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INTRODUCTION

People often walk with bags of various sizes, since the 
carrying of luggage for work, travel, and shopping is 

common. Bags come in various styles, and one-handed, 

two-handed, one-shoulder, or two-shoulder (a backpack) 
carrying methods are used based on individual preference 
and situation (e.g., commuting), weight, and shape of lug-
gage.

Although walking with a bag is useful for carrying lug-
gage, it sometimes has an adverse effect on the body and 
may increase risk of lower back pain and strain on fingers, 
wrists, and shoulders [1,2]. Additionally, differences in bag 
carrying methods may influence walking performance (e.g., 
gait posture, walking cadence, and muscle activity) [1-3]. 
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Article Information ABSTRACT

History: Objectives: Little is known regarding the associations between Borg’s rating of perceived exertion (RPE), 
cardiopulmonary responses, and carrying bags while level walking. We investigated the changes in RPE 
and cardiopulmonary responses, including energy cost (EC), oxygen consumption (VdotO₂), and heart 
rate (HR), when walking with a bag.

Methods: This randomized crossover study included 10 healthy adults (aged 21–22 years). Four days 
of experiments were performed at intervals of 1–2 weeks. The participants walked on a level treadmill 
while carrying a bag with a strap weighting 5 kg, placed diagonally on their shoulders (DS), vertically 
on their shoulders (VS), vertically in one hand (VH), and on their backs using both shoulders (BS) for 20 
min. Walking speed was stable among all experiments, and was set to the participants’ preferred speed.

Results: No significant differences between bag carrying methods regarding EC, VdotO₂, and %HRre-
serve (based on HR) were observed, whereas RPE respiratory (RPE-resp) and RPE leg muscle (RPE-leg) 
scores varied based on bag carrying method used. RPE-resp score was significantly lower for DS and BS 
than VH (both p < 0.0083); however, no significant difference was observed when each RPE-leg score 
was compared.

Conclusions: We found that RPE-resp score varied, whereas no changes in EC, VdotO₂, and HR were 
observed in healthy adults while walking with different bag carrying methods. Additionally, of all bag 
carrying methods assessed, the highest RPE-resp score was observed when individuals carried a bag 
with one-hand at their side.
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Furthermore, carrying a load in a single bag against body 
chest might increase heart rate (HR) more than it would if 
a bag was held using both sides of the body to distribute the 
weight, due to differences in balancing the load carried [1].

To the best of our knowledge, limited research has been 
performed that has quantified cardiopulmonary response 
differences based on bag carrying method. Further, the as-
sociation between the bag carrying method and perceived 
exercise intensity, such as Borg’s rating of perceived exertion 
(RPE) scale [4], which is strongly correlated with HR [5], 
remains unknown. Therefore, we hypothesized that cardi-
opulmonary response and RPE during walking might differ 
based on bag carrying method, especially when loads are 
carried on one side of the body due to weight imbalance. 
Individuals may benefit from choosing a method that best 
suits their purpose, such as conserving energy, minimizing 
psychological stress, or conversely, increasing energy con-
sumption. In this study, we investigated changes in RPE 
and cardiopulmonary response in healthy adults, including 
energy cost (EC), oxygen consumption (VdotO₂), and HR, 
when walking using four bag carrying methods.

METHODS

Study Participants

Twelve healthy adults (aged 21–22 years) who attended a 
single university and volunteered for this study from April 
to August 2019 were enrolled in the study. Enrolment was 
not based on their typical bag carrying preference, since we 
believed that it would not influence the results of the study. 

Participants with motor dysfunction (e.g., knee osteoarthri-
tis), other diseases affecting physical activity (PA), a body 
mass index, ≥ 25 kg/m2 (overweight/obesity), and high vol-
umes of usual PA (at least 150 minutes of moderate-inten-
sity PA or at least 75 minutes of vigorous-intensity PA per 
week) [6] were excluded. No participants took medications, 
nor did they receive medical, nutritional, or physical edu-
cation for the management of metabolic functioning before 
or during the study. Written informed consent was obtained 
from all participants. The institutional review board of Aino 
University (Ibaraki, Japan) approved the study protocol (ap-
proval number: 2019-04) in accordance with the Declara-
tion of Helsinki. 

Experimental Design

This was a randomized crossover study. We set a schedule 
for performing four walking experiments, which were sepa-
rated by 1–2-week periods (Figure 1). We asked participants 
to consume meals and perform activities of daily living and 
regular exercise (if any) as usual. The type of meal consumed 
before and during experimental testing was not specified. 
One day prior to the experimental evaluation, participants 
had dinner in their homes before 9 p.m., and on the day of 
experiments, they had breakfast in their homes between 7 
and 8 a.m. and lunch at the university between 12 and 1 p.m. 
We instructed participants to refrain from consuming ad-
ditional foods, drinks containing caffeine and alcohol, and 
smoking on the day before and on days they were evaluated.

Exercise protocol

More than four hours after lunch, participants were asked 
to walk on a level treadmill (Auto Runner AR-200, Mina-
to Medical Science Co., Ltd.; Osaka, Japan) while carrying 
a bag and wearing their usual shoes. The treadmill walking 
program included a 20-min exercise period, which was used 
to assess different bag carrying methods. Prior to exercise, 
there was a 3-min warm-up period, and exercise was fol-
lowed by a cool-down. Bag carrying methods assessed were 
as follows: 1) diagonally on a shoulder (DS), 2) vertically 
on a shoulder (VS), 3) vertically in one hand (VH), and 4) 
on the back using both shoulders (BS) (Figure 2). The main 
material of all bags was nylon, and the weight load was set 
at 5 kg, including the bag weight, which was based on a pre-
liminary survey that assessed the weight of the participants’ 
usual luggage (e.g., textbook). Participants walked at their 
preferred speeds (Table 1), which were evaluated without 
carrying any bags before the experiments were initiated. The 
speed during the warm-up and exercise periods were stable 
among the experiments, whereas participants could freely 
adjust the cool-down treadmill speed.

Measurements

Measurements monitored during the exercise period were as 
follows: EC, VdotO₂, HR (%HRreserve), and respiratory and Figure 1. Study flow chart
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leg muscle Borg 6– 20 RPE scale [4] (RPE-resp and RPE-leg, 
respectively). EC and VdotO₂ were monitored using respira-
tory gas analysis (Aero Monitor AE-300S, Minato Medical 
Science Co., Ltd.; Osaka, Japan). HR was recorded using a 
Polar Accurex Plus monitor (Polar Electro; Kempele, Fin-
land). Resting HR (the lowest HR measured while each par-
ticipant laid for 15 min in a supine position) and mean HR 
during the exercise period were measured, and using these 
values and HRmax (220 - age), %HRreserve was calculated 
as follows: (mean HR - resting HR) / (HRmax - resting HR) 
× 100 [7]. RPE scores were recorded immediately after the 
exercise period. The room temperature during the experi-
ments maintained between 23°C and 25°C. 

Statistical Analysis

All continuous variables were reported as means and 95% 
confidence interval (CI), and ordinal variables were report-
ed as medians and 95% CI. The bag carrying method varia-
bles were compared using one-way repeated measures anal-
ysis of variance (ANOVA) or the Friedman test, followed by 
the post hoc Wilcoxon signed-rank test with a Bonferroni 
correction, using IBM SPSS statistics software (version 20.0, 
IBM; Tokyo, Japan). Statistical significance was set at p < 
0.05 for ANOVA and the Friedman test, and at p < 0.0083 
(the p-value was calculated as follows: 0.05/number of tests; 
0.05/6) for the post hoc test. Additionally, post hoc effect 

size (r = Z/√n) calculation was performed for each variable, 
using G*Power (version 3.1.9.4., Heinrich-Heine University; 
Düsseldorf, Germany).

RESULTS 

After the experiments, two participants were excluded 
from the analysis due to the absence of data, and the data 
of 10 participants were analyzed (Figure 1). Characteristics 
of participants included in the final analysis are shown in 
Table 1. Additionally, VdotO₂ and HR data measured during 
exercise are shown in Figure 3.

ANOVA revealed no significant differences in EC, 
VdotO₂, and %HRreserve (p = 0.49, p = 0.12, p = 0.56, 
respectively) based on bag carrying methods, whereas the 
Friedman test showed that RPE-resp and RPE-leg scores 
differed (p < 0.01, p < 0.05, respectively) (Table 2). Post hoc 
analysis showed that bags carried using DS and BS produced 
RPE-resp scores that were significantly lower than those of 
VH (p = 0.005, r = 0.90; p = 0.004, r = 0.90, respectively); 
however, no significant differences were observed when 
RPE-leg scores were compared.

DISCUSSION

We found that RPE-resp score changed depending on the 
bag carrying methods, and of all bag carrying methods 
considered, the VH method produced the greatest score in 
healthy adults. Moreover, this difference was not accompa-
nied by any changes in EC, VdotO₂, %HRreserve, and RPE-
leg score. To the best of our knowledge, this is the first study 
to reveal these results.

RPE-resp significantly increased when walking with a bag 
using the VH method, compared to DS and BS. One-hand 
carrying while walking may induce psychological stress (e.g., 
fatigue and respiratory distress) as well as the changes in gait 
posture and muscle activity, compared to the other methods, 
which involve carrying the bag on the shoulder(s) and back, 
due to imbalance while walking [3,8]. Thus, RPE-resp score, 

Figure 2. Bag carrying methods assessed
(a) DS (carrying diagonally on a shoulder): placing bag body at the level of 
the greater trochanter on the dominant hand side; (b) VS (carrying vertically 
on a shoulder): placing bag body at the level of the greater trochanter on the 
non-dominant hand side; (c) VH (carrying vertically in one hand): grasping 
the bag belt (20 cm in length) with the dominant hand; (d) BS (carrying on 
the back using both shoulders): placing the top edge of bag body at the level 
of the inferior angle of the scapula.

Table 1. Characteristics of the study participants
Variables
Sex (male/female) 5/5
Age (years) 21.2 (20.9–21.5)
Height (cm) 166.3 (160.3–172.3)
Weight (kg) 61.2 (54.5–67.9)
Body mass index (kg/m2) 22.0 (21.0–23.0)
Resting heart rate (bpm) 64 (61–67)
Preferred walking speed (km/h) 2.4 (2.1–2.7)
Values are presented as mean (95% confidence interval).

Figure 3. Time-course changes in VdotO₂ (a) and heart rate (b)
Values are presented as mean. DS: carrying diagonally on a shoulder; VS: 
carrying vertically on a shoulder; VH: carrying vertically in one hand; BS: 
carrying on the back using both shoulders.
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which subjectively measures psychological strain during ex-
ercise [4], might differ depending on the type of bag carry-
ing method employed in this study. Additionally, a change in 
RPE-resp score was observed without accompanying chang-
es in other parameters. RPE score predicts oxygen uptake 
and HR [5,9]. However, RPE-resp score may not correlate 
with cardiac response, especially within the 20-min that fol-
lows the initiation of low-intensity exercise [10]. Conversely, 
it has been suggested that RPE-leg score may correlate with 
HR, regardless of exercise intensity [10]. Therefore, RPE-re-
sp score associated with carrying a bag in one hand while 
walking might increase without any changes in cardiac and 
metabolic responses and RPE-leg score, due to the low exer-
cise load assessed in this study (20%–30 %HRreserve).

Previous studies have shown that physiological response, 
including cardiac response, while walking differed based 
on bag carrying method. It was previously shown that 
two-handed bag carrying was associated with a lower HR, 
percent muscle activity of maximum voluntary contraction 
(%MVC) in the hand, forearm, upper arm, and shoulder 
muscles, and subjective discomfort rating, assessed local-
ly perceived discomfort method, than did one-handed bag 
carrying [11]. Additionally, a previous study indicated that 
cardiovascular stress, including HR, was 10% greater when a 
single bag was carried at the chest than that when held at the 
sides of the body [1]. Furthermore, carrying a double-strap 
bag (golf bag) might require less VdotO2 and require a lower 
HR than a single-strap bag [12]. In this study, cardiac re-
sponses did not vary based on bag carrying method, even 
for one-handed bag carrying (VH). This may have been a 
result of low degree of load imbalance produced in the study. 
The load of bag in this study was 5 kg, which was lower than 
that of a previous report that assessed effects of carrying the 
following loads [11]: 50, 100, and 150 N (approximately 5, 
10, and 15 kg, respectively). The study showed that there 
were significant differences in cardiac cost observed based 
on the bag carrying method employed when effects of car-
rying a 100 N and 150 N load were assessed, but no differ-
ence was observed when a 50 N load was examined. Thus, 
the load in this study likely did not influence physiological 
responses. Moreover, walking speed, which in the present 
study was lower than reported speeds of individuals under 
30 years of age (median value: 4.8 km/h [13]), might have 
affected metabolic response findings, including EC. Further, 
whether the bag was carried on the upper or lower back also 
could potentially affect EC [14]. Therefore, further research 

that involves a more rapid walking speed and assesses addi-
tional bag carrying methods (e.g., backpack on the upper/
lower back) is needed to further investigate whether there is 
an association between cardiac and metabolic responses and 
bag carrying while walking.

A strength of this study is its unique nature. To our knowl-
edge, no previous study has investigated the association be-
tween bag carrying bag method, cardiac and metabolic re-
sponses, and RPE scores. We believe that our findings will 
contribute to the management of metabolic outcomes and 
the reduction of psychological stress while walking. Howev-
er, there are some limitations to this study. First, this was a 
single-center study with a small sample size, which recruited 
healthy, young, and sedentary participants. Second, as indi-
cated previously, the walking speed used in this study was 
relatively slow; hence, research involving several walking 
speeds may be needed. Third, the results of this study may 
have been affected by the volume and content of the most re-
cent meals consumed by participants. Food intake may have 
affected energy expenditure over an 8-h period [15]. Fourth, 
the kinematic parameters, such as gait posture (e.g., round 
back), muscle activity (e.g., %MVC), and walking stability 
(e.g., center of gravity sway) were not measured. Therefore, 
further studies, which involve a greater number of partici-
pants and assess other types of populations like the elderly, 
are needed to confirm the clinical relevance of selecting a 
proper bag carrying method when walking.

CONCLUSIONS 

In summary, we found that RPE-resp score varied based on 
bag carrying method without any changes in EC, VdotO₂, 
and HR in healthy adults while walking. Additionally, of 
the four bag carrying methods assessed, the highest average 
RPE-resp score was observed when participants employed 
the one-handed at one side carrying method. Although fur-
ther studies are needed, we propose that it may be important 
to consider these characteristics when managing individu-
als’ psychological stress and cardiac and metabolic charac-
teristics while walking.
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Table 2. Comparison of outcomes among bag carrying methods

Variables DS VS VH BS
EC (kcal/min) 4.3 (3.4–5.3) 4.1 (3.2–5.1) 4.5 (3.3–5.7) 4.2 (3.1–5.4)
VdotO₂ (ml/kg/min) 12.9 (11.3–14.6) 12.6 (11.1–14.1) 13.5 (11.3–15.8) 12.4 (10.9–13.9)
%HRreserve (%) 26.9 (22.4–31.4) 23.3 (19.3–27.3) 23.4 (18.7–28.1) 25.4 (18.0–32.9)
RPE-resp 8.5 (6–11) * 10.5 (9–12) 11 (9–12) 8.5 (7–11) *
RPE-leg 11 (6–12) 10.5 (8–12) 10.5 (8–11) 9.5 (6–11)
Values are presented as mean (95% confidence interval) in energy cost (EC), VdotO₂, and % heart rate (HR) reserve, and median (95% confidence interval) 
in both ratings of perceived exertion (RPE) scores. DS: carrying diagonally on a shoulder; VS: carrying vertically on a shoulder; VH: carrying vertically in one 
hand; BS: carrying on the back using both shoulders. *p < 0.0083 vs. VH.
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