing a total of 100–
200 min of counseling.

• Oriented toward low-dose PA messages: The partici-
pants were recommended to change their physical 
behaviors by adding small bouts of PA or by increas-
ing the intensity of some selected activity of their 
daily routine (Table 1).

• Progressive: During the first one-on-one session, the 
counselor and the participant agreed on a 3-month 
target, which was reconsidered at each meeting, 
depending on the participant’s progress.

Table 1 Examples of low-dose PA recommendations made during the counseling sessions to progressively increase MVPA

During daily life Increase the weekly frequency of grocery shopping by buying fresh products and small por-
tions each time you go to the supermarket
Explore the supermarket hallways before starting your shopping
Schedule a whole house cleaning session every week
Add 10-min of walking when picking-up your child or friends at the bus stop/train station
Do some stretching exercise during the TV commercials
Walk faster during your utilitarian travels

During leisure time Go to the gym with your family when you have a day off
Registered to sport events in your local community
Buy a fashionable pair of sneakers
Play with your kids when accompanying them at the park

During working time Take the stairs instead of the elevator when moving within your workplace
Use the toilets upstairs
Go out for lunch when possible

During commuting time One time a week or more, stop one train station prior to the usual one and walk to your home
Use the stairs instead of the elevator in the train station
Board the train in the car located farthest to the station entrance/exit
Walk faster during your commuting route
Make a 10-min walk before using your car back home
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• Individualized: The sessions took the form of one-
on-one counseling meetings, during which one cer-
tified counselor made recommendations tailored to 
the participant’s lifestyle.

Hereafter, the NEXIS intervention arm may be referred 
to by the expression “1-year PA intervention composed 
of brief counseling sessions and low-dose PA recom-
mendations.” This expression is used for the sake of read-
ability, and one should not omit all the above-mentioned 
characteristics of the intervention.

During the first counseling session, the counselor 
questioned the participant to obtain an accurate picture 
of her/his daily routines during weekdays and week-
ends to complement the outcome of the baseline objec-
tive PA assessment. The counselor and the participant 
agreed on a 1-year target. Participants presenting a base-
line step-count < 10,000 steps per day were suggested 
to increase their PA until they could surpass this mark. 
Participants presenting a baseline step-count ≥ 10,000 
steps per day were suggested to increase their daily PA 
by 3000 steps. In addition, a 3-month target correspond-
ing to an increase of 1000–1500 steps/d was proposed 
for the participant; to reach this target, the participant 
was given individualized recommendations to change 
physical behaviors and progressively adopt a more active 
lifestyle. Places, moments of the day, and activities that 
could be used as platforms to increase the daily amount 
of MVPA were identified. As shown in Table 1, the rec-
ommendations made by the counselor mainly include 
low-dose PA messages. Despite the original targets being 
oriented toward an increase in the duration or frequency 
of active behaviors (1-year, 10,000 or +3000 steps/d; 
3-month, +1000–1500 steps/d), the recommendations 
were tailored relative to the participant’s willingness 
and motivation, and could, therefore, include intensity-
related content compatible with low-dose PA. For exam-
ple, participants with limited amount of time to invest in 
PA could be advised to walk faster during their leisure 
or utilitarian travel to increase their MVPA levels with-
out extending the time dedicated to PA. At the end of 
this first counseling session, the participant was given 
an Actimarker EW4800 monitor to wear every day dur-
ing the intervention period. The participant was asked 
to record their daily step-count in a diary. Furthermore, 
the counseling session included exercise demonstrations 
when necessary. The four subsequent sessions had a simi-
lar structure. The 3-month target and recommendations 
on physical behavior change were adapted depending on 
the data recorded on the diary and the feedback provided 
by the patients. Participants who reached their 1-year 
target (10,000 or +3000 steps/d) before the end of the 
intervention period were suggested to increase MVPA 

through an increase in intensity rather than an increase 
in frequency or duration of activity bouts. Finally, some 
participants may have engaged in more vigorous forms 
of PA during the 1-year intervention. While the content 
of the counseling sessions aimed at supporting a progres-
sive increase in MVPA by the means of low-dose PA mes-
sages, no upper limit was given to these participants. The 
overall structure of these sessions is presented in Fig. 2.

Participants in the intervention group wore the moni-
tor every day for the entire 1-year period to complete 
their PA diary. However, data for the analyses were 
extracted from one month prior to the +1  year and 
+2  year follow-up visits, similar to the data extraction 
for the active and control groups. Participants assigned 
to the active and control groups were not given any direc-
tion with regard to PA and did not wear a monitor during 
the observation period except for one month prior to the 
visits (blind assessment). Moreover, no specific meeting 
or activity was carried out for these two groups during 
the course of the 2-year observation period.

Nutrition, fitness, and health parameters
In addition to PA measurements, the NEXIS protocol 
evaluated dietary, health, and fitness parameters, most of 
which were considered as PA covariates. In the present 
analysis, the following parameters were selected in each 
category to be treated as dependent variables and investi-
gate the potential impact of the PA intervention:

• Body composition: Weight, waist circumference.
• Nutrition: Total energy expenditure, protein intake, 

carbohydrate intake, and fat intake were evaluated 
using the BDHQ, which has been specifically devel-
oped for assessing dietary behaviors among the Japa-
nese population [26].

• Physical fitness: Trunk flexibility, vertical jump, and 
peak oxygen consumption  (VO2PEAK). Trunk flex-
ibility was measured using a sit-and-reach digital 
instrument (T.K.K.5112; Takei Scientific Instruments 
Co., Ltd, Japan). The vertical jump test used a verti-
cal jump measuring digital instrument (T.K.K.5406; 
Takei Scientific Instruments Co., Ltd, Japan). Meas-
urement protocols were conducted in accordance 
with the manufacturer’s instructions. The  VO2PEAK 
test was performed using an incremental cycle 
ergometer test and gas exchange analysis methods. 
The Douglas bag method (ARCO-1000; ARCO Sys-
tem, Chiba, Japan and DC-5; Shinagawa Corpora-
tion, Tokyo, Japan) was used for participants referred 
to the National Institutes of Biomedical Innovation, 
Health, and Nutrition in Tokyo, while breath-by-
breath measurements were performed for partici-
pants referred to the Okayama Health Foundation, 
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Fig. 2 Structure of the PA intervention and flow of the information between the counseling sessions. The four components of the intervention are 
boldfaced and underlined
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Okayama Prefecture (Oxycon Alpha, Jaeger, Würz-
burg, Germany). The cycle ergometer tests followed 
the same protocol in Tokyo and Okayama (start: 
30 W, increment = 15 W/min).

• Cardiovascular health: Resting heart rate (HR), rest-
ing blood pressure, and resting brachial-ankle pulse 
wave velocity (baPWV) were evaluated using a ple-
thysmography oscillometer system (Form PWV/ABI 
device, Omron Colin, Kyoto, Japan) according to the 
recommended method described elsewhere [27]. The 
blood pressure corresponds to the average of both 
the left and right arms mean arterial pressure. The 
baPWV was calculated by averaging the two bra-
chial-ankle pulse wave velocities measured on the left 
and right sides of the body, respectively.

• Blood markers: Fasting glucose, glycosylated hemo-
globin (Hb1Ac), triglycerides (TG), and total cho-

lesterol were measured from blood samples using 
standard laboratory tests.

Statistical analysis
First, differences between the intervention and active 
groups and those between the control and active groups 
were investigated at baseline for all selected dependent 
variables using a Welch analysis of variance (ANOVA) 
(Table 2).

Second, a mixed ANOVA test was used to investigate 
the changes in PA parameters over time and the dif-
ferences between the intervention and control groups. 
Both per-protocol (PP) and intent-to-treat (ITT) analy-
ses were conducted. The ITT treatment consisted of 
replacing the missing data with the baseline data of the 

Table 2 Participants’ characteristics and baseline values for physical activity covariates

Mean ± standard deviation. N = 230, 161, and 183 for the active, control, and low-dose PA intervention groups, respectively, except when otherwise noted

baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; HbA1c, glycosylated hemoglobin; LPA, light physical activity; MPA, moderate physical activity; 
MVPA, moderate-to-vigorous physical activity; PA, physical activity; TG, triglyceride
* Different from the two other groups
† Different from the “active” group

Active (N = 230) Control (N = 161) PA intervention (N = 183)

Participant characteristics

Women/men 156/74 114/47 128/55

Age (year) 50 ± 9 48 ± 10 48 ± 9

BMI (kg/m2) 22.2 ± 2.6 22.2 ± 2.6 22.6 ± 3.2

Do/do not achieve 3.3 MET-h/d 230/0 39/122 45/138

Do/do not achieve 10,000 steps/d 230/0 21/140 23/160

Nutrition parameters

Total energy intakes (kcal) 1854 ± 511 1787 ± 488 1775 ± 449

Protein intakes (g/1000 kcal) 38 ± 7 37 ± 6 37 ± 6

Carbohydrate intakes (g/1000 kcal) 133 ± 17 138 ± 17 136 ± 19

Fat intakes (g/1000 kcal) 28 ± 5 28 ± 6 29 ± 6

Body composition

Weight (kg) 58 ± 10 58 ± 9 59 ± 10

Waist circumference (cm) 79 ± 9 80 ± 8 82 ±  9†

Physical fitness parameters

Trunk flexibility (cm) 41 ± 8 (N = 229) 40 ± 11 40 ± 10 (N = 182)

Vertical jump (cm) 35 ± 10 (N = 224) 35 ± 10 (N = 159) 34 ± 10 (N = 177)

Peak oxygen consumption (mL/kg/min) 33 ± 7 (N = 222)* 30 ± 6 (N = 155) 30 ± 6 (N = 177)

Cardiovascular parameters

Heart-rate (bpm) 61 ± 11* 65 ± 10 65 ± 13

Mean arterial pressure (mmHg) 90 ± 12 88 ±  11† 89 ± 12

baPWV (cm/s) 1228 ± 144 1229 ± 157 1236 ± 185

Blood markers

Glucose (mg/dL) 90 ± 8 88 ± 9 90 ± 8

HbA1c (%) 5.3 ± 0.3 5.3 ± 0.3 5.3 ± 0.3

TG (mg/dL) 84 ± 45 90 ± 60 90 ± 49

Total cholesterol (mg/dL) 211 ± 33 207 ± 36 208 ± 33
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same participant (Fig. 3, Table 3, and Additional file 1: 
Table  S1). Post-hoc pairwise comparisons were con-
ducted when an interaction effect between group and 
time factors was observed.

Third, the same mixed ANOVA design was used to 
investigate the changes in dietary, health, and fitness 
parameters. Several significant interactions between 
the groups and the periods of measurement were 
revealed (Additional file  1: Table  S1), and a Spearman 
correlation test was used to further investigate the 
relationship between the changes in these variables 
and the changes in MVPA, at +1-year and +2-year, in 
both the intervention and control groups (Table 4 and 
Additional file  2: Table  S2, respectively). A Bonferroni 
correction was applied within each category of param-
eters: (1) nutrition, (2) body composition, (3) physical 
fitness, (4) cardiovascular, and (5) blood markers.

Finally, the participants in the intervention group 
were divided into subgroups relative to their sex, age 
group, and baseline level of MVPA, and mixed ANOVA 
tests were used to investigate the effect of participant 
characteristics on the intervention-induced change 
in PA. The same exploration was performed with the 
intervention group further split into the following ter-
tiles: decrease or small increase in PA at the end of 
intervention versus moderate increase at the end of 

intervention versus large increase in PA at the end of 
intervention. Post hoc pairwise comparisons were con-
ducted when an interaction effect between group and 
time factors was observed.

All analyses were performed using the open-source 
statistical package Pingouin v0.3.12 [28]. Results were 
expressed as the mean ± standard deviation. Values of the 
ITT treatment were indicated between square brackets, 
when necessary. p < 0.05 was considered significant.

Results
Physical activity parameters
As shown in Table  3, no difference was found between 
the intervention and control groups at baseline for any 
PA parameter, thus reflecting the validity of the rand-
omization method for the group assignment process. The 
active group presented higher baseline values for step-
count; MVPA; time spent in ≥ 3 MET, ≥ 4 MET, ≥ 5 MET, 
and ≥ 6 MET activities; and MPA (for both PP and ITT 
treatments, p < 0.001, except for ≥ 5 MET, p < 0.05 when 
compared with the intervention group).

A significant interaction between group and time fac-
tors was noted for step-count, MVPA, and for the time 
spent in ≥ 3 MET, ≥ 4 MET, ≥ 5 MET, and ≥ 6 MET 
and sedentary activities and MPA. Compared to base-
line, a significant increase was noted at the end of the 

Fig. 3 Moderate-to-vigorous physical activity in the active, control, and intervention groups over 3 years. The average value is indicated with a 
diamond mark (+ text) in each box. MVPA, moderate-to-vigorous physical activity. *Different from the two other groups. ‡Different from the control 
group. ¥Different from the baseline
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Table 3 Physical activity parameters in the active, control, and intervention groups over 3 years

Group Baseline  +1-year  +2-year Interaction  effect1 Baseline
 +1-year

Baseline
 +2-year

Step-count 
(steps/d)

Active 13,447 ± 3180 
(N = 230)*

12,199 ± 3446 
(N = 211)¥*
[12265 ± 3379]

11,856 ± 3941 
(N = 200)¥*
[12138 ± 3981]

PP: p < 0.001
ITT: p < 0.001

PP: p = 0.001
ITT: p = 0.001

PP: p < 0.001
ITT: p < 0.001

Control 8049 ± 2090 
(N = 161)

8744 ± 2472 
(N = 132)
[8567 ± 2494]

8472 ± 3035 
(N = 120)
[8313 ± 2869]

PP:  ns3

ITT:  ns3
PP: ns
ITT: ns

PA inter-
vention

8415 ± 1924 
(N = 183)

9493 ± 2575 
(N = 166) ¥‡

[9247 ± 2633]

8779 ± 2743 
(N = 143)
[8579 ± 2579]

PP: p < 0.001
ITT: p < 0.001

PP: ns
ITT: ns

RCT gr. 
effect 2

PP: ns
ITT: ns

PP: p = 0.035
ITT: ns 3

PP: ns
ITT: ns

MVPA
(MET-h/d)

Active 5.5 ± 2.1 
(N = 230)*

5.1 ± 2.6 
(N = 211)*
[5.1 ± 2.5]

5.3 ± 3.2 
(N = 200)*
[5.4 ± 3.1]

PP: p < 0.001
ITT: p < 0.001

PP: ns
ITT: ns

PP: ns
ITT: ns

Control 2.6 ± 1.0 
(N = 161)

3.1 ± 1.4 
(N = 132)¥

[3.0 ± 1.4]

3.3 ± 1.9 
(N = 120)¥

[3.1 ± 1.8]

PP: p = 0.01
ITT: p = 0.013

PP: p = 0.01
ITT: p = 0.013

PA inter-
vention

2.7 ± 1.1 
(N = 183)

3.6 ± 1.8 
(N = 166)¥‡

[3.5 ± 1.8]

3.5 ± 1.8 
(N = 143)¥

[3.3 ± 1.7]

PP: p < 0.001
ITT: p < 0.001

PP: p < 0.001
ITT: p < 0.001

RCT gr. 
effect 2

PP: ns
ITT: ns

PP: p = 0.017
ITT: p = 0.017

PP: ns
ITT: ns

 ≥ 3 MET 
activity
(min/d)

Active 83 ± 24 
(N = 227)*

78 ± 30 
(N = 211)*
[78 ± 29]

80 ± 33 
(N = 200)*
[80 ± 33]

PP: p < 0.001
ITT: p < 0.001

PP: ns
ITT: ns

PP: ns
ITT: ns

Control 43 ± 15 
(N = 158)

50 ± 20 
(N = 132)¥

[49 ± 20]

53 ± 28 
(N = 120)¥

[50 ± 27]

PP: p = 0.005
ITT: p = 0.007

PP: p = 0.005
ITT: p = 0.006

PA inter-
vention

45 ± 16 
(N = 181)

56 ± 22 
(N = 166)¥‡

[55 ± 22]

55 ± 23 
(N = 143)¥

[52 ± 23]

PP: p < 0.001
ITT: p < 0.001

PP: p < 0.001
ITT: p < 0.001

RCT gr. 
effect 2

PP: ns
ITT: ns

PP: p = 0.037
ITT: p = 0.035

PP: ns
ITT: ns

 ≥ 4 MET 
activity
(min/d)

Active 27 ± 18 
(N = 227)*

24 ± 20 
(N = 211)*
[24 ± 19]

26 ± 26 
(N = 200)*
[26 ± 25]

PP: p < 0.001
ITT: p < 0.001

PP: ns
ITT: ns

PP: ns
ITT: ns

Control 9 ± 8 (N = 158) 11 ± 10 
(N = 132)
[11 ± 10]

12 ± 14 
(N = 120)
[12 ± 13]

PP: ns
ITT: ns

PP: ns
ITT: ns

PA inter-
vention

9 ± 7 (N = 181) 15 ± 14 
(N = 166)¥‡

[15 ± 13]

14 ± 13 
(N = 143)¥

[13 ± 12]

PP: p < 0.001
ITT: p < 0.001

PP: p < 0.001
ITT: p < 0.001

RCT gr. 
effect 2

PP: ns
ITT: ns

PP: p = 0.013
ITT: p = 0.012

PP: ns
ITT: ns

 ≥ 5 MET 
activity
(min/d)

Active 9 ± 13 
(N = 227)*

8 ± 14 
(N = 211)*
[8 ± 14]

10 ± 19 
(N = 200)*
[10 ± 19]

PP: p < 0.001
ITT: p < 0.001

PP: ns
ITT: ns

PP: ns
ITT: ns

Control 2 ± 4 (N = 158) 3 ± 5 (N = 132)
[3 ± 5]

3 ± 6 (N = 120)
[3 ± 6]

PP: ns
ITT: ns

PP: ns
ITT: ns

PA inter-
vention

2 ± 3 (N = 181) 5 ± 8 
(N = 166)¥‡

[4 ± 8]

4 ± 8 (N = 143)¥

[4 ± 7]
PP: p < 0.001
ITT: p < 0.001

PP: 
p = 0.009
ITT: 
p = 0.009

RCT gr. 
effect 2

PP: ns
ITT: ns

PP: p = 0.019
ITT: p = 0.019

PP: ns
ITT: ns
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Mean ± SD ([] indicating the value for the intent-to-treat treatment)

gr., group; ITT, p-value for the intent-to-treat statistical treatment; LPA, light physical activity; MPA, moderate physical activity; MVPA, moderate-to-vigorous physical 
activity; N/A, non-applicable (for instance, when pairwise comparisons are not conducted due to the absence of interaction); Ns, non-significant; PA, physical 
activity; PP, p-value for the per-protocol statistical treatment; RCT, randomized controlled trial; “+1-year”: end of the intervention; “+2-year”: 1 year after the end of 
intervention
1 Not reported in the table, a significant time effect has been observed for step-count, MVPA, ≥ 3 MET activity, ≥ 4 MET activity, ≥ 5 MET activity, ≥ 6 MET activity, MPA 
(increase) and sedentary time (decrease); in addition, a significant group effect was noted for step-count, MVPA, > 3 MET activity, ≥ 4 MET activity, ≥ 5 MET activity, ≥ 6 
MET activity and MPA
2 Refer to the difference between the PA intervention and the control group, i.e. not including the active group
3 Trend (p < 0.01)
* Different from the two other groups
● Different from the intervention group
‡ Different from the control group
¥ Different from the baseline

Table 3 (continued)

Group Baseline  +1-year  +2-year Interaction  effect1 Baseline
 +1-year

Baseline
 +2-year

 ≥ 6 MET 
activity
(min/d)

Active 5 ± 10 
(N = 227)*

5 ± 12 
(N = 211)
[5 ± 12]

6 ± 16 
(N = 200)*
[6 ± 16]

PP: p = 0.022
ITT: 0.017

PP: ns
ITT: ns

PP: ns
ITT: ns

Control 1 ± 2 (N = 158) 1 ± 4 (N = 132)
[1 ± 4]

1 ± 4 (N = 120)
[1 ± 4]

PP: ns
ITT: ns

PP: ns
ITT: ns

PA inter-
vention

1 ± 1 (N = 181) 2 ± 7 (N = 166)¥

[2 ± 6]
2 ± 6 (N = 143)
[2 ± 5]

PP: p = 0.008
ITT: p = 0.009

PP:  ns3

ITT:  ns3

RCT gr. 
effect 2

PP: ns
ITT: ns

PP: ns
ITT: ns

PP: ns
ITT: ns

Seden-
tary time 
(min/d)

Active 212 ± 48 
(N = 227)●

215 ± 51 
(N = 211)
[214 ± 50]

218 ± 51 
(N = 200)
[217 ± 52]

PP: p < 0.001
ITT: p < 0.001

PP: ns
ITT: ns

PP: ns
ITT: ns

Control 224 ± 49 
(N = 158)

222 ± 46 
(N = 132)
[220 ± 45]

222 ± 48 
(N = 120)
[221 ± 47]

PP: ns
ITT: ns

PP: ns
ITT: ns

PA inter-
vention

227 ± 47 
(N = 181)

218 ± 52 
(N = 166)
[220 ± 52]

224 ± 49 
(N = 143)
[223 ± 49]

PP: ns
ITT: ns

PP: ns
ITT: ns

RCT gr. 
effect 2

PP: ns
ITT: ns

PP: ns
ITT: ns

PP: ns
ITT: ns

LPA (min/d) Active 365 ± 95 
(N = 227)

364 ± 95 
(N = 211)
[362 ± 94]

369 ± 98 
(N = 200)
[369 ± 99]

PP: ns
ITT: ns

PP: N/A
ITT: N/A

PP: N/A
ITT: N/A

Control 341 ± 97 
(N = 158)

361 ± 98 
(N = 132)
[352 ± 101]

353 ± 91 
(N = 120)
[347 ± 94]

PP: N/A
ITT: N/A

PP: N/A
ITT: N/A

PA inter-
vention

353 ± 96 
(N = 181)

344 ± 101 
(N = 166)
[346 ± 98]

354 ± 96 
(N = 143)
[349 ± 96]

PP: N/A
ITT: N/A

PP: N/A
ITT: N/A

RCT gr. 
effect 2

PP: N/A
ITT: N/A

PP: N/A
ITT: N/A

PP: N/A
ITT: N/A

MPA 
(min/d)

Active 78 ± 21 
(N = 227)*

73 ± 25 
(N = 211)*
[73 ± 25]

74 ± 25 
(N = 200)*
[75 ± 25]

PP: p < 0.001
ITT: p < 0.001

PP: ns
ITT: ns

PP: ns
ITT: ns

Control 42 ± 14 
(N = 158)

49 ± 20 
(N = 132)¥

[47 ± 19]

51 ± 26 
(N = 120)¥

[49 ± 24]

PP: p = 0.005
ITT: p = 0.008

PP: p = 0.005
ITT: p = 0.006

PA inter-
vention

44 ± 16 
(N = 181)

54 ± 19 
(N = 166)¥

[52 ± 19]

53 ± 21 
(N = 143)¥

[50 ± 21]

PP: p < 0.001
ITT: p < 0.001

PP: p = 0.001
ITT: p = 0.001

RCT gr. 
effect 2

PP: ns
ITT: ns

PP:  ns3

ITT:  ns3
PP: ns
ITT: ns
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intervention (“1-year follow-up”) and 1 year after the end 
of the intervention (“2-year follow-up”) in the interven-
tion group only, for the time spent in ≥ 4 MET and ≥ 5 
MET activities, thus resulting in significantly higher 
values for the intervention group compared to the con-
trol group at +1-year. For example, a significant 6-min 
increase in the daily time spent in ≥ 4 MET activities was 
noted at +1-year in the intervention group. Similarly, the 
number of daily steps increased at +1-year in the inter-
vention group only. However, the values returned to the 
baseline level at +2-year. Despite the interaction effect, 
the post hoc analysis did not allow locating any group or 
time difference for the “sedentary activity” parameter. In 
addition, a significant increase was found at +1-year and 
+2-year in both the intervention and control groups for 
MVPA and time spent in ≥ 3 MET activities. However, 
the effect was significantly more crucial in the interven-
tion group, resulting in significantly higher values in the 
intervention group than in the control group at +1-year 
(p-values presented in Table  3). As shown in Fig.  3, the 

intervention group increased MVPA by 0.9 MET-h/d at 
+1-year compared to 0.5 MET-h/d for the control group. 
The active group presented higher values for step-count; 
MVPA; the time spent in ≥ 3 MET, ≥ 4 MET, ≥ 5 MET, 
and ≥ 6 MET; and MPA, consistently over 2  years of 
observation.

Among the 183 participants in the intervention 
group, the number of individuals reaching 3.3 MET-h/d 
of MVPA was altered as follows: 45, 95 (+ 111%), and 
72 (+ 60%) at baseline, +1-year, and +2-year, respec-
tively. For the 161 participants in the control group, the 
same variable evolved as follows: 39, 51 (+ 30%), and 
48 (+ 23%), respectively. In addition, among the 183 
participants in the intervention group, the number of 
individuals with over 10,000 steps/day was altered as 
follows: 23, 70 (+ 205%), and 42 (+ 82%) at baseline 
and +1- and +2-year follow-up, respectively. For the 
161 participants in the control group, the same varia-
ble evolved as follows: 21, 46 (+ 119%), and 32 (+ 52%), 
respectively.

Table 4 Relationship between changes in PA and health parameters at 1- and 2-year (intervention group)

HbA1c, Glycosylated hemoglobin; HR, heart-rate; MVPA, moderate-to-vigorous physical activity; ns, non-significant; R, correlation coefficient; TG, Triglycerides; 
VO2PEAK, maximal oxygen consumption; “+1-year”: end of the intervention; “+2-year”: 1 year after the end of intervention. The results of the same analysis 
conducted in the control group are available as Additional file (Additional file 2: Table S2)

Change in MVPA vs. Change in total energy 
intakes

Change in protein intakes Change in carbohydrate 
intakes

Change in fat intakes

Nutrition parameters Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

R = 0.03
(ns)

R = 0.15
(ns)

R = 0.04
(ns)

R =  − 0.02
(ns)

R = 0.07
(ns)

R = 0.05
(ns)

R =  − 0.10
(ns)

R =  − 0.08
(ns)

Change in MVPA vs. Change in weight Change in waist circumference

Body composition parameters Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

R =  − 0.15
(ns)

R =  − 0.05
(ns)

R =  − 0.18
(ns)

R =  − 0.08
(p = 0.036)

Change in MVPA vs. Change in resting HR Change in mean arterial pressure Change in baPVW

Vascular parameters Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

R =  − 0.22
(p = 0.015)

R = 0.00
(ns)

R =  − 0.03
(ns)

R = 0.04
(ns)

R =  − 0.07
(ns)

R =  − 0.07
(ns)

Change in MVPA vs. Change in blood glucose Change in HbA1c Change in TG Change in total 
cholesterol

Blood markers Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

R =  − 0.13
(ns)

R =  − 0.18
(ns)

R = 0.02
(ns)

R =  − 0.01
(ns)

R = 0.05
(ns)

R =  − 0.01
(ns)

R =  − 0.06
(ns)

R = 0.05
(ns)

Change in MVPA vs. Change in trunk flexibility Change in vertical jump height Change in  VO2PEAK

Physical fitness parameters Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

Baseline
 +1-year

Baseline
 +2-year

R = 0.03
(ns)

R = 0.04
(ns)

R =  − 0.04
(ns)

R =  − 0.03
(ns)

R = 0.15
(ns)

R = 0.23
(p = 0.030)
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Nutrition parameters
As shown in Table 2, no differences in daily total energy 
intake and adjusted protein, carbohydrate, and fat intake 
were found between the intervention and active groups, 
or between the control and active groups at baseline. 
A significant interaction between group and time fac-
tors was noted for the “total energy intakes” parameters 
(Additional file 1: Table S1). The intervention group pre-
sented significantly lower energy intakes than the con-
trol group at +2-year (1690 ± 430 vs. 1872 ± 565 kcal/d, 
p = 0.034 and 0.036, respectively, for the PP and ITT 
analyses). As shown in Table 4, no correlation was found 
between changes in MVPA and changes in nutrition 
parameters at +1-year and +2-year in the intervention 
group. Additional results related to the nutrition param-
eters are shown in Additional file 1: Table S1 and Addi-
tional file 2: Table S2.

Health and fitness parameters
As shown in Table 2, the active group exhibited a lower 
resting HR and a higher  VO2PEAK, whereas the inter-
vention group presented a higher waist circumference 
compared to the active group. The control group had a 
significantly lower mean arterial pressure compared to 
that of the active group (90 ± 12 vs. 88 ± 11, p = 0.04). 
The active group presented a significantly lower resting 
HR compared to that of the control group at +1-year 
and +2-year (Additional file  1: Table  S1). Fasting blood 

glucose concentrations decreased in both the active and 
intervention groups at +2-year.

In the intervention group, the changes in MVPA at 
+1-year were negatively correlated with the changes in 
resting HR (Table 4). In addition, the changes in MVPA 
at +2-year were negatively correlated with the changes 
in waist circumference and positively correlated with 
the change in  VO2PEAK. In the control group, the 
changes in MVPA at +2-year tended to be correlated 
with the change in  VO2PEAK (R = 0.22, p = 0.069). 
Additional results related to the health and fitness 
parameters are available in Tables S3 and S4.

Factors influencing the intervention-induced changes 
in MVPA
Women assigned to the intervention group presented 
higher MVPA at baseline compared to their men coun-
terparts. A time effect was noted in both groups at +1 
and +2-year, thus eliminating the baseline sex differ-
ence. No age group effect was observed. A significant 
increase in MVPA was only noted in participants pre-
senting a lower amount of MVPA at baseline (i.e., first 
and second tertiles in Table  5). However, the partici-
pants who were the most active at baseline (i.e., third 
tertile) still presented a statistically higher level of 
MVPA at +1- and +2-year.

Table 5 Intervention-induced changes in physical activity relative to selected participant characteristics

Mean ± SD. BL, baseline; N/A, non-applicable (for instance, when pairwise comparisons are not conducted due to the absence of interaction or when baseline MVPA 
values have been used to calculated tertiles); ns, non-significant; PA, physical activity; “+1-year”: end of the intervention; “+2-year”: 1 year after the end of intervention
1 All the analyses output a significant time effect. A significant group effect was noted for the “vs. PA level at BL” analysis only
¥ Different from the baseline
Ø A group effect (cf. details in the table)

Group Baseline  +1-year  +2-year Interaction effect 1 Baseline
 +1-year

Baseline
 +2-year

MVPA (MET-h/d)
vs. sex

Women 2.9 ± 1 (N = 128) 3.6 ± 1.5 (N = 114)¥ 3.4 ± 1.5 (N = 102)¥ p < 0.001 p = 0.001 p = 0.004

Men 2.3 ± 1.1 (N = 55)
Ø(p = 0.005)

3.7 ± 2.4 (N = 52) ¥

ns
3.7 ± 1.5 (N = 41)¥

ns
p < 0.001 p = 0.010

MVPA (MET-h/d)
vs. age group

30–39 year-old 2.6 ± 1.1 (N = 43) 3.3 ± 1.8 (N = 34) 3.1 ± 2.3 (N = 26) ns N/A N/A

40–49 year-old 2.6 ± 1.1 (N = 50) 4.0 ± 2.4 (N = 47) 3.8 ± 1.8 (N = 38) N/A N/A

50–59 year-old 2.7 ± 1.0 (N = 67) 3.4 ± 1.3 (N = 63) 3.3 ± 1.5 (N = 58) N/A N/A

60 year-old or more 3.2 ± 1.1 (N = 23) 4.1 ± 1.4 (N = 22) 3.7 ± 1.6 (N = 21) N/A N/A

MVPA (MET-h/d)
vs. MVPA level at BL

Not active at BL (1st 
tertile)

1.6 ± 0.4 (N = 61)
N/A

2.9 ± 2.3 (N = 52)¥ 2.4 ± 1.7 (N = 44)¥ p = 0.003 p = 0.001 p = 0.011

Moderately active at 
BL (2nd tertile)

2.6 ± 0.2 (N = 58)
N/A

3.7 ± 1.4 (N = 54)¥ 3.7 ± 1.8 (N = 47)¥

Ø(vs. 1st tertile: 
p = 0.002)

p < 0.001 p = 0.001

More active at BL 
(3rd tertile)

3.8 ± 0.7 (N = 64)
N/A

4.2 ± 1.4 (N = 60)
Ø(vs. 1st tertile: 
p = 0.002)

4.1 ± 1.5 (N = 52)
Ø (vs. 1st tertile: 
p < 0.001)

ns ns
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As shown in Table 6, only participants with the high-
est increase in MVPA at the end of the intervention 
(third tertile) maintained a statistically higher level of 
MVPA compared to baseline values.

Discussion
The most critical observation of this study was the sig-
nificant increase in MVPA (0.9 MET-h/d) induced by the 
1-year PA intervention, which was composed of five brief 
counseling sessions and oriented toward low-dose PA 
recommendations. The number of participants meeting 
the 3.3 MET-h standard increased by +111% in the inter-
vention group versus 30% in the control group. Finally, 
active behaviors were retained by a significant number 
of the participants until 1  year after the intervention. 
The results of the study are discussed in a comprehensive 
manner in the following sections.

Question #1: Is a 1-year PA intervention composed of 
brief counseling sessions and low-dose PA recommenda-
tions effective in increasing the level of MVPA in a popu-
lation of healthy Japanese adults?

Yes, to some extent.
The data analysis reports significant increases in a num-

ber of PA parameters in the PA intervention group. Inter-
estingly, the time spent in ≥ 3 MET activities increased 
by 11 min on average, thus closely matching the volume 
increase that could be expected given the low-dose PA 
recommendations that were made by the counselors. 
Moreover, MVPA changed from a 2.7 ± 1.1 MET-h/d 
average at baseline to 3.6 ± 1.8 MET-h/d at +1-year, sur-
passing the 3.3 MET-h/d standard, which stands as the 
absolute target of the Japanese official PA guidelines [23, 
29]. In addition, the increase in time spent in ≥ 4 MET 
and ≥ 5 MET activities was particularly tangible. This 
observation may reflect a change in walking habits, with 

participants in the intervention group actually adopting 
faster gait habits in response to one recurrent recom-
mendation made during the counseling sessions: “please 
walk faster during your utilitarian travels/leisure activi-
ties” (Table  1). Therefore, recommending faster gait 
could be particularly relevant in the context of low-dose 
PA interventions to ensure that some adopted physical 
behaviors are “pushed” toward more intense activities.

The inclusion criteria used in the present study for 
the assignment of participants to the inactive pool were 
particularly restrictive (i.e., MVPA < 3.3 MET-h/d or 
step-count < 10,000 steps/d). Consequently, participants 
randomized to the intervention and control groups pre-
sented a relatively high level of activity (8244 ± 2002 
steps/d vs. 6636 ± 4169 steps/d) on average in the Japa-
nese population [30]. However, the PA intervention used 
in the present study showed promising outcomes, even in 
the least active participants. Fifty of the 138 participants 
who did not meet the 3.3 MET-h/d of MVPA at baseline 
did reach this standard at the end of the 1-year interven-
tion period. In contrast, only 12 of the 122 control par-
ticipants who did not reach the 3.3 MET-h/d of MVPA at 
baseline had reached this standard at +1-year.

Beyond these positive interpretations, one should 
not ignore that a significant part of participants did not 
respond to the intervention, or at least, did not over-
pass the 3.3 MET-h/d of MVPA. In addition, only 45% of 
the participants assigned to the PA intervention group 
(results not shown; ITT-treatment, 41%) presented a 
10-min increase in ≥ 3 MET activities at the end of the 
1-year intervention period. This outcome contrasts 
with that of the National Health and Nutrition Sur-
vey of Japan 2010, which indicated that 60% of Japanese 
adults were inclined to invest 10 min per day to increase 
their level of PA [31]. Therefore, the effectiveness of the 

Table 6 Intervention-induced changes in physical activity relative to participant response at +1-year follow-up

Mean ± SD. ns, non-significant; PA, physical activity; “+1-year”: end of the intervention; “+2-year”: 1 year after the end of intervention. Significant group and time 
effects were noted
¥ Different from baseline
Ø A group effect (cf. details in the table)

Group Baseline  +1-year  +2-year Interaction effect Baseline
 +1-year

Baseline
 +2-year

MVPA (MET-h/d)
vs. response to 
intervention

Decrease or small 
increase in PA at 
“+1-year”

3.0 ± 1.1 (N = 55)
ns

2.5 ± 1.0 (N = 55) 2.8 ± 1.3 (N = 47) p < 0.001 ns ns

Moderate increase 
in PA at “+1-year”

2.8 ± 1.0 (N = 54)
ns

3.1 ± 1.1 (N = 54)
Ø(vs. the lowest 
tertile: p = 0.001)

3.3 ± 1.3 (N = 48) ns ns

Large increase in PA 
at “+1-year”

2.5 ± 1.0 (N = 57)
ns

5.0 ± 2.1 (N = 57)¥

Ø(vs. the two other 
tertiles: p < 0.001)

4.5 ± 2.3 (N = 44)¥

Ø(vs. the two other 
tertiles: p = 0.027 
and p < 0.001, 
respectively)

p < 0.001 p < 0.001
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intervention seems highly variable between individuals. 
More comprehensive research is needed to understand 
whether low-dose PA messages can remove psycho-
logical and physiological barriers to engage people, who 
were initially not inclined to adopt active behaviors or 
whether they act as a mere trigger for people, who would 
have responded to any type of intervention. Finally, the 
average daily step-count remained slightly under the 
1-year target at the end of the intervention (9493 ± 2575 
steps/d). According to feedback provided by the counse-
lors, several participants chose to increase intensity when 
they had reached the 10,000 steps/day target before the 
end of the 1-year intervention (data not recorded). This 
might explain the more tangible increases observed for 
the time spent in ≥ 4 MET and ≥ 5 MET activities. This 
increase may have been achieved without a longer dura-
tion or higher frequency of activity bouts, thus limiting 
the increase in step-count.

Question #2: Are active behaviors possibly adopted 
during this type of PA intervention still observable 1 year 
after the end of the intervention?

Yes, at least for some participants.
One unique characteristic of the present study is the 

inclusion of objective PA assessments 1  year after the 
end of the intervention. From a public health perspective, 
long-term adherence to a PA program is a major determi-
nant of its effectiveness. Indeed, it displays all subsequent 
physiological benefits [32, 33]. In the present analysis, the 
exploration of active behavior retention beyond the inter-
vention period provides insight into the long-term adher-
ence of the participants.

One year after the end of the intervention, the aver-
age MVPA remained significantly higher than the base-
line level and higher than the 3.3 MET-h/d standard. The 
same observation was made for a number of other PA 
parameters including time spent in ≥ 3 MET (+ 10  min 
compared to baseline), ≥ 4 MET (+ 5 min), and ≥ 5 MET 
(+ 2 min) activities. In contrast with other PA studies, the 
physical behaviors of participants did not return to their 
baseline levels after the intervention [32]. The retention 
of active behaviors over such a long period may indicate 
good adherence of Japanese adults to a progressive pro-
gram oriented toward low-dose PA messages. This result 
is particularly interesting given the “+10” top-line mes-
sage of the current Japanese official PA guidelines [8].

However, further studies are needed to understand why 
some participants were not able to maintain MVPA over 
3.3 MET-h/d for an additional year. One may hypoth-
esize that some participants were simply not inclined to 
invest 10 min per day in PA, just like 40% of people who 
responded to the National Health and Nutrition Sur-
vey of Japan 2010 [31]. In addition, although not statis-
tically significant, the time spent in sedentary and light 

PA tended to increase between +1- and +2-year, possi-
bly indicating a return to less active behaviors for some 
participants. Overall, the parameters reflecting PA vol-
ume did not increase beyond a relatively low volume at 
+2-year, pointing to some possible limitations of low-
dose PA recommendations, if the objective is to initiate a 
progressive increase toward more active behaviors in the 
long term.

Question 3: Is a 1-year PA intervention composed of 
brief counseling sessions and low-dose PA recommen-
dations able to yield any significant physical fitness and 
health benefits?

No, or they were not observed over the course of the 
2-year period of the study.

No statistical change was noted for any PA covariates 
at +1- and +2-year, except for blood glucose (Additional 
file 1: Table S1). However, this change occurred within the 
normal range and could not be considered of any physi-
ological significance. Similarly, only a few significant cor-
relations were found between the changes in MVPA and 
changes in health and fitness parameters in the interven-
tion group (Table  4). Such observations were expected, 
since all health parameters were already in the normal 
range at the beginning of the study. Interestingly, signifi-
cant correlations were noted for the change in MVPA on 
one side and the change in waist circumference, HR, and 
 VO2PEAK on the other side. Related to the latter, a signif-
icant difference was observed between the active group 
and the intervention group for waist circumference and 
resting HR at baseline. The above observations suggest 
that a minimal increase in daily MVPA, i.e., that of +10-
min or +1-MET-h, may still have the ability to improve 
parameters that tend to deviate from their optimal range 
in less-active people. However, these observations should 
be interpreted with caution given the small magnitude 
of the correlation coefficients or their proximity with the 
correlation coefficient observed in the control group for 
the same tests. Finally, it is unclear why the intervention 
group presented significantly lower energy intakes than 
the control group at +2-year (Additional file 1: Table S1). 
No time effect was noted in either the intervention or 
control group. One may suggest that participants allo-
cated to the intervention group may have focused more 
on the various components of their lifestyle, including 
dietary intakes. However, the literature related to PA 
intervention, decrease in energy consumption, and appe-
tite control is much contrasted, preventing any empiri-
cal interpretation [34]. Nevertheless, this result should 
be comprehended positively. Indeed, an increase in PA-
related energy expenditures paired with either lower 
energy intakes or the preservation of pre-intervention 
energy intakes may produce protective effects relative to 
the risk of metabolic disorders.
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Interventions using the low-dose PA concept have 
been used in pre-clinical populations; however, reports 
present contrasting results. In one study, a low-dose 
PA program has been ineffective in changing PA habits 
and reducing BMI in a population of obese adolescents 
[35]. In another study, a 1-year intervention resem-
bling that of the NEXIS was associated with a > 4  kg 
decrease in a population of overweight Japanese adults 
[36]. The population of these two studies presented 
several differences with that of NEXIS; thus, one may 
still hypothesize that a long-term intervention could be 
a prerequisite to successful behavioral changes in the 
specific context of low-dose PA programs. In addition, 
modest improvements in biomarkers are usually noted 
in persons with cardiovascular risk factors or metabolic 
syndrome who participate in lifestyle counseling pro-
grams [37–39]. Regarding the specific case of healthy 
(yet inactive) participants, direct improvements of the 
health and fitness parameters may reasonably not be 
expected during a 2-year observation period. The pri-
mary objective of the NEXIS PA intervention arm was 
to increase MVPA in the most inactive people of the 
cohort. Positive effects on health parameters might 
therefore be observable in the long term, when the 
aging process exposes inactive people to the develop-
ment of non-communicable diseases. One recent meta-
analysis published by Miyachi et  al. [15] and Ministry 
of Health, Labour, and Welfare [40] associated a 10-min 
increase in MVPA to a > 3% reduction in the relative 
risk for non-communicable diseases and mortality. The 
latter observation paired with the results of the present 
study emphasizes the relevance of including low-dose 
PA messages in public health policies aimed at promot-
ing active behaviors in order to consolidate a minimal 
yet protective amount of PA within the healthy popula-
tion, or at least a significant part of this population [9].

Question #4: Which factor influences the response 
to the PA intervention and the retention of the effect 
beyond the 1-year intervention period?

Answering this question would require further 
evidence.

In the present study, sex and age seem to impact nei-
ther the response to the intervention nor the retention of 
active behaviors at +2-year. No change in MVPA has been 
noted for the most-active participants, suggesting that an 
intervention composed of brief counseling sessions and 
low-dose PA recommendations would only be effective 
in the least-active people. In addition, only participants 
presenting the highest magnitude of MVPA change at 
+1-year were able to retain a higher amount of MVPA 
after 2 years, pointing toward the importance of intrinsic 
motivational factors for the adoption of active behaviors 

in the long term. However, the NEXIS protocol included 
only a few variables that could be used to explore factors 
influencing the success of the intervention. Therefore, the 
above observations should be challenged or confirmed in 
research protocols with a similar interventional setting; 
however, that includes the collection of variables able to 
detail the whole ecosystem of PA [41].

Implementation of low-dose PA recommendations 
in real-world settings
Individual low-dose PA counselling approaches seem 
implementable in the current Japanese health care sys-
tem. Individual lifestyle counselling sessions are already 
functional and covered by insurers for Japanese people 
aged 40–70  year who present metabolic syndrome risk 
factors. Each year, approximatively 1 million middle-aged 
Japanese people benefit from the Specific Health Guid-
ance [39, 42]. While PA interventions (combined with 
diet recommendations or not) delivered through the 
Specific Health Guidance from 2008 to 2011 has been 
linked with significant but modest improvements in body 
compositions and cholesterol profiles; one may see the 
introduction of low-dose PA recommendations as an 
opportunity to yield better results through the engage-
ment of most activity-resistant people. Further studies 
using the Specific Health Guidance platform and ran-
domized controlled designs are, however, necessary to 
verify whether the results of the intervention presented 
in this manuscript can be observed in real-world settings 
for individual-level intervention.

At the collective level, the “Physical activity guide-
lines for the promotion of population health” released 
in 2013 has attempted to disseminate low-dose PA mes-
sages through the integration of the “+10” topline mes-
sage [8, 10]. While objective measurements completed 
for National Health and Nutrition Survey of Japan before 
and after 2013 did not show any increase in the Japanese 
population daily PA [43], community wide interventions 
highlighting the “+10” message have been linked with a 
significant increase in self-reported PA in ≥ 65  year-old 
Japanese adults [44]. No significant change was noted 
in adults < 65 years old. One should note that the young 
and middle-aged adults enrolled in this study reported 
an average level of 85.3 min/day of PA at baseline. Draw-
ing any conclusions on the effectiveness of low-dose PA 
message for increasing PA would therefore be premature 
without any study directed specifically to less active indi-
viduals. Further information on the penetration rate of 
the “+10” message among the Japanese population is also 
necessary to evaluate the impact of low-dose PA cam-
paigns at the population level.
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Limitations and strengths
The present study had several limitations. First, sig-
nificant increases in some PA parameters (MVPA 
and time spent in ≥ 3 MET activities) were found in 
the control group at +1- and +2-year. This could be 
explained by the recruitment method that may have 
attracted the attention of participants with intrin-
sic motivation for the adoption of a healthy lifestyle; 
the protocol design that provided annual feedback 
about the PA level to all participants engaged in the 
NEXIS; and a phenomenon of regression toward the 
mean observed in both the active and control groups. 
However, these potential confounding factors may not 
impact the analysis in a way that would invalidate the 
interpretation of the results. Indeed, the statistical 
analysis always revealed a larger size of the effect in 
the intervention group when a change in the control 
group was noted, and the change was only significant 
in the intervention group for step-count and the time 
spent in ≥ 4 MET and ≥ 5 MET activities. Moreover, 
the presence of these confounding factors may also 
allow optimistic interpretations. Despite the control 
group showing a significant increase in MVPA and 
time spent in ≥ 3 MET activities, the values for these 
two parameters were significantly higher in the inter-
vention group at +1-year, suggesting the effectiveness 
of low-dose PA recommendations for PA in inactive 
people. Second, the NEXIS protocol included only one 
intervention arm, thus preventing any interpretation of 
the performance of a low-dose PA message compared 
to that of an intervention that would include challeng-
ing content, such as one of the WHO recommenda-
tions [7]. Finally, the participants of the study were 
recruited in two Japanese prefectures, and additional 
research is necessary before any generalization of the 
results to a non-Japanese population can be done.

In contrast, the present analysis had a few strengths. 
First, the NEXIS protocol was the first cohort study to 
include an intervention arm with healthy participants 
assigned to a prolonged and progressive PA interven-
tion oriented toward low-dose PA recommendations. 
The “+10” message has now been disseminated to the 
Japanese population for up to 7 years, and the Active-
Guide document includes several guidance messages 
that are similar to the ones used by the NEXIS coun-
selors [8]. These original results will be valuable for 
the evaluation of the current “Japanese official physi-
cal activity guidelines for the promotion of health,” 
especially since they will be revised in the upcoming 
years. Second, the protocol allowed for exploring the 
retention of behaviors 1 year beyond the strict period 
of intervention, a feature that is not frequently imple-
mented in PA randomized control trials.

Conclusions
In the present study, a 1-year exposure to low-dose PA 
recommendations aimed at progressively changing physi-
cal behaviors induced a significant increase in MVPA and 
helped raise PA toward the recommended standards in a 
population of healthy but not optimally active Japanese 
adults. Interestingly, a significant proportion of the par-
ticipants retained active behaviors until 1  year after the 
intervention. The PA intervention did not impact the 
tested health parameters within the 2-year observation 
period of the study, and one may hope that the moder-
ate change in MVPA would lower the risk of non-com-
municable diseases later in life, if it can be maintained for 
a longer period of time. Further studies are necessary to 
understand whether the inclusion of messages recom-
mending a minimum amount of PA can be effective in 
initiating a progressive increase toward larger volumes 
of PA and to allow the best use of these messages in the 
context of individualized PA counseling programs as well 
as in broad public health campaigns.
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