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Objective: This study examined the chronic effect of increased physical activity on postprandial tri-
glycerides in older women.
Methods: Twenty-six women, aged 72 ± 5 years (mean ± SD), participated in this study. Participants in
the physical activity group (n ¼ 11) were asked to increase their activities above their usual lifestyle
levels for 12 weeks. Participants in the control group (n ¼ 15) maintained their usual lifestyle for 12
weeks. All participants rested and consumed a standardized breakfast after a 24-h period of physical
activity avoidance at baseline, 4 weeks, and 12 weeks. Blood samples were collected in the fasted state
(0 h) and at 2, 4, and 6 h after breakfast.
Results: The average increased time spent in self-selected activities per day was 1.1 ± 19.3 min over the
12 weeks compared with the baseline in the physical activity group. There was no difference in the
postprandial time-averaged triglyceride area under the curve at baseline (1.59 ± 0.81 vs.
1.39 ± 0.67 mmol/L, p ¼ 0.515) or over the 12-week intervention (1.78 ± 1.00 vs. 1.31 ± 0.67 mmol/L,
p ¼ 0.212) between the physical activity and control groups.
Conclusion: Postprandial triglyceride concentrations were not reduced after performing self-selected
activities under free-living conditions in older women when these responses were determined 24 h
after the last physical activity bout. (Trial registration ID: UMIN000037420).

© 2020 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

In 1979, Zilversmit1 proposed that atherosclerosis is a post-
prandial phenomenon. This notion is now supported by the find-
ings of large prospective cohort studies which addressed that
repeated daily episodes of elevated non-fasting triglycerides (TG)
and prolonged residence in the circulation of TG-rich lipoproteins
were risk factors for cardiovascular disease and all-cause mortality
in men and women.2,3 Given that people spend up to three-
quarters of each day in the postprandial state, it is important to
consider lifestyle modifications which may be effective in reducing
diurnal exaggerations in postprandial TG.
of Sport Sciences, 2-579-15

hita).

Exercise Physiology and Fitness. P
es/by-nc-nd/4.0/).
A large body of evidence supports the notion that an acute bout
of aerobic exercise reduces postprandial TG concentrations in
humans (for a review of relevant studies see Freese et al.4). It is
worth noting that although the majority of these findings have
been observed in controlled laboratory protocols,4 a previous study
has shown that acute exercise-induced reduction in postprandial
TG observed can also be seen when exercise performs under free-
living conditions.5 Such research implications would be impor-
tant from a public health viewpoint as the majority of adults do not
perform adequate amounts of physical activity (i.e., exercise and
daily activities) to meet public health guidelines established by
expert panels.6,7

To our knowledge, eight studies8e15 have investigated that the
chronic � 4 weeks effect of exercise on postprandial TG concen-
trations in humans. Seven studies8e14 found that chronic exercise
training failed to attenuate postprandial TG concentrations, but one
exercise training study15 demonstrated a reduction in postprandial
ublished by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC
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TG concentrations. The timing of postprandial testing from the last
bout of the exercise training session is a possible reason for the
discrepant findings among these studies. Indeed, seven of these
studies were designed to exclude the acute exercise-induced
reduction in postprandial TG16 e postprandial TG concentrations
were determined 24e72 h after the last bout of exercise training
session. Apart from such methodological issues, all previous stud-
ies,8e11,13e15 except our previous study with a duration of 4
weeks,12 examining the chronic effect of exercise on postprandial
TG concentrations employed “structured or supervised exercise
training”. In our previous study, there was no reduction in post-
prandial TG concentration in postmenopausal women after per-
forming self-selected activities under free-living conditions over a
4-weeks period, even though the participants in the active group
increased their step counts by 600 steps per day and their total
physical activity times by 5 min per day.12 The Ministry of Health,
Labour and Welfare of Japan recommends that citizens incorporate
“þ10 min of physical activity” per day in anticipation of a 3.2% risk
reduction in non-communicable diseases (including cardiovascular
diseases).17,18 Therefore, it is valuable to explore whether the
incorporation of a longer period and larger volume of increased
physical activity under free-living conditions could result in a
reduction in postprandial TG. Furthermore, given a higher dropout
rate (roughly 50%) and a lower long-term adherence to physical
activity than when a supervised intervention is conducted,19,20 it is
necessary to examine whether the study participants can increase
and maintain physical activities under free-living conditions. Thus,
limited evidence is available to address the long-term effect (i.e.,
more than 4 weeks) of self-selected activities lasting more than
10 min per day performed under free-living conditions on post-
prandial TG.

The purpose of the present study was to examine the effects of
self-selected activities performed under free-living conditions
lasting for 12 weeks on postprandial TG concentrations in post-
menopausal women. Postmenopausal women were employed in
the present study because there is a substantial increase in the risk
of cardiovascular disease with increasing concentrations of non-
fasting TG and with increasing age.3,21 In addition, our previous
study showed that encouraging postmenopausal women to accu-
mulate additional self-selected weekend physical activity is suffi-
cient to reduce postprandial TG.5 Thus, we wanted to determine
whether these “acute” findings were also observed under free-
living conditions where this group of individuals performed their
self-selected activities over a 12-week period.

Methods

Ethical approval

This study was conducted with the approval of the Institutional
Ethics Committee on Human Research (Approval number:
2019e105) and was conducted in accordancewith the Declaration of
Helsinki. All participants provided written informed consent to
participate in this study. This study was registered in advance with
the University Hospital Medical Information Network Center
(UMIN), a system for registering clinical trials (ID: UMIN000037420).

Participants

A participant flow diagram shows in Fig. 1. Inclusion criteria
included Japanese postmenopausal women 55e85 years in age
who are currently non-smoking, not reporting a major illness/dis-
ease, or physical problems (acute or chronic) limiting the ability to
perform activities of daily living, and had been weight stable
(±3 kg) for 3 months before the study. After obtaining written
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informed consent for participation in the present study, 30 par-
ticipants were initially enrolled, and the investigator generated the
randomization sequence using computer-generated random num-
ber. Then, they were randomly allocated into a physical activity
group (n ¼ 15) or a control group (n ¼ 15). However, three par-
ticipants in the physical activity group informed us that they may
not be able to comply with the requirements of the study before the
main experiment. In addition, one participant in the physical ac-
tivity group requested us to withdraw from the study because of
venipuncture difficulties at the baseline measurement of the blood
test. Therefore, 26 participants (i.e., the physical activity group,
n ¼ 11; control group, n ¼ 15) were ultimately included in the
present study. No participants had difficulties with mobility or
performing activities of daily living. The baseline physical charac-
teristics of the participants are provided in Table 1. In the physical
activity group, eight women possessed the E3/3 apolipoprotein E
phenotype, two women possessed the E2/3 apolipoprotein E
phenotype, and one woman possessed the E3/4 apolipoprotein E
phenotype. In the control group, twelve women possessed the E3/3
apolipoprotein E phenotype, one woman possessed the E2/3
apolipoprotein E phenotype, one woman possessed the E2/4
apolipoprotein E phenotype, and one woman possessed the E3/4
apolipoprotein E phenotype.

Anthropometry

Body mass was measured to the nearest 0.05 kg using a digital
scale (Inner Scan 50, Tanita Corporation, Tokyo, Japan). Height was
measured to the nearest 0.1 cm using a stadiometer (YS-OA, AS ONE
Corporation, Osaka, Japan). Body mass index was calculated as
weight in kilogrammes divided by the square of height in metres.
Arterial blood pressure was measured from the left arm after 5 min
of seated rest using a standardmercury sphygmomanometer (605P,
Yagami Co Ltd, Yokohama, Japan). Two measurements were taken,
and the mean of these values was recorded.

Study design

This was a parallel-group, controlled randomized trial designed
to compare 12 weeks of a physical activity intervention (i.e., the
physical activity group) versus 12 weeks of maintained individual’s
habitual lifestyle (i.e., the control group). Participants in the phys-
ical activity groupwere asked to increase their activities above their
usual lifestyle levels for 12 weeks by engaging in some examples of
activities such as taking a walk, going up and down the stairs,
playing with grandchildren and running. Participants freely
decided the intensity of their chosen activities for at least 10 min
per day. An activity amount of at least 10 min per day was chosen
since this is recommended by the Ministry of Health, Labour and
Welfare of Japan to promote physical activity for public health18

and can be incorporated into daily activity routines.22 Participants
in the control group maintained their usual lifestyle for 12 weeks.
All participants were asked to wear a uniaxial accelerometer for 12
consecutive weeks and to maintain their daily diet during the
entire study period. In addition, all participants were instructed to
record their daily log (physical activity, food intake, and sleeping
time) in a log sheet. The primary outcome was the difference in
postprandial TG between the physical activity and control groups.
Postprandial TG was determined for all participants in three
separate periods: at baseline and then 4 and 12 weeks after each
intervention was completed. In addition to these measurements,
fasting blood samples were collected at 8-week intervention in
both groups. However, the postprandial blood measurement at 8-
week intervention was omitted in order to improve study adher-
ence and reduce the dropout rate for the intervention by shortening



Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) diagram showing the flow of participants.
y Dropped out because of venipuncture difficulties.

Table 1
The baseline characteristics of participants in the physical activity and control groups.

Physical activity group (n ¼ 11) Control group (n ¼ 15) p value

Age (year) 71 (5) 72 (5) 0.589
Height (m) 1.54 (0.07) 1.55 (0.05) 0.519
Body mass (kg) 57.4 (11.8) 56.1 (7.0) 0.751
BMI (kg/m2) 24.2 (3.4) 23.3 (2.9) 0.509
SBP (mmHg) 130 (18) 136 (17) 0.440
DBP (mmHg) 82 (9) 79 (13) 0.477

Values are means (standard deviation). Means were compared using Welch’s t-test. BMI; body mass index, DBP; diastolic blood pressure, SBP; systolic blood pressure.
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the participants’ time constraints and reducing their physical and
mental burden of participation.

Baseline physical activity assessment

For the determination of physical activity levels, participants
were asked to wear a uniaxial accelerometer (Lifecoder-EX,
Suzuken Co. Ltd., Nagoya, Japan) on the hip to monitor their daily
113
activity objectively for one week before the main experiments. The
accelerometer defined 11 levels of activity intensity (0, 0.5, and
1e9), with 0 indicating the lowest intensity and 9 being the highest
intensity. A level of 4 corresponds to an intensity of ~3 metabolic
equivalents.23 In addition, the total step count (steps per day) was
recorded and calculated from the accelerometer using compu-
terised software (Lifelyzer 05 Coach, Suzuken Co Ltd, Nagoya,
Japan).
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Postprandial blood tests

Participants in the physical activity and control groups reported
to the laboratory at 0845 h after a 10-h overnight fast (no food or
drink except water) at three separate periods (i.e., at baseline, 4
weeks, and 12 weeks). Then, body mass was measured to the
nearest 0.05 kg using a digital scale (Inner Scan 50, Tanita Corpo-
ration, Tokyo, Japan). After a 15-min rest, a fasting venous blood
sample was collected in a seated position by venipuncture at 0 h
(0900 h) for the measurement of circulating concentrations of total
cholesterol (T-C), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), TG, non-esterified fatty
acids (NEFA), 3-hydroxybutyrate (3-OHB), insulin, and glucose.
Participants then consumed a standardized meal for breakfast
(further details provided in “Test meal” section) and rested there-
after in a seated position (reading or writing) for 6 h (1500 h).
Participants were not allowed to take a nap during the observation
period. Researchers observed the participants throughout the day
to ensure their compliance with the testing protocol. Further
venous blood samples were collected by venipuncture at 2 h
(1100 h), 4 h (1300 h), and 6 h (1500 h) after the initiation of
breakfast for the measurement of circulating concentrations of TG,
NEFA, 3-OHB, insulin, and glucose. NEFA was measured as a sur-
rogate marker of substrate delivery to the liver for TG synthesis and
3-OHB as a marker of hepatic fatty acid oxidation affecting TG
secretion. In addition, we used insulin and glucose as indicators of
carbohydrate metabolism.

Test meal

Breakfast consisted of grilled salmon, scrambled eggs (egg and
salts with tomato ketchup), a bowl of white rice, soup (made with
soybean curd, seaweed, soybean paste, and deep-fried soybean
curd), vegetables (sauteed cabbage and carrot with ham, steamed
potato and broccoli, and fresh cucumber with a mayonnaise dres-
sing), and a cream cracker. Breakfast provided 0.45 g fat, 1.39 g
carbohydrate, 0.46 g protein, and 48.7 kJ (11.6 kcal) energy per
kilogramme of body mass. For the physical activity group, mean
macronutrient content of the breakfast was 25.5 ± 5.1 g fat,
79.0± 15.7 g carbohydrate, and 26.1± 5.2 g protein, which provided
2.8 ± 0.6 MJ (663 ± 132 kcal) energy (35% from fat, 49% from car-
bohydrate, and 16% from protein). For the control group, mean
macronutrient content of the breakfast was 24.9 ± 2.7 g fat,
77.2 ± 8.4 g carbohydrate, and 25.5 ± 2.8 g protein, which provided
2.7 ± 0.3 MJ (648 ± 70 kcal) energy (35% from fat, 49% from car-
bohydrate, and 16% from protein). Participants were asked to
consume breakfast within 30 min, and consumption time was
recorded and replicated in subsequent postprandial blood tests (i.e.,
at 4 and 12 weeks). Mean time to consume breakfast of physical
activity and control groups were 20.1 ± 4.7 and 20.3 ± 4.6 min,
respectively. None of the participants reported nausea or any
gastrointestinal discomfort during or after breakfast. Participants
consumed water ad libitum during the baseline postprandial blood
test, and the pattern and volume ingested were replicated in sub-
sequent postprandial blood tests (i.e., at 4 and 12 weeks). The
averagewater intake of the physical activity and control groupswas
765 ± 187 and 690 ± 296 mL over 6 h, respectively.

Standardization of dietary intake and physical activity

Participants weighed and recorded all food and drink consumed
the day before the baseline postprandial blood test and refrained
from drinking alcohol during this period. Participants replicated
their dietary intake from the baseline postprandial blood test in all
subsequent postprandial blood tests (i.e., one day before the
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postprandial blood test at 4 weeks and 12 weeks after each inter-
vention was completed) to ensure that dietary intake was stan-
dardized across three postprandial blood tests. Food diaries were
analyzed by a registered dietician to determine energy intake and
macronutrient content. In addition, all participants were asked to
remain inactive the day before each postprandial blood test and
wore a uniaxial accelerometer (Lifecoder-EX; Suzuken Co Ltd,
Nagoya, Japan) on the hip to monitor their daily activity objectively
during this period. This time phase has been suggested to distin-
guish from acute physical activity-induced TG lowering effects.16

Thus, this practise ensures us to examine the “true” effect of
chronic physical activity on postprandial TG metabolism.

Analytical methods

For serum T-C, LDL-C, HDL-C, TG, NEFA, and 3-OHB measure-
ments, venous blood samples were collected into tubes containing
clotting activators for isolation of serum (Venoject 2; Terumo Cor-
poration, Tokyo, Japan). Thereafter, samples were allowed to clot for
30 min at room temperature and then centrifuged at 1861 g for
10min at 4 �C. Serumwas removed, divided into aliquots, and stored
at �80 �C for later analysis. For plasma insulin measurements,
venous blood samples were collected into tubes containing dipo-
tassium salt-EDTA (Venoject 2; Terumo Corporation, Tokyo, Japan).
For plasma glucose measurements, venous blood samples were
collected into tubes containing sodium fluoride-EDTA (Venoject 2;
Terumo Corporation, Tokyo, Japan). Thereafter, both tubes were
immediately centrifuged and the plasma supernatants were stored
at �80 �C for later analysis. Enzymatic colourimetric assays were
used to measure serum T-C (T-cho Determiner L TC II; Hitachi
Chemical Diagnostics Systems Co Ltd, Tokyo, Japan), serum LDL-C
(Matabo Lead LDL-C; Hitachi Chemical Diagnostics Systems Co Ltd,
Tokyo, Japan), serum HDL-C (Matabo Lead HDL-C; Hitachi Chemical
Diagnostics Systems Co Ltd, Tokyo, Japan), serum TG (Pure Auto S
TG-N; Sekisui Medical Co Ltd, Tokyo, Japan), serum NEFA (NEFA-HR;
Wako Pure Chemical Industries, Ltd, Osaka, Japan), serum 3-OHB
(KAINOS 3-HB; Kainos Laboratories, Inc., Tokyo, Japan), and plasma
glucose (GLU-HK(M); Shino-Test Corporation, Kanagawa, Japan).
Enzyme-linked immunosorbent assays (ELISAs) were used to mea-
sure plasma insulin (Mercodia Insulin ELISA; Mercodia AB, Uppsala,
Sweden). Samples for each participant were analyzed within the
same run for each measure. The intra-assay coefficients of variation
were 0.62% for T-C, 0.75% for LDL-C, 1.16% for HDL-C, 0.60% for TG,
0.90% for NEFA, 1.40% for 3-OHB, 0.05% for insulin, and 0.92% for
glucose.

Statistical analysis

Data were analyzed using the Predictive Analytics Software
version 26.0 for Mac (IBM SPSS Statistics 26.0, SPSS Japan Inc.,
Japan). The ShapiroeWilk test was used to check for normality of
distribution. Normally distributed values were compared between
groups using Welch’s t-test. The other values, which were found
not to be normally distributed, were compared between groups
using the ManneWhitney U test. Time-averaged total area under
the serum or plasma concentration versus time curves (AUC) were
calculated using the trapezium rule. The linear mixed model was
used to examine between-group differences over the 12-week
intervention for body mass, physical activity levels, fasting serum
or plasma concentration, and time-averaged AUC values. Time-
averaged insulin AUC values were also analyzed with the fasting
plasma insulin concentration and time-averaged AUC value at the
baseline modelled as a covariate. Where significant group by week
interactions and group and weekly effects were found (i.e., a 6-h
postprandial blood test at baseline, 4 weeks, and 12 weeks in two
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groups), the data were subsequently analyzed using post-hoc
analysis using the Bonferroni method. Single regression analysis
was conducted to examine the association between changes in
postprandial time-averaged TG AUC and changes in total physical
activity (i.e., minutes/day) at 4 weeks and 12 weeks. Data are
expressed as mean ± SD. Statistical significance was set at p < 0.05.
Results

Physical characteristics

There were no differences in terms of participant age, height,
body mass, BMI, systolic diastolic blood pressure, or diastolic blood
pressure between the physical activity and control groups at
baseline (Table 1).
Physical activity data

The body mass and physical activity data over the 12-week
intervention in the physical activity and control groups are shown
in Table 2. There were no significant main effects of group
(p ¼ 0.714), week (p ¼ 0.054), or an interaction (group � week,
p¼ 0.248) on bodymass. According to the daily logs, the participants
in the physical activity group commonly engaged in walking, going
up and down the stairs, and performing household chores over 12-
week intervention. There were no differences in terms of step
counts (p ¼ 0.236), time spent in total physical activity (p ¼ 0.247),
time spent in moderate to vigorous (S3 METs) physical activity
(p ¼ 0.204), or time spent in light (<3 METs) physical activity
(p ¼ 0.231) at baseline between the groups. On average over the 12-
week intervention, step counts increased by 139 ± 1748 steps/day in
the physical activity group and by 525 ± 1668 steps/day in the
control group. There were no significant main effects of group
(p ¼ 0.287), week (p ¼ 0.570), or an interaction (group � week,
p ¼ 0.401). On average over the 12-week intervention, time spent in
the total physical activity increased by 1.1 ± 19.3 min/day in the
physical activity group and by 3.3 ± 15.3 min/day in the control
group. There were no significant main effects of group (p ¼ 0.216),
week (p ¼ 0.572), or an interaction (group � week, p ¼ 0.312). On
average, over the 12-week intervention, time spent in moderate
(3e6 metabolic equivalents (METs)) to vigorous (>6 METs) physical
activity increased by 2.8 ± 8.8 min/day in the physical activity group
and by 4.9 ± 11.2 min/day in the control group. There were no sig-
nificant main effects of group (p ¼ 0.636), week (p ¼ 0.055), or an
interaction (group�week, p¼ 0.686). On average, over the 12-week
intervention, time spent in light (<3 METs) physical activity
increased by �1.7 ± 15.1 min/day in the physical activity group and
by�1.6 ± 11.3min/day in the control group. There was no significant
main effect of group (p ¼ 0.088), week (p ¼ 0.088), or an interaction
(group � week, p ¼ 0.312).
Table 2
Body mass and physical activity at baseline, 4 weeks, 8 weeks, and 12 weeks in the phys

Physical activity group (n ¼ 11) Control

Baseline 4 weeks 8 weeks 12 weeks Baseline

Body mass (kg) 57.4 (11.8) 57.7 (11.8) 57.9 (11.7) 57.6 (11.3) 56.1 (7.
Steps (steps/day) 7646 (2840) 8120 (2354) 7676 (1793) 7559 (2040) 6250 (2
Total PA (min/day) 80 (29) 85 (24) 79 (17) 77 (18) 66 (28)
S 3 METs PA (min/day) 20 (17) 23 (12) 23 (10) 23 (12) 16 (16)
<3 METs PA* (min/day) 59 (19) 63 (14) 56 (11) 54 (9) 50 (17)

Values are means (standard deviation). Means were compared using linear mixed mode
METs.
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Serum/plasma concentrations in the fasted state

Fasting biochemical and hormonal variables measured at base-
line, 4 weeks, 8 weeks, and 12 weeks in the physical activity and
control groups are shown in Table 3. There were no differences in
terms of fasting serum T-C (p ¼ 0.670), serum LDL-C (p ¼ 0.758),
serum HDL-C (p ¼ 0.770), serum TG (p ¼ 0.484), serum NEFA
(p ¼ 0.914), plasma glucose (p ¼ 0.811), plasma insulin (p ¼ 0.113),
or serum 3-OHB (p¼ 0.500) concentrations at baseline between the
groups. On average, the fasting plasma concentration of all vari-
ables did not differ between the groups over the 12-week inter-
vention (p ¼ 0.434 for T-C; p ¼ 0.494 for LDL-C; p ¼ 0.970 for HDL-
C; p ¼ 0.170 for TG; p ¼ 0.602 for NEFA; p ¼ 0.712 for glucose;
p ¼ 0.091 for insulin; p ¼ 0.152 for 3-OHB). There was a significant
interaction for fasting serum TG concentration over the 12-week
intervention (p ¼ 0.004). Post-hoc analysis revealed that fasting
serum TG concentration at 4 weeks was significantly higher in the
physical activity group compared the control group (p ¼ 0.024).

Serum/plasma concentrations in the postprandial state

The time-averaged serum TG AUC in the physical activity and
control groups is shown in Fig. 2. The time-averaged AUCs for
serum NEFA, plasma glucose, plasma insulin, and serum 3-OHB are
shown in Table 4. There were no significant differences in time-
averaged serum TG (p ¼ 0.515), NEFA (p ¼ 0.818), plasma glucose
(p ¼ 0.360), and serum 3-OHB (p ¼ 0.935) AUC at baseline between
the groups. There was a significant difference in the time-averaged
plasma insulin AUC at the baseline between the groups (p¼ 0.006).
The time-averaged serum TG AUC did not significantly differ be-
tween the groups (p ¼ 0.212). However, there was a significant
main effect of week (p ¼ 0.009) and an interaction (group � week,
p ¼ 0.030). Post-hoc analysis revealed that the time-averaged
serum TG AUC was significantly higher at 4 weeks than at base-
line (p¼ 0.042) and 12weeks (p¼ 0.017). The time-averaged serum
TG AUC at 4 weeks tended to be higher in the physical activity
group than in the control group (p ¼ 0.056). On average, the time-
averaged serum NEFA and 3-OHB AUC did not significantly differ
between the groups over the 12-week intervention (p ¼ 0.813 for
NEFA; p ¼ 0.751 for 3-OHB). There was no significant interaction
effect (group � week, p ¼ 0.960 for NEFA; p ¼ 0.581 for 3-OHB).
However, there was a significant main effect of week (p ¼ 0.002 for
NEFA; p ¼ 0.010 for 3-OHB). Post-hoc analysis revealed that the
time-averaged serum NEFA AUC was significantly lower at 4 weeks
than at baseline (p ¼ 0.002) and 12 weeks (p ¼ 0.033), and that the
time-averaged serum 3-OHB AUC was significantly lower at 4
weeks than at baseline (p ¼ 0.017). On average, the time-averaged
plasma glucose AUC did not significantly differ between the groups
over the 12-week intervention (p ¼ 0.419) and among the weeks
(p ¼ 0.384). There was no significant interaction (group � week,
p ¼ 0.881). On average, the time-averaged plasma insulin AUC
significantly differed between the groups over the 12-week
ical activity and control groups.

group (n ¼ 15) Interaction (group � week) p value

4 weeks 8 weeks 12 weeks

0) 56.2 (6.9) 56.4 (6.7) 56.6 (6.6) 0.248
959) 6566 (2743) 6929 (2955) 6830 (3327) 0.401

68 (24) 71 (26) 69 (30) 0.312
18 (18) 21 (19) 22 (21) 0.686
49 (13) 50 (13) 47 (16) 0.312

l. METs; metabolic equivalents, PA; physical activity. * a minimum threshold is 1.8



Table 3
Fasting biochemical and hormonal variables at baseline, 4 weeks, 8 weeks, and 12 weeks in the physical activity and control groups.

Physical activity group (n ¼ 11) Control group (n ¼ 15) Interaction (group � week) p value

Baseline 4 weeks 8 weeks 12 weeks Baseline 4 weeks 8 weeks 12 weeks

Total cholesterol (mmol/L) 6.09 (1.19) 6.24 (1.28) 6.28 (1.16) 6.30 (1.26) 5.92 (0.68) 5.96 (0.77) 5.84 (0.66) 6.02 (0.89) 0.544
LDL-cholesterol (mmol/L) 3.58 (1.00) 3.62 (0.97) 3.62 (1.02) 3.67 (1.02) 3.47 (0.58) 3.43 (0.70) 3.27 (0.56) 3.45 (0.72) 0.430
HDL-cholesterol y (mmol/L) 1.89 (0.62) 1.87 (0.65) 1.98 (0.64) 2.03 (0.66) 1.83 (0.42) 1.94 (0.49) 2.01 (0.44) 2.03 (0.50) 0.182
Triglyceride y (mmol/L) 1.11 (0.51) 1.55 (0.97) 1.34 (0.68) 1.18 (0.54) 1.02 (0.51) 0.99 (0.51) 0.93 (0.47) 0.97 (0.58) 0.004 *
NEFA (mmol/L) 0.80 (0.26) 0.68 (0.23) 0.73 (0.20) 0.74 (0.19) 0.81 (0.22) 0.86 (0.42) 0.69 (0.21) 0.75 (0.18) 0.108
Glucose (mmol/L) 5.62 (0.58) 5.57 (0.57) 5.52 (0.44) 5.50 (0.45) 5.56 (0.44) 5.46 (0.47) 5.50 (0.39) 5.43 (0.56) 0.938
Insulin (mIU/mL) 5.12 (2.50) 5.83 (2.77) 5.56 (2.32) 5.34 (1.97) 5.41 (8.93) 3.54 (1.60) 2.43 (1.10) 3.37 (1.47) 0.317
3-OHB (mmol/L) 0.09 (0.07) 0.05 (0.04) 0.07 (0.06) 0.10 (0.11) 0.13 (0.12) 0.12 (0.14) 0.15 (0.12) 0.14 (0.13) 0.507

Values are means (standard deviation). Means were compared using linear mixed model and post-hoc analysis was adjusted for multiple comparisons using the Bonferroni
method. y main effect of week for HDL-C (p < 0.001) and TG (p ¼ 0.015). * Post-hoc analysis revealed that the fasting serum TG concentration at 4 weeks was significantly
higher in the physical activity group than the control group (p ¼ 0.024). HDL; high-density lipoprotein, LDL; low-density lipoprotein, NEFA; non-esterified fatty acids, 3-OHB;
3-hydroxybutyrate.

Fig. 2. The time-averaged serum triglyceride (TG) area under the curve (AUC) value
over 6 h after the consumption of the test meal at baseline, 4 weeks, and 12 weeks in
the physical activity and control groups.
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intervention (p ¼ 0.002) and among the weeks (p ¼ 0.008). Post-
hoc analysis revealed that the time-averaged plasma insulin AUC
was significantly higher in the physical activity group than in the
control group. The time-averaged plasma insulin AUC was signifi-
cantly higher at 4 weeks than at baseline (p ¼ 0.027) and 12 weeks
(p ¼ 0.021). There was no significant interaction (group � week,
p ¼ 0.776). On average, the difference between the groups over the
12-weeks intervention remained significant after adjusting for
fasting insulin concentration at baseline as a covariate (p ¼ 0.002).
However, after adjusting for time-averaged plasma insulin AUC at
the baseline as a covariate, the difference between the groups was
no longer significant (p ¼ 0.183).
Table 4
The time-averaged serum triglyceride, serum non-esterified fatty acids (NEFA), serum 3-
(AUC) values over 6 h after the consumption of the test meal at baseline, 4 weeks, and 1

Physical activity group Cont

Baseline 4 weeks 12 weeks Basel

NEFA AUC y (mmol/L) 0.45 (0.11) 0.39 (0.08) 0.45 (0.08) 0.44
Glucose AUC (mmol/L) 5.9 (0.6) 5.9 (0.6) 5.8 (0.4) 6.1 (0
Insulin AUC y* (mIU/mL) 17.3 (6.5) 21.7 (10.5) 17.7 (9.2) 9.6 (5
3-OHB AUC y (mmol/L) 0.06 (0.04) 0.04 (0.03) 0.05 (0.03) 0.06

Values are means (standard deviation). Means were compared using linear mixed mode
method. ymain effect of week for NEFA (p¼ 0.002), insulin (p¼ 0.008) and 3-OHB (p¼ 0.0
3-hydroxybutyrate, NEFA; non-esterified fatty acids.
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The relationship between increments of physical activity and serum
TG concentrations in the postprandial state

Physical activity was not increased over the 12-week interven-
tion in either group and there was a large variation in physical
activity between individuals. The changes in total physical activities
ranged from �31 to 40 min per day at 4 weeks and from �34 to
28 min per day at 12 weeks. Therefore, all data was pooled together
and the association between changes in postprandial TG AUC and
changes in total physical activity time was examined. No associa-
tions between changes in postprandial TG AUC and changes in total
physical activity time were observed at 4 weeks (r2 ¼ 0.017,
p ¼ 0.531) or 12 weeks (r2 ¼ 0.037, p ¼ 0.445).

Dietary data e a day before the postprandial tests

Reported energy intake for the 24 h preceding postprandial
testingwas 7.7 ± 1.4MJ/day (1832 ± 327 kcal/day) (14 ± 4% from fat,
70 ± 5% from carbohydrate and 16 ± 3% from protein) in the
physical activity group and 7.3 ± 1.2 MJ/day (1735 ± 280 kcal/day)
(15 ± 5% from fat, 68 ± 7% from carbohydrate and 17 ± 4% from
protein) in the control group.

Discussion

The present study examined whether an increase in self-selected
physical activity for at least 10minper day over 12weeks under free-
living conditions altered postprandial TG concentration in post-
menopausal women. The present study demonstrated that therewas
no reduction in postprandial TG concentration, with no meaningful
averaged increment in physical activities over the 12-weeks inves-
tigation. In addition, the present study found that there was no as-
sociation between changes in postprandial TG concentration and
changes in physical activity time (range: �34 to 40 min per day)
when these responses were determined 24 h after the last physical
hydroxybutyrate (3-OHB), plasma insulin, and plasma glucose area under the curve
2 weeks in the physical activity and control groups.

rol group Interaction (group � week) p value

ine 4 weeks 12 weeks

(0.12) 0.39 (0.11) 0.41 (0.08) 0.960
.4) 6.0 (0.6) 5.9 (0.8) 0.881
.5) 12.7 (6.3) 8.1 (3.4) 0.776
(0.03) 0.05 (0.03) 0.06 (0.03) 0.581

l and post-hoc analysis was adjusted for multiple comparisons using the Bonferroni
10). *main effect of group for insulin (p¼ 0.002). AUC; area under the curve, 3-OHB;
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activity bout. This finding supports the findings of previous studies
examining the chronic (�4 weeks) effect of structured exercise
training on postprandial TG concentrations.8e11,13,14 Furthermore,
our findings support the importance of increased “frequent” physical
activity in daily life for gaining the postprandial TG lowering effects.
Indeed, our previous study highlighted the effectiveness of acute
physical activity in reducing postprandial TG concentration.5

No improvement in postprandial TG is consistent with results of
previous studies in young,10,14 middle-aged,8,12 and older11 adults
when the postprandial measurements were conducted 24e72 h
after the last exercise bout. The present study extends these find-
ings by demonstrating that no persisting effect of reduction in
postprandial TG concentrations was observed through activities of
daily living in postmenopausal women. Furthermore, our findings
support findings of our previous study which showed that post-
prandial TG concentration was not reduced in postmenopausal
women after participants performed self-selected activities under
free-living conditions over a 4-weeks period, despite the partici-
pants in the active group increasing their step counts by 600 steps
per day and their total physical activity by 5 min per day.12 In
contrast, another study demonstrated reductions in postprandial
TG concentrations after 11 weeks of high-volume resistance exer-
cise in postmenopausal women.15 However, the postprandial
measurements were conducted 15 h after the last exercise bout in
the study by Correa et al.15 Therefore, caution is required when
interpreting the findings of this study as reductions in postprandial
TG concentrations by exercise are transient (i.e., the exercise-
induced reduction in postprandial TG was diminished when exer-
cise was performed for 24 h, but not 12 h prior to the postprandial
measurements). Taken together, the present study supports the
notion that physical activity-induced lowering of postprandial
lipemia is short-lived and is reduced by the short period of
detraining.9,24,25

The majority of previous studies examining the chronic effect of
physical activity on postprandial lipemia are conducted under
“structured or supervised” conditions.8e11,13e15 These previous in-
terventions administered under the supervision of experimenters
have shown effectiveness in increasing physical activity levels or
physical fitness.8e11,13e15 However, a higher dropout rate (roughly
50%) from supervised exercise programmes has been reported, and
a lower long-term adherence to physical activity has been reported
when the intervention was terminated.19,20 Given the importance
of increasing or maintaining physical activities in daily life after the
intervention, it is necessary for the participants to choose their
activities and be easily performed in their free-living condition. The
health commission report of Japan has shown that an increment of
1 MET-h/week results in a 0.8% reduction in the average relative
risk for non-communicable diseases (including cardiovascular
diseases), and this reduction could be interpreted as a 3.2% risk
reduction with a 10-min increase in physical activity per day.17 For
this reason, the Ministry of Health, Labour and Welfare of Japan
recommends that people incorporate “þ10min of physical activity”
per day into their daily lives to promote physical activity for public
health.18 The present study was performed in accordance with this
guidance and the participants in the physical activity group were
instructed to increase their activities for at least 10 min per day
above their usual lifestyle levels for 12weeks. However, the average
increment of total physical activity time spent in physical activity
was only 1.1 min per day in the physical activity group. Therefore,
the small increment in the amount of physical activity observed in
the present study may be the main reason for the lack of
improvement in fasting blood lipid parameters.26e28 In the present
study, the investigators instructed the participants in the physical
activity group to reduce their inactivity time and to increase their
physical activity in accordance with their own lifestyle by engaging
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in activities such as taking a walk, going up and down the stairs,
playing with grandchildren, and running. Thus, we did not set a
target for physical activity intensity or a targeted number of steps.
Alternatively, the number of steps is an objective measurement of
physical activity that can be easily measured and evaluated on a
daily basis for many individuals using pedometer and smartphone
applications as recommended for promoting physical activity.29,30

To obtain better adherence to daily physical activity in older
adults, an alternative intervention plan where individuals can
visually check the amount of physical activity may be needed.

The present study has two limitations. Although each partici-
pant was asked to standardize their dietary intake one day before
each postprandial blood test and was asked not to alter their diet
over the 12 weeks, we had no data on their dietary intake during
the entire experimental period. Thus, such a background diet may
explain why fasting TG concentration and postprandial TG AUC at 4
weeks was significantly higher in the physical activity group than in
the control group (p¼ 0.024 and p¼ 0.056, respectively) as exercise
with a short-term (i.e., 4 days) dietary manipulation affected
postprandial TG concentrations.31 In addition, although there was
no statistically significant difference between the groups, there was
a difference in physical activity levels at baseline between the
groups, with the physical activity group having ~1400 steps/day
and 14 min more total physical activity compared to the control
group. This difference may partly explain why the intervention did
not work well in the present study, as the physical activity group
could not increase their physical activity across the intervention.
However, this initial variation in physical activity levels did not
appear to affect postprandial TG concentrations, since there was no
association between the changes in postprandial time-averaged TG
AUC and changes in the total physical activity levels.
Conclusion

The present study demonstrated that self-selected activities
performed under free-living conditions lasting for 12 weeks did not
improve postprandial TG metabolism in postmenopausal women
with no meaningful averaged increase in physical activities. The
present study also observed that there was no association between
changes in postprandial time-averaged TG AUC and changes in
duration of physical activity when these responses were deter-
mined 24 h after the last bout of physical activity. Given that only
recent physical activity appears to facilitate the physical activity-
induced postprandial TG lowering effects,15 the findings of the
present study imply that “regular” physical activity through an
active lifestyle is important to keep circulating concentrations of
postprandial TG low in postmenopausal women.
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