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time and SED time were estimated using mixed-effect logistic regression models, adjusting for China’s
geographical region characteristics. The participants had a mean * standard deviation (SD) age of
(60.87 + 8.44) years, 44.5% were women, and 25.1% had CVD. After adjustment for potential confounding
factors, an inverse association between high MVPA time and CVD risk that was independent of SED time
was found, whereas this association was not observed in the moderate-MVPA group. A higher MVPA time
was more likely to have a positive effect on the control of BMI. Compared with the reference group (i.e.,
those with MVPA time > 450 min-week ! and SED time < 4 h<d’1), CVD risk was higher in the low-MVPA
group: The OR associated with an SED time < 4 h-d~! was 1.270 (95% CI, 1.040-1.553) and that associated
with an SED time > 8 h-d™! was 1.499 (95% CI, 1.149-1.955). We found that a high MVPA time (i.e.,
> 450 min-week ') was associated with lower odds of CVD risk regardless of SED time among patients

with T2DM.

© 2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and
Higher Education Press Limited Company. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

With the rapid development of global economy and changes in
lifestyles, the prevalence of type 2 diabetes mellitus (T2DM) has
shown a sustained increasing trend [1,2]. It was estimated that
there were 537 million people with diabetes (aged 20-79 years)
worldwide in 2021, and this number is expected to reach 783 mil-
lion by 2045 [3]. The increasing prevalence of diabetes will inevi-
tably lead to an increase in the proportion of complications of
diabetes, especially cardiovascular disease (CVD), which is
acknowledged to be the leading cause of comorbidity and death
among patients with T2DM [4]. Undoubtedly, effective manage-
ment of T2DM is necessary to delay the occurrence of CVD and
improve the quality of life of people with diabetes.

Lifestyle intervention is the cornerstone of management for
patients with T2DM, often involving increased physical activity,
reduced sedentary (SED) behavior, and restrictions on energy
intake [5,6]. Regular physical activity is an important component
of glycemic control and overall cardiovascular fitness in individuals
with diabetes [5,7]. Higher intensity physical activity (e.g.,
moderate-to-vigorous-intensity physical activity (MVPA)) could
have additional benefits toward cardiorespiratory fitness and gly-
cated hemoglobin Alc (HbA1lc) in T2DM patients [8]. Previous
studies have illustrated that both a higher level of physical activity
and decreased SED behavior are associated with a lower risk of
CVD [9,10], and high levels of SED time have been independently
associated with modest increases in CVD risk regardless of physical
activity level [11]. Increased MVPA time and decreased SED time
have been found to be important behaviors for promoting a favor-
able cardiometabolic risk profile in adults with type 2 diabetes
[12,13], and the reallocation of SED time to MVPA time is also of
vital importance [14].

China has the largest number of diabetes patients (140.9 mil-
lion) in the world, with T2DM accounting for most cases [3].
Numerous studies from Western countries have reported signifi-
cant associations of MVPA time and SED time with CVD risk factors
among patients with T2DM [8,12-14], but such data from China
are sparse. Moreover, a low MVPA time and high SED time are cor-
related [9], and it is necessary to combine both in order to analyze
the association with CVD risk. Related studies on physical activity
have focused primarily on changes in cardiometabolic risk factors
[13,15] and have provided little evidence on the association with
multifactorial control status [16], which refers to the multiple risk
factors (i.e., poor blood glucose control, dyslipidemia, abnormal
blood pressure (BP), and overweight/obesity) of diabetes patients
that can be well managed to achieve control objectives. Multifacto-
rial control status is an important monitoring indicator for diabetes
patient management [5].

We therefore conducted a cross-sectional study based on the
representative T2DM population in China to explore the associa-

27

tion of MVPA time and SED time with CVD risk and multifactorial
control status. Furthermore, we examined whether the association
of SED time with a higher risk of CVD changed with the level of
physical activity.

2. Methods
2.1. Study design and population

Data were obtained from the Multifactorial Intervention on
Type 2 Diabetes (MIDiab) study, which involved 150 primary com-
munity health centers from both rural and urban areas, covering
major geographic areas of 12 provinces/autonomous regions and
three municipalities in the mainland of China. The protocol has
been described previously [17]. The MIDiab study aimed to explore
new regulations and guidelines involving a multifactorial interven-
tion strategy to improve the current poor control rate of diabetes
and diabetic vascular complications in China. The study protocol
adhered to the 1964 Declaration of Helsinki and its later amend-
ments and was approved by the Ethics Committee of Shandong
Provincial Hospital, China. All participants provided written
informed consent.

We used a cluster random sampling method to select a sample
of people with diabetes aged between 35 and 75 years. According
to geographical areas, six stratifications were formed: northeast,
north, east, southwest, northwest, and south-central areas, and
2-4 provinces were selected from each stratification. Then, 1-5
cities were selected based on city development from each
province/autonomous region. From each city, 2-8 communities
were randomly selected. We included all the eligible T2DM
patients from these communities as our sample. The diagnosis of
diabetes was carried out according to the 1999 World Health Orga-
nization (WHO) Criteria [18]. A total of 9859 patients were
recruited, without any sex or ethnic restriction. We removed par-
ticipants that were missing important information, including age,
height, weight, blood lipid concentrations, etc., and those without
complete physical activity questionnaire information. We also
excluded those with a total physical activity time of over
960 min-d~!, assuming that they slept at least 8 h-d~! [19]. Finally,
9152 individuals were included in the analysis. A detailed flow
chart is provided in Fig. 1.

2.2. Data collection

Data collection was conducted at local community health cen-
ters in the participants’ residential areas by trained staff according
to a standard protocol. A questionnaire including information on
sociodemographic characteristics, lifestyle factors, and medical
history was administered by trained interviewers. Education
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31 provinces, autonomous regions, and municipalities in China

Stratified by six geographic regions

Northeast North East

South—central

Northwest Southwest

Select 2—4 provinces from each region

12 provinces/autonomous regions and 3 municipalities in six
geographic regions across China

Select 1-5 cities based on city development from each province/autonomous region

9 developed, 12 developing, and 14 underdeveloped cities

Randomly select 2—-8 primary community health centers from each city

A4

150 primary community health centers

Select type 2 diabetic patients between 35 and 75 years

4

Participants in this survey
n = 9859

Exclude:

(1) Missing important information, including
age, height, weight, blood lipid, etc. (n = 487);
(2) Without complete physical activity

<
<

v

questionnaire information (n = 130);

n=9152

Participants included in the final analysis

(3) Total time spent in physical activity
exceeded 960 min-d-' (n = 90).

Fig. 1. Flow chart of data screening.

attainment was categorized as less than high school (< 9 years) or
as high school or above (> 9 years). Smoking status was catego-
rized as never, former, or current smoking. Current alcohol drin-
kers were defined as people who drank alcohol at least once a
week in the previous 12 months. Participants were also asked
about their drug use in the previous six months.

Blood samples were collected from all participants between
8:00 a.m. and 10:00 a.m. after overnight fasting for at least ten
hours. Lipid profile measurements (total cholesterol (TC), triglyc-
erides (TGs), low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C)) were performed by
means of the terminal method using an autoanalyzer (AU 5800;
Beckman, USA). HbA1c was measured via high-performance liquid
chromatography using a glycosylated hemoglobin analyzer (MQ-
6000; Shanghai Huizhong Medical Treatment Technology Co.,
Ltd., China). All samples were tested at Kingmed Diagnostics Group
Co., Ltd. (Jinan), China.

According to a standard protocol, body weight and height were
measured in kilograms and centimeters, respectively. Body mass
index (BMI) was calculated as weight in kilograms divided by
height in meters squared. Waist circumference (WC) was mea-
sured midway between the lower edge of the costal arch and the
upper edge of the iliac crest with the participants in the standing
position, and the average value of three measurements was used.
BP was measured using an electronic BP monitor on the nondomi-
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nant arm three times consecutively with a one-minute interval
between measurements, while the participant remained in a
seated position after five minutes of rest in a quiet environment,
and the average was used for data analysis.

2.3. Assessments of physical activity and SED behavior

Each questionnaire was conducted by a trained interviewer
through a face-to-face survey. Physical activity was estimated
using the International Physical Activity Questionnaire (IPAQ) on
the intensity, duration, and frequency of physical activity. The IPAQ
is a self-report questionnaire that assesses physical activity in the
last seven days [20]; it classifies the activity into four intensity
levels: sitting, walking, moderate intensity (e.g., lifting light
objects, table tennis, or social dance), and vigorous intensity (e.g.,
lifting heavy objects, running, or swimming). A standardized ques-
tion was used to ask patients about their physical activity informa-
tion, taking moderate-intensity physical activity as an example:
“How often and how long do you engage in moderate-intensity
physical activity in a typical week (only calculate at least ten min-
utes each time)?” In this study, we used MVPA time (min-week ')
and SED time (h-d™') as exposure factors.

According to the WHO 2020 guidelines on physical activity [21],
adults—even those with chronic conditions and those living with
disability—are recommended to perform at least 150-300 min of
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moderate-intensity physical activity, at least 75-150 min of
vigorous-intensity physical activity, or at least 150 min of MVPA
weekly for substantial health benefits. Thus, physical activity level
was characterized as low, moderate, or high according to the
minimum recommended MVPA time per week. More specifically,
a low physical activity level was defined as < 150 min-week '
(i.e., less than the minimum recommended MVPA time); a moder-
ate physical activity level was defined as 150 to < 450 min-week !
(i.e., 1-2 times the minimum recommended MVPA time); and a
high physical activity level was defined as > 450 min-week™!
(i.e., three or more times the minimum recommended MVPA time).

SED behavior was defined as any waking behavior characterized
by an energy expenditure < 1.5 metabolic equivalent units (METSs)
while in a sitting or reclining posture [22]. SED time was also esti-
mated by using the IPAQ. Participants were classified into three
categories according to their total SED time per day: low SED time
was defined as < 4 h-d™!, moderate SED time was defined as 4
to < 8 h-d™!, and high SED time was defined as > 8 h-d™".

2.4. Outcome variables

The primary outcome was the history of major cardiovascular
events, which were defined as a composite of coronary heart dis-
ease, nonfatal stroke, and nonfatal myocardial infarction. The par-
ticipants’ medical history was collected using a questionnaire.
Participants who self-reported a history of any of the three dis-
eases in the questionnaire were identified as having a CVD risk.

The secondary outcome was the multifactorial control status,
for which the indicators we chose were HbA1lc, LDL-C, BP, and
BMI. According to the Standards of medical care for type 2 diabetes
in China 2019 [5], the control targets for these four indicators were
as follows: HbAlc < 7%; BP < 130/80 mmHg (1 mmHg = 133.3 Pa);
LDL-C < 2.6 mmol-L"! (without atherosclerotic CVD (ASCVD))
or < 1.8 mmol-L™! (with ASCVD); and BMI < 24 kg-m~2. The multi-
factorial control rate was the ratio of the number of patients with
multiple risk factors reaching control targets to the total number of
the study population, multiplied by 100%. The same method was
used to calculate the control rate of a single factor.

2.5. Statistical analysis

The characteristics of the study population are presented as the
means + standard deviations (SDs), medians (interquartile ranges
(IQR)), and proportions. For group comparisons, an independent
sample ¢ test and one-way analysis of variance (ANOVA) were used
for normally distributed continuous variables, while the Mann-
Whitney U test and Kruskal-Wallis test were used for nonnormally
distributed variables. The y? test was used to compare categorical
variables. The Bonferroni method was applied to correct P values
from multiple comparisons. The odds ratios (ORs) and 95% confi-
dence intervals (ClIs) of CVD risk associated with MVPA time and
SED time were estimated using mixed-effect logistic regression
models, with CVD risk as the dependent variable, MVPA time and
SED time as the independent variable, and the geographical regions
of China as the random effect (random intercept and constant
slope). To test whether lipid-lowering drugs affected the associa-
tions between MVPA time, SED time, and CVD risk, we repeated
the mixed-effect logistic regression analyses after excluding
patients who accepted intensive lipid-lowering therapy. To
account for potential confounding effects of sex and age (< 65
and > 65 years), regression models were created to compare the
effects of MVPA time and SED time on CVD risk in different sex
and age groups. The relationship of MVPA time and SED time with
the control status of four risk factors was also assessed
using mixed-effect logistic regression models. The adjusted
P value was used to examine multiple secondary outcomes (BP,
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BMI, LDL-C, and HbA1c under control) by controlling the false dis-
covery rate (FDR) with the commonly used Benjamini-Hochberg
method.

Statistical analyses were performed with SPSS version 25.0
(SPSS Inc., USA). Two-sided P values less than 0.05 were considered
to be statistically significant.

3. Results
3.1. Baseline characteristics

The baseline characteristics of the study population grouped by
preexisting CVD status are provided in Table 1. Overall, the
participants had a mean + SD age of (60.87 * 8.44) years, 44.5%
were women, and 25.1% had CVD. Compared with participants
without preexisting CVD, those with CVD were older, had a lower
MVPA time, and had a longer diabetes duration. Participants with
preexisting CVD tended to have a higher BMI, WC, systolic BP
(SBP), diastolic BP (DBP), and HbA1lc level, and a lower TC and
LDL-C level. The proportion of the use of lipid-lowering drugs
was higher in the CVD group than in the non-CVD group (33.9%
versus (vs) 18.1%, P < 0.001); it should be noted that the change
in blood lipids may be related to intensive lipid-lowering therapy
among patients with CVD [2].

The sociodemographic, anthropometric, and clinical characteri-
stics of the T2DM patients according to the different MVPA times
and SED times are shown in Table 2. Most patients had a low physi-
cal activity level, and 7.9% had a high SED time. Compared with
patients in the low-MVPA group, those with a high MVPA time
had a lower BMI, SBP, and TGs, while patients in the high-SED
group had a higher BMI and TGs than those in the low-SED group.
The proportion of drug use (e.g., antihypertensive agents, lipid-
lowering drugs, and insulin) was lowest in the high-MVPA group
and the low-SED group. There was a higher proportion of over-
weight/obese patients with both high SED time and low MVPA
time (Table S1 in Appendix A).

3.2. Multifactorial control rates in different subgroups

With higher MVPA time, the multifactorial control rate showed
a positive trend (Fig. 2(a)). The control rates of both BP and BMI
were higher in the high-MVPA group than in the low-MVPA group
(BP: 29.1% vs 25.9%, P = 0.034; BMI: 35.1% vs 30.9%, P = 0.011). The
control rate of HbAlc was higher in the moderate-MVPA group
than that in the low- and high-MVPA groups. The high-MVPA
group had better control rates of LDL-C than the moderate- and
low-MVPA groups. The control rate of BMI was lowest in the group
with the longest SED time (> 8 h-d™!) (Fig. 2(b)). It was notable that
only 3.1% of the study population achieved all target control levels
for BP, BMI, HbA1c, and LDL-C (Fig. 2).

3.3. Associations between MVPA time, SED time, and CVD risk

The mixed-effect logistic regression analysis revealed the asso-
ciation between MVPA time, SED time, and CVD risk after adjust-
ment for potential confounders (Table 3). High MVPA time was
associated with a reduced risk of CVD (OR (95% CI), 0.830
(0.704-0.978)) (model 2). The association between high physical
activity levels and CVD risk did not change substantially even after
further adjustment for SED time (model 3). The rate of patients
with high MVPA time was higher in the non-CVD group than in
the CVD group (Fig. S1 in Appendix A). Regarding SED behavior, a
high SED time (> 8 h.d™') was significantly associated with a
higher risk of CVD (OR (95% CI), 1.266 (1.047-1.530)) (model 2).
Importantly, this association remained after further adjustment
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Table 1
Baseline characteristics of the study population according to preexisting CVD status.
Characteristics Overall Non-CVD CVD P value
Case (proportion) 9152 (100.0%) 6859 (74.9%) 2293 (25.1%) —
Sociodemographic characteristics
Age (year) 60.87 + 8.44 59.87 + 8.66 63.85 + 6.95 <0.001
Sex (male) 4075 (44.5%) 3072 (44.8%) 1003 (43.7%) 0.383
Education attainment® 3510 (38.4%) 2659 (38.8%) 851 (37.1%) 0.159
Per capita monthly income (1000 CNY) 2.50 (1.25-4.00) 2.50 (1.50-4.00) 2.50 (1.00-3.50) < 0.001
Family history of diabetes 4333 (47.3%) 3243 (47.3%) 1090 (47.5%) 0.832
Median duration of diabetes (year) 6(3-12) 6 (3-11) 9 (4-14) < 0.001
Geographical regions < 0.001
Northeast 1476 (16.1%) 929 (13.5%) 547 (23.9%)
North 942 (10.3%) 711 (10.4%) 231 (10.1%)
East 2989 (32.7%) 2368 (34.5%) 621 (27.1%)
Southwest 1153 (12.6%) 1020 (14.9%) 133 (5.8%)
Northwest 1325 (14.5%) 903 (13.2%) 422 (18.4%)
South-central 1267 (13.8%) 928 (13.5%) 339 (14.8%)
Lifestyle risk factors
Smoker (current and former) 1687 (18.4%) 1303 (19.0%) 384 (16.7%) 0.016
Current alcohol drinker 1830 (20.0%) 1426 (20.8%) 404 (17.6%) 0.001
MVPA time (min-week ') < 0.001
<150 6991 (76.4%) 5152 (75.1%) 1839 (80.2%)
150 to < 450 1043 (11.4%) 810 (11.8%) 233 (10.2%)
> 450 1118 (12.2%) 897 (13.1%) 221 (9.6%)
SED time (h-d™") 0.603
<4 5317 (58.1%) 3998 (58.3%) 1319 (57.5%)
4t0<8 3111 (34.0%) 2329 (34.0%) 782 (34.1%)
>8 724 (7.9%) 532 (7.8%) 192 (8.4%)
Metabolic risk factors
BMI (kg-m~—2) 25.79 + 3.52 25.60 + 3.47 26.34 + 3.59 < 0.001
WC (cm) 89.41 +9.94 88.91 +9.87 90.92 + 10.01 < 0.001
SBP (mmHg) 13541 £ 17.74 13435 +17.69 138.59 £ 17.53 < 0.001
DBP (mmHg) 81.80 = 9.99 81.60 £ 9.88 82.37 £10.30 0.018
TC (mmol-L™") 520+ 1.21 5.27 +1.18 498 +1.28 < 0.001
LDL (mmol-L™") 2.68 £ 0.80 2.73£0.78 2.54+0.83 < 0.001
HDL (mmol-L™") 1.46 £ 0.34 1.47 £ 0.34 1.41 £0.33 < 0.001
TGs (mmol-L™") 1.55 (1.11-2.26) 1.54 (1.10-2.27) 1.57 (1.14-2.24) 0.335
HbAlc 7.2% (6.4%-8.4%) 7.20% (6.4%-8.4%) 7.3% (6.4%-8.5%) 0.016
Drug use
Antihypertensive agents 3299 (36.0%) 2084 (30.4%) 1215 (53.0%) < 0.001
Lipid-lowering drugs 2019 (22.1%) 1242 (18.1%) 777 (33.9%) < 0.001
Insulin® 2584 (28.7%) 1744 (26.0%) 840 (36.7%) <0.001

Values are presented as the means # SDs, proportions, or medians (IQR). P values are for the t test or y? test comparing the two groups.

SBP: systolic BP; DBP: diastolic BP.
2 Education attainment refers to high school or above.
P Missing the information of insulin use, n = 164.

for MVPA time (model 3). In summary, low MVPA time
(< 150 min-week ') and high SED time (> 8 h-d™') were significant
independent risk factors for CVD.

We examined the relationship between MVPA time, SED time,
and CVD risk in different sex and age groups (Tables S2 and S3 in
Appendix A). In men and in the < 65-year group, a high MVPA time
was associated with a lower risk of CVD (both P < 0.05). A positive
association between SED time and CVD risk was found in men and
in the older age group (both P < 0.05).

3.4. Associations between MVPA time, SED time, and multifactorial
control status

The associations between MVPA time, SED time, and multifacto-
rial control status are shown in Fig. 3. A higher level of physical
activity had a positive effect on the control of BMI and HbAlc.
Compared with the low-MVPA group, the high-MVPA group was
more likely to achieve the target BMI level (OR (95% CI), 1.260
(1.100-1.442)) (Fig. 3(b)). Those who sat for more than 8 h.d™'
were less likely to achieve the target BMI level than those
who sat for less than 4 h-d™! (OR (95% CI), 0.807 (0.678-0.960))
(Fig. 3(b)).

30

3.5. The joint effects of MVPA time and SED time on CVD risk

Table 4 shows the ORs (95% CI) for the joint effects of MVPA
time and SED time on CVD risk. Compared with the reference
group (i.e., those with MVPA time > 450 min-week™' and SED
time < 4 h-d™!), CVD risk was higher in the low-MVPA group: The
OR (95% CI) associated with an SED time < 4 h.d™! was 1.270
(1.040-1.553) and that associated with an SED time > 8 h.d™!
was 1.499 (1.149-1.955). In the moderate-MVPA group, patients
with an SED time > 8 h-d™! had a higher CVD risk than those in
the reference group (OR (95% CI), 2.250 (1.215-4.166)). However,
in the high-MVPA group, there was no significant correlation
between the amount of SED time and CVD risk.

3.6. Sensitivity analyses

These findings were further confirmed by a sensitivity analy-
sis. We excluded 2109 patients (23.04% of the analytic sample)
who used lipid-lowering drugs and found that the trend did
not change substantially (Tables S4 and S5 in Appendix A). High
MVPA time was associated with a reduced risk of CVD (OR (95%
CI), 0.825 (0.678-1.003)), with a P value (0.053) that was at the
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Table 2
Sociodemographic, anthropometric, and clinical characteristics of the study population according to different MVPA times and SED times.
Characteristics MVPA time (min-week ') Pvalue SED time (h-d™!) P value
<150 150 to < 450 > 450 <4 4t0<8 >8
Case (proportion) 6991 (76.4%) 1043 (11.4%) 1118 (12.2%) - 5317 (58.1%) 3111 (34.0%) 724 (7.9%) -
Sociodemographic characteristics
Age (year) 61.20 £ 8.36 59.89 + 8.89 59.71 £ 8.32 <0.001 61.31+8.16 60.70 £ 8.59 58.32 £9.30 < 0.001
Sex (male) 2975 (42.6%) 519 (49.8%) 581 (52.0%) <0.001 2223 (41.8%) 1465 (47.1%) 387 (53.5%) <0.001
Education 2669 (38.2%) 482 (46.2%) 359 (32.1%) <0.001 1784 (33.6%) 1367 (43.9%) 359 (49.6%) <0.001
attainments
Per capita monthly ~ 2.50 (1.40-4.00) 3.00 (1.60-4.00) 2.00 (1.00-3.35) < 0.001 2.12 (1.00-3.50) 3.00 (1.60-4.00) 3.00 (2.00-4.50) <0.001
income (1000 CNY)
Median duration of 7 (3-12) 6 (3-11) 6 (2.75-11) <0.001 6(3-12) 7 (3-12) 6 (3-12) 0.373
diabetes (year)
Metabolic risk factors
BMI (kg-m2) 25.89 £ 3.55 25.59 £ 3.52 2535 +3.23 <0.001 25.66 *3.46 25.92 £ 3.55 26.16 £ 3.72 < 0.001
SBP (mmHg) 135.87 £17.82 133.88+£17.34 13398 +17.50 <0.001 136.06 +17.88 13493 £ 17.59 132.70 £ 17.09 < 0.001
DBP (mmHg) 81.80 £ 9.99 81.66 £ 9.97 81.88 £ 10.04 0.873 81.85 £ 10.01 81.71 £ 10.05 81.74 £ 9.67 0.795
TC (mmol-L™1) 520+ 1.23 5.18 £ 1.16 5.19 £ 1.16 0.820 521 +1.19 520+ 1.24 5.14 +1.28 0.311
LDL-C (mmol-L™") 2.69 = 0.81 2.68 +0.74 2.64 £0.79 0.262 2.68 +0.78 2.69 = 0.81 2.67 +0.84 0.851
HDL-C (mmol-L™") 145 +0.34 145 +0.34 148 £ 0.34 0.059 1.47 £ 0.33 1.45 £ 0.34 1.40 £ 0.32 < 0.001
TGs (mmol-L™") 1.58 (1.14-2.31) 1.48(1.06-2.12) 1.43(1.04-2.16) <0.001 1.07 (1.50-2.21) 1.16 (1.62-2.34) 1.69 (1.23-2.37) <0.001
HbA1lc 7.2% (6.4%— 7.0% (6.2%— 7.3% (6.5%— <0.001 7.20% (6.40%- 7.10% (6.40%- 7.30% (6.40%- 0.143
8.5%) 8.2%) 8.5%) 8.40%) 8.40%) 8.58%)
Drug user
Antihypertensive 2580 (36.9%) 396 (38.0%) 323 (28.9%) <0.001 1831 (34.4%) 1211 (38.9%) 257 (35.5%) <0.001
agents
Lipid-lowering drugs 1548 (22.1%) 254 (24.4%) 217 (19.4%) 0.020 1111 (20.9%) 741 (23.8%) 167 (23.1%) 0.006
Insulin® 2035 (29.6%) 272 (26.8%) 277 (25.2%) 0.004 1440 (27.6%) 914 (29.9%) 230 (32.4%) 0.006
Self-reported history of 1839 (26.3%) 233 (22.3%) 221 (19.8%) <0.001 1319 (24.8%) 782 (25.1%) 192 (26.5%) 0.603
CvD
P values were calculated by ANOVA or the x? test for each MVPA time or SED time group.
¢ Missing the information of insulin use, n = 164.
MVPA time (min-week™") SED time (h-d")
o
60% ~ L <150 [ 150 to <450 [ =450 60% [ <4 [ 4to<8 128
P=0.001 P=0.036
50% |- 49.2% P=0013 50% - 45.4% P=0.739
. 43.0% -~ 41.3% 40.1%
_ 43.2%| " |41.4% 42.9% 39.09 =
P=0.011 = 38.0% 40% P=0.007 —} -0%38.5 %
2 40% [ 35.1% 38.4% @ P=0.064 EIER
© P=0034 33.3% _I__I_ © 29.6% 32:9%30.3%
° 28.29,20.1%°0%% B = 30% L 27.1%7 28.6%
= o/ | 2% o 0 [5z a0
g 30% 55 9% £ 25.8%
& 3
20% |- 20% -
10% - P =0.007 10% P=0.747
2 89, 3.7%4:4% 3.0%3.2% 3.5%
0 | | | | | 0 | ! | I |
BP BMI HbA1c LDL-C Total BP BMI HbA1c LDL-C Total
(a) (b)

Fig. 2. Multifactorial control rates of the study population, grouped by (a) MVPA time and (b) SED time. P values are for the y? test across the three categories of MVPA time or

SED time. A P value < 0.05 is considered significant.

border line (Table S4, model 2). A high SED time was associated
with a higher risk of CVD (OR (95% CI), 1.272 (1.013-1.597)),
independent of MVPA time (Table S4, model 3). In the analysis
of the joint effects of MVPA time and SED time on CVD risk,
compared with the reference group (i.e., those with a MVPA
time > 450 min-week™!' and an SED time < 4 h-d™'), CVD risk
was higher among patients with an SED time > 8 h-d”! in the
moderate- and low-MVPA groups: The OR (95% CI) in the
moderate-MVPA group was 2.106 (1.043-4.255) and that in the
low-MVPA time group was 1.437 (1.052-1.963) (Table S5). To
examine the potential heterogeneity in the intercept and/or
slope in different regions, we conducted a sensitivity analysis
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treating the geographical regions as fixed effects in order
to estimate the ORs (95% CI) for CVD risk (Tables S6 and S7 in
Appendix A). The results from the sensitivity analysis were
robust.

4. Discussion

In this multicenter and cross-sectional study of 9152 patients
with T2DM in China, almost 76.4% did not meet the minimum
physical activity guideline recommendations by the WHO. The
key finding of this study is that a high physical activity level was
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Table 3
Individual associations of MVPA time and SED time with CVD risk.
Lifestyle risk factors Case (proportion) Model 1 Model 2 Model 3
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
MVPA time (min-week )
<150 1839 (26.3%) 1.000 [reference] — 1.000 [reference] - 1.000 [reference] —
150 to < 450 233 (22.3%) 0.914 (0.778-1.075) 0.277 0.939 (0.797-1.105) 0.446 0.943 (0.801-1.110) 0.482
> 450 221 (19.8%) 0.824 (0.700-0.971) 0.021 0.830 (0.704-0.978) 0.026 0.836 (0.708-0.986) 0.033
SED time (h-d™")
<4 1319 (24.8%) 1.000 [reference] — 1.000 [reference] — 1.000 [reference] —
4t0<8 782 (25.1%) 1.005 (0.902-1.119) 0.932 1.010 (0.907-1.126) 0.851 1.001 (0.898-1.116) 0.989
>8 192 (26.5%) 1.275 (1.057-1.538) 0.011 1.266 (1.047-1.530) 0.015 1.242 (1.027-1.502) 0.026

Estimated using mixed-effect logistic regression with China’s geographical region characteristics as the random effect (random intercept and constant slope).

Model 1: adjusted for age, sex, and BMI.

Model 2: Model 1 + diabetes duration, per capita monthly income, smoking status (current or former smoker vs never smoker), current drinking (yes vs no), and education

attainment (below high school vs high school or above).

Model 3: Model 2 + SED time (when examining MVPA time) or MVPA time (when examining SED time).
Reference group refers to group with MVPA time > 450 min-week ' and SED time < 4 h.-d™".

Group OR (95% Cl) P value Adjusted P value
MVPA time (min-week-")

<150 1.000 [reference] []

150 to <450 1.098 (0.946-1.273) 0.219 —+e— 0.292

2450 1.154 (1.000-1.332) 0.050 |—o0— 0.100
SED time (h-d™")

<4 1.000 [reference] []

4to<8 1.034 (0.934-1.146) 0.529 -10— 0.529

28 1.074 (0.900-1.281) 0430 —O0— 0.573

L | 1 | | |
060810121416 1.8
(a)

Group OR (95% Cl) P value Adjusted P value
MVPA time (min-week™")

<150 1.000 [reference] ®

150 to <450 1.208 (1.054—-1.384) 0.007 —— 0.028

2450 0.937 (0.820-1.071) 0.340 —ot— 0.340
SED time (h-d™")

<4 1.000 [reference] [

4to<8 1.084 (0.987-1.191) 0.090 o— 0.180

28 0.928 (0.786-1.095) 0.374—O1— 0.748

L 1 | | | I

0.6 0.8 1.0 1.2 1.4 1.6 1.8
©

Group OR (95% Cl) P value Adjusted P value
MVPA time (min-week™")

<150 1.000 [reference] ®

150 to <450 1.148 (0.997-1.321) 0.055 —e— 0.110

2450 1.260 (1.100-1.442) 0.001 —O0—  0.004
SED time (h-d™)

<4 1.000 [reference] °

4t0<8 0.884 (0.802-0.974) 0.013 -e— 0.052

28 0.807 (0.678-0.960) 0.016—0— 0.064

0{6 0I.8 1.0 1I.2 1I.4 1|.6 1I.8
(b)

Group OR (95% Cl) P value Adjusted P value
MVPA time (min-week-")

<150 1.000 [reference] ]

150 to <450 0.934 (0.815-1.071) 0.331 —e— 0.331

2450 1.117 (0.980-1.273) 0.096 —0— 0.128
SED time (h-d-")

<4 1.000 [reference] [ ]

4t0<8 0.957 (0.872-1.051) 0.357 - 0.476

28 0.946 (0.804-1.114) 0.5|08 |_0_ L I0-50|8
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(@)

Fig. 3. Associations between MVPA time, SED time, and multifactorial control status. Multifactorial control status included (a) BP under control, (b) BMI under control,
(c) HbA1c under control, and (d) LDL-C under control. Estimated using mixed-effect logistic regression with China’s geographical region characteristics as the random effect
(random intercept and constant slope). Adjusted for age, sex, diabetes duration, per capita monthly income, smoking status (current or former smoker vs never smoker),
current drinking (yes vs no), and education attainment (below high school vs high school or above).

associated with significantly lower odds of CVD risk, while the
higher odds of CVD risk associated with higher SED time were
not observed among participants who also had high MVPA time.
The results of our study indicate an inverse association between
MVPA time and CVD risk after adjustment for potential confound-
ing factors. Importantly, this association is independent of SED
time. These findings are consistent with previous studies showing
that people who exceeded the minimum recommended amounts
of physical activity obtained additional health benefits and a
higher level of physical fitness [23,24]. Higher physical activity
has been associated with a lower risk of major CVD [10]. The rea-
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sons for the positive effects of physical activity on patients with
diabetes may involve decreased glucose, improved insulin resis-
tance levels, and enhanced control of CVD risk factors [16,25,26].
The relationship between MVPA time and CVD risk was not found
in women and in people aged 65 or older; this phenomenon may
be related to the other forms of exercise (e.g., walking, gardening,
or housework) that we did not count [27]. Patients with T2DM
should be encouraged to perform more than 450 min of MVPA
per week in order to achieve significant physical benefits as long
as their body can tolerate it. Elderly people who are unable to
exercise vigorously due to illness or disability should perform
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SED time MVPA time (min-week ')
(h-d™) > 450 150 to < 450 <150
Case OR (95% CI) P value Case OR (95% CI) P value Case OR (95% CI) P value
(proportion) (proportion) (proportion)
<4 149 (18.9%)  1.000 [reference] - 138 (21.3%)  1.089 (0.830-1.427) 0.539 1032 (26.6%) 1.270 (1.040-1.553)  0.020
4to<8 66 (22.4%) 1.202 (0.854-1.691)  0.292 77 (22.8%) 1.266 (0.914-1.752) 0.156 639 (25.8%) 1.220 (0.989-1.505)  0.064
> 8 6 (18.2%) 1.076 (0.423-2.737)  0.877 18 (30.5%) 2.250 (1.215-4.166)  0.010 168 (26.6%) 1.499 (1.149-1.955) 0.003

Reference group is defined as participants with a high MVPA time (> 450 min-week ') in combination with a low SED time (< 4 h-d™!).
Estimated using mixed-effect logistic regression with China’s geographical region characteristics as the random effect (random intercept and constant slope). Adjusted for
age, sex, diabetes duration, per capita monthly income, smoking status (current or former smoker vs never smoker), current drinking (yes vs no), education attainment (below

high school vs high school or above), and BMI.

multicomponent physical activity to enhance functional capacity
and prevent falls [21,28]. For example, performing balance exer-
cises (e.g., Tai Chi and yoga) can improve or maintain physical
function and reduce falls in older adults at risk of falling [29]. It
is also important to select an appropriate physical activity type
and to discuss it with a physician before starting a new exercise
program [30].

Our study found that the positive correlation between SED time
and CVD risk was not observed in the high physical activity group,
which was consistent with the results of previous studies [31]. SED
behavior has significant effects on cardiovascular health and CVD-
related risk factors [32], such as increased BMI, increased BP,
increased blood lipids, and altered vascular structure and function
(e.g., stiffness and increased intima-media thickness). People with
a high sitting time are more likely to be obese [33], and obesity
contributes to the inflammatory cascade that promotes atheroscle-
rotic disease in a variety of ways [34]. Obesity is likely to mediate
the association between SED time and CVD risk. There is evidence
that higher intensity physical activity has positive effects on losing
weight and resisting inflammation in patients with T2DM [26,35].
These potential associations may explain our observation. To
address the concern that patients with preexisting CVD commonly
accepted intensive lipid-lowering therapy [26], we conducted sen-
sitivity analyses that excluded individuals using lipid-lowering
drugs. We found that the main results did not change substantially.

As shown in this study, people with diabetes should reduce
their daily SED time. If long periods of daily SED behavior are
unavoidable (e.g., for study, work, or transit), performing addi-
tional high-intensity physical activity is strongly recommended.
For older adults, any physical activity is better than being SED
[28]. In addition, breaking up prolonged periods of time spent sit-
ting with physical activity can attenuate or counteract the effects
of SED behavior [36,37].

Our study also comprehensively described the multifactorial
control rates in the MVPA time and SED time groups based on a
nationally representative T2DM population. With higher MVPA
time, the multifactorial control rate showed a positive trend.
Increased physical activity played an important role in improving
glycemic control, lipids, and BP in T2DM patients [15]. In the pre-
sent study, we clearly observed that patients with a higher MVPA
time level were more likely to achieve the targeted BMI objective.
The impact of physical activity and SED behavior on CVD may be
mediated by these intermediate health outcomes. Improving the
control of these risk factors may provide benefits to improve car-
diovascular health.

Although several organizations have issued guidelines for the
minimum recommended level of physical activity required to have
a positive effect on people’s health [15,21,23,25], patients with
T2DM who have or are at risk for ASCVD still report low levels of
physical activity and have low measured cardiopulmonary fitness
[38]. We found that patients with both high SED time and low
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MVPA time were more likely to be overweight/obese, which
reminded us to pay attention to this population and transfer them
from high-risk populations by offering effective behavioral inter-
vention recommendations. To fundamentally change the undesired
lifestyle habits of people with diabetes, doctors in primary health-
care institutions should make great efforts to provide reasonable
exercise guidance, as well as positive information and education.

One major strength of our study is that the population was rep-
resentative, with a large sample size recruited from 150 primary
community health centers from 15 provinces/autonomous regions
and three municipalities in six geographic regions across China.
However, our study is not without limitations. First, this study
was a cross-sectional study and the main outcome was self-
reported history; thus, no conclusion about causality can be drawn.
In our future follow-up work with our cohorts, we will attempt to
obtain more data on the effect of physical activity and SED behav-
ior on the incidence and mortality related to CVDs in T2DM
patients. Second, information on physical activity and SED behav-
ior was obtained through questionnaires rather than by means of
objective measurements. Although the variables of the question-
naires were based on the IPAQ, whose reliability and validity were
verified in a previous study [20], self-reported data may be subject
to recall bias, and future studies using objective measures of phys-
ical activity should be conducted. Finally, dietary habits are an
important component of lifestyle interventions for T2DM patients
[39], and occupational physical activity is associated with CVD risk
[40]. However, we were unable to adjust for dietary habits and
occupational status due to the lack of information.

5. Conclusions

In conclusion, high levels of self-reported physical activity (i.e.,
> 450 min-week ' MVPA) were associated with lower odds of CVD
risk, regardless of SED time. The findings of this study provide an
updated perspective on how exercise prescriptions can be
improved for patients with T2DM. For example, diabetes patients
should be encouraged to perform more than 450 min of MVPA
per week in order to reduce the proportion of medication use
and improve the multifactorial control rate, thus further delaying
the occurrence and progression of CVD and relieving the disease
burden. For older adults, any physical activity is better than being
SED, and reducing SED time is of vital importance for their physical
health. Future studies comparing different types of physical activ-
ity interventions are necessary for people with diabetes in order to
select the optimum physical activity pattern.
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