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Abstract

Aim Diabetes patients usually have a low activity level and complain about lack of time. Therefore, we investigated the effect
of short time, postprandial moderate-intensity exercise on glucose homeostasis in type 2 diabetes patients.

Methods Eleven patients with type 2 diabetes were recruited. Patients spent the first day of the study without exercise (non-
exercise day; NE day). In the second day, they walked at moderate-intensity (40% of the maximum heart rate reserve) for
15 min, 30 min after each meal (exercise day; E day). Glucose homeostasis was estimated by a continuous glucose monitor
(CGM). All meals during the study were of standard composition. We compared NE day and E day concerning 24-h glucose
homeostasis and 3 h postprandial glucose levels by the incremental area under the curve (IAUC) method. Medications were
not changed during the study.

Results The number of patients under basal supported oral therapy, intensive insulin therapy and oral hypoglycemic agents
(OHA) were 5, 4 and 2, respectively. The blood glucose standard deviation over 24 h and the iAUC for the 24-h glycemic
variability (NE day vs. E day; 34,765 [21,424-56,014] vs. 23,205 [15,323-39,779]) were smaller in E day than in NE day.
Conclusion These results suggest that postprandial moderate-intensity walking, easily performable in daily life activities,
was effective for improving glucose homeostasis. Further study should be performed to clarify the relationship between

postprandial walk and drug therapy (insulin and OHA), including insulin secretory ability.

Keywords Postprandial hyperglycemia - Exercise therapy - Acute effect - Continuous glucose monitoring (CGM) -
Postprandial walking - Incremental area under the curve 1AUC)

Introduction

Exercise therapy has long been recognized as an important
factor in the treatment of diabetes mellitus [1]. The Japan
Diabetes Society carried out a nationwide survey using self-
recording questionnaires for out-patients with diabetes [2].

P4 Yuji lida
yuji.iidal1989 @ gmail.com

Department of Rehabilitation, Ichinomiyanishi Hospital,
Hira 1, Kaimei, Ichinomiya, Aichi 494-0001, Japan

Department of Sports Medicine, Graduate School
of Medicine, Nagoya University, 65 Tsurumai-cho,
Showa-ku, Nagoya, Aichi 466-8550, Japan

Department of Endocrinology and Diabetes, Ichinomiyanishi
Hospital, Hira 1, Kaimei, Ichinomiya, Aichi 494-0001, Japan

The Graduate Center of Human Sciences, Aichi Mizuho
College, 2-13, Shunko-cho, Mizuho-ku, Nagoya,
Aichi 467-0867, Japan

According to the results, exercise therapy had poor compli-
ance because of the lack of physical exercise educators. The
percentage of exercise therapy adherence was significantly
lower than that of diet therapy. The compliance rate was only
52% and numerous patients complained of “lack of time” to
practice exercise [3]. Other studies overseas also demon-
strated that patients with type 2 diabetes had low physical
activity compared with non-diabetes patients [4, 5].

In general, exercise prescription consists of planning fre-
quency, intensity, time and type (FITT) of exercise. Some
studies investigated the effect of exercise time [6—10]. Pro-
grams such as moderate intensity exercise for 15-min x 3
bouts [6], 15-min X4 cycles with three 5-min breaks [7]
and single 60-min [8] or high-intensity interval training
(HIIT) [9] were investigated. Participants were those at risk
of impaired glucose tolerance and hyperglycemia without
antidiabetic medications [6], type 2 diabetes without insulin
[9], and those with type 1 diabetes [7, 10]. Unfortunately,
previous studies involved different exercise components and

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13340-020-00433-x&domain=pdf

384

Y.lida et al.

glycemic conditions that are difficult to be adapted to the
clinical practice, for the treatment of diabetes.

Therefore, the purpose of this study was to establish an
effective exercise prescription by exploring the effect of
postprandial, moderate-intensity walking for 15 min on glu-
cose homeostasis in type 2 diabetes mellitus patients.

Research design and methods
Participants

Thirteen patients (9 males and 4 females) with type 2 dia-
betes were eligible for this study during their educational
hospitalization period at the Ichinomiyanishi Hospital, from
July 2014 to July 2015. Considering their controlled diabetes
condition, all patients were permitted by their primary physi-
cians to be submitted to an exercise program. Inclusion crite-
rion for this study was the ability to walk for at least 15 min,
regardless of the use of walking assistance devices or not.
Exclusion criteria were decided according to the Japan Dia-
betes Society [11]: poor blood glucose control (fasting blood
glucose > 250 mg/dl, or positive urine ketone bodies), fresh
retinal hemorrhage by proliferative retinopathy, kidney dis-
ease (serum creatine = 2.5 mg/dl for males, = 2.0 mg/dl for
females), ischemic heart disease or heat failure, bone or joint
disorder, acute infection, diabetic gangrene, and advanced
diabetes autonomic neuropathy.

Intervention

Before the first intervention day (non-exercise day; NE day),
we placed a continuous glucose monitoring device (CGM:
iPro2 Medtronic, Dublin, Ireland) on the abdomen of the
participants. Once inserted, the CGM recorded interstitial
fluid glucose concentration every 5 min. To calibrate the
CGM, capillary blood samples for glucose measurement
were collected 4 times: before breakfast, lunch, supper,
and bedtime, according to the manufacturer’s instructions.
The patients had standard meals during the NE day and
subsequently.

In the first day (non-exercise day; NE day), the patients
were allowed to have their usual daily activity, without any
specific exercise. In the second day (exercise day; E day),
they walked at moderate-intensity for 15 min, 30 min after
each meal. Patients were immediately allowed to rest if the
subjective symptoms indicated that the walk needed to be
discontinued, and those events were reported to their pri-
mary physicians or floor nurses. During the study, treatment
with oral hypoglycemic agents and injection drugs (i.e.,
insulin or glucagon-like peptide-1 receptor agonist) was not
changed.
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Dietary protocol

Standard meals were identical to those recommended by the
primary physician in terms of energy intake and protein, fat,
and carbohydrate balance (15%, 25% and 60%, respectively)
on both the non-exercise day and exercise day. Patients were
provided a standard breakfast at 08:00 AM, lunch at 12:00
PM and supper at 18:00 PM.

Exercise protocol

Moderate-intensity exercise was defined as a load at 40%
of the maximum heart rate reserve (40% HR,,,) calculated
using the formula (220 — age) [12]. We applied the treadmill
ramp protocol using a precise treadmill (TR-20F: SportsArt,
Tainan, Taiwan), which started at 0% inclination and 2 km/h
for 3 min, then increased the speed 0.2 km/h per min. When
the patients approached their 40% HRmax during the ramp-
up test (progressively increased walking speed), the walk-
ing speed at that time was defined as the moderate-intensity
exercise. For the safety of the participants, the maximum
heart rate was limited to 120 bpm for those aged 49 years
or less, and 100 bpm for those with 50 years or older [11].
On both NE and E days, we instructed the patients not to
exercise excessively and to have their usual daily activity.

Measurements

Blood glucose level was measured by the CGM device. Body
composition of all patients was assessed using a HBF-373
Karada scan instrument (OMRON, Kyoto, Japan).

Statistical analysis

All statistical analyses were performed with the EZR pro-
gram (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for
R (The R Foundation for Statistical Computing, Vienna,
Austria). More specifically, it is a modified version of the
R commander (version 2.4-0) designed to add statistical
functions frequently used in biostatistics [13]. Results were
expressed as the mean + standard deviation or median [inter-
quartile range]. The incremental area under curve (iIAUC)
was calculated using the trapezoid rule [14]. The iAUC was
defined as an increase above fasting glucose level during
each test day (i.e., NE day and E day). Using the iAUC, we
compared the glycemic variability during 24 h and within
3 h after each meal between NE day and E day. The iAUC
statistical significance was analyzed by the Wilcoxon signed-
rank test. All p-values were two-sided. Statistical differences
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were denoted by p < 0.05. Bonferroni correction was applied
when testing multiple comparisons, applied to iAUC for gly-
cemic variability within 3 h after each meal (i.e., p <0.017).

Results

Thirteen Japanese diabetes patients (9 males and 4
females) were initially recruited. Given that two patients
were excluded due to the lack of CGM data, clinical data
of eleven patients (7 males and 4 females) were ana-
lyzed. Mean values were: age, 63.9 + 15.4 years; BMI,
23.2+5.2 kg/mz; 40% HRmax, 110.1 £ 11.6 bpm; walk-
ing speed, 3.7+ 1.3 km/h; HbAlc, 9.6 +2.0%. The num-
ber of patients under basal supported oral therapy (BOT),

Table 1 Characteristics of the patients

Variables Values

Sex (male/female) 714

Age (years) 63.9+154
Stature (cm) 162.0+10.2
Body weight (kg) 62.1+13.7
BMI (kg/m?) 23245.2
40% HRmax (bpm) 110.1x+11.6
Gait velocity (km/h) 3713
HbAlc (%) 9.6+2.0
Body fat percentage (%) 27.8+9.9
Visceral fat percentage (%) 9.0+£6.0

Basal metabolic expenditure (kcal/kg/day) 1399.5+268.9
Insulin use (n)
Basal supported oral therapy (n)
Intensive insulin therapy ()
Oral hypoglycemic agents only (1)

Metformin (n)

—_— = N B~ O

Linagliptin (n)

Data (n=11) are expressed as the mean +SD

Table2 Glycemic values

intensive insulin therapy and oral hypoglycemic agents
(OHA) therapy were 5, 4 and 2, respectively (Table 1).
All eleven patients completed the examinations without
adverse effects.

Comparing NE day with E day, fasting glucose level did
not change significantly. However, blood glucose stand-
ard deviation over 24 h was significantly smaller in the
E day than that in the NE day (NE day vs. E day; 27.8
[25.0-41.5] vs. 22.9 [16.0-31.0]; p=0.014).

The iAUCs for glycemic variability within 3 h after
breakfast (p =0.010) and supper (p =0.032) in the E
day were significantly lower than those in the NE day.
However, the iAUCs for glycemic variability within 3 h
after lunch (p =0.067) did not change significantly. The
1AUC for the 24-h glycemic variability was also signifi-
cantly lower in the E day than that in the NE day (34,765
[21,424-56,014] vs. 23,205 [15,323-39,779]; p=0.014)
(Table 2). No patient experienced hypoglycemia, or blood
glucose < 70 mg/dl.

As a sub-analysis, NE day and E day were compared
in patients with BOT and intensive insulin therapy
only. Fasting glucose level (109.3 [102.7-123.9] vs.
114.8 [108.4-117.5] mg/dl, p=0.426) did not change
significantly between NE day with E day. However,
the blood glucose standard deviation over 24 h (27.8
[25.8-51.7] vs. 22.9 [17.2-34.8] mg/dl, p=0.027) was
significantly reduced in the E day than that in the NE
day. The iAUCs for glycemic variability within 3 h after
breakfast (7560 [6598-10,570] vs. 6639 [4228-8260]
mg min/dl, p =0.020), lunch (6511 [4263-14,190] vs.
3500 [2275-4930] mg min/dl, p =0.039) and supper
(7215 [4526-11,234] vs. 3761 [1571-9268] mg min/dl,
p=0.020) in the E day were significantly lower than those
in the NE day. The iAUC for the 24-h glycemic variabil-
ity (37,195 [26,936-65,184] vs. 25,609 [17,056-39,906],
p=0.008) was significantly lower in the E day than that
in the NE day.

Variables Non-exercise day Exercise day p value
Fasting glucose level (mg/dl) 109.3 [102.9-124.9] 115.0 [109.0-126.3] 0.520
Blood glucose standard deviation over 24 h (mg/dl) 27.8 [25.0-41.5] 22.9[16.0-31.0] 0.014
iAUC for glycemic variability within 3 h after each meal (mg min/dl)
Breakfast 7507 [5639-9739] 6639 [4211-8115] 0.010
Lunch 5320 [2857-11,862] 3341 [1911-4405] 0.067
Supper 5090 [3371-10,837] 3761 [1562-8403] 0.032
iAUC for the 24-h glycemic variability (mg min/dl) 34,765 [21,424-56,014] 23,205 [15,323-39,779] 0.014

Data (n=11) are presented as medians [Q,—Q;]. Moderate-intensity (40% of the maximum heart rate reserve) walking for 15 min was performed
30 min after each meal in the exercise day. Incremental area under curve (iIAUC) for the glycemic variability within 3 h after breakfast (08:00—
11:00), lunch (12:00-15:00) and supper (18:00-21:00). Statistical differences were denoted by p <0.05. Bonferroni correction was applied to the
iAUC of the glycemic variability within 3 h after each meal (i.e., p<0.017)
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Discussion

The effect of postprandial walking for 15 min on impaired
glucose tolerance has been reported by others [6]. How-
ever, the effectiveness and magnitude of glucose lower-
ing in type 2 diabetes mellitus patients were still unclear.
Therefore, we investigated the effect of postprandial, mod-
erate-intensity walking for 15 min on glucose homeostasis
in type 2 diabetes mellitus patients using continuous glu-
cose monitoring method.

It has been reported that postprandial walking for
15 min, corresponding to approximately 3 METs, sig-
nificantly lowered postprandial glucose and insulin levels
in type 2 diabetes mellitus patients treated by OHA only
[15]. However, 24-h glucose level did not change signifi-
cantly. In our investigation, the mean walking velocity was
3.7+ 1.3 km/h, which also corresponds to about 3.0 METs
[16]. Our patients in sub-analysis underwent different
therapies (i.e., basal supported oral therapy (BOT), insu-
lin intensive therapy, and OHA only therapy). The iAUC
for the 24-h glycemic variability and the blood glucose
standard deviation over 24 h were significantly lower in
the E day than in the NE day. These results suggested that
3 METs walking potentially has glucose-lowering effect
in patients treated with OHA and with insulin as well. In
addition, moderate-intensity walking did not induce hypo-
glycemia in the E day.

In our study, postprandial moderate-intensity walking
resulted in the lowering of iAUC for the 24-h glycemic
variability and blood glucose standard deviation over
24 h. Our results are comparable to a previous study that
indicated that three 15-min bouts of moderate postmeal
walking reduced average 24-h glucose concentration [6].
Another study showed that high-intensity interval training
(HIIT) performed in the afternoon was more efficacious
than morning HIIT in individuals with type 2 diabetes [9].
Among type 1 diabetes patients under sensor-augmented
insulin pump (SAP) therapy, moderate exercise in the
morning conferred a lower risk of postexercise hypogly-
cemia than afternoon exercise [7]. Among active adoles-
cents with type 1 diabetes, 30-min increase in afternoon/
evening moderate-to-vigorous intensity physical activity
(MVPA) increased the risk of hypoglycemia, although
daytime MVPA did not increase that risk [10].

The current study had several limitations. Firstly, it was
conducted during educational hospitalization and did not
contain a cross-over design. The dietary therapy contrib-
uted to lower blood glucose, whereas we provided partici-
pants with the same menu with the same energy balance.
Secondly, we did not take into account the type and dose
of OHA or insulin. The severity of diabetes mellitus may
influence exercise effect differently. Finally, the statistical
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power was small. Furthermore, there was a limitation of
CGM. CGM was preferred because it tells us the glucose
homeostasis trend, not only the current blood glucose level
[17]. On the other hand, CGM measures the interstitial
fluid. This compensates the physiological error comparing
with one-point blood glucose and reports the difference of
mechanical error [18]. Thus, we should discuss the most
appropriate frequency of calibration and/or self-monitor-
ing of blood glucose to obtain more accurate results.

In summary, with the aim or establishing a short-time,
effective exercise prescription, we investigated the effect of
postprandial moderate-intensity walking for 15 min on blood
glucose levels in type 2 diabetes mellitus patients. According
to our results, postprandial moderate-intensity walking low-
ers iAUC for the 24-h glycemic variability and blood glucose
standard deviation over 24 h. This suggested that postpran-
dial moderate-intensity walking potentially improved whole-
day hyperglycemia and elicited good glucose homeostasis
without hypoglycemia. However, the relationship between
postprandial moderate-intensity walk and drug (insulin and
OHA) administration is still unclear. Further study should be
performed to investigate the relationship between postpran-
dial walking and insulin secretory ability, insulin injection
dose and type of oral hypoglycemic agents.
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