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Abstract: We examined whether post-exercise yogurt intake reduced cardiovascular strain during
outdoor interval walking training (IWT) in older people during midsummer. The IWT is a training
regimen repeating slow and fast walking at ~40% and ≥70% peak aerobic capacity, respectively, for
3 min each per set, ≥5 sets per day, and ≥4 days/wk. We randomly divided 28 male and 75 female
older people (~73 yr), who had performed IWT ≥12 months, into a carbohydrate group (CHO-G)
consuming jelly (45 g CHO, 180 kcal) and a yogurt group (YGT-G) consuming a yogurt drink
(9.3 g protein, 39 g CHO, 192 kcal) immediately after daily IWT for 56 days while monitoring exercise
intensity and heart rate (HR) with portable devices. We analyzed the results in 39 subjects for
the CHO-G and 37 subjects for the YGT-G who performed IWT ≥ 4 days/wk, ≥60 min total fast
walking/wk, and ≥4 sets of each walk/day. We found that the mean HR for fast walking decreased
significantly from the baseline after the 30th day in the YGT-G (p < 0.03), but not in the CHO-G
(p = 1.00). There were no significant differences in training achievements between the groups. Thus,
post-exercise yogurt intake might reduce cardiovascular strain during outdoor walking training in
older people.

Keywords: interval walking training; exercise intensity; heart rate; dairy supplementation; IoT

1. Introduction

The incidence of heat illness during midsummer has rapidly increased in the past
several decades as the ambient temperature (Ta) has increased globally [1]. This tendency
has been more prominent in the elderly than in young adults who are more tolerant to heat
stress [2,3]. To prevent the development of heat-related illness, aerobic exercise training
above a given intensity has been recommended [4,5]. In addition, nutritional supplemen-
tation during the training has been reported to enhance the effects [6,7]. However, these
results were obtained by means of laboratory- or gym-based studies which were designed
to ensure exercise intensity (EI) and volume during training, so it has remained unknown
whether the same effects could be obtained in actual field studies.

Previously, we have suggested that post-exercise milk protein-carbohydrate (CHO)
supplementation during aerobic training for a given period can increase plasma volume
(PV) and thermoregulatory capacity, more than placebo supplementation in laboratory-
and gym-based studies, with a tendency toward an increase in aerobic capacity in older
people [6,7]. However, studies of this nature typically require machines for training,
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treadmill or bicycle ergometers, and institutions where the machines are installed, as well
as staff who instruct subjects to perform training at a given EI to acquire the effects. Thus,
such studies involve considerable institutional and personnel resources, which naturally
limits the number of subjects and the amount of time available for evaluating the effects.

To solve these problems, we developed the e-Health Promotion System (Kissei Comtec,
Matsumoto, Japan), composed of interval walking training (IWT), a portable calorimeter
(JD Mate; Kissei Comtec, Matsumoto, Japan), and an Internet of things (IoT) system for
use by middle-aged and older people to perform IWT at their favorite time and place,
without going to any specific institutions [8]. IWT is a training regimen repeating ≥ 5 sets

of alternative slow and fast walking at ~40% and ≥70% peak aerobic capacity (
·

VO2peak)
for 3 min each per set for ≥4 days/wk. The portable calorimeter is a device equipped
with a tri-axial accelerometer and a barometer, which is used to measure EI every min
during IWT as precisely as respiratory gas analysis [9]. The IoT system was developed for
accumulating training achievements and the effects of IWT on physical fitness and lifestyle-
related disease symptoms [8]. Through our work with this system, we have demonstrated
that the high-intensity walking time, rather than the low-intensity walking time, during
IWT is a key determinant to increase physical fitness and improve health outcomes in
middle-aged and older people [10]. In the present study, we used the system to confirm
that EI and volume during IWT reached the levels which have been suggested to improve
aerobic and thermoregulatory capacities in laboratory- or gym-based studies [6,7].

With this approach in the present study, we sought to examine the effects of milk
protein-CHO supplementation during outdoor IWT on aerobic and thermoregulatory
capacities. To evaluate time-series changes in these capacities over the intervention period,
we measured heart rate (HR) every sec with a portable HR meter (M200, Polar, Kempele,
Finland) during daily IWT. The reason for adopting HR as a combined index for aerobic

and thermoregulatory capacities was that HR at a given EI decreases as
·

VO2peak increases,
increasing during a constant intensity of exercise as body core temperature increases, a
phenomenon known as “cardiovascular drift” [6,11]. Therefore, we supposed that if aerobic
and thermoregulatory capacities increased along with training, it would reduce the increase
in HR at a given EI during outdoor IWT.

For this study, we used a non-fat yogurt drink for supplementation, since it contains
amounts of milk protein and CHO similar to those of the supplements used in the previous
laboratory- and gym-based studies, and since it is commercially available in bottle form [6,7].
In addition, yogurt, which is highly popular in Japan, is reported to induce less diarrhea
incidence by accelerating intestinal lactose absorption when compared with the effects of
plain milk on older people in Japan [12,13].

Thus, the continuous and simultaneous measurements of HR and EI at every training
session throughout an intervention period in a large number of older people would enable
us to detect any merits of the post-exercise yogurt supplementation in the field, which had
never before been detected due to low statistical power caused by limited timing of the
measurements and by a limited number of subjects. In the present study, we hypothesized
that HR at a given EI during outdoor IWT in midsummer would be reduced by the yogurt
supplementation more than by the placebo supplementation in older people.

2. Methods
2.1. Subjects and Grouping

Figure 1 shows a timeline of the present study. The subjects were recruited from
participants who had performed IWT for more than 12 months in the “Jukunen Taiikuda-
gaku” program, a long-running health promotion program for middle-aged and older
people in Matsumoto City, Japan. The reason for recruiting subjects who had performed
IWT before was that the effects of IWT, such as increased aerobic capacity and improved
lifestyle-related disease symptoms, were observed for the first six months of the training,
but thereafter, the effects reached plateau levels [14]. Accordingly, we believed that it would
enable us to detect the mere merits of the supplementation by excluding any effects of the
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training by itself. For recruitment, we displayed a poster in a local community office that the
participants visit regularly, and we also distributed leaflets. After the experimental protocol
was fully explained to ~400 participants, 103 of 113 responders (28 men and 75 women;
age, 60–83 years) provided written informed consent and enrolled in the study. Then they

were randomly divided into two groups according to
·

VO2peak: a yogurt group (YGT-G,
14 males and 38 females) consuming a non-fat yogurt, and a carbohydrate group (CHO-G,
14 males and 37 females), consuming a CHO solution within 30 min after daily IWT. For the

grouping, we used
·

VO2peak measured in October 2019, the last value of the measurements
which we had determined regularly every six months to ensure individual target intensity for
fast walking of IWT for all participants in the program, since it was prohibited by the gov-
ernment to gather a group of subjects in a gym during the subsequent COVID-19 pandemic.

However, we were able to confirm that
·

VO2peak increased sharply for the first six months
after starting IWT, but reached a plateau thereafter, even while the participants continued
training [14]. The physical characteristics and the past and current health status before training
in subjects adopted for analyses (see below) are shown in Tables 1 and 2, respectively.
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Figure 1. CONSORT flow diagram. CHO-G, the carbohydrate intake group; YGT-G, the yogurt
intake group.

Table 1. Physical characteristics of subjects by group.

CHO-G
n = 39

YGT-G
n = 37

Age, yr 73 ± 5 73 ± 5
Height, cm 157 ± 6 157 ± 6

Body mass, kg 57.3 ± 9.0 54.7 ± 10.1
·
VO2peak, mL·kg−1·min−1 25.1 ± 5.3 26.5 ± 5.8

HRpeak, beats/min 142 ± 20 143 ± 19

Values are means ±S.D. CHO-G, the carbohydrate intake group; YGT-G, the yogurt intake group;
·

VO2peak, peak

oxygen consumption rate during a graded walking test; HRpeak, peak heart rate at
·

VO2peak. There were no
significant differences in any parameters between the groups (all, p > 0.2).
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Table 2. Past and current health status of participants.

CHO-G
n = 39

YGT-G
n = 37

Anamnesis, %
Hypertension 12.8 21.6
Heart disease 0.0 8.1
Diabetes mellitus 2.6 2.7
Hyperlipidemia 10.3 5.4
Orthopedic diseases 2.6 8.1
Other diseases 7.7 10.8

Current drinkers, % 56.4 56.8
Current smokers, % 5.1 0.0
Current medications to influence, %

Autonomic function 30.8 32.4
Blood lipids 35.9 10.8
Blood glucose 10.3 2.7

CHO-G, the carbohydrate intake group; YGT-G, the yogurt intake group. From answers to questionnaire given to
subjects before participating in the study, we confirmed that there were no significant differences in any indices for
health status between the groups (all, p > 0.1). Other diseases included stroke, renal and hepatic diseases, and cancers.

Given the nature of the supplements, subjects and investigators were not blinded to
the grouping, but the subjects did not know which supplement was expected to be more
effective than the other.

2.2. Protocol

For IWT, the subjects in both groups were instructed to continue to repeat ≥5 sets of

fast (≥70%
·

VO2peak) and slow (~40%
·

VO2peak) walking for 3 min each per set, ≥4 days
per week, as they had done prior to participating in the present study. The subjects in
YGT-G were instructed to consume a yogurt drink, while those in CHO-G consumed an
energy jelly within 30 min after daily IWT, respectively. The nutritional components of
the respective supplements are described below. The subjects in both groups were also
instructed not to consume any other foods or fluids, except for either water or barley tea,
with no caffeine or sugar, during IWT and for 60 min before and after IWT. The intervention
period was 56 days from 27 July to 20 September 2020, where Ta and relative humidity (RH)
on average, were 25.6 ± 2.6 (SD) ◦C and 68 ± 10% at 9:00 and 28.2 ± 3.1 ◦C and 59 ± 11%
at 17:00, the two times of day around which the subjects performed IWT most frequently.
There was no harmful event during the intervention. The training achievements during the
intervention in the subjects adopted for analyses (see below) are shown in Table 3.

Table 3. Training achievements for CHO-G and YGT-G.

CHO-G
n = 39

YGT-G
n = 37

Total walking days 47 ± 1 47 ± 1
Walking days per week 5.8 ± 0.1 5.8 ± 0.1
Fast walking

Time, min/walking day 21 ± 1 21 ± 1
§ Energy expenditure, L

O2/walking day 21.9 ± 1.6 20.6 ± 1.4

Slow walking
Time, min/walking day 23 ± 2 23 ± 2
§ Energy expenditure, L

O2/walking day 13.4 ± 0.9 13.4 ± 1.3

Values are means ±SE. CHO-G, the carbohydrate intake group; YGT-G, the yogurt intake group. § Resting oxygen
consumption is not included. There were no significant differences in any parameters between the groups (all, p > 0.5).
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2.3. Supplements

The nutritional composition of the yogurt drink for YGT-G and that of the jelly drink
for CHO-G are shown in Table 4.

Table 4. The composition of supplements.

Jelly Drink
(180 g/Dose)

Yogurt Drink
(318 g/Dose)

Total energy, kcal 180 192

Major nutrients

Protein, g 0 9.3
Carbohydrate, g 45 (mainly dextrin) 39 (glucose 8.7 g, lactose 8.4 g, and others)
Fat, g 0 0

Other nutrients

Dietary fibers, g 0 0
Na, mg 43 117
K, mg 50 410
Ca, mg 47 318
Mg, mg 0.83 35
Fe, mg 0.05 0.3

The carbohydrate intake group (CHO-G) consumed 180 g of the jelly drink and the yogurt intake group (YGT-G)
consumed 318 g of the yogurt drink within 30 min after daily interval walking training (IWT), respectively.

2.4. Measurements

2.4.1.
·

VO2peak
·

VO2peak was determined by measuring energy expenditure every 5 s with the calorime-
ter (JD-Mate) carried on the midclavicular line of the right or left front waist during graded-
intensity walking on a flat floor at subjective slow, moderate, and fast speeds for 3 min each,

as reported previously [15]. Regarding the precision,
·

VO2peak determined by the graded
walking exercise was highly correlated with that obtained by graded cycling exercise with
respiratory gas analysis (R2 = 0.83, p < 0.0001), and furthermore, the regression coefficient
was close to a unit in middle-aged and older men and women (n = 278) and ±0.23 L/min

of the 95% confidence limit over the range of
·

VO2peak variation [8,15]. Thus, the
·

VO2peak
determined by the graded walking test was reliable enough to be used for the grouping.

2.4.2. EI during IWT

EI and volume during the training period were monitored with the portable calorime-

ter (JD-Mate), similar to the
·

VO2peak measurement, but recorded every minute. We con-
firmed that energy expenditure every min measured with the meter was in good agreement
with the value simultaneously measured by respiratory gas analysis during walking in an
outdoor course including inclines [9]. A beeping signal alerted the subjects at the specified
timing to change the intensity, and another melody announced to them when the intensity
had reached the target level every min. The subjects visited a local community office once a
month to have their walking record transferred from the meter to a central server at the
administrative center through the internet for automatic analysis and reporting by the
e-Health Promotion System.
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2.4.3. HR

A wrist band type of HR monitor (M200; Polar) was used to record HR every second
during IWT. The recorded data were transferred to a cloud-based internet server (Polar
Flow, https://account.polar.com, accessed on 12 April 2022) when subjects visited the local
community office once a month.

2.4.4. Dietary Intake

All subjects were instructed to maintain their dietary habits during the intervention
period. In addition, subjects were instructed to report the foods for the 4th and 8th week of
the intervention by answering a questionnaire that was prepared by a dietician (FFQg Ver
3.5; Kenpakusha, Tokyo, Japan). The average values of each nutritional composition are
shown in Table 5.

Table 5. The composition of dietary intake per day during the training period.

CHO-G
n = 39

YGT-G
n = 37

Total energy, kcal 1801 ± 40 1744 ± 47

Major nutrients

Protein, g 70.1 ± 1.7 68.2 ± 1.7
Carbohydrate, g 233 ± 6 227 ± 6
Fat, g 57.5 ± 1.8 56.6 ± 1.8

Other nutrients or foods

Dairy product, g 180 ± 17 154 ± 14
Sugar, g 8.1 ± 0.8 9.0 ± 0.9
Dietary fibers, g 15.4 ± 0.5 15.7 ± 0.5
Na, mg 4087 ± 129 4121 ± 135
K, mg 2604 ± 88 2566 ± 80
Ca, mg 557 ± 24 533 ± 24
Mg, mg 281 ± 10 271 ± 8
Fe, mg 7.9 ± 0.3 8.1 ± 0.3

Values are means ±SE. CHO-G, the carbohydrate intake group; YGT-G, the yogurt intake group. The values
do not include the compositions of the supplements. There were no significant differences in any components
between the groups (all, p > 0.2).

3. Analyses and Statistics

As shown in Figure 1, one subject in the CHO-G dropped out due to lower back pain
and was excluded from analyses. To analyze the HR response to a given EI during IWT,
we adopted 37 (5 men and 32 females) of 52 subjects in the YGT-G and 39 (11 men and
28 females) of 51 subjects in the CHO-G using the following 3 criteria: (1) the average total
fast walking time per week was ≥60 min, (2) the walking days were ≥4 days per week,
and (3) the average sets of slow and fast walking per day were ≥4. The first 2 criteria were
applied to secure the training volume above a given intensity to increase aerobic [8,10,15]
and thermoregulatory capacities suggested in the laboratory-based studies [6,7], and the
third criterion was adopted to compare HR at a given EI between the first and the last sets
of IWT for each day.

Figure 2 shows a typical example of EI and HR responses during five sets of slow and
fast walking during IWT for a day in one subject. As shown in the figure, the EIs during
slow and fast walking remained almost unchanged, while the HRs during each walking
speed gradually increased along with the walking. Therefore, we assumed that HR during
the first set of IWT was determined mainly by EI relative to individual aerobic capacity,
with minimal influence of increased body temperature, and the gradual increase in HR
along with the walking reflected the increasing rate of body temperature [16]. Accordingly,
we determined the lowest values of EI and HR after the 1st min of slow walking and their
highest values after the 1st min of fast walking for the first set of IWT as an index of aerobic

https://account.polar.com


Int. J. Environ. Res. Public Health 2022, 19, 4715 7 of 15

capacity, while considering the delayed response time of the HR monitor after changing
walking speed determined in a preliminary study, and the respective EI and HR values
for the last set of IWT as an index of aerobic and thermoregulatory capacities. In addition,
we determined the differences in EI (∆EI) and HR (∆HR) between the first and last sets
of IWT in each day as an index of thermoregulatory capacity. These determinations were
completed on each day of the training period in all subjects to examine any time-series
changes of aerobic and thermoregulatory capacities along with the training.
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Figure 2. A typical example of heart rate (HR) (A) and exercise intensity (EI) (B) responses during
IWT. HRslow and HRfast are HR for slow and fast walking, respectively. Similarly, EIslow and EIfast

are EI for slow and fast walking. The suffixes of “First” and “Last” indicate HR and EI for the first set
and the last set of IWT, respectively.

To assess the profiles of EIs and HRs and those of ∆EI and ∆HR for each day during
the training for 56 days, we divided the intervention period into 10 bins consisting of
5 days, plus an 11th bin of 6 days, and determined the mean bottom values of EI and
HR during slow walking and their peak values during fast walking for each bin. When
there was a no walking day for a bin for a subject, the value was copied from that in the
preceding bin by the last observation carried forward method [17].

To adjust the time axis between the EI and HR files, which were separately recorded
every minute and every second, respectively, with different portable devices and down-
loaded from the different servers, we used cross-correlation analysis between them. For this
analysis, the HR recorded every second was averaged for a period from t − 30 to t + 30 s,
while moving t by an increment of 1 s so that the cross-correlation function with EI marked
the maximal values.

A Pearson’s chi-square test was used to examine any significant differences in gender
distribution between CHO-G vs. YGT-G. A Kruskal–Wallis test was used to examine any
significant differences in the past and current health status between groups (Table 2). A
one-way analysis of variance (ANOVA) for the groups (CHO-G vs. YGT-G) was used
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to examine any significant differences in the physical characteristics (Table 1), training
achievements (Table 3), and dietary intake (Table 5) between groups. A one-way ANOVA
(1–11 bins) for repeated measures was used to examine any significant differences in EI and
HR (Figures 3A,B and 4A,B) and in ∆EI and ∆HR (Figure 5A,B), along with the training in
each group. A two-way ANOVA, one-between groups (YGT-G vs. CHO-G) and one-within
bins (the 1st vs. the 11th bins), for repeated measures was used to examine any significant
differences in EI and HR (Figures 3C,D and 4C,D) and in ∆EI and ∆HR (Figure 5C,D)
between the 1st and the 11th bins. A Bonferroni test was used in subsequent post-hoc tests
for any pairwise comparisons after confirming significant differences by ANOVA; p values
< 0.05 were considered significant. Values are expressed as means ± standard error (SE)
unless otherwise indicated.
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Figure 3. The profiles of heart rate (HR) (A) and exercise intensity (EI) (B) for the first set of IWT
throughout the intervention in both groups. The gray lines and symbols indicate the values in the
carbohydrate intake group (CHO-G), and the black lines and symbols indicate those in the yogurt
intake group (YGT-G). The comparison of HRfast and HRslow between the 1st and 11th bins are
presented in the upper and lower panels, respectively (C). Similarly, the comparison of EIfast and
EIslow between the 1st and 11th bins are presented in the upper and lower panels, respectively (D).
The open columns indicate HR or EI in the 1st bin for both groups, and the gray and the black
columns indicate HR or EI in the 11th bin for CHO-G and YGT-G, respectively. Values are presented
as means ±SE bars for 39 subjects in CHO-G and for 37 subjects in YGT-G. *, **, and *** indicate
significant differences vs. the 1st bin at the levels of p < 0.05, p < 0.01, and p < 0.001, respectively.
# indicates significant interactive effect, bins (the 1st vs. the 11th bins) x groups (CHO-G vs. YGT-G),
at the level of p < 0.05.
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Figure 4. The profiles of heart rate (HR) (A) and exercise intensity (EI) (B) for the last set of IWT
throughout the intervention in both groups. The comparison of HRfast and HRslow between the 1st
and 11th bins are presented in the upper and lower panels, respectively (C). Similarly, the comparison
of EIfast and EIslow between the 1st and 11th bins are presented in the upper and lower panels,
respectively (D). *, **, and *** indicate significant differences vs. the 1st bin at the levels of p < 0.05,
p < 0.01, and p < 0.001, respectively. Other symbols and abbreviation are the same as in Figure 3.
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Figure 5. The profiles of the differences in heart rate (∆HR) (A) and exercise intensity (∆EI) (B)
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respectively (C). Similarly, the comparison of ∆EIfast and ∆EIslow between the 1st and 11th bins are
presented in the upper and lower panels, respectively (D). The symbols and other abbreviation are
the same as in Figure 3.
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4. Results

As shown in Tables 1–3 and 5, there were no significant differences in the physical
characteristics, past and current health status, training achievements, and dietary intake
during training between CHO-G and YGT-G, respectively. We confirmed no significant
difference in gender distribution of the subjects for the analyses between the groups (p > 0.1).

The profiles of mean HRs and EIs in each bin during slow and fast walking for the first
set of IWT are shown in Figure 3A,B, respectively, and the comparisons between the 1st
and 11th bins are presented in Figure 3C,D, respectively, for both CHO-G and YGT-G. As
shown in the panels, the EIs for each walking speed in both groups remained unchanged
throughout the training period (Figure 3B), with no significant differences between the 1st
and 11th bins (Figure 3D) (p > 0.2), yet we found that the HRs during slow and fast walking
in YGT-G decreased the most after the 6th bin, compared to the values for the 1st bin
(p < 0.04 and p < 0.03, respectively), while the decreases in HRs for CHO-G were minimal
(p < 0.01 for slow walking and p = 1.00 for fast walking) (Figure 3A). As a result, we
confirmed significant differences in the HRs between the 1st and 11th bins in YGT-G (both,
p < 0.003) but not in CHO-G (p > 0.08) (Figure 3C), with a significant interactive effect of
two-way ANOVA—bins (the 1st vs. the 11th bins) x groups (CHO-G vs. YGT-G)—on HR
during fast walking (p = 0.033).

Similar to Figure 3, Figure 4 shows the profiles of mean HRs (Figure 4A) and EIs
(Figure 4B) in each bin for the last set of IWT, and the comparisons between the values
between the 1st and 11th bins are presented in Figure 4C,D.

Figure 5 shows the profiles of ∆HRs (Figure 5A) and ∆EIs (Figure 5B) during slow and
fast walking in each bin of the training, with comparisons between the 1st and 11th bins
(Figure 5C,D) for CHO-G and YGT-G. As shown in the figures, there were no significant
differences in the profiles of ∆HR and ∆EI during slow and fast walking between CHO-G
and YGT-G (all, p > 0.4). Moreover, there were no significant differences in ∆HR and ∆EI
between the 1st and 11th bins in both groups (both, p > 0.1).

There was no evidence to suggest that the effect of yogurt intake was influenced by
gender (Figures 3–5) (all, p > 0.1).

5. Discussion

This is the first study to examine the effects of yogurt intake on cardiovascular strain
induced by outdoor IWT in ~80 older subjects, also including many more subjects than
the ~20 subjects in the previous laboratory- and gym-based studies [6,7]. In our study, we
found that HRs during slow and fast walking for IWT gradually decreased after the 30th
day (the 6th bin) of the 56-day training in the YGT-G, while the decreases were minimal in
the CHO-G, where we confirmed that EIs for each walking speed were constant during the
training in both groups.

5.1. Physical Characteristics of Subjects

The effects of the supplementation might depend on the subjects’ baseline physical
fitness. Table 1 shows the physical characteristics of the subjects. Regarding their physical

fitness levels,
·

VO2peak was 26.5 and 25.1 mL·kg−1·min−1 for CHO-G and YGT-G, respec-
tively, on average. In a previous study [18], we divided 468 women aged ~64 yr equally into

3 groups (low, middle, and high) according to their
·

VO2peak, and reported that
·

VO2peak,
on average, was 17.2, 21.5, and 25.9 mL·kg−1·min−1, respectively, for the three groups.
Similarly, we divided 198 men aged ~68 yr equally into 3 groups (low, middle, and high)

and reported that
·

VO2peak, on average, was 16.3, 20.0, and 25.4 mL·kg−1·min−1, respec-

tively. In addition, when we compared the baseline
·

VO2peak value in the present study
with the values in the past laboratory- and gym-based studies where we had examined
the effects of milk protein-CHO supplementation during training [6,7], it was lower than
~35 mL·kg−1·min−1 in male subjects aged ~67 yr [6], but similar to ~28 mL·kg−1·min−1 in
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male subjects aged ~69 yr [7]. Thus, the subjects in the present study belonged to the high
·

VO2peak group of this age, and their
·

VO2peak was within the range of that of subjects in the
laboratory-based studies [6,7].

5.2. The Decrease in HR in YGT-G

We found that HR decreased significantly by ~5 beats/min during fast and slow
walking for the first and last sets of IWT after the 30th day of the training in the YGT-G, but
not in CHO-G (Figures 3 and 4, respectively).

Regarding the mechanisms for the decreases in HR in YGT-G, an increase in cardiac
stroke volume with PV expansion might be involved. Okazaki et al. [6] examined the ef-
fects of post-exercise milk protein-CHO supplementation (12 g protein, 205 kcal) during an
8-week cycling training and reported a ~6% increase in PV compared, with the baseline
values, by the supplementation, but no significant increase in PV by the CHO supplemen-
tation (0 g protein, 32 kcal). Moreover, they examined cardiovascular responses during

20-min of cycling exercise at the intensity of 60% of pre-training
·

VO2peak at ~30 ◦C of Ta and
~50% of RH in an artificial chamber and suggested that cardiac stroke volume increased by
~10% with the milk protein-CHO supplementation, but not with the CHO supplementation.
Similar results were obtained in our subsequent studies on both young [11] and older
men [7]. Thus, the decreases in HRs after the 30th day of the training in YGT-G might have
been caused by increased cardiac stroke volume with increased PV.

As for the mechanisms for PV expansion by milk protein-CHO intake, it was sug-
gested in young subjects that the hepatic albumin synthesis rate was enhanced after a
bout of intense exercise [19,20], and moreover, plasma protein synthesis in the liver was
suggested to be enhanced after consuming, or following the intravenous infusion, of amino
acids [21]. Furthermore, since it was suggested that insulin stimulates protein synthesis
and suppresses proteolysis in the liver [22,23], the CHO contained in the supplement likely
increased albumin synthesis when plasma amino acid concentrations were elevated by
the supplement. When the albumin synthesized in the liver is released into plasma, it
increases the plasma albumin concentration, enhances the effective colloid osmotic pressure
gradient between intra- and extravascular spaces, and accelerates the water shift into the
intravascular space to increase PV [24,25]. Experimentally, Okazaki et al. [26] suggested
that the intake of a milk protein-CHO supplement immediately after a bout of intense
exercise increased PV from the 1st hr in young subjects and the 2nd hr in older subjects,
and that the increase was sustained until the 23rd hr after intake. These results suggest
that the milk protein-CHO supplementation by yogurt intake immediately after daily IWT
likely increased PV and cardiac stroke volume, resulting in a decrease in HR at a given
intensity of walking.

5.3. Delayed Timing of the Decrease in HR in YGT-G

In the present study, the significant decrease in HR during IWT for YGT-G did not occur
before the 30th day of the training, which was much longer than the 5–10 days required
for the significant reduction in HR for young people in a laboratory-based study [11]. The
detailed mechanisms for the delayed appearance of the effects of yogurt intake in older
people have remained unknown; however, as one of the possible mechanisms, reduced
glucose metabolism in older people might be involved. Uchida et al. [27] suggested that
PV was lower in subjects with a higher fasting glucose concentration, and moreover, that
milk protein-CHO intake during IWT for 5 months decreased hemoglobin A1c, which was
closely associated with increases in plasma albumin content and PV; however, in their study,
they did not measure HR during training. Recently, they measured blood glucose regulation
for 24 h using a continuous glucose monitoring system (iPro2R, Medtronic, Minneapolis,
MN, USA) before and after 5-mo IWT in two groups of mildly hyperglycemic older people,
who consumed either milk protein-CHO supplementation or CHO-electrolyte solution
supplementation during the training period [28]. They found that the blood glucose
regulation was improved in the group with milk protein-CHO supplementation, but not
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in that with a CHO supplementation. These results suggest that glucose metabolism was
involved in albumin synthesis in the liver, probably via insulin sensitivity, and thereby
affecting PV expansion. The results in the present study suggest that it took more than
30 days to improve glucose metabolism enough to increase PV in older people.

5.4. ∆HR in YGT-G

As shown in Figure 5, we found no significant decrease in ∆HR with the constant ∆EI
during the training in the YGT-G.

Okazaki et al. [6] measured esophageal temperature (Tes) and HR during 20-min
cycling exercise in older subjects in the conditions stated above, and suggested that HR
increased rapidly from ~64 at rest to ~126 beats/min for the first 5 min of cycling exer-
cise, but with no increase in Tes within the period, and then HR gradually increased by
12 beats/min as Tes increased from ~36.5 to ~37.8 ◦C. However, they suggested that the
increases after 5 min in HR and Tes were reduced after aerobic training for 8 weeks with
milk protein-CHO supplementation, while these reductions were minimal with placebo
supplementation. These results suggest that the gradual increase in HR after the 5 min of
exercise was caused by the increase of Tes through its direct stimulation to the pacemaker
of the heart [16], and it was reduced by milk protein-CHO supplementation.

Regarding the greater reduction in the increase in Tes during exercise in a warm
environment due to milk protein-CHO supplementation than due to CHO supplementation
only, Okazaki et al. [6] suggested that sweat rate and cutaneous vasodilation responses
to a given increase in Tes were increased by ~20% and ~70%, respectively, after training
through milk protein-CHO supplementation, while they remained unchanged by CHO
supplementation alone. As for the improved heat dissipation functions, these researchers
suggested that the PV expansion with the supplementation increased the venous return
to the heart, stimulated cardio-pulmonary receptors of the heart, and caused cutaneous
vasodilation, which might improve sweat rate response by increasing skin blood flow to
the sweat glands [6].

On the other hand, in the present study, we found no significant decrease in ∆HR
during training in the YGT-G (Figure 5). The reason for the discrepancies between these
two studies might be that the subjects in the present study did not rest long enough to
decrease Tes to the baseline before starting IWT, so that thermoregulatory as well as HR
responses to increased Tes might have already occurred for the first set of IWT, which might
be quite different from the experimental condition in the previous laboratory-based studies,
where subjects rested for ~60 min in an artificial climate chamber [6,7]. Indeed, we found
that the HR during slow walking for the first set of IWT was ~90 beats/min in the CHO-G
and the YGT-G (Figure 3), much higher than ~60 beats/min at rest before starting bicycling
exercise in the previous studies [6,7], which might minimize the further increase in HR from
the first to last set of IWT. As a result, ∆HR between the first and last sets of IWT during
fast walking was only ~4 beats/min in both groups, ~30% of that from the first 5 min to
20 min of exercise in the previous studies [6,7]. Thus, the minimized ∆HR might make it
difficult to distinguish the effect of the supplementation on improved thermoregulatory
capacity from that on increased aerobic capacity. However, we believed that the HR at
a given EI during outdoor IWT (Figures 3 and 4) could be used as a combined index for
aerobic and thermoregulatory capacities, which was improved after the 30th day of the
training in YGT-G.

5.5. Limitations

In the present study, we used a yogurt drink for a supplement, since it contains
amounts of milk protein-CHO similar to those used in the laboratory- and gym-based
studies [6,7]. However, it contains greater amounts of electrolytes and a smaller amount
of glucose compared with the supplement for the CHO-G (Table 4). Although we could
not completely exclude their possible effects on the results, the differences in the amounts
of electrolyte intake were negligible, considering the total amounts of their intake by diet
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(Table 5), and we previously confirmed that a smaller amount of glucose intake by milk
protein-CHO supplementation than that by CHO supplementation had little effect on the
results in the laboratory-based study [7]. Therefore, it is likely reasonable to explain the
possible mechanisms for the reduction in HR in the YGT-G observed in the present study
with reference to the results of previous studies [6,7]. Thus, the combined supplementations
of milk protein and CHO immediately after daily exercise might be a key factor to obtain
the noticed effects.

We used HR as a combined index of exercise and heat stress during IWT, without
measuring changes in aerobic and thermoregulatory capacities, as was completed just
before and after training in the laboratory- and gym-based studies [6,7], considering that
the major aim of the present study was to examine any merits of the supplementation on
time-series changes in tolerance to exercise and heat stress brought on by outdoor IWT. As
a result, we found that HR decreased by ~5 beats/min after the 30th day of the training
with no change in EI in the YGT-G, which was equivalent to an ~10% increase in the HR
reserve for the subjects of this age. These results suggest the merits of milk protein-CHO
supplementation during outdoor aerobic exercise to prevent heat illness and heat stroke in
midsummer, as well to increase the time required for exhibiting these conditions.

5.6. Future Directions

In the present study, we found that yogurt intake reduced cardiovascular strain
during outdoor walking in midsummer. Moreover, we previously reported that milk
protein-CHO supplementation during IWT for five months enhanced the increases in thigh
muscle mass and strength [29], along with enhanced proinflammatory gene suppression
in the leukocytes [30] in middle-aged and older women. Furthermore, we reported that
supplementation during IWT for five months improved glucose metabolism in middle-
aged and older men and women, even in the intervention period comprising cool as well
as hot seasons, from the middle of May to the end of October [28]. Finally, we reported
that the supplementation during cycling training at ~25 ◦C for two months enhanced an
increase in carotid arterial compliance in older men in the laboratory-based study [7]. These
results suggest that yogurt intake during IWT improves the symptoms of age-associated
diseases, with suppression of chronic inflammation of the body in middle-aged and older
men and women, even if the protocol was implemented in cooler seasons.

In addition, before the present study, we could not find any previous intervention
studies that documented how nutritional supplementation affects exercise training achieve-
ments and how the intervention affected health outcomes in a larger population of middle-
aged and older people. This outcome might have been observed because it is more chal-
lenging to conduct facility- or field-based interventions while monitoring EI as well as HR
continuously in large cohorts of older people. On the other hand, recent the improvement
of IoT technology and field sensors has made it possible for physiologists to take an epi-
demiological approach by monitoring these variables at every training session throughout
an intervention period in the field. Since the system we developed is available at a lower
cost and with minimal personnel compared to the requirements of the previous laboratory-
and gym-based studies, such advancements in technology expand the potential to verify
any effects of nutritional supplements during training on age-associated diseases, as well
as heat illness, in middle-aged and older people.

6. Conclusions

Post-exercise yogurt intake appears to reduce cardiovascular strain during outdoor
interval walking training in older people.
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