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Introduction: Increasing physical activity (PA) improves glycemic control in patients with 
type 2 diabetes mellitus (T2DM). However, whether long-term objectively measured PA is 
related to glycemic control remains unclear. The aim of this study was to investigate the 
relationship between long-term objectively measured PA and glycemic control in T2DM 
patients.
Research Design and Methods: This prospective cohort study recruited T2DM patients 
admitted to a hospital-based diabetes management and education program. The primary 
outcome was glycemic control by hemoglobin A1c at 6 months after discharge. We defined 
poor glycemic control according to the Japanese Clinical Practice Guidelines. The PA was 
objectively measured using a three-axis accelerometer during 6 months’ period after dis-
charge. The representative value of PA was the average daily steps during the measurement 
period and was divided into quartiles. To determine the relationship between the daily steps 
and poor glycemic control, we performed a multivariate logistic regression analysis.
Results: Ninety-four participants were enrolled in the study. Their median age was 59 years, 
and 38 (40.0%) of them showed poor glycemic control. Multivariate logistic regression 
analysis showed that the first (Q1, ≤ 6106 steps/day) and second quartiles (Q2, 6107–8258 
steps/day) had significantly elevated risks of poor glycemic control compared to Q4 (≥ 
10,542 steps/day), with odds ratios of 8.55 [95% confidence intervals (CI) =1.43–51.23] 
and 15.62 (95% CI 2.63–92.87), respectively.
Conclusion: We found that lesser PA was significantly associated with poor glycemic 
control in T2DM patients. This finding may be beneficial for clinicians while providing long- 
term advice to diabetic patients.
Keywords: glycemic control, long-term, physical activity, type 2 diabetes

Introduction
Type 2 diabetes mellitus (T2DM) is one of the most common diseases associated 
with multiple serious complications, resulting in considerable morbidity and mor-
tality worldwide.1,2 Previous epidemiological studies of T2DM suggest that the 
prevalence of T2DM is approximately 8.4%.3 Diabetes leads to various complica-
tions, including neuropathy, retinopathy, diabetic kidney disease, and cardiovascular 
diseases.4,5 The risk of these complications is known to increase with poor glyce-
mic control.6–10 Therefore, better glycemic control by proper diet control, physical 
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activity (PA), and pharmacologic therapy is an important 
strategy for diabetes management.11,12

Increasing PA is one of the major treatment strategies 
for T2DM patients13 and has been associated with 
improved glycemic control,14–17 reduced risk of cardiovas-
cular diseases,18–20 and improved quality of life.21 PA 
includes elements of structured and unstructured activities. 
Structured activities include resistance or aerobic exercise, 
while playing, working, house chores, and recreational 
activities are unstructured activities.13 Additionally, pre-
vious behavioral intervention studies for T2DM patients 
have reportedly improved glycemic control with increased 
PA using an educational intervention.17,22–27 However, 
since most studies investigated PA using either objective 
devices (accelerometer or pedometer) for a short-period 
(within a week) or subjective questionnaires,23–26 it 
remains unclear how long-term objectively measured PA 
relate to glycemic control in T2DM patients.

The aim of this study was to investigate the relation-
ship between long-term objectively measured PA and gly-
cemic control in T2DM patients. We hypothesized that low 
PA in the long term is associated with poor glycemic 
control.

Methods
Study Design and Participants
In this prospective observational cohort study, patients with 
diabetes admitted to Toshima Hospital between April 2016 
and July 2020 for inpatient diabetes management and edu-
cation programs were enrolled. Patients diagnosed with 
T2DM and aged 20 years or older were included, while 
patients with severe cognitive impairment, those in need of 
gait assistance, restrictions for PA, scheduled for surgery 
after discharge, refusal to participate in this study, or 
achieving favorable glycemic control at admission were 
excluded.28 This study was conducted in accordance with 
the Declaration of Helsinki, and the study protocol was 
reviewed and approved by the Ethics Committee of 
Toshima Hospital (Approval Number: 28-1). All partici-
pants provided written informed consent.

Diabetes Management and Education 
Program
All participants underwent an 11 days hospital-based edu-
cation program for patients with type 2 diabetes. In this 
program, participants were admitted to the hospital, and 
were educated about diabetes management, including 

diagnosis and pathophysiology, complications, treatments 
(nutrition therapy, PA, oral hypoglycemic agents, and 
injectable agents), self-monitoring of blood glucose, hypo-
glycemia, and sick day rule by an endocrinologist, nurse, 
pharmacist, dietitian, medical technologist, or physical 
therapist. After discharge, all participants received several 
consultations from medical staff such as endocrinologists 
and dietitians once every 1–2 months. The PA was checked 
by physical therapists.

Measurements
Physical Activity
Physical activity was objectively measured using a three- 
axis accelerometer (model MT-KT02DZ, TERUMO, 
Tokyo, Japan).29 Participants were asked to wear the 
accelerometer placed in their trouser or coat pockets 
while they were awake and to take it off for bathing and 
to use it between admission to a hospital and 6 months 
after discharge. The number of steps and the time spent 
walking at a moderate-intensity (3–5.9 metabolic equiva-
lents) were used as indices of physical activity, with 
a minimum of 16 valid days data (≥ 10 hours of wear 
time per day) in a month for the analysis.30,31 We calcu-
lated the averages of the participants’ daily steps for each 
period, namely, the period of hospitalization and 6 six- 
month period after discharge.

Outcome
The outcome measure was glycemic control defined by 
hemoglobin A1c (HbA1c) at 6 months after discharge. The 
individual glycemic control goal was set up taking into 
consideration the age, and the presence of medications, 
with the risk of severe hypoglycemia, such as insulin, 
sulfonylurea, and glinides. We defined poor glycemic con-
trol as follows according to the Japanese Clinical Practice 
Guidelines:28 HbA1c ≥ 7.0% for participants aged 64 
years or younger; HbA1c ≥ 7.0% for participants aged 
65 years or older without the use of medications, poten-
tially associated with severe hypoglycemia; HbA1c ≥ 
7.5% for participants aged 65 to 74 years with the use of 
medications, potentially associated with severe hypoglyce-
mia; or HbA1c ≥ 8.0% for participants aged 75 years or 
older with the use of medications, potentially associated 
with severe hypoglycemia.

Other Variables
For demographic and clinical characteristics, the following 
17 items were recorded: age, sex, body mass index (BMI), 
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HbA1c, fasting plasma glucose (FPG), 2-h plasma glu-
cose, duration of diabetes, diabetic microvascular compli-
cations, diabetic macrovascular complications, diabetes 
medications, comorbidities, past education hospitalization 
program, employment status, living alone, survey season, 
exercise habits, and physical activity before hospitaliza-
tion. Comorbidities were assessed using the Charlson 
comorbidity index (CCI).32 Habit of exercise was recorded 
using the following question: “Do you perform exercise at 
least twice a week for 30 min over 1 year period ?”.33 We 
also assessed physical activity in terms of frequency (days 
per week) and duration (minutes per day) in each of the 
three specific levels of activity (walking, moderate- 
intensity activities, or vigorous-intensity activities) using 
the Short Version of the International Physical Activity 
Questionnaire (SF-IPAQ).34,35

Data Analysis
Initially, the participants were segregated into 2 groups 
according to the glycemic control (poor glycemic control 
and better glycemic control). The characteristics of the 
participants were compared between the groups by 
Student’s t-test, Mann–Whitney U-test, and chi-squared 
test. We then divided the patients into 4 groups according 
to quartiles of the average daily steps for 6 months’ period 
after discharge (1st quartile [Q1] - 4th quartile [Q4]). 
Finally, we used univariate and multivariate logistic 
regression analyses to assess the relationship between 
poor glycemic control and daily steps. In the multivariate 
analysis, we assessed each covariate and adjusted results 
for the average daily steps during hospitalization and char-
acteristics that were significantly different between poor 
and better glycemic control. Statistical significance was set 
at a p-value of < 0.05 for all analyses. Statistical analyses 
were performed using SPSS software version 25.0 (IBM, 
Tokyo, Japan).

Results
The clinical and demographic characteristics of the parti-
cipants are shown in Table 1. Based on the inclusion and 
exclusion criteria, a total of 125 patients admitted to the 
diabetes management and education program were 
included in the analysis, and complete follow-up data 
was obtained from 94 patients. The median age (IQR) of 
the study participants was 59.0 (46.0–68.0) years, 27 
(28.7%) were female, and the median HbA1c at baseline 
(IQR) was 8.9 (8.0–10.9) %. The proportions of poor 
glycemic control group and the better glycemic control 

group were 40% (n = 38) and 60% (n = 56), respectively. 
Significant differences were observed in the duration of 
diabetes (p = 0.010), diabetic microvascular complications 
(p = 0.013), comorbidities (p = 0.010), past education 
hospitalization program (p < 0.001), living alone 
(p = 0.035), and steps for 6 months’ period after discharge 
(p = 0.009) between the two groups. The average daily 
steps for 6 months’ period after discharge in the Q4, Q3, 
Q2, and Q1 groups were ≥ 10,542 steps/day, 8259–10,541 
steps/day, 6107–8258 steps/day, and ≤ 6106 steps/day, 
respectively.

The results of the logistic regression analysis for the 
relationship between average daily steps for 6 months’ 
period after discharge and poor glycemic control are 
shown in Table 2. Q1 (odds ratio [OR]: 8.55, 95% con-
fidence interval [95% CI]: 1.43–51.23, p = 0.019) and Q2 
(OR: 15.62, 95% CI: 2.63–92.87, p = 0.003) groups had 
significantly elevated risks of poor glycemic control 
according to multivariate analyses using Q4 as the 
reference.

Discussion
In this prospective cohort study, we investigated the rela-
tionship between objectively measured PA for 6 months’ 
period after discharge and glycemic control in T2DM 
patients. We found that the Q1 (≤ 6106 steps/day) and 
Q2 (6107–8258 steps/day) groups had significantly ele-
vated risks of poor glycemic control according to multi-
variate analyses using Q4 (≥ 10,542) as the reference. This 
result supports our hypothesis that lower daily steps in the 
long-term are associated with poor glycemic control in 
T2DM patients.

Our results showed that T2DM patients with lower 
daily steps in the long-term tended to have poor glycemic 
control. Our finding is consistent with previous meta- 
analysis studies showing that increased PA is associated 
with improvement in glycemic control in T2DM 
patients.14,19 Thus, the findings of our study and previous 
studies both suggest the importance of maintaining a large 
number of daily steps in the long-term to obtain better 
glycemic control in T2DM patients.

In this study, glycemic control was influenced by the 
daily number of steps, but not the duration spent in daily 
walking at a moderate-intensity level. These parameters 
seem to suggest conflicting results: the number of daily 
steps was relatively high, and the duration spent daily 
walking at a moderate-intensity level was relatively low 
compared to those in previous studies.24,36–41 These 
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discrepancies between our data and those of previous 
surveys may be explained by differences in participants’ 
demographics. Our study included participants who were 

younger, had higher PA, and had higher employment status 
than those of previous studies. Thus, it is considered that 
middle-aged workers, who comprised most of the study 

Table 1 Characteristics of the Participants

Overall (n = 94) Poor Glycemic Control 
(n = 38)

Better Glycemic Control 
(n = 56)

p value

Age (years), median (IQR) 59.0 (46.0–68.0) 59.0 (50.3–69.0) 59.0 (44.3–67.5) 0.409

Sex (female), n (%) 27 (28.7) 10 (26.3) 17 (30.4) 0.671

BMI (kg/m2), median (IQR) 26.1 (23.3–29.9) 26.8 (23.7–30.5) 25.6 (22.8–29.5) 0.152

HbA1c (%), median (IQR) 8.9 (8.0–10.9) 9.0 (8.2–10.5) 8.8 (7.8–11.0) 0.532

FPG (mg/dL), median (IQR) 117.0 (106.0–128.5) 112.5 (105.5–128.5) 118.0 (106.3–130.3) 0.432

2-h plasma glucose (mg/dL), median (IQR) 157.0 (131.8–186.3) 159.5 (132.5–194.8) 150.5 (130.5–183.8) 0.345

Duration of diabetes (years), median (IQR) 6.0 (1.0–12.0) 10.0 (2.8–15.0) 4.5 (1.0–10.0) 0.010

Diabetic microvascular complications, n (%) 63 (67.0) 31 (81.6) 32 (57.1) 0.013

Diabetic macrovascular complications, n (%) 26 (27.7) 14 (36.8) 12 (21.4) 0.101

Diabetes medications 0.664

Insulin, n (%) 46 (48.9) 20 (52.6) 26 (46.4)

Sulfonylurea or glinides, n (%) 8 (8.5) 3 (7.9) 5 (8.9)

Other hypoglycemic, n (%) 38 (40.4) 15 (39,5) 23 (41.1)

No tretment, n (%) 2 (2.1) 0 (0) 2 (3.6)

Comorbidities

CCI, median (IQR) 2.0 (2.0–3.0) 3.0 (2.0–4.0) 2.0 (2.0–3.0) 0.010

Past education hospitalization program, n (%) 21 (22.3) 17 (44.7) 4 (7.1) < 0.001

Employment status, n (%) 65 (69.1) 28 (73.7) 37 (66.1) 0.433

Living alone, n (%) 26 (27.7) 15 (39.5) 11 (19.6) 0.035

Survey season 0.792

Winter, n (%) 23 (24.5) 8 (21.1) 15 (26.8)

Spring, n (%) 18 (19.1) 9 (23.7) 9 (16.1)

Summer, n (%) 32 (34.0) 13 (34.2) 19 (33.9)

Fall, n (%) 21 (24.5) 8 (21.0) 13 (23.2)

Exercise habits, n (%) 6 (6.4) 3 (7.9) 3 (5.4) 0.621

Physical activity before the hospitalization (SF-IPAQ)

Walking (mins/week), median (IQR) 225 (120–420) 290 (60–420) 210 (140–420) 0.963

Moderate-intensity (mins/week), median (IQR) 0 (0–180) 50 (0–255) 0 (0–113) 0.140

Vigorous-intensity (mins/week), median (IQR) 0 (0–20) 0 (0–49) 0 (0–8) 0.732

Physical activity for the hospitalized period 

(accelerometer)

Steps (steps/day), median (IQR) 9610 (7719–12,468) 10,131 (7628–14,027) 9328 (7831–11,983) 0.666

Moderate-intensity (mins/day), median (IQR) 33 (22–50) 31 (26–51) 37 (21–49) 0.942

Physical activity for 6 months’ period after discharge 

(accelerometer)

Steps (steps/day), median (IQR) 8259 (6107–10,542) 7365 (5633–9349) 9030 (6818–11,211) 0.009

Moderate-intensity (mins/day), median (IQR) 21 (14–32) 21 (12–28) 21 (15–37) 0.257

Abbreviations: IQR, interquartile range; BMI, body mass index; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; CCI, Charlson comorbidity index; SF-IPAQ, Short 
Version of the International Physical Activity Questionnaire.
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participants, maintained better glycemic control by 
increasing light-intensity PA, such as walking during 
their commute and moving within the workplace.

The present study has several strengths. Primary strength 
point is that a relatively long-term objectively measured PA 
in T2DM patients was assessed. This helped us conclude 
that lower daily steps in the long-term were significantly 
associated with poor glycemic control. On the other hand, 
two limitations of this study warrant mention. First, the 
influence of nutrition and pharmacologic therapy after dis-
charge was not considered because we could not investigate 
detailed information about diet and medication after dis-
charge. Glycemic control may have been affected by not 
only physical activity but also other factors, such as diet and 
medication; thus, we may have overestimated the impact of 
physical activity on glycemic control. Second, we enrolled 
only participants who were middle-aged workers and who 
underwent the diabetes management and education hospita-
lization program. Thus, the physical activity was higher in 
this study than in previous studies, and our findings are 
generalizable only to middle-aged populations. Further stu-
dies with a large longitudinal cohort or clinical trial design 
from many facilities are required to clarify these limitations.

Conclusion
This study explored the relationship of long-term objec-
tively measured PA and glycemic control in T2DM 
patients. Our data revealed that lower daily steps in the 
long-term were significantly affected poor glycemic con-
trol in T2DM patients. This finding may be beneficial for 
clinicians when prescribing PA in the long term.
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