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ABSTRACT

Aims/Introduction: To investigate the relationship between combined aerobic and

resistance training, and the incidence of type 2 diabetes mellitus.

Materials and Methods: The present study included 10,680 Japanese women. Partici-

pants enrolled between 2005 and 2010, and were followed up until 2014. The frequency

of combined training was counted for the first 3 months, the 6th month and the 9th

month. In 2014, women reported whether or not they had diabetes, as well as the year

of developing diabetes. Hazard ratios and 95% confidence intervals (CI) for the incidence

of type 2 diabetes were obtained using Cox proportional hazard models.

Results: The median duration of follow up was 5 years, with 166 women developing

type 2 diabetes. Using the lowest frequency of training group (1st quartile) as the refer-

ence, the hazard ratios for the second through fourth quartiles was as follows: 0.95 (95%

CI 0.64–1.41), 0.73 (95% CI 0.48–1.13) and 0.69 (95% CI 0.44–1.07), respectively (P for

trend = 0.116). After adjustment for age, body mass index and thigh circumference, the

hazard ratios were: 0.84 (95% CI 0.56–1.26), 0.69 (95% CI 0.45–1.06) and 0.61 (95% CI 0.39–

0.95), respectively (P for trend = 0.040).

Conclusions: A higher frequency of combined aerobic and resistance training is associ-

ated with a lower risk of developing type 2 diabetes in Japanese women.

INTRODUCTION
The World Health Organization announced that the number of
patients with diabetes mellitus increased to 422 million in 2014,
an approximately fourfold increase since 1980 when the num-
ber of patients with diabetes was 108 million1. Unless effective
measures are taken, the Non-Communicable Disease Risk Fac-
tor Collaboration predicts that the number of patients with dia-
betes in the world will reach 700 million by 20252. This
increasing trend is mostly represented by patients with type 2
diabetes mellitus. The onset of type 2 diabetes is not only
related to genetic factors, but also to environmental factors,
especially lifestyle, and proper diet and physical activity are crit-
ical to delay and/or prevent its onset. Hence, it is important, in
the consideration of effective measures, to identify the necessary

components of diet and physical activity for the prevention of
type 2 diabetes.
Several epidemiological studies have reported a negative dose–

response relationship between regular physical activity and the
incidence of type 2 diabetes3,4. Physical activity can be classified
into two groups: (i) aerobic exercise, which enhances cardiores-
piratory functional capacity; and (ii) resistance training, which
enhances muscle strength. The American College of Sports Med-
icine and the American Diabetes Association report that com-
bined aerobic and resistance training exerts superior glycemic
control effects than independently practiced aerobic exercise or
resistance training among patients with diabetes5. To our knowl-
edge, randomized controlled trials studying the influences of a
structured combined aerobic and resistance training on the inci-
dence of type 2 diabetes have not yet been undertaken. However,
recent cohort studies showed that people practicing resistance
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training in addition to aerobic exercise had a lower risk of devel-
oping type 2 diabetes as compared with people practicing aero-
bic exercise or resistance training independently6,7. These studies
indicate that combined aerobic and resistance training is likely
to be highly effective in delaying and/or preventing the onset of
type 2 diabetes. However, these cohort studies that investigated
the relationship between resistance training and the incidence of
type 2 diabetes in people practicing aerobic exercise did not
investigate the dose–response relationship between combined
training and the incidence of type 2 diabetes. Therefore, we lon-
gitudinally evaluated the dose–response relationship between
structured combined aerobic and resistance training, and the
incidence of type 2 diabetes in >10,000 Japanese women who
had been practicing a structured combined training for a long
period by a retrospective cohort study.

METHODS
Participants

The present study is part of the Curves Japan Study examining
the effects of exercise programs combining aerobic and resis-
tance training on Japanese women8. The structured combined
exercise training facilities (Curves Japan Co., Ltd.), to which the
participants of the study belonged, were opened in 2005 as fit-
ness facilities to hold 30-min combined exercise sessions exclu-
sively for women. The present study was a retrospective study.
Study participants were those who became members of these
facilities between 4 July 2005 and 31 July 2010. From August
to October 2014, self-administered questionnaires on medical
history at enrollment year and current date were given to
16,241 members of 102 facilities in Tokyo or surrounding areas.
Responses to participate in the study were obtained from
12,940 (response rate 79.7%).
For the present analysis, the exclusion criteria were as follows:

participants aged <20 years on enrollment (n = 17); the presence
of diabetes or thyroid disease on enrollment based on responses
to a self-administered questionnaire, the question of diabetes was
“Did you have diabetes or thyroid disease presently or in the
past?”, and there were two choices, “yes” or “no”, on the health
conditions carried out at that time (n = 1,008); not responding
or responding “Unclear” to the above-mentioned questionnaire
(n = 1,139); unavailability of values representing the height,
weight, and waist and thigh circumferences measured on enroll-
ment, errors in such measurement or clear entry errors (n = 95);
and no training at the baseline period (n = 1). Consequently,
10,680 were included in the present study (Figure 1).
We obtained written informed consent from all participants

according to the Declaration of Helsinki. The present study was
approved by the Research Ethics Committee of the National
Institutes of Biomedical Innovation, Health and Nutrition
(Ikikenhatsu-198-3).

Anthropometric Measurement

On enrollment in the fitness facilities, the participants under-
went height and weight measurements while wearing light

clothes without shoes, and the obtained values were used to cal-
culate the body mass index (BMI) as a fatness index. As
another fatness index, their waist circumferences (2 finger-
breadths above the level of the navel) were also measured.
Their thigh circumferences (at the top of the thigh) were mea-
sured as a muscle mass index.

Combined Exercise Training

The number of admissions to the fitness facilities, recorded
using an electronic admission management system, was exam-
ined for the first 3 months (day of enrollment to day 90), the
6th month (days 151–180) and the 9th month (day 241–270).
As the number of admissions represents the training sessions
in each facility, the former was defined as the combined exer-
cise training frequency. The structured combined exercise train-
ing program provided by the fitness facilities consists of a 24-
min training session (combining aerobic and resistance training
using 12 different devices, each of which lasts for 30 s) and 6-
min stretching. The aerobic exercise is stepping on a step board
while executing the resistance training, using 12 different
hydraulic devices (chest press/seated row, squat, shoulder press/
lateral pull, leg extension/leg curl, abdominal crunch/back
extension, lateral lift, elbow flexion/extension, horizontal leg
press, pectoral deck, oblique, hip abductor/adductor, gluteus)
developed for women to increase their muscle strength. All

Participants become members of fitness facilities

between July 4, 2005 and July 31, 2010

Self-administered questionnaires

From August to October 2014

n = 16,241

Non-responder: n = 3,301

Response from 12,940 members

(Response rate: 79.7%)

Exclusion

age younger than 20: n = 17

presence of diabetes or thyroid disease: n = 1,008

not responding or responding ‘Unclear’: n = 1,139

unavailable values or errors of data: n = 95

no training at the baseline period: n = 1

Study participants: n = 10,680

median follow-up: 5 years

166 participants developed diabetes

Figure 1 | Flow diagram of enrolled participants.

998 J Diabetes Investig Vol. 10 No. 4 July 2019 ª 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Sawada et al. http://wileyonlinelibrary.com/journal/jdi



participants carried out both aerobic and resistance training in
the same manner. During this program, the participants mea-
sured their heart rates once every 8 min based on the instruc-
tor’s guidance to maintain them at 60–80% of their maximal
heart rates throughout training by adjusting training intensity
levels. From 10 November 2007 to 5 April 2008, a randomized
controlled trial was carried out for 16 weeks, involving 41
women aged in their 40s to 60s, to confirm the effects of the
exercise program9. The structured combined exercise program
was shown to significantly reduce the waist circumference, sys-
tolic blood pressure, fasting blood glucose and brachial-ankle
pulse wave velocity, with marked increases in the knee exten-
sion strength and flexibility.

Assessment of Type 2 Diabetes Mellitus

Based on the results of the self-administered questionnaire sur-
vey carried out within the period between August and October
2014, the presence/absence of type 2 diabetes and time of onset
were ascertained. The question of diabetes was “Do you have
diabetes? If ‘yes’, then fill in the year and the month of onset
of diabetes.”

Statistical Analysis

The numbers of structured combined exercise training sessions
during three periods – between day of enrollment to day 90,
between days 151 and 180, and between days 241 and 270 –

were totaled for each participant to classify these numbers using
quartiles for comparison of the physical characteristics. This
was followed by the calculation of multivariable-adjusted hazard
ratios and 95% confidence intervals (CI) to examine the rela-
tionship between the combined exercise training frequency and
the incidence of type 2 diabetes; for the former, potential con-
founders were adjusted using the Cox proportional hazards
model. The lowest training frequency (1st quartile) was used as
a reference to calculate the hazard ratio and 95% CI of the
other groups. The hazard ratio when carrying out training four
times/month was also calculated. To be specific, we calculated
the hazard ratio of training 20 times, because four times/month
is approximately 20 days of 150 days. As the first step, the age-
adjusted hazard ratio was calculated only with the age (years,
continuous) entered in the model as a potential confounder,
and, second, the multivariable-adjusted hazard ratio was calcu-
lated with multiple potential confounders entered in the model.
In the present study, two fatness indices, the BMI and waist
circumference, were measured, as they were likely to be poten-
tial confounders. The Pearson correlation coefficient between
them was 0.84. Therefore, the BMI (kg/m2, continuous), which
has been used as a fatness index for a large number of models
in previous studies, was entered in the multivariable-adjusted
model. Similarly, the thigh circumference as a muscle mass
index (cm, continuous)10 was entered in the model, considering
the possibility of this also being a potential confounder. The
Pearson correlation coefficient of BMI and thigh circumference
was 0.66. Also, variance inflation factors of BMI and thigh

circumference were 2.0 and 2.1, respectively. Hence, there was
no multicollinearity in both models we examined. To ensure
proportional hazards assumption, the log–log plot was visually
confirmed and found no evidence of violation.
With a view to clarifying the presence/absence of potential

modification effects, the product terms between the combined
exercise training frequency (times/5 months, continuous) and
potential confounders (all continuous variable) were entered in
the model to confirm such interactions, and stratified analyses
were carried out with factors showing them. On overall and
stratified analyses, linearity testing was also carried out to
examine the linear relationship between the combined exercise
training frequency and incidence of type 2 diabetes, with the
continuous variable, representing the former, entered in the
Cox proportional hazards model. As sensitivity analysis, the
training frequencies during five periods – between the day of
enrollment to day 30, between days 31 and 60, between days
61 and 90, between days 151 and 180, and between days 241
and 270 – were classified using quartiles to examine the rela-
tionship between the combined exercise training frequency and
the incidence of type 2 diabetes during each period. It was also
confirmed whether or not similar results were obtained when
entering the waist circumference, instead of the BMI in the
model. As the number of admissions to the fitness facilities
until day 270 after enrollment was defined as the combined
exercise training frequency, it was necessary to consider the
possibility of the presence of diabetes influencing such a num-
ber, if the disease had developed by this period. Therefore,
analysis was also carried out on excluding participants in whom
type 2 diabetes had developed within 1 year after enrollment.
For all statistical analyses, Stata version 14.2 (StataCorp LP,
College Station, Texas, USA) was used, with the significance
level set at P < 0.05 on both sides.

RESULTS
Baseline Characteristics of Participants

The median (range) follow-up period was 5 years (1–9 years).
Type 2 diabetes developed in 166 participants during the fol-
low-up period (59,851 women-years). Table 1 shows the partic-
ipants’ baseline physical characteristics according to the
frequency of combined exercise training. The average BMI of
all participants was 23.2 kg/m2, which is in the normal range
of the World Health Organization BMI classification11. Those
showing higher training frequencies were older, with higher fat-
ness index values. The thigh circumference was also greater
when the training frequency was higher.

Relationship Between the Frequency of Combined Training

and Diabetes

Table 2 shows the hazard ratios, reflecting the participants’
combined exercise training frequencies classified using quartiles,
as well as the incidence of type 2 diabetes when carrying out
training four times every month. The incidence of type 2 dia-
betes was lower among those showing higher training
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frequencies. Both the age-adjusted hazard and multivariable-
adjusted hazard ratios were lower when the training frequency
was higher. On examining each hazard ratio, the multivariable-
adjusted hazard ratio of the fourth quartile (representing partic-
ipants showing the highest training frequency) was significantly
lower. The multivariable-adjusted hazard ratio when carrying
out training at a four times/month increment was 0.84 (95%
CI 0.72–0.99). Regarding the dose–response relationship
between the training frequency and the incidence of type 2 dia-
betes, a significant negative linear relationship was observed in
the multivariable-adjusted model (P for linearity = 0.040).

Interactions

The thigh circumference showed significant interactions (P for
interaction = 0.018), whereas the BMI suggested the presence
of interactions (P for interaction = 0.052). In line with this, the
participants were divided into two categories based on their
median BMI values and thigh circumferences to carry out strat-
ified analysis (Table 3). On comparison between those showing
higher and lower BMI values groups, the latter showed a more
significant negative linear dose–response relationship. On com-
parison between those showing greater and lesser thigh circum-
ferences, the latter showed a stronger negative linear dose–
response relationship, whereas clear dose–response relationships
were not observed in the former.

Sensitivity Analysis

On sensitivity analysis to confirm the relationship between the
combined exercise training frequency and incidence of type 2
diabetes during each period, the training frequencies during five
periods – between the day of enrollment to day 30, between
days 31 and 60, between days 61 and 90, between days 151
and 180, and between days 241 and 270 – were classified using
quartiles. The results during all periods were similar to those of
analysis of the numbers of admissions to the fitness facilities
until day 270 after enrollment, classified using quartiles, and
the multivariable-adjusted hazard ratio at each point when car-
rying out training at a four times/month increment was 0.98
(95% CI 0.86–1.12), 0.82 (95% CI 0.71–0.93), 0.88 (95% CI
0.77–1.00), 0.90 (95% CI 0.79–1.03) and 0.91 (95% CI 0.80–

1.03), respectively. Furthermore, when entering the waist cir-
cumference, instead of the BMI, in the model, the multivari-
able-adjusted hazard ratio when carrying out training at a four
times/month increment was 0.83 (95% CI 0.71–0.98), being
similar to the results when entering the BMI. When excluding
participants in whom type 2 diabetes had developed within
1 year after enrollment (n = 19), this ratio was 0.82 (95% CI
0.69–0.97), being similar to the results when including them.

DISCUSSION
We observed a negative linear dose–response relationship
between the frequency of structured combined aerobic and
resistance training and the incidence of type 2 diabetes in Japa-
nese women practicing a combined training program of fixed
intensity and duration. We further analyzed these results after
stratification by BMI and circumference of the thigh (indicator
of muscle mass), which have been suggested as possible modifi-
cations of the relationship. A similar negative linear relationship
between the frequency of combined exercise training and inci-
dence of type 2 diabetes was observed in the lower BMI and
thigh circumference groups. Therefore, it is likely that the pre-
ventive effect on type 2 diabetes of the combined exercise train-
ing is to some extent mediated through increases in muscle
mass.
The results of the present study support the results of previ-

ous observational studies. Grøntved et al. reported that resis-
tance training might delay and/or prevent the incidence of
type 2 diabetes based on their studies involving American
health professionals as study participants, and it was increased
in both studies if the training included aerobic exercise in addi-
tion to resistance training6,7. In their first study following male
American medical professionals, the group that practiced resis-
tance training for longer duration per week had a lower risk of
developing type 2 diabetes7. In addition, they reported that a
group practicing an aerobic activity for ≥150 min/week had a
lower relative risk than a group practicing only resistance train-
ing. In their second study following female American nurses,
they also reported that a group practicing aerobic activity for
≥150 min/week had a lower relative risk of developing diabetes
than a group practicing only resistance training6.

Table 1 | Baseline characteristics (2005–2010) of the study participants by frequency of combined training

Characteristic† Total
(n = 10,680)

Q1 (Lowest)
(n = 2,716)

Q2

(n = 2,812)
Q3

(n = 2,610)
Q4 (Highest)
(n = 2,542)

Frequency of training, times/5 month (range) 54.5 (1–125) 31.3 (1–41) 48.3 (42–54) 60.2 (55–66) 80.5 (67–125)
Age (years) 57.8 (9.8) 56.9 (10.5) 57.6 (9.5) 58.1 (9.5) 58.5 (9.5)
Height (cm) 154.8 (5.6) 155.1 (5.6) 154.8 (5.6) 154.9 (5.6) 154.5 (5.5)
Weight (kg) 55.5 (8.4) 54.7 (8.3) 55.2 (8.2) 55.9 (8.3) 56.3 (8.7)
Body mass index (kg/m2) 23.2 (3.3) 22.8 (3.3) 23.1 (3.2) 23.3 (3.3) 23.6 (3.4)
Waist circumference (cm) 76.0 (9.1) 75.0 (9.0) 75.8 (8.7) 76.3 (8.9) 77.1 (9.5)
Thigh circumference (cm) 52.6 (4.8) 52.2 (4.8) 52.4 (4.7) 52.8 (4.7) 52.8 (5.0)

†Values are presented as mean (standard deviation), unless otherwise specified. Q, quartile.
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It is likely that combined aerobic and resistance training
simultaneously provides the individual effects unique to aerobic
exercise and resistance training, respectively. Insulin-mediated
blood glucose uptake occurs mainly in skeletal muscles12. Resis-
tance training facilitates glycemic control by increasing muscle
mass, which incorporates blood glucose and thus might delay
and/or prevent development of type 2 diabetes13. The magni-
tude of the negative dose–response relationship between the fre-
quency of combined exercise training and incidence of type 2
diabetes was greater in the lower BMI group (median <22.7 kg/
m2) than in the higher BMI group (median ≥22.7 kg/m2).
The present study measured the circumference of the thigh

as an index for muscle mass. Similar to the observation in the
lower BMI group at the start of the training, the magnitude of
the negative dose–response relationship was greater in the lower
thigh circumference group (median <52.3 cm) as well. How-
ever, the training had no clear effect on the higher thigh

circumference groups (median ≥52.3 cm). On the basis of the
more pronounced negative dose–response relationships
observed in the lower thigh circumference and BMI groups, it
is possible that the structured combined aerobic and resistance
training increased muscle mass to a greater extent in the group
with less muscle mass at baseline as compared with the group
with greater muscle mass at baseline, which might consequently
delay and/or prevent development of type 2 diabetes.
Aerobic exercise might delay and/or prevent the development

of type 2 diabetes by improving insulin resistance through
modification of muscle quality, including reduction of adiposity
and increase of glucose transporter type 4 in muscle cells13–15.
In the present study, we observed a negative dose–response
relationship between the frequency of combined exercise train-
ing and the incidence of type 2 diabetes in the higher BMI
group; however, this dose–response relationship was much
stronger in the lower BMI group (Table 3). This indicates that

Table 2 | Hazard ratios of the incidence of type 2 diabetes by the frequency of combined training from the Curves Japan Study (2005–2014)

Variable Q1 (lowest)
(n = 2,716)

Q2

(n = 2,812)
Q3

(n = 2,610)
Q4 (highest)
(n = 2,542)

Per 4 times/month
Increase

P linearity

No. cases (n) 48 49 36 33
Women-years of
follow up

15,117 15,813 14,711 14,210

Case per 10,000
women-years (n)

32 31 24 23

Age-adjusted HR (95% CI) 1.00 (reference) 0.95 (0.64–1.41) 0.73 (0.48–1.13) 0.69 (0.44–1.07) 0.88 (0.75–1.03) 0.116
Multivariable-adjusted
HR (95% CI)†

1.00 (reference) 0.84 (0.56–1.26) 0.69 (0.45–1.06) 0.61 (0.39–0.95) 0.84 (0.72–0.99) 0.040

†Adjusted for age, body mass index and thigh circumference. CI, confidence interval; HR, hazard ratio; Q, quartile.

Table 3 | Hazard ratios of the incidence of type 2 diabetes by frequency of combined training in analysis stratified by body mass index and thigh
circumference from the Curves Japan Study (2005–2014)

Variable Q1 (lowest) Q2 Q3 Q4 (highest) Per 4 times/month
Increase

P linearity

Lower body mass index
(median <22.7 kg/m2)

(n = 1,390) (n = 1,343) (n = 1,290) (n = 1,317)

Case per 10,000 women-years (n) 21 18 10 7
Multivariable-adjusted HR (95% CI)† 1.00 (Reference) 0.80 (0.39–1.65) 0.45 (0.18–1.09) 0.29 (0.10–0.79) 0.59 (0.41–0.84) 0.003

Higher body mass index
(median ≥22.7 kg/m2)

(n = 1,368) (n = 1,321) (n = 1,326) (n = 1,325)

Case per 10,000 women-years (n) 45 45 39 38
Multivariable-adjusted HR (95% CI)† 1.00 (Reference) 0.88 (0.54–1.44) 0.83 (0.50–1.36) 0.77 (0.47–1.27) 0.93 (0.77–1.11) 0.412

Lower thigh circumference
(<median 52.3 cm)

(n = 1,339) (n = 1,440) (n = 1,270) (n = 1,291)

Case per 10,000 women-years (n) 34 33 24 19
Multivariable-adjusted HR (95% CI)† 1.00 (Reference) 0.85 (0.49–1.47) 0.52 (0.28–1.00) 0.44 (0.23–0.87) 0.73 (0.57–0.94) 0.013

Higher thigh circumference
(median ≥52.3 cm)

(n = 1,421) (n = 1,330) (n = 1,261) (n = 1,328)

Case per 10,000 women-years (n) 27 31 26 26
Multivariable-adjusted HR (95% CI)† 1.00 (Reference) 1.04 (0.58–1.86) 0.88 (0.47–1.62) 0.81 (0.44–1.49) 0.95 (0.76–1.18) 0.630

†Adjusted for age, body mass index and thigh circumference. CI, confidence interval; HR, hazard ratio; Q, quartile.
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the influence of the insulin resistance effect, in terms of adipos-
ity reduction, might be relatively low, because the study partici-
pants were originally a group with lower BMI (23.2 kg/m2).
Alternatively, it might have been difficult to obtain the desired
effect from the aerobic exercise in the combined exercise train-
ing used by the fitness facility to which the study participants
belonged, because this aerobic exercise, stepping on a step
board practiced between resistance training, is a low-volume
aerobic exercise.
To our knowledge, this is the first study that assessed the rela-

tionship between combined aerobic and resistance training and
the incidence of type 2 diabetes. The present study is unique in
that all study participants practiced the same supervised struc-
tured combined aerobic and resistance training. In addition, data
regarding the frequency of the combined exercise training were
objectively and accurately obtained, which makes information
bias unlikely. The present study had several limitations. First, no
adjustment for smoking, drinking, family history of diabetes and
diet, which have been reported to be risk factors for the develop-
ment of type 2 diabetes in previous studies, was carried out in
the present study. Therefore, these factors might have con-
founded the results of this study. However, previous similar
cohort studies showed the impact of these potential confounding
factors, such as smoking, drinking and family history of dia-
betes, on the relationship between physical activity and inci-
dence of diabetes as constrictive16,17. Hence, these potential
confounding factors do not dramatically change the present
study results.
Second, assessment of diabetes was based on a self-adminis-

tered questionnaire. We did not confirm the validity of the
questionnaire regarding diabetes status. However, a previous
study showed that 94% of self-reported diabetes in participants
sampled from Japanese middle-aged men and women were
consistent with medical records18.
Third, the frequency of combined exercise carried out in facili-

ties other than the study facility was not considered, because exer-
cise frequency in the present study was defined as the frequency
of use of the study fitness facility. Although the study participants
might be practicing leisure-time physical activities in other places
than the study fitness facility, this definition allowed accurate
reporting on their practice frequency and activity level.
Fourth, because this was a retrospective cohort study carried

out with Japanese women who belonged to a specific fitness
facility, they might be of high socioeconomic status, good com-
pliance and a high level of cultural education. Hence, generaliza-
tion of the results of the present study requires care. In addition,
it is unclear how generalizable this study is to other ethnic
groups, as these Japanese women had lower BMI compared
with Western populations. Similarly, we were not able to con-
sider the influence of dropout during the follow-up period, and
had the limitation of representativeness.
Fifth, we did not have information on whether participants

had a medical check-up periodically during the follow-up per-
iod. However, we speculate that there is no strong relationship

between training frequency and the chance of hospital diagno-
sis. If there is a bias, the bias results in the underestimation of
the relationship between the frequency of training and the inci-
dence of diabetes. This is due to the point that women who
have a high frequency of training tend to have a high frequency
of visiting a hospital.
Finally, this was an observational study. It is necessary to carry

out randomized controlled trials involving participants without
diabetes to clarify whether a combined aerobic and resistance
training reduces the risk of development of type 2 diabetes.
In conclusion, we observed a negative linear dose–response

relationship between the frequency of combined exercise train-
ing and the incidence of type 2 diabetes in Japanese women,
which included just a few individuals with BMIs in the obese
range. However, no clear negative relationship was observed in
individuals who at baseline were retaining muscle mass to some
extent. Thus, habitual combined exercises are likely to be an
effective primary preventive measure for type 2 diabetes among
those with a relatively lower muscle mass. Additional studies
regarding combined aerobic and resistance training should be
carried out for the prevention of type 2 diabetes, the incidence
of which is greatly increasing in the world.

ACKNOWLEDGMENTS
The authors thank the members of the fitness facility operated
by Curves Japan Co., Ltd., who participated in the present study,
as well as the staff of Curves Japan, who were in charge of data
collection and input. Also, thanks to Benjamin Howe for helpful
comments. This research was supported by Curves Japan.
Curves Japan played no role in the design and analysis. This
research also was supported in part by MEXT-Supported Pro-
gram for the Strategic Research Foundation at Private Universi-
ties, 2015-2019 from the Ministry of Education, Culture, Sports,
Science and Technology (S1511017).

DISCLOSURE
SSS and MM received research funding from Curves Japan. HT
and HS are employees of Curves Japan. The other authors
declare no conflict of interest.

REFERENCES
1. WHO. Global report on diabetes. Geneva, Switzerland: World

Health Organization; 2016: 20–33.
2. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult

body-mass index in 200 countries from 1975 to 2014: a
pooled analysis of 1698 population-based measurement
studies with 19�2 million participants. Lancet 2016; 387:
1377–1396.

3. Aune D, Norat T, Leitzmann M, et al. Physical activity and
the risk of type 2 diabetes: a systematic review and dose-
response meta-analysis. Eur J Epidemiol 2015; 30: 529–542.

4. Jeon CY, Lokken RP, Hu FB, et al. Physical activity of
moderate intensity and risk of type 2 diabetes: a systematic
review. Diabetes Care 2007; 30: 744–752.

1002 J Diabetes Investig Vol. 10 No. 4 July 2019 ª 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Sawada et al. http://wileyonlinelibrary.com/journal/jdi



5. Colberg SR, Albright AL, Blissmer BJ, et al. American College
of Sports Medicine; American Diabetes Association. Exercise
and type 2 diabetes: American College of Sports Medicine
and the American Diabetes Association: joint position
statement. Exercise and type 2 diabetes. Med Sci Sports

Exerc 2010; 42: 2282–2303.
6. Grøntved A, Pan A, Mekary RA, et al. Muscle-strengthening

and conditioning activities and risk of type 2 diabetes: a
prospective study in two cohorts of US women. PLoS Med
2014; 11: e1001587.

7. Grøntved A, Rimm EB, Willett WC, et al. A prospective study
of weight training and risk of type 2 diabetes mellitus in
men. Arch Intern Med 2012; 172: 1306–1312.

8. Nouchi R, Taki Y, Takeuchi H, et al. Four weeks of
combination exercise training improved executive functions,
episodic memory, and processing speed in healthy elderly
people: evidence from a randomized controlled trial. Age
(Dordr) 2014; 36: 787–799.

9. Sawada SS, Tanimoto M, Gando Y, et al. Effects of
combined aerobic and resistance training: a randomized
controlled trial. Med Sci Sports Exerc 2017; 49: 34.

10. Kasai T, Ishiguro N, Matsui Y, et al. Sex- and age-related
differences in mid-thigh composition and muscle quality
determined by computed tomography in middle-aged and
elderly Japanese. Geriatr Gerontol Int 2015; 15: 700–706.

11. WHO. Obesity: preventing and managing the global
epidemic. Report on a WHO Consultation on Obesity,
Geneva, 3–5 June, 1997. WHO/NUT/NCD/98.1. Technical

Report Series Number 894. Geneva, Switzerland: World
Health Organization, 2000.

12. DeFronzo RA. Lilly lecture 1987. The triumvirate: beta-cell,
muscle, liver. A collusion responsible for NIDDM. Diabetes
1988; 37: 667–687.

13. Poehlman ET, Dvorak RV, DeNino WF, et al. Effects of
resistance training and endurance training on insulin
sensitivity in nonobese, young women: a controlled
randomized trial. J Clin Endocrinol Metab 2000; 85: 2463–
2468.

14. Goodyear LJ, Kahn BB. Exercise, glucose transport, and
insulin sensitivity. Annu Rev Med 1998; 49: 235–261.

15. Ivy JL, Zderic TW, Fogt DL. Prevention and treatment of
non-insulin-dependent diabetes mellitus. Exerc Sport Sci Rev
1999; 27: 1–35.

16. Honda T, Kuwahara K, Nakagawa T, et al. Leisure-time,
occupational, and commuting physical activity and risk of
type 2 diabetes in Japanese workers: a cohort study. BMC
Public Health 2015; 15: 1004.

17. Kabeya Y, Goto A, Kato M, et al. Time Spent Walking and
Risk of Diabetes in Japanese Adults: The Japan Public
Health Center-Based Prospective Diabetes Study. J Epidemiol

2016; 26: 224–232.
18. Waki K, Noda M, Sasaki S, et al. Alcohol consumption and

other risk factors for self-reported diabetes among middle-
aged Japanese: a population-based prospective study in
the JPHC study cohort I. Diabet Med 2005; 22: 323–331.

ª 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 10 No. 4 July 2019 1003

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.wiley.com/journal/jdi Combined training and diabetes


