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 Background: Postprandial hyperglycemia and glycemic fluctuations are significant cardiovascular disease risk factors for pa-
tients with type 2 diabetes. We investigated the effects of a single session of post-dinner moderate-intensity 
exercise on the postprandial glycemic response compared with a non-exercise condition in a study population 
of Chinese patients with type 2 diabetes.

 Material/Methods: This randomized crossover self-controlled pilot study involved 29 patients with type 2 diabetes who participated 
in post-dinner exercise days using non-exercise days as a control. The interstitial glucose level was monitored 
using a continuous glucose monitoring system, with a standardized diet and medication. For the non-exercise 
control days, patients pursued normal daily activities but refrained from unusual strenuous physical activity. 
On the exercise days, participants walked on a treadmill for 20 minutes after dinner, with a heart rate reserve 
of 40%.

 Results: Post-dinner moderate-intensity exercise reduced the 2-hour postprandial glucose spike, mean glucose level, 
and peak glucose level compared to the control condition. The cumulative glucose total area under the curve 
during 1-hour post-exercise was lower with exercise than under the control condition. The 12-hour standard 
deviation of blood glucose and the coefficient variation of glucose were significantly lower in the with exercise 
day compared to the control day, although the 12-hour mean amplitude of glycemic fluctuations did not reach 
statistical significance. No nocturnal hypoglycemia subsequently occurred on the exercise day.

 Conclusions: A short session of moderate-intensity post-dinner exercise can improve postprandial hyperglycemia and glyce-
mic excursions in Chinese patients with type 2 diabetes, with no potential hypoglycemia risk at a later period.
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Background

Postprandial hyperglycemia is associated with an increased risk 
of diabetes complications [1–4], particularly in patients with 
type 2 diabetes [5,6]. Therefore, better management of post-
prandial hyperglycemia is an important target in type 2 dia-
betes treatment. Despite the use of antihyperglycemic drugs 
and the consumption of a healthy diet, postprandial hypergly-
cemia and acute glucose swings remain the main character-
istics of patients with type 2 diabetes [7,8]. Therefore, more 
treatment strategies to reduce the prevalence of postprandial 
hyperglycemia are required.

Structured exercise has long been considered a cornerstone for 
type 2 diabetes treatment [9]. Many studies have demonstrated 
that exercising during the postprandial period causes acute re-
ductions in postprandial blood glucose [10–16]. However, post-
dinner exercise has not always been differentially investigated, 
and most of the results have been derived from laboratory 
studies and no real-life conditions. In China, people are accus-
tomed to exercising after dinner. To our knowledge, such effect 
of a bout of post-dinner exercise on glycemic levels in Chinese 
patients with type 2 diabetes has not been reported. However, 
exercise may lead to nocturnal hypoglycemia in children with 
type 1 diabetes [17,18] or a potential increase in a late-on-
set hypoglycemia risk for patients with type 2 diabetes [19]. 
For this reason, it was necessary to investigate whether a ses-
sion of moderate-intensity exercise (MIE) after dinner could 
result in nocturnal hypoglycemia. In clinical practice, most 
nocturnal hypoglycemic episodes are missed. The continuous 
glucose monitoring system (CGMS) can record blood glucose 
for several days, which can be easily used to monitor exer-
cise and activities of daily living, particularly during the night. 
A previous trial has shown that moderate-intensity walking after 
an evening meal may blunt postprandial glycemia, compared 
with pre-dinner exercise or no exercise in American individuals 
with type 2 diabetes, but CGMS was not performed [14].

Aside from regular exercise, more evidence [20,21] has sug-
gested that non-exercise physical activities play an indepen-
dent role in restoring or maintaining optimal glycemic control. 
Most previous laboratory studies have focused on the effects of 
post-meal exercise versus no exercise on blood glucose [10–16], 
and less attention has been paid to the comparison between 
exercise and daily activities. In this regard, a recent clinical 
trial [22] has shown that a single session of MIE had a greater 
impact on daily blood glucose homeostasis than repeated ses-
sions of daily activities. However, this study had been restricted 
to exercise after breakfast and strictly defined daily activities. 
Moreover, another group [23] used normal daily activities as 
the control condition, however, the walking exercise proto-
cols were performed during the lunchtime period. Therefore, 

the effects of exercise after dinner on glycemic control, using 
the CGMS, for type 2 diabetes in a real-life setting are unknown.

The purpose of this study was to examine the effects of a single 
session of post-dinner MIE on the glycemic response to a stan-
dardized dinner in Chinese individuals with type 2 diabetes. 
It was hypothesized that 20 minutes (min) of post-dinner MIE 
would result in a lower peak postprandial glucose response 
than with normal daily activities as a control (CON) condition 
on a non-exercise day. We also tested the lasting effects of 
post-dinner exercise on the subsequent glycemic response.

Material and Methods

Participants

A total of 29 patients (7 females and 22 males) with uncom-
plicated type 2 diabetes treated with diet and/or a variety of 
oral glucose lowering medications volunteered for this study. 
Participants were excluded from the study if they had liver, 
renal, or cardiopulmonary disease or diseases contraindicating 
physical activity. The use of insulin, body weight instability 
(>3 kg/half a year), and regular exercise (> 150 min/week) 
were set as exclusion criteria.

This study was approved by the Ethics Committee of Nanjing 
First Hospital. All subjects gave informed consent prior to study 
participation. This study was registered with ChiCTR.org.cn, 
number ChiCTR-ONC-17010400 (http://www.chictr.org.cn/show-
proj.aspx?proj=17724).

Clinical and laboratory assessments

At the initial visit, data on height, weight, blood pressure, rest-
ing heart rate (HR), age, current clinical diagnoses, and medi-
cation usage were collected. The body mass index (BMI) was 
calculated as weight divided by the square of height (kg/m2). 
Following a minimum 10 hours (h) of overnight fasting, all par-
ticipants’ blood samples were collected. Plasma blood glucose 
levels were measured using the hexokinase method. Plasma 
total cholesterol (TC), triglyceride (TG), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), uric acid, and creatinine levels were measured with 
an auto-analyzer (Modular E170; Roche, Mannheim, Germany). 
HbA1c was determined by a DiaSTAT HbA1c analyzer (BIO-RAD 
Company; Hercules, CA, USA). Participants completed the aer-
obic capacity test using a treadmill. Cardiac function was mon-
itored using a resting 12-lead electrocardiogram.
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Study design

Participants performed trials consisting of 2 experimental 
periods in a crossover order: 1 non-exercise day as a con-
trol day and 1 post-dinner MIE day. Experiments were sepa-
rated by at least 7 days and conducted in random order. All 
participants were asked to maintain their normal physical 
activity patterns throughout the study but to refrain from 
exhaustive physical labor and exercise training for 2 days be-
fore each experimental period. During the non-exercise day, 
participants were requested to refrain from participating in 
moderate or heavy exercise. During the post-dinner MIE day, 
exactly 30 min after the first bite, participants performed 
20 min treadmill walking, and were requested to refrain from 
participating in moderate or heavy exercise at other times of 
the day. Participants rested during the 20-min exercise win-
dow on the non-exercise day. All participants were supervised 
on both study days in the department of endocrinology at 
Nanjing First Hospital.

A heart rate monitor was applied to monitor the exercise ses-
sions. Heart rates during the exercise session were recorded. 
Exercise intensity was calculated using the heart rate reserve 
(HRR) method [24], which considers resting HR and estimated 
maximal HR (calculated as 220 minus the participant’s age), 
where the HRR is the difference between the estimated maxi-
mal HR (corrected for the age) and the resting HR. The intensity 
of exercise was set at 40% of the HRR by modulating tread-
mill speed [14], with all sessions completed on the treadmill. 
A 3-min warm-up and 2-min cool-down period were not included 
in the short session of exercise. The participants were asked 
to maintain the exercise intensity during the whole session. 
Timing of medication was standardized for each participant, 
meaning hypoglycemic agents were taken at the same time 
during both non-exercise and exercise conditions.

Continuous glucose monitoring

The day before each experimental session, the CGMS (Medtronic 
Incorporated, Northridge, CA, USA) sensor was placed on each 
participant’s abdomen between 16: 00 h and 17: 00 h, and it 
was removed on the day after the experimental day between 
08: 00 h and 09: 00 h. The participants received a short train-
ing in the use of the device and collected blood glucose mea-
surements 4 times daily, before the 3 main meals and before 
sleep. Nurses entered the 4 calibration data readings each day. 
Glucose concentration was continuously measured in the in-
terstitial fluid of the subcutaneous tissue every 5 min. A to-
tal of 24 consecutive hours were considered for evaluation of 
glucose variations and responses to meals. The 24-h period 
was then divided into smaller time frames, namely, an exer-
cise window, 1-h after exercise, 2-h postprandial periods after 
dinner, 3-h postprandial periods after dinner, night time (from 

midnight until 06: 00 h the following morning), and the 12-h 
timespan (17: 00 h–05: 00 h) for further analysis.

Medication and food intake

Treatment with oral hypoglycemic agents was continued as nor-
mal throughout the entire experimental period. On each exper-
imental period, participants were provided with a standardized 
diet, which was designed to ensure a total daily energy intake of 
105 KJ/kg/day, consisting of 55% of energy from carbohydrate, 
18% from protein, and 27% from fat. The foods were divided into 
3 equal portions consumed by participants at 7: 00 h, 11: 30 h, 
and 17: 00 h. To ensure the matching of the diet between ex-
perimental days, participants were asked to consume the same 
diet provided by the hospital in the exercise day and control day.

Statistical analysis

The CGMS data were downloaded to a personal computer 
and converted into glycemic values for further analysis. The 
postprandial glucose total area under the curve (tAUC) for 
the standardized dinner was computed using the trapezoid 
method. Peak and mean glucose during the exercise session 
were also calculated. Peak post-dinner glucose values were 
obtained from the highest value recorded within 2 h or 3 h 
of dinner onset. Glucose spikes following dinner were calcu-
lated as the difference between the peak post-dinner glucose 
and pre-dinner glucose levels. The mean amplitude of glyce-
mic excursions (MAGE) and other plasma glucose fluctuation 
parameters, such as the mean blood glucose (MBG) and the 
standard deviation of blood glucose (SDBG), were calculated. 
The coefficient variation (CV) of glucose was calculated by di-
viding the standard deviation (SD) with the mean of the corre-
sponding glucose reading. MAGE was calculated by measuring 
the arithmetic mean of the differences between consecutive 
peaks and nadirs; measurement in the peak-to-nadir or nadir-
to-peak direction was determined by the first qualifying ex-
cursion; only excursions of more than 1 SD of the mean gly-
cemic values were considered [25].

All statistical analyses were conducted using SPSS 17.0 for 
Windows (Chicago, IL, USA). All data were checked for nor-
mality by the Kolmogorov-Smirnov and the Shapiro-Wilk tests. 
Variables with normal distribution were expressed as mean 
±SD. Hypothesis testing was performed by determining the dif-
ferences in the effects of the exercise and control conditions 
on the glycemic outcomes during the postprandial period after 
dinner, and the Student’s paired t-test was used to compare 
the indices of glycemic variability. Repeated measures analysis 
of variance (ANOVA) was used to assess differences between 
post-dinner exercise and the control condition at specific time 
points. The statistical tests were two-sided and a P-value of 
<0.05 was considered statistically significant.
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Results

Participant characteristics

Participant characteristics and medications are presented in 
Table 1. Participants were approximately 50 years old, 76% were 
male, with a BMI of 24.8 kg/m2. The median duration of type 2 
diabetes was 3 years and the participants had a mean HbA1c 

of 7.3% (56.2 mmol/mol) and a mean fasting plasma glucose of 
7.2 mmol/L during screening. All participants were diagnosed 
with type 2 diabetes. Thirteen participants were being treated 
with antihypertensive medication and 9 participants were be-
ing treated with lipid-lowering medication. The participants re-
ported excellent compliance with the standardized diet, and no 
conditions needed to be repeated or dropped from the analyses.

Participants had an average resting HR of 70.9±7.9 beats per 
minute (bpm) (Table 2). Average exercise heart rates of the par-
ticipants, measured during the final 5 minutes of the exercise 
session, were 111.0±7.9 bpm, which corresponded to 40.9±5.1% 
of the HRR, indicating the moderate intensity of their pace.

Glycemic control

The average CGM values (Figure 1A) and the CGM glucose 
change from baseline (Figure 1B) for the post-dinner MIE and 
control condition during the postprandial period after dinner are 
shown in Figure 1. There were no significant differences in the 
peak glucose (8.8±1.5 vs. 9.4±2.2 mmol/L, respectively; P=0.14) 
and mean glucose (8.5±1.5 vs. 8.9±2.2 mmol/L, respectively; 
P=0.22) levels during the time of the exercise session between 
the post-dinner MIE and the control condition, as well as in the 
tAUC (169.6±30.9 vs. 178.3±43.5 mmol/L×20 min, respectively; 
P=0.25) during the time of the exercise session.

Significant glucose reductions in the 2-h postprandial glu-
cose spike (1.9±1.3 vs. 2.7±1.4 mmol/L, respectively; P=0.04; 
Figure 2A), 2-h postprandial peak glucose (P=0.02; Figure 2B; 
Table 3), and 2-h postprandial mean glucose (P=0.04; Figure 2C; 
Table 3) levels were detected on the exercise day compared to 
those under the control condition. Significant differences were 
not observed in dinner 2-h postprandial glucose tAUC (Table 3). 
However, the glucose tAUC during 1-h after exercise in post-
dinner MIE day was significantly lower than the non-exercise 
day (493.9±84.0 vs. 559.3±130.5 mmol/L×60 min, respectively; 
P=0.01; Figure 2D). Repeated measures ANOVA of the glucose 

Characteristic Values

Sex (M/F) 22/7

Age (years)  51±11.2

Type 2 diabetes diagnosis (years) 5.7±6.0 (0.1–20)

Height (cm)  167.8±7.4

Weight (kg)  69.9±10.6

BMI (kg/m2)  24.8±3.4

Diastolic blood pressure (mmHg)  78±8

Systolic blood pressure (mmHg)  125±13

HbA1C (%)  7.3±1.3

HbA1c (mmol/mol)  56.2±14.5

Fasting glucose (mmol/L)  7.2±1.3

Blood uric acid (μmol/L)  347.0±73.5

Creatinine (μmol/L)  72.2±15.2

Cholesterol (mmol/L)  4.5±0.9

Triacylglycerol (mmol/L)  1.9±1.5

HDL-C (mmol/L)  1.2±0.2

LDL-C (mmol/L)  2.2±0.6

Glucose-lowering medication (n) 14

 Metformin + Sulfonylurea 4

 Metformin + Repaglinide 1

 Metformin + Acarbose 1

 Metformin + DPP4 inhibitor 3

 Sulfonylurea + Thiazolidinedione 1

 Sulfonylurea + Acarbose 3

 Acarbose + Repaglinide 1

Table 1. Participants characteristics.

Data are presented as means ±SD (min–max). M – Male; 
F – Female; BMI – body mass index; HbA1C – glycated 
hemoglobin; HDL-C – high density lipoprotein cholesterol; 
LDL-C – low density lipoprotein cholesterol; DPP4 – dipeptidyl 
peptidase-4.

Characteristic Values

Resting HR (bpm)  70.9±7.9

Maximal HR (bpm)  168.8±11.2

HRR (bpm)  98.0±11.7

Target HR (bpm)  109.9±5.3

Exercise HR (bpm)  111.0±7.9

Table 2. Exercise subjects characteristics.

Data are presented as means ±SD. HR – heart rate; bpm – beats 
per minute; HRR – heart rate reserve. Maximal HR is estimated 
as 220-age. HRR is the difference between the estimated 
maximal HR and the resting HR.
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at specific time points showed that differences between the 
exercise condition and control condition occurred from 50 min 
to 95 min within the postprandial period (P<0.05, Figure 1A).

Sustained glucose-lowering effects or hypoglycemia 
(<3.9 mmol/L) on subsequent nocturnal periods were not ob-
served (Table 3). The 12-h SDBG (P=0.009) and the CV of glu-
cose (P=0.009) were significantly lower in the exercise con-
dition compared to the control day, although the 12-h MAGE 
(P=0.14) did not reach statistical significance (Table 3).

Discussion

The primary aim of the current study was to investigate a con-
sistent glucose-lowering effect of post-dinner moderate-inten-
sity exercise in inactive people with type 2 diabetes. The use 
of CGMS facilitated the tracking of glucose homeostasis over 
the course of the postprandial phase. Furthermore, as medi-
cation was kept stable, diets were standardized, and normal 

daily activities were monitored, the effects of exercise occurred 
independent of changes in medication, diet, and normal daily 
activities. We found that the 2-h postprandial glucose spike, 
peak glucose, and mean glucose were reduced with moderate-
intensity post-dinner exercise. In addition, the glucose tAUC 
1-h after exercise was reduced with exercise. In particular, 
post-dinner MIE resulted in lower glucose levels at the end 
of exercise than those at the same time point in the control 
condition, but the effect was limited to the 2-h after dinner.

Although the 12-h MAGE of CGM did not differ between ex-
perimental days, the 12-h SDBG and the CV of glucose did 
change with exercise. It appears that a short session of exer-
cise after dinner can provide further improvement of glycemic 
fluctuations in the short term. Furthermore, the moderate-in-
tensity exercise did not increase the hypoglycemic episodes 
as compared with the control condition in subsequent noc-
turnal periods.
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Figure 1.  The average CGM values (A) and 
the average postprandial CGM 
glucose change from baseline (B) 
for moderate-intensity exercise 
(MIE) condition and non-exercise as 
control (CON) condition during the 
postprandial dinner period. Time 0 
represents the time of first bite. Post-
dinner exercise began half an hour 
after first bite and lasted 20 minutes 
(light blue squares). * Significantly 
different compared with the control 
condition (P<0.05).
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As described, the blunting effect of postprandial exercise on 
blood glucose elevations has been well established [10–16]. 
A short session of moderate intensity exercise after breakfast 
decreases glucose levels in participants with type 2 diabetes, 

but the effect does not persist after lunch without additional 
exercise [10,11,16]. In the present study, the sustained glucose-
lowering effects of 20 min MIE after dinner also did not extend 
to subsequent periods. Post-breakfast exercise significantly 

Figure 2.  (A) 2-h postprandial glucose spike (difference between peak postprandial glucose and pre-dinner glucose), 
(B) 2-h postprandial peak glucose, (C) 2-h postprandial mean glucose, and (D) the glucose area under the curve (AUC) 
during 1-h after exercise. Data are estimated means ±SD (n=29 individuals). * Significantly lower compared with the control 
condition (P<0.05).
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2-h postprandial periods after dinner

 MBG (mmol/L)  8.9±2.0  8.2±1.3 0.04

 tAUC (mmol/L×120 min)  1044.7±233.1  981.6±157.6 0.19

 Peak glucose (mmol/L)  10.3±2.3  9.3±1.6 0.02

 Time to peak (min)  75.3±28.3  68.3±42.4 0.41

3-h postprandial periods after dinner

 MBG (mmol/L)  8.9±1.9  8.3±1.3 0.08

 tAUC (mmol/L×180 min)  1607.6±341.3  1501.1±238.5 0.08

 Peak glucose (mmol/L)  10.6±2.3  9.6±1.6 0.007

 Time to peak (min)  92.9±50.5  91.4±55.2 0.90

Night time (0000 h–0600 h)

 MBG (mmol/L)  7.2±1.3  7.1±1.6 0.78

 tAUC (mmol/L×360 min)  2575.1±479.2  2549.5±564.5 0.85

 Peak glucose (mmol/L)  8.1±1.6  7.9±1.8 0.58

 Time to peak (min)  159.7±128.0  177.1±146.5 0.55

12h after dinner (1700 h-0500 h) 

 MBG (mmol/L)  7.9±1.5  7.7±1.5 0.55

 SDBG (mmol/L)  1.2±0.5  1.0±0.4 0.009

 CV (%)  15.6±7.1  12.8±6.4 0.009

 MAGE (mmol/L)  3.1±1.6  2.6±1.9 0.14

Table 3. Continuous glucose monitor parameters.

Data are presented as means ±SD. CON – control; MIE – moderate-intensity exercise; MBG – mean blood glucose; tAUC – total area 
under the curve; SDBG – standard deviation of blood glucose; CV – coefficient of variation; MAGE – mean amplitude of glucose 
excursions.
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blunted the 2-h peak glucose and the 2-h glucose AUC, with 
the lowest peak postprandial glucose excursion observed with 
post-meal exercise and metformin combined [26]. However, 
according to Myette [27], adding an aerobic exercise session 
to regular daily metformin did not improve the average daily 
glucose concentrations and may increase the postprandial glu-
cose levels over several meals. The findings of these studies 
appear contradictory. In our study, approximately half the pa-
tients took oral hypoglycemic agents and two-thirds of them 
took metformin, but the results showed that exercise could 
significantly improve postprandial blood glucose. This effect is 
also supported by Erickson [16], in a study where all the partic-
ipants were treated with add-on glucose-lowering medication. 
Therefore, further research is required to confirm the effects.

The findings in our study also concur with those of 
Colberg et al. [14], who found that 20 minutes of self-paced 
mild-to-moderate-intensity walking may be more effective at 
lowering the glycemic impact of the evening meal in type 2 
diabetes compared with pre-meal exercise or no exercise, but 
they did not use CGMS to assess the blood glucose fluctua-
tions. However, in the Hatamoto et al. study [28], the post-
dinner peak glucose for 120 min was not significantly different 
between the postprandial exercise group and the no exercise 
group in young active healthy individuals. We speculate the 
reason for this difference resulted from young active healthy 
people being selected for the latter group and, possibly, exer-
cise was more effective for postprandial hyperglycemia in pa-
tients with diabetes.

Physical activity may be associated with blood glucose fluctu-
ations leading to hypoglycemia. Early hypoglycemia may occur 
immediately after exercise and delayed or nocturnal hypogly-
cemia may occur many hours after physical activity, even over-
night, following periods of activity in the afternoon and eve-
ning [29]. The use of CGMS in our study facilitated the tracking 
of glucose homeostasis during periods of daily activity, partic-
ularly hypoglycemia during nocturnal periods. As stated pre-
viously in the Bacchi’s study [19], a single 60 min aerobic ex-
ercise session before dinner had the potential to increase the 
late-onset hypoglycemia risk in patients with type 2 diabetes. 
However, in the present study there were no sustained glu-
cose-lowering effects or subsequent nocturnal hypoglycemia 
following the exercise day. This may be attributable to the 
short timeframe and the moderate-intensity of exercise in our 
study. So, we support short-term MIE after dinner in patients 
with type 2 diabetes.

Previous study findings have demonstrated that blunting 
of postprandial spikes in glucose improves inflammation, 
endothelial function and reduces carotid intima-media 
thickness [30,31]. The current study data indicated that short 
MIE after dinner improved postprandial hyperglycemia and 
may improve cardiovascular risk profiles in type 2 diabetes. 
Most previous studies had been performed in a sedentary en-
vironment, in strict laboratory conditions, as the control rather 
than involving daily activities. Although the interference from 
possible confounding events would be eliminated under strict 
laboratory conditions, the ecological effectiveness may have 
compromised [23]. It would be more easily evidenced that ex-
ercise can blunt postprandial hyperglycemia in normal daily ac-
tivity condition than in a strict laboratory setting. The present 
study took a 20-min MIE, which was more feasible for seden-
tary individuals. Greater benefit can be achieved from simple 
exercise for most inactive patients with diabetes.

Our study does have some potential limitations. First, we es-
timated the exercise intensity based on the HRR and not on 
maximal oxygen uptake. However, assessment of exercise in-
tensity using the heart rate is easier to implement in China. 
Second, the sample size was somewhat small, but it did not 
prevent us from investigating on the effects of different times, 
intensity, and duration of exercise on glycemia in the future. 
Third, we did not evaluate total daily activity, although par-
ticipants were to refrain from unusual strenuous physical 
activity. Finally, measurements of insulin and additional hor-
monal responses would have helped interpret the findings 
more precisely.

Conclusions

We have demonstrated that a short session of moderate-in-
tensity post-dinner exercise improves postprandial hyper-
glycemia and glycemic fluctuations in Chinese patients with 
type 2 diabetes, with no potential subsequent hypoglycemia 
risk. The data presented here could be promising for diabetes 
self-management education. In the future, it may be helpful 
to modulate exercise to improve cardiovascular complications 
in Chinese patients with type 2 diabetes.
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