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Abstract

Aims To investigate the associations between physical activity and sedentary time
with clustered metabolic risk in community-managed type 2 diabetes patients in
China.

Methods From December 2013 to January 2014, a multi-stage sampling method was
used to recruit 20,340 type 2 diabetic patients from the community-based chronic
disease management system in Jiangsu province, China. Information on physical
activity and sedentary time was collected by interviewer-administered questionnaire,
anthropometry and biochemical indices were measured. We constructed clustered
metabolic risk by summing standardized values of waist circumference, fasting
triacylglycerol, fasting plasma glucose, systolic blood pressure and the inverse of
HDL- cholesterol. Association between physical activity and sedentary time with
clustered metabolic risk factors was estimated by multivariate linear regression.
Results A total of 17,750 type 2 diabetic patients (age: 21-94y, 60.3%female) in
community were included in this cross-sectional study. A 1-SD (13.8 MET h/d)
additional physical activity was inversely associated with clustered metabolic risk
(B=-0.097[95%CI -0.131,-0.062]), independently of sedentary time. After accounting
for physical activity, each additional 1-SD (2.5 h/d) sedentary time was positively
associated with clustered metabolic risk (B=0.119[95%CI 0.085, 0.152]). Both
physical activity and sedentary time were associated with waist circumference,
triacylglycerol and HDL- cholesterol, but not associated with systolic blood pressure.
Conclusion Physical activity was inversely associated with clustered metabolic risk,
whereas sedentary time was positively associated with such risk. Encouraging type 2
diabetic patients to decrease their sedentary time and increase overall physical activity
may have protective effects on disease protection and could reduce metabolic risk.

Strengths and limitations of this study

»This study constructed clustered metabolic risk by summing standardized values of
waist circumference, fasting triacylglycerol, fasting plasma glucose, systolic blood
pressure and the inverse of HDL- cholesterol.

» A large sample size (20304 patients with type 2 diabetes) in our study was used to
explore the association between physical activity and sedentary time with metabolic
risk in Asian population.

» We considered physical activity and sedentary time simultaneously in this analysis
and further examine the associations of their joint associations with metabolic risk.
»The limitation of this study was that physical activity and sedentary time information
were collected through a self-report questionnaire.
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Introduction

The clustering of metabolic risk factors for cardiovascular disease and type 2 diabetes
mellitus, which occurs together more often than by chance alone, is well known as the
metabolic syndrome !'. Metabolic syndrome is most commonly defined according to
the Adult Treatment Panel (ATP) III of the National Cholesterol Education Program
(NCEP) criteria as three or more of the following conditions: elevated waist
circumference, high triglycerides, reduced HDL cholesterol, elevated fasting glucose
and blood pressure 2. Based on the NCEP definition, a rapidly growing epidemic of
metabolic syndrome has taken place in China. A study reported that the pooled
estimation of metabolic syndrome prevalence in Mainland China was 24.5 % 3, and
was 55.7% in type 2 diabetes patients “. Participants with metabolic syndrome have
been found suffering from increased risk of diabetes, cardiovascular disease, and
all-cause mortality 3. The increasing prevalence and serious health consequences
suggested that preventive strategies for improving metabolic health should be
required.

Physical activity has been considered to be central to the prevention and
management of metabolic risk factors %12, Increasing physical activity has beneficial
effects on glycemic control '3, lipid profile !4, and importantly, it reduces risks of
several chronic diseases and premature death in both healthy individuals and those
with type 2 diabetes '>'7. Emerging evidence also suggests that excess sedentary
activity (.i.e. sleeping, siting, lying down, playing computer, watching television) '8,

was positively associated with metabolic risk factors independent of physical activity
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levels 1921, Interestingly, some studies have reported that the cellular and molecular
responses to sedentary time are different from the beneficial responses to physical
activity 22, therefore, it is essential to explore the effects of sedentary time at the same
time. However, most studies focused on risk associated with lack of physical rather
than sedentary time. Furthermore, litter is known about joint associations between
physical activity and sedentary time with clustered metabolic risk. When exploring
the associations of physical activity and sedentary time with metabolic risk factors, it
is crucial to elucidate whether this association is independent of sleep duration, which
might confound the association with metabolic risk 2.

In addition, the increasing evidence have suggested that use the continuous
summary score of clustered metabolic risk (zMS) in analyses, instead of a binary
definition dichotomizing continuous outcome variables, which improve statistical
power to detect associations?® 2. From a methodological perspective, the use of a
clustered risk score is recommended. Moreover, each component of metabolic
syndrome is independently associated with cardiovascular diseases and other health
problems, but their combined effect is stronger. Thus, it is interest to explore the
direction and strength of associations of physical activity and sedentary time with
clustered metabolic risk.

While pattern of both physical activity and sedentary activity may generally be
quite different in Asian populations than in western population, all of these researches
were carried out in Western populations!3-14- 19-21,25,37-38 "hegides only few studies was

carried in diabetic populations '3 2!- 25, However, it is uncertain whether results from
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Western diabetic populations can be extrapolated to Asian populations with diabetes.
In addition, these findings are limited by small sample size '3 2!- 25, Thus, the present
study aims to examine the associations of physical activity and sedentary time and
their joint associations with clustered and individuals metabolic risk among type 2
diabetic patients.

Methods

Participants

Participants were from the project of “Comprehensive Research on the Prevention and
Control of the Diabetes (CRPCD)”. The method and study design have been
previously described 6. In brief, 29,705 registered diabetic patients were recruited
form 44 selected township in two areas of Jiangsu Province, China. After excluding
the non-type 2 diabetes patients, and individuals with poor physical or mental status, a
total of 20,340 subjects consented to complete the investigation. For the present
analyses, we further excluded those who had missing values for physical activity or
sedentary time (n=2,038), those who reported spending more than 16 hours on daily
physical activity (n=67), and those who with incomplete data for defining metabolic
risks (n=198). Finally, 17,750 participants remained in the analyses.

The study protocol was approved by the Ethics Board of Jiangsu Provincial Centers
for Disease Control and Prevention (No0.2013026). All participants gave written
informed consent.

Assessment of physical activity and sedentary time

Information on physical activity and sedentary time during the past years was
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collected by using Global Physical Activity Questionnaire (GPAQ). The validity and
reliability of GPAQ were undertaken in Western population 27-2° and Asian
populations 3% 3!, The duration, frequency, and average intensity of activities related
to work, commuting, household chores, and leisure-time exercise were assessed.
Participants were asked about their normal time spend on sedentary activities daily —
such as reading, using computer outside of work, televising watching, lying on the
couch. In addition, duration of sleep per day was also inquired.

Participants were asked to recall the intensity and duration of each activity over the
previous weeks. The intensity of activities was defined as moderate or vigorous by the
metabolic equivalent (MET). The MET is a ratio of work metabolic rate to a standard
resting metabolic rate of 1.0 (4.184 kJ) * kg! * h'!, 1 MET is equivalent to sitting
quietly for 1 hours®. The mean MET scores were calculated based on specific
activities within corresponding categories for estimating intensity of activities (Table
S1). The number of hours spent per day on each kind of activity was multiplied by
corresponding mean MET score and days of activity per week, then the weekly
amount of physical activity was obtained by summing the MET-hours for activities
related to work, commuting, household chores, and non-sedentary leisure-time
exercise. Subsequently, the weekly amount of physical activities was divided by 7 to
generate the average daily activity. Sedentary time, which was not included in the
physical activity calculation, was quantified as hours/day.

Clustered metabolic risk score

Broadly based on the definition proposed by ATP III 2, we constructed a summary
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variable (clustered metabolic risk score, zMS) for clustered metabolic risk 2% 23, This
variable was derived by standardizing and then summing the following continuously
distributed metabolic syndrome components: waist circumference, fasting
triacylglycerol, fasting plasma glucose, systolic blood pressure and the inverse of
HDL- cholesterol, to create a Z score and eliminate dimension of data and to improve
statistical power 33. The zMS is a continuous variable with a mean of zero by
definition, with lower score revealing a more favorable profile.

Assessment of anthropometric, metabolic risk factors

In addition to GPAQ, face to face questionnaires were used to collect information on
demographic characteristics, medical history and medications, family history of
diseases, smoking, alcohol consumption, and adult socioeconomic status. The detail
of anthropometric measurement has been previously illustrated 3*. Blood samples
were collected in the morning after an overnight fast. Fasting plasma glucose was
assessed using the Hexokinase method. HbA . was measured in venous samples using
high efficiency liquid chromatography method. Serum total cholesterol, HDL-
cholesterol and triacylglycerol were measured enzymatically, all samples were
analyzed in the KingMed Diagnostics (Jiangsu Cultural Industrial Park, Nanjing,
China).

Covariate definition

Covariates included age, sex, education (without formal education, primary, middle
school, high school and above), smoking status (yes, no), BMI (<18.5, 18.5- 23.9,

24-27.9, >28 kg/m?), annual household income (<30,000yuan, 40,000-100,000yuan,
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110,000-150,000yuan, >160,000yuan), drinking (never, former, current) and diabetes
duration (1, 1-4, 5-10, >10years). Hypertension was defined as systolic blood pressure
(SBP) =140 mmHg or diastolic blood pressure (DBP) =90 mmHg or previously
diagnosed with hypertension in a hospital’>. Any of the following conditions was
defined as dyslipidemia: total cholesterol (TC) = 5.2mmol/L or fasting blood
triglyceride (TG) = 1.7mmol/L, fasting blood low-density lipoprotein cholesterol
(LDL-C) =3.4mmol/L, fasting blood high-density lipoprotein cholesterol (HDL-C)
<0.9mmol/L for male and <1.0mmol/L for female, respectively, or previously
diagnosed with hyperlipidemia in hospital3®.

Statistical analysis

Descriptive statistics were conducted separately for men and women using means =+
SD, median [interquartile range(IQR)] or frequencies. The chi-square (y?) test,
Student’s t-test, analysis of variance (ANOVA) and Mann-Whitney U test were used
to examine the difference of characteristics between men and women. Welch’s
ANOVA was used for heterogeneity of variance. Fasting plasma glucose and
triacylglycerol were logarithmically transformed (base e) due to their skewed
distribution. Correlation between physical activity, sedentary time and sleep duration
was estimated using Spearman correlation coefficients. Adjusted means and standard
errors (SE) of clustered and individual metabolic risk variable were presented to
explore the association between physical activity and sedentary time with metabolic
risk.

Multivariate linear regression was used to evaluate the association between per
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1-SD physical activity and sedentary time with the total clustered metabolic risk score,
waist circumference, fasting triacylglycerol, fasting plasma glucose, systolic blood
pressure, and the inverse of HDL- cholesterol. Two models were fitted: model 1 was
adjusted for age, sex, occupation, education, annual household income, smoking,
drinking and diabetes duration. Model 2 was additionally adjusted for physical
activity and sedentary time as appropriate to examine independent associations
between physical activity and sedentary time with the clustered metabolic risk and
individual metabolic risk factors. All subcomponents except zMS and waist
circumference are additionally adjusted for waist circumference. When the dependent
variable was Fasting plasma glucose, triacylglycerol, HDL-cholesterol or blood
pressure, we additionally adjusted for the use of diabetes medication, the diagnosis of
dyslipidemia or hypertension, respectively. For the zMS we adjusted for the use of
diabetes medication, the diagnosis of dyslipidemia and hypertension. To investigate
the joint associations of physical activity and sedentary time with clustered metabolic
risk, participants were classified into 3 groups by sex-specific quartiles of physical
activity and 5 groups according to sedentary time. The adjusted mean for zMS was
calculated by using general linear regression models with adjustment for age.

In the sensitivity analyses, in the interest of whether the association with physical
activity and sedentary time with zMS were independent of sleep duration, we
additionally adjusted for sleep duration in model2. Furthermore, in order to verify the
stability of the results, we use BMI and DBP to replace WC and SBP to calculate new

zMS score, then analyze whether the relationship between physical activity and
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sedentary time with the new zMS variable was different from previous results. Finally,
in order to explore whether the associations between physical activity and sedentary
time with clustered metabolic risk were mediated by adiposity, we also calculated a
metabolic syndrome score without the adiposity component (i.e. waist circumference),
examine whether the associations between the main exposures (physical activity and
sedentary time) and clustered metabolic risk were mediated by adiposity.

All statistical analyses were performed using IBM SPSS Statistics standard 23.0
(SPSS, Inc, Chicago, USA).
3. Results
Table 1 shows the demographic characteristics of study population. Of the 17,750
participants included in the analyses, 39.7% of them were men, and the average age of
men and women was 62.61+49.93 and 62.864+9.68 years, respectively. BMI,
HDL-cholesterol and fasting plasma glucose did not differ significantly (all P>0.10)
between excluded participants (n=2,303) and included participants; however, included
participants had slightly higher waist circumference and systolic blood pressure (all
P<0.001) (Table S2). As shown in Table 1, men had higher education level,
household income, overweight rate, and consumed more alcohol and cigarette than
women (all P<0.001). Men also had higher waist circumference, HbAlc, DBP and
FPG levels than women (all P<0.001), whereas women had higher HDL-cholesterol
and triacylglycerol levels (all P<0.001). Proportion of using diabetes medication,
prevalence of hypertension and diabetes duration were similar for men and women
(all P>0.10). Sex difference was observed in physical activity and sedentary time.

10
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characteristic Men Women Total P value
n 7041 10709 17750
Age(years) 62.61+9.93 62.86+9.68 62.76+9.78 0.1
High school or above (%) 17.7 4.5 9.8 <0.001
Annual income>40000 Yuan (%) 64.8 57.0 60.1 <0.001
BMI(Kg/m?) 25.27+3.24 25.35+3.57 25.32+3.44 0.09
Overweight (%) 457 42.3 43.7 <0.001
Obesity (%) 18.5 20.4 19.7 0.002
Waist circumference (cm) 87.88+9.41 85.48+9.48 86.43+9.53 <0.001
Systolic blood pressure (mmHg)  147.30+19.82 148.86+21.06 148.01+£20.59 0.002
Diastolic blood pressure (mmHg) 83.66+10.65 79.94+10.36 81.41£10.63 <0.001
Triacylglycerol (mmol/L)? 1.44(1.02, 2.15) 1.65(1.18, 2.32) 1.57(1.11, 2.26) <0.001
HDL-cholesterol (mmol/L) 1.42+0.43 1.53+0.43 1.49+0.43 <0.001
Fasting plasma 8.21(6.37, 10.22) 7.97(6.51, 9.88) 8.07(6.60, 10.01) <0.001
(mmol/L)2
HbA1c (%)? 7.3(6.4, 8.6) 7.2(6.4,8.4) 7.2(6.4, 8.5) <0.001
HbA1c(mmol/mol)? 56.3(46.5,70.5) 55.2(46.5,68.3) 55.2(46.5,69.4) <0.001
Diabetes duration (years)? 5(2,9) 5(2,9) 5(2, 9) 0.26
Smoking (%) 46.0 6.2 22.0 <0.001
Drinking (%)

never 491 96.6 7.7 <0.001

former 10.7 1.1 4.9 <0.001

current 40.1 2.3 17.4 <0.001

12
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On diabetes medication (%) 78.7 78.4 78.5 0.60
Hypertension (%) 77.5 76.6 77.0 0.16
Dyslipidemia (%) 46.1 49.3 48.0 <0.001
9 Physical activity (MET-h/d)2 6.29(2.29, 14.29) 8.00(3.43, 16.00) 8.00(2.85, 15.42) <0.001
Sedentary time (h/d) 3.51+2.46 3.36+2.59 3.41+2.54 <0.001
12 Sleep duration (h/d) 7.44+1.56 7.3411.74 7.37+1.67 <0.001

oNOYTULT D WN =

Data are means+SD unless stated otherwise
15 aMedian (interquartile range)
16 P values are from Student’s t-test or Mann-Whitney U test for continuous variables and from chi-squared test for categorical variables.

41 13
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Table 2 shows the age- and sex- adjusted means of clustered and individual
metabolic variables by quartile of physical activity and sedentary time. There was a
tendency towards lower zMS, waist circumference, triacylglycerol and higher
HDL-cholesterol at higher levels of physical activity (P for trend<0.001) (Table 2),
by contrast, higher zMS, waist circumference, fasting plasma glucose, triacylglycerol
and lower HDL-cholesterol were observed for higher sedentary time (P for
trend<0.001) (Table 2). Physical activity was weakly inversely related to sedentary
time (r=-0.103; P<0.001) and with sleep duration (r=-0.022; P<0.001). In addition,
sedentary activity was weakly correlated with sleep duration(r=0.075; P<0.05) (Table

S3).

14
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Metabolic risk Physical activity (MET h/day) Sedentary time(h/d)
Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for
(<2.9) (2.9-8.0) (8.1-15.4) (>15.4) trend (<2) (2-3) (3.1-4) (>4) trend
zMs? 0.28(0.40) 0.02(0.04) -0.12(0.05) -0.21(0.04) <0.001 -0.16(0.03) -0.04(0.04) 0.05(0.06) 0.30(0.05) <0.001
Waist circumference (cm) 87.19(0.14) 86.56(0.13) 86.13(0.16) 85.76(0.14) <0.001 85.98(0.11) 86.25(0.16) 86.57(0.20) 87.30(0.14) <0.001
Fasting plasma glucose 0.022(0.015) 0.012(0.014) -0.049(0.017)  0.003(0.015) 0.252 -0.030(0.011)  -0.007(0.017)  -0.004(0.021)  0.055(0.015) <0.001
(mmol/L)b
Triacylglycerol(mmol/L)>  0.066(0.015) 0.004(0.014) -0.012(0.017)  -0.061(0.015)  <0.001 -0.043(0.011)  0.003(0.017) 0.035(0.021) 0.056(0.015)  <0.001
HDL-cholesterol (mmol/L) 1.45(0.01) 1.49(0.01) 1.50(0.01) 1.52(0.01) <0.001 1.51(0.01) 1.48(0.01) 1.48(0.01) 1.46(0.01) <0.001
Systolic blood pressure 148.26(0.30) 147.91(0.28) 147.80(0.34) 148.05(0.30) 0.651 148.08(0.23) 147.56(0.33) 147.87(0.42) 148.35(0.30) 0.326

(mmHg)

Date are mean (SE) values for each quartile of physical activity and sedentary time, adjusted for age and sex by using general linear regression models.

variable containing median value for each quartiles.

a zMS is a continuously distribute variable for clustered metabolic risk calculated by summing standardized values for Waist circumference ,

Triacylglycerol, Systolic blood pressure and the inverse of HDL-cholesterol.

b Fasting plasma glucose and triacylglycerol were logarithmically transformed (base €) due to their skewed distribution

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Test for trend based on

Fasting plasma glucose ,



oNOYTULT D WN =

BMJ Open

Table 3 shows the crude and adjusted associations between physical activity and
sedentary time with clustered metabolic risk represented by zMS score and individual
risk factors of metabolic syndrome. In crude analyses, physical activity was inversely
associated with clustered metabolic risk (B=-0.145; 95%CI -0.184,-0.106) (Table 3).
After adjusting for sedentary time and measured confounders, the result was still
significant (B=-0.097; 95%CI -0.131, -0.062). For individual risk factors, physical
activity was strongly inversely associated with waist circumference (B=-0.43; 95%CI
-0.57,-0.29), and slight inversely associated with triacylglycerol (B=-0.014; 95%CI
-0.021, -0.007). In contrast, per SD physical activity was marginally positively
associated with HDL-cholesterol (B=0.012; 95%CI 0.006, 0.018) after accounting for
sedentary time and other confounders. However, the association between physical
activity and systolic blood pressure (B=-0.907; 95%CI -1.209, -0.604) in crude
analysis disappeared after covariates adjusted in the models. No significant
association was found between physical activity and fasting plasma glucose (B=0.002;
95%CI1 -0.003, 0.006).

Contrary to physical activity, sedentary time was strongly positively associated
with clustered metabolic risk (B=0.119; 95%CI 0.085, 0.152) and waist circumference
(B=0.48; 95%CI 0.34, 0.62) (Table 3), even after adjusting for physical activity and
other confounders. Furthermore, in adjusted analyses, sedentary time was found to be
weakly associated with fasting plasma glucose (B=0.009; 95%CI 0.004, 0.013),
triacylglycerol levels (B=0.015; 95%CI 0.009, 0.022) and HDL-cholesterol (B=-0.007;
95%CI -0.013, -0.001). Similarly, No significant association was found between

16
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physical activity and systolic blood pressure (B=0.202; 95%CI -0.047, 0.448).
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Table 3 Cross-sectional linear regression analysis of association of physical activity and sedentary time with metabolic variables

Metabolic risk

physical activity(per-SD)c

Sedentary time(per-SD) ©

B(95%Cl) B P value B(95%Cl) B P value
zMS?
Crude -0.145(-0.184, -0.106) -0.054 <0.001 0.195(0.156, 0.234) 0.073 <0.001
Model 1 -0.108(-0.142, -0.073) -0.040 <0.001 0.127(0.094, 0.161) 0.048 <0.001
Model 2 -0.097(-0.131, -0.062) -0.036 <0.001 0.119(0.085, 0.152) 0.044 <0.001
Waist circumference (cm)
Crude -0.55(-0.69, -0.41) -0.058 <0.001 0.58(0.44, 0.72) 0.060 <0.001
Model 1 -0.47(-0.62, -0.33) -0.050 <0.001 0.52(0.38, 0.66) 0.055 <0.001
Model 2 -0.43(-0.57, -0.29) -0.050 <0.001 0.48(0.34, 0.62) 0.049 <0.001
Fasting plasma glucose (mmol/L)d
Crude 0.005(0.000, 0.010) 0.016 0.038 0.011(0.006, 0.016) 0.034 <0.001
Model 1 0.001(-0.004, 0.005)  0.002 0.749 0.009(0.004, 0.013) 0.027 <0.001
Model 2 0.002(-0.003, 0.006)  0.005 0.506 0.009(0.004, 0.013) 0.027 <0.001
Triacylglycerol(mmol/L)d
Crude -0.022(-0.030, -0.013) -0.038 <0.001 0.031(0.023, 0.039) 0.055 <0.001
Model 1 -0.015(-0.022, -0.008) -0.027 <0.001 0.017(0.010, 0.023) 0.029 <0.001
Model 2 -0.014(-0.021, -0.007) -0.025 <0.001 0.015(0.009, 0.022) 0.027 <0.001
HDL-cholesterol (mmol/L)
Crude 0.015(0.009, 0.022) 0.035 <0.001 -0.019(-0.025, -0.012) -0.043 <0.001
Model 1 0.013(0.007, 0.019) 0.030 <0.001 -0.008(-0.014, -0.002) -0.018 0.009
Model 2 0.012(0.006, 0.018) 0.029 <0.001 -0.007(-0.013, -0.001) -0.016 0.023

Systolic blood pressure (mmHg)
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Crude -0.907(-1.209, -0.604)  0.000 <0.001 0.340(0.037, 0.643) 0.017 0.028
Model 1 0.007((-0.243, 0.257)  0.001 0.955 0.200(-0.045, 0.445) 0.010 0.110
Model 2 0.026(-0.225, 0.277)  0.001 0.841 0.202(-0.047, 0.448) 0.010 0.107

azMS is a continuously distribute variable for clustered metabolic risk calculated by summing standardized values for Waist circumference, Fasting plasma
glucose, Triacylglycerol, Systolic blood pressure and the inverse of HDL-cholesterol.

b values to calculate new clustered metabolic risk score

¢Per-SD of physical activity =13.8 MET-h/d, per-SD sedentary time = 2.5 h/d.

Regression results are presented as unstandardized coefficients (B) (95%CI) with standardized coefficients (8) shown for comparison.

All models are adjusted for age, sex, occupation, education, annual household income, smoking, drinking and diabetes duration. All outcomes except zMS
and waist Circumference are additionally adjusted for waist circumference. Fasting plasma glucose are additional adjusted for the use of diabetes medication
(yes/no); Triacylglycerol and HDL-cholesterol are additionally adjusted for the diagnosis of dyslipidemia (yes/no); Systolic and diastolic blood pressure are
additionally adjusted for the diagnosis of hypertension(yes/no); and zMS is additional adjusted for the use of diabetes medication (yes/no), the diagnosis of
dyslipidemia (yes/no) and the diagnosis of hypertension(yes/no).

Model 2 is adjusted for physical activity and sedentary time as appropriate.

d Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e) due to their skewed distribution.
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Figure 1 highlights the joint association of physical activity and sedentary time
with zMS after adjusting for age. For both sexes, participants who had the lowest
level of physical activity (<5 MET h/d) and the highest sedentary time (>5 h/d) had
the highest zMS (Figure 1).

Additional adjustments for sleep duration did not change the direction or
magnitude of associations of physical activity and sedentary time with clustered and
individual metabolic risk (Table S4). Furthermore, when substituting waist
circumference with BMI and systolic blood pressure with diastolic blood pressure, the
associations were unchanged. When excluding waist circumference from the clustered
metabolic risk score and additionally adjusting for waist circumference as a
confounding factor, the magnitude of association between sedentary time and
clustered risk was attenuated and weaker (Table S4).

4. Discussion

In this large cross-sectional study of individuals with type 2 diabetes, we confirmed
that physical activity and sedentary time were strongly associated with clustered
metabolic risk. For individual metabolic risk factor, both physical activity and
sedentary time were associated waist circumference, triacylglycerol levels, and
HDL-cholesterol. Our findings suggested that increasing overall physical activity and
decreasing amount of sedentary time may have protective effects on disease
protection and reduction of metabolic risk.

Previous cross-sectional researches, mainly in Western countries, have shown
beneficial associations between increasing physical activity with clustered metabolic
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risk and triacylglycerol levels and HDL-cholesterol, insulin and waist circumference
in general population '°-12. Furthermore, measures of clustered metabolic risk have
also been shown to be detrimentally associated with physical activity among type 2
diabetic patients or participants at a high risk of developing diabetes 2> 37- 38, An
objective study has reported that among type 2 diabetic patients, physical activity
energy expenditure significantly and independently associated with reduced clustered
metabolic risk 2°. In addition, another objectively study also suggested that total body
movement (counts ¢ day -') and moderate-to-vigorous physical activity were inversely
associated with clustered metabolic risk score after adjusting for confounding
factors®. These cross-sectional researches were also consistent with the findings in
longitudinal studies 2 37. A longitudinal study showed that greater increase in
sedentary time and decrease in moderate-to-vigorous physical activity were associated
with clear increase in clustered metabolic risk score, however, when additional
adjusted for six-year change in sedentary time, no association between
moderate-to-vigorous physical activity and clustered metabolic risk was observed 3.
This result may be explained by the fact that the increasing sedentary time attenuated
the positively association of physical activity with clustered metabolic risk, and
indicated that solely focusing on physical activity, may not be the most effective
strategy for future interventions. Our findings also suggested individuals who have the
lowest level of physical activity and the highest sedentary time had the highest zMS,
meanwhile, both physical activity and sedentary time have the potential to influence
clustered and individual metabolic risk independent of each other, which highlighted
20
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the importance not only of increasing physical activity but also reducing sedentary
time among patients with type 2 diabetes.

As reported previously, waist circumference was a body fat parameter most
closely associated with metabolic syndrome . A study has reported that 1 cm
increase in waist circumference, the relative risk (RR) of a cardiovascular disease
event increased by 2% #°.0Our findings indicated that 13.8 MET h/d increase in
physical activity and 2.5 h/d decrease in sedentary time were associated with 0.43 cm
and 0.48cm lower waist circumference, respectively. If type 2 diabetic patients spend
extra 2.5h to do moderate physical activity, the risk of cardiovascular disease event
might consequently be reduced by ~1% 47. Considering almost 840,000 diabetic
patients die in China every year, and more than half of diabetic patients die from
cardiovascular complications*!, this small reduction also have significant public
health implication in a country with large population. The biological mechanisms for
relationships between physical activity, sedentary time and waist circumference with
metabolic syndrome are only partially understood 4% 43, however, data from weight
loss and exercise training trials have shown that reductions in waist circumference
occur concomitantly with reductions in obesity-related metabolic risk factors and
disease **. In our study, when excluding waist circumference from the clustered
metabolic risk score and adjusting for it as a confounding factor, the magnitude of
association between physical activity and sedentary time with clustered risk was
attenuated. An alternative explanation may be that waist circumference is an
important part of the causal pathway between physical activity and sedentary time
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with clustered metabolic risk. If this is the case, more attention should be paid on
waist circumference of type 2 diabetic patients in health policy planning.

Our results extend previous cross-sectional and longitudinal results in other
populations of the independent associations between physical activity and sedentary
time with triacylglycerol and HDL-cholesterol levels 2!- 37. The association between
physical activity and fasting plasma glucose did not reach statistical significance in
our study, which is consistent with result from the ProActive Study:. In contrast,
significant association was found between sedentary time and fasting plasma glucose
in our study. It is, however, in disagreement with the result from Katrien et al, in
which no significant association was found with fasting plasma glucose in adult with a
family history of type 2 diabetes 37. Some of the inconsistent results may be partly
explained by differences in the study population (e.g. age, health conditions, and
ethnicity) as well as differences in potential confounding factors. Furthermore, our
non-significant results between physical activity and sedentary time with systolic
blood pressure are consistent with the results from most previous studies 2!- 233738 A
cross-sectional data from 45000 individuals also found that physical activity was not
associated with systolic blood pressure %, this results perhaps because the real effects
were attenuated in a cross-sectional study, randomized trial need to apply in further
study. Further, we also obtained consistent results after adjusting for sleep duration
and demonstrated that the relationship between physical activity and sedentary time

are independent of sleep duration.

22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 38



Page 23 of 38

oNOYTULT D WN =

BMJ Open

American Diabetes Association(ADA ) recommended that type 2 diabetic patients
should call for accumulation of = 150 minutes of moderate-to-vigorous intensity
aerobic activity per week*. However, patients with type 2 diabetes enrolled in
exercise intervention projects demonstrate limited success in increasing their physical
activity, especially for some high-intensity exercises 4. Our study found a linear dose
—response association between physical activity and sedentary time with clustered
metabolic risk, which also suggested patients with type 2 diabetes may obtain health
benefit from increasing physical activity and reducing sedentary time, even it is less
than the recommendation of guidelines 46. A prospective cohort study in Taiwan,
China reported that individuals who did average 15 min of moderate-intensity
physical activity daily had significant health benefits when compared with individuals
who were inactive #%. In further studies, more detailed relationship between different
pattern of physical activity and sedentary time with metabolic risks need to be
explored and find the most suitable prevention and management strategy for type 2
diabetes patients.

Our study has several strengths. A large sample size (20304 patients with type 2
diabetes) in our study was used to explore the association between physical activity
and sedentary time with metabolic risk in Asian population. In addition, physical
activity and sedentary time were considered simultaneously in this analysis. There are
several potential limitation of our study. First, this is a cross-sectional study, the
direction and causality of the association were restricted to infer. Second, we collect
physical activity information through a self-report questionnaire, subjective reporting
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error may occur because of recall bias. Finally, we cannot exclude the potential
confounding including uncontrollable confounding factors and unmeasured factors.
5. Conclusion

Our results suggest that lack of physical activity and excess sedentary time are
both independently associated with clustered and individual metabolic risk in
community type 2 diabetic patients. Encouraging type 2 diabetic patients to decrease
their sedentary time and increase overall physical activity may have protective effects

on disease protection and reduction of metabolic risks.
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Fig 1. Mean of clustered metabolic risk score by sedentary and physical activity
among 17750 diabetic patients. The adjusted mean was calculated by using general
linear regression models with adjustment for age. The cut off values for defining low,
moderate, and high levels of physical activity and sedentary time were 5 and 15
MET-h/d. MET, metabolic equivalent task
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Table 1. Classification table of physical activity
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Physical activity in Farm work, occupation and household

chores

Physical activity in leisure-time

Static behavior

Moderate-intensity physical
activity (4 MET h/d)

Make breathing and heart beat
slightly faster

Vigorous-intensity physical
activity (8 MET h/d)

Make breathing and heart rate
significantly faster

Moderate-intensity physical
activity (4 MET h/d)

Make breathing and heart beat
slightly faster

Vigorous-intensity physical
activity (8 MET h/d)

Make breathing and heart
rate significantly faster

Lying, sitting and leaning besides
sleep time (h/d)

-Cleaning(e.g. vacuuming,
mopping the floor, polishing
floor, wiping the desk,
sweeping the floor, ironing
clothes )

‘Washing (e.g. scrubbing the
carpet, washing clothes)
-Gardening (e.g. watering,

turning soil, fertilizing)

-Hand milking

-Hand knitting

-carpenter work (e.g. sawing

cork, Chiseling cork)

‘With a shovel and other
tools to mix the sand and
cement

‘Walking with a general

weight

-Forestry workers (felling and
handling timber)

-Sawing ironwood

-tilling land

-transplant rice seedlings
-harvesting crops (e.g.
wheat, rice, sugarcane)
-Gardening (e.g. digging,
carrying heavy things)

-hand milling (with wooden
club or stone mill)
-architectural work (e.g.
building a wall, handing
building materials)

-Fitness Trainer (e.g.
spinning, aerobics, yoga and
some other aerobic exercise)

A courier on foot or bike

-biking

"jogging

-dancing

reading a horse

-practicing Tai chi
-Practicing Yoga and pilates
-doing the yangko dance

-Long-distance running
-playing football
-playing rugby

-playing tennis
spinning in gym
-Lifting barbell

-doing ballet

-swimming

-working
-studying
-reading
-watching TV
-using computer
-riding

-taking a rest
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-Carrying water
-Grazing

-Pulling a rickshaw
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Table 2. Baseline characteristics of those included and excluded participants.

characteristics Included participants excluded participants P
n 17750 2303
Sex, n(%)

Male 7041(39.7) 821(35.6) <0.001
Age(years) 62.7619.78 63.76+10.27 <0.001
BMI(Kg/m?) 25.32+3.44 25.45+3.67 0.101
Waist circumference (cm) 86.43+9.53 84.97+13.80 <0.001
Systolic blood pressure (mmHg) 148.01+£20.59 142.62+35.61 <0.001
Diastolic blood pressure (mmHg) 81.41+£10.63 82.11+£10.76 0.004
Triacylglycerol (mmol/L)2 1.57(1.11, 2.26) 1.61(1.16, 2.36) 0.004
HDL-cholesterol (mmol/L) 1.49+0.43 1.49+0.48 0.576
Fasting plasma glucose (mmol/L)2 8.07(6.60, 10.01) 8.00(6.34, 10.56) 0.576
HbA1c (%)2 7.20(6.4, 8.5) 7.4(6.4,9.0) <0.001
Diabetes duration (years)? 5(2, 9) 4(1, 8) <0.001

Data are means+SD unless stated otherwise ; 2Median (interquartile range)

P values are from one-way analysis or Mann-Whitney U test for continuous variables and from chi-squared test for categorical variables.
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Table 3. Correlation analysis between physical activity , sedentary time and sleep duration

physical activity (MET-h/d),r Sedentary time (h/d),r Sleep duration (h/d),r
Physical activity (MET-h/d),r 1 -0.103¢2 -0.022b
Sedentary time (h/d),r -0.103 1 0.075¢
Sleep duration (h/d),r -0. 0.075 1

ap<0.001; b p=0.004; ¢ p<0.001
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Metabolic risk

Physical activity(per-SD)?2

Sedentary time(per-SD) @

B(95%Cl) B P value B(95%Cl) B P value
zMS
Crude -0.145(-0.184, -0.106)  -0.054 <0.001 0.195(0.156, 0.234) 0.073 <0.001
Model 1 -0.108(-0.142, -0.073)  -0.040 <0.001 0.127(0.094, 0.161) 0.048 <0.001
Model 2 -0.097(-0.131, -0.062)  -0.036 <0.001 0.119(0.085, 0.152) 0.044 <0.001
Model2+sleep duration(h/d) -0.096(-0.130, -0.062)  -0.036 <0.001 0.115(0.081, 0.149) 0.043 <0.001
zMSP
Crude -0.023(-0.064, 0.017) -0.008 0.260 0.169(0.129, 0.210) 0.062 <0.001
Model 1 -0.093(-0.128, -0.057)  -0.034 <0.001 0.103(0.069, 0.138) 0.038 <0.001
Model 2 -0.084(-0.119, -0.048)  -0.030 <0.001 0.096(0.061, 0.130) 0.035 <0.001
Model2+sleep duration(h/d) -0.083(-0.118, -0.048)  -0.030 <0.001 0.094(0.059, 0.129) 0.034 <0.001
zMSe
Crude -0.057(-0.085,-0.300) -0.030 <0.001 0.096(0.068,0.124) 0.051 <0.001
Model 1 -0.026(-0.051,-0.001) -0.014 0.039 0.059(0.034,0.083) 0.031 <0.001
Model 2 -0.021(-0.045,0.004) -0.011 0.102 0.057(0.033,0.081) 0.030 <0.001
Model2+sleep duration(h/d) -0.020(-0.045,0.004) -0.011 0.106 0.054(0.030,0.079) 0.029 <0.001
Waist circumference (cm)
Crude -0.55(-0.69, -0.41) -0.058 <0.001 0.58(0.44, 0.72) 0.060 <0.001
Model 1 -0.47(-0.62, -0.33) -0.050 <0.001 0.52(0.38, 0.66) 0.055 <0.001
Model2 -0.43(-0.57, -0.29) -0.050 <0.001 0.48(0.34, 0.62) 0.049 <0.001
Model2+sleep duration(h/d) -0.43(-0.57, -0.29) -0.050 <0.001 0.47(0.33,0.61) 0.049 <0.001
Loge Fasting plasma glucose (mmol/L)
Crude 0.005(0.000, 0.010) 0.016 0.038 0.011(0.006, 0.016) 0.034 <0.001
Model 1 0.001(-0.004, 0.005) 0.002 0.749 0.009(0.004, 0.013) 0.027 <0.001
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1

2

3

4

5 Model 2 0.002(-0.003, 0.006) 0.005 0.506 0.009(0.004, 0.013) 0.027 <0.001

? Model2+sleep duration(h/d) 0.002(-0.003, 0.006) 0.006 0.444 0.008(0.004, 0.013) 0.025 <0.001

8 Loge Triacylglycerol(mmol/L)

?O Crude -0.022(-0.030, -0.013)  -0.038 <0.001 0.031(0.023, 0.039) 0.055 <0.001

11 Model 1 -0.015(-0.022, -0.008)  -0.027 <0.001 0.017(0.010, 0.023) 0.029 <0.001

12 Model 2 -0.014(-0.021, -0.007)  -0.025 <0.001 0.015(0.009, 0.022) 0.027 <0.001

13 Model2+sleep duration(h/d) -0.014(-0.021, -0.007)  -0.025 <0.001 0.014(0.008, 0.021) 0.020 0.001

1: HDL-cholesterol (mmol/L)

16 Crude 0.015(0.009, 0.022) 0.035 <0.001 -0.019(-0.025, -0.012) -0.043 <0.001

17 Model 1 0.013(0.007, 0.019) 0.030 <0.001 -0.008(-0.014, -0.002) -0.018 0.009

12 Model 2 0.012(0.006, 0.018) 0.029 <0.001 -0.007(-0.013, -0.001) -0.016 0.023

20 Model2+sleep duration(h/d) 0.012(0.006, 0.018) 0.028 <0.001 -0.007(-0.013, -0.001) -0.016 0.027

21 Systolic blood pressure (mmHg)

;g Crude -0.907(-1.209, -0.604)  0.000 <0.001 0.340(0.037, 0.643) 0.017 0.028

24 Model 1 0.007((-0.243, 0.257) 0.001 0.955 0.200(-0.045, 0.445) 0.010 0.110

25 Model 2 0.026(-0.225, 0.277) 0.001 0.841 0.202(-0.047, 0.448) 0.010 0.107

26 Model2+sleep duration(h/d) 0.021(-0.231, 0.272) 0.001 0.872 0.200(-0.047, 0.447) 0.010 0.113

;; Regression results are presented as unstandardized coefficients (B) (95%CIl) with standardized coefficients (8) shown for comparison.

29 All models are adjusted for age, sex, occupation, education, annual household income, smoking, drinking and diabetes duration. All outcomes except zMS and waist
30 Circumference are additionally adjusted for waist circumference. Fasting plasma glucose are additional adjusted for the use of diabetes medication (yes/no); Triacylglycerol
g; and HDL-cholesterol are additionally adjusted for the diagnosis of dyslipidemia (yes/no); Systolic and diastolic blood pressure are additionally adjusted for the diagnosis of
33 hypertension(yes/no); and zMS is additional adjusted for the use of diabetes medication (yes/no), the diagnosis of dyslipidemia (yes/no) and the diagnosis of hypertension(yes/no).zMS
34 is a continuously distribute variable for clustered metabolic risk calculated by summing standardized values for waist circumference, fasting plasma glucose, triacylglycerol, systolic
22 blood pressure and the inverse of HDL-cholesterol.

37 Model 2 is adjusted for physical activity and sedentary time as appropriate and additionally adjusted for sleep duration.

38 b Replace WC and SBP with BMI values and DBP values to calculate new clustered metabolic risk score.

39

40

41

42
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¢ Delete the waist circumference to calculate new clustered metabolic score
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item
No

Recommendation

Title and abstract

1

(a) Indicate the study’s design with a commonly used term in the title or the abstract

page 1

(b) Provide in the abstract an informative and balanced summary of what was done
and what was found
Page 2

Introduction

Background/rationale

Explain the scientific background and rationale for the investigation being reported
Page 2-4

Objectives

State specific objectives, including any prespecified hypotheses
Page 4

Methods

Study design

Present key elements of study design early in the paper
Page 5

Setting

Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection
Page S

Participants

(a) Give the eligibility criteria, and the sources and methods of selection of
participants
Page 5

Variables

Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable
Page 5-8

Data sources/

measurement

8*

For each variable of interest, give sources of data and details of methods of
assessment (measurement). Describe comparability of assessment methods if there is
more than one group
Page 5-8

Bias

Describe any efforts to address potential sources of bias
Page 7-8

Study size

10

Explain how the study size was arrived at
Page 5

Quantitative variables

11

Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why
Page 6-7

Statistical methods

(a) Describe all statistical methods, including those used to control for confounding

(b) Describe any methods used to examine subgroups and interactions

(c¢) Explain how missing data were addressed

(d) If applicable, describe analytical methods taking account of sampling strategy

(e) Describe any sensitivity analyses
Page 8-9

Results

Participants

13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed

Page 10
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(b) Give reasons for non-participation at each stage
Page 10

(¢) Consider use of a flow diagram

N/A

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders
Page 11-12
(b) Indicate number of participants with missing data for each variable of interest
N/A

Outcome data 15*  Report numbers of outcome events or summary measures
N/A

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
Page 13-17
(b) Report category boundaries when continuous variables were categorized
Page 13-14

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period
N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and

sensitivity analyses

Page 18

Discussion

Key results 18 Summarise key results with reference to study objectives
Page 18

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias
Page 22-23

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence
Page 19-22

Generalisability 21 Discuss the generalisability (external validity) of the study results
Page 23

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based
Page 23

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objective To investigate the associations between total physical activity, physical
activity in different domains and sedentary time with clustered metabolic risk among
patients with type 2 diabetes in Jiangsu Province of China.

Design Interview-based cross-sectional study conducted between December 2013 and
January 2014.

Setting 44 selected township in two cities of Changshu and Huai’an in Jiangsu
Province.

Participants 20 340 subjects selected through stratified cluster-randomized sampling
method using an interviewer-managed questionnaire.

Methods We constructed clustered metabolic risk by summing gender-specific
standardized values of waist circumference, fasting triacylglycerol, fasting plasma
glucose, systolic blood pressure and the inverse of blood high-density lipoprotein
cholesterol (HDL-cholesterol). Self-reported total physical activity includes three
domains of occupation, commuting and leisure-time exercise. Multivariate linear
regression analyses were applied to calculate unstandardized regression coefficient
[B]and their 95% confidence interval (CI).

Results A total of 17 750 patients with type 2 diabetes (aged 21-94 years old, 60.3%
of female) were included in this study. Results showed that the total (B=-0.080; 95%
CIL: -0.114, -0.046), occupational (B= -0.066; 95% CI. -0.101, -0.031) and
leisure-time physical activity (B=-0.041; 95% CI: -0.075, -0.007) and sedentary time
(B=0.117; 95% CI: 0.083, 0.151) were associated with clustered metabolic risk. Total
physical activity, occupational physical activity and sedentary time were associated
with waist circumference, triacylglycerol and HDL-cholesterol, but not with systolic
blood pressure. Commuting physical activity and sedentary time were significantly
associated with triacylglycerol (B= -0.012; 95% CI: -0.019, -0.005) and fasting
plasma glucose (B= 0.008; 95% CI: 0.003, 0.01), respectively. Leisure-time physical
activity was not found to significantly associate with any individual metabolic risk
factors except systolic blood pressure (B=-0.239; 95% CI: -0.542, -0.045).
Conclusions Total, occupational and leisure-time physical activity were inversely
associated with clustered metabolic risk, whereas sedentary time was found to
increase such risk.

Strengths and limitations of this study

»This study constructed clustered metabolic risk by summing gender-specific
standardized values for waist circumference, fasting triacylglycerol, fasting plasma
glucose, systolic blood pressure and the inverse of HDL- cholesterol.

»The study has a relatively large sample size which included 17 750 participants from
community-managed type 2 diabetic patients in China.

»The study investigated physical activity in different domains and sedentary time and
their associations with metabolic risk factors.

»The limitation of this study was that physical activity and sedentary time information
were collected through a self-report questionnaire.

2
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INTRODUCTION

The clustering of metabolic risk factors for cardiovascular disease and type 2 diabetes
mellitus is well known as the metabolic syndrome.! Based on the National Cholesterol
Education Program (NCEP) definition,? a rapidly growing epidemic of metabolic
syndrome has taken place in China. A meta-analysis estimated that the pooled
prevalence of metabolic syndrome in Mainland China was 24.5 %, 3 and was 55.7%
among patients with type 2 diabetes.* Individuals with metabolic syndrome were
found to be with increased risk of diabetes, cardiovascular disease and all-cause
mortality.>’” The increasing prevalence observed among Chinese population and its
sever health consequences call for strategies for prevention, maintenance and
improvement of metabolic health among the largest populations in the world.

Physical activity has long been considered as one of the key factors to the
prevention and management of metabolic risk factors.® A certain number of studies
have investigated the association between physical activity and glycemic control,’
lipid profile,'? and clustered metabolic risk.!! 1> Most of them emphasized the value of
assessing overall physical activity or leisure-time physical activity,”!? but few have
focused on other domains of physical activity (e.g. occupational, household or
commuting).!3 Evidence showed that information on different domains of physical
activity may be crucial for Chinese people because they were found with quite
different patterns of physical activity compared with their Western counterparts. For
example, it was reported that occupational and household activities contributed

substantially more to total physical activity than leisure time or transportation activity
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did."* Therefore, it is important to examine whether other types of physical activities
such as occupational and commuting physical activity are associated with metabolic
risk among patients with diabetic problems.

Emerging evidence also suggests that excess sedentary time was positively
associated with metabolic risk, effect of which was independent of physical activity
levels.'>'7 The formal definition of sedentary time is: any waking behavior
characterized by an energy expenditure <1.5 metabolic equivalent (MET) and a sitting
or reclining posture.'® Some studies found that the cellular and molecular responses to
sedentary time are different from the beneficial responses to physical activity,!”
therefore, it is essential to explore the effects of physical activity and sedentary time
simultaneously, when exploring the associations of physical activity and sedentary
time with metabolic risk factors, it is crucial to elucidate whether this association is
independent of sleep duration, which might confound the associations.?

While most attention has been focused on metabolic syndrome risk in Western
populations,® 13 15 16 but the relationship between physical activity and sedentary time
with risk of metabolic syndrome was not well understood among Chinese population,
though there were a few studies carried in diabetic populations, their findings were
inconsistent and were limited by small sample size.!® ' 17 Furthermore, it has been
suggested that using the continuous summary score of clustered metabolic risk
(zMS)!! for analyses may improve the statistical power to detect possible associations,
as compared to a binary definition by dichotomizing continuous outcome variables.?!

Therefore, it is interesting to explore the direction and strength of associations for
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physical activity and sedentary time with clustered metabolic risk among Chinese
population.

The objective of this study was to examine the associations between total physical
activity, physical activity in different domains (i.e. occupation, commuting and
leisure-time exercise) and sedentary time with clustered and individual metabolic risk
factors among patients with type 2 diabetes in a Chinese population. We hypothesized
that both physical activity and sedentary time are associated with clustered and
individual metabolic risk factors.

METHORDS

Participants

Participants were from the project of “Comprehensive Research on the Prevention and
Control of the Diabetes (CRPCD)”. The method and study design have been
previously described.?? Briefly, 29 705 registered patients with diabetes receiving the
management of National Basic Public Health Service were recruited form 44 selected
township in two cities of Jiangsu Province of China. After excluding non-type 2
diabetic patients, and individuals with poor physical or mental status, a total number
of 20 340 participants consented to participate. In this analyses, we further excluded
those who had missing values for physical activity or sedentary time (n = 2 038), who
reported spending more than 16 hours on daily physical activity (n = 67),23 and who
were with incomplete data of metabolic risks (n = 198). Finally, there were 17 750
participants included in the analyses.

Assessment of physical activity and sedentary time

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 36



Page 7 of 36

oNOYTULT D WN =

BMJ Open

Information on physical activity and sedentary time was collected by using the Global
Physical Activity Questionnaire (GPAQ). The validity and reliability of GPAQ were
undertaken in Western populations®* and Asian populations.?® Participants were asked
to recall the intensity and duration of occupational, commuting and leisure-time
physical activities over the previous weeks.

The intensity of activities was defined as moderate or vigorous by MET. The
MET is a ratio of work metabolic rate to a standard resting metabolic rate of 1.0
(4.184 kJ) * kg'! « h'!, 1 MET is equivalent to sitting quietly for 1 hour.?6 The average
MET scores were calculated based on specific activities within corresponding
categories for estimating intensity of activities (Table S1). The number of hours spent
per day on each kind of measured activity was multiplied by corresponding average of
MET score and frequency of measured activity (days per week). The total physical
activity was obtained by summing up the MET-hours for activities related to
occupational, commuting, and leisure-time domains. Subsequently, the weekly
amount of physical activities was divided by 7 to generate the average daily activity.
Participants were also asked about their normal time spent on sedentary activities and
sleep (hours/day).

Clustered metabolic risk score

Broadly based on the definition proposed by Adult Treatment Panel III (ATP III),”> we
constructed a summary variable (clustered metabolic risk score, zMS) for clustered
metabolic risk.!! This variable was calculated by summing the standardized values for

waist circumference, fasting triacylglycerol, fasting plasma glucose, systolic blood
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pressure and the inverse of HDL-cholesterol. Each of these variables was standardized
by subtracting the gender-specific sample means from the individual mean and
dividing by the standard deviations (SD). The zMS is a continuous variable with a
mean of zero by definition, with lower score revealing a more favorable profile.
Assessment of anthropometric, metabolic risk factors

In addition to the GPAQ, face-to-face questionnaire interview was used to collect
information on demographic characteristics, medical history and medications,
smoking, alcohol consumption, and adult socioeconomic status. The detail of
anthropometric measurement has been previously illustrated.?’” Blood samples were
collected in the morning after an overnight fasting. Fasting plasma glucose was
assessed using the Hexokinase method. Glycated hemoglobin (HbA,.) was measured
in venous samples using high efficiency liquid chromatography method. Serum total
cholesterol, HDL-cholesterol and triacylglycerol were measured enzymatically. All
samples were analyzed in the KingMed Diagnostics (Jiangsu Cultural Industrial Park,
Nanjing, China).

Covariate definitions

Covariates included age, sex, education (no formal education, primary, middle school,
high school and above), smoking status (yes, no), annual household income (<30 000
RMB, 40 000-100 000 RMB, 110 000-150 000 RMB, >160 000 RMB), alcohol
drinking (never, former, current), diabetes duration, taking medications to lower
glucose, lipid or blood pressure (yes, no, unclear). Hypertension was defined as being

with a systolic blood pressure > 140 mmHg and/or a diastolic blood pressure > 90
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mmHg, or previously being diagnosed with hypertension in a hospital.”® Being with at
least one of the following conditions was defined as dyslipidemia: total cholesterol >
5.2mmol/L, fasting blood triglyceride > 1.7mmol/L, fasting blood low-density
lipoprotein cholesterol > 3.4mmol/L, HDL- cholesterol < 0.9mmol/L for male or <1.0
mmol/L for female, or previously being diagnosed with hyperlipidemia in a hospital.?
Sleep duration was assessed by the question “How many cumulative hours do you
have for sleep on an average day?”
Statistical analyses
Descriptive statistics were conducted separately for men and women using means =+
SD, median [interquartile range(IQR)] or frequencies. The chi-square (y?) test,
Student’s t-test, one-way analysis of variance (ANOVA) and Mann-Whitney U test
were used to examine the difference of characteristics between men and women.
Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e)
due to their skewed distribution. Adjusted means and standard errors (SE) of clustered
and individual metabolic risk variables were presented to explore the association
between physical activity and sedentary time with metabolic risk. Test for trend was
based on variables containing median value for each quartiles. Multiple comparison
among groups was performed using Bonferroni method.

Multivariate linear regression was used to evaluate the association between per
1-SD of total physical activity, different domains of physical activity (occupational,
commuting and leisure-time) and sedentary time with the total clustered metabolic

risk score and individual metabolic risk factors. Preliminary checks were conducted to
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ensure no violation of assumptions of normality, homogeneity of variance and
absence of multicollinearity. Four models were fitted: Model 1 was the crude model
(unadjusted); Model 2 was adjusted for age, sex, education, annual household income,
smoking status, drinking and diabetes duration; Model 3 was additionally adjusted for
remaining physical activity and sedentary time as appropriate; Model 4 was further
adjusted for sleep duration. For Models 2 to 4, all subcomponents except zMS and
waist circumference were additionally adjusted for waist circumference. When the
dependent variable was fasting plasma glucose, we additionally adjusted for the use of
glucose-lowering medication. For triacylglycerol and HDL-cholesterol we adjusted
for the diagnosis of dyslipidemia and use of lipid-lowering medication. When the
outcome of interest was systolic blood pressure, we additionally adjusted for the
diagnosis of hypertension and use of antihypertensive medication. For zMS we
adjusted for the use of medications on glucose-lowering, lipid-lowering, or
antihypertensive and the diagnosis of dyslipidemia and hypertension.

To investigate the joint associations of total physical activity and sedentary time
with clustered metabolic risk, participants were classified into 3 groups and 4 groups
by sex-specific tertiles of physical activity and quartiles of sedentary time. The
adjusted mean for zMS was calculated by using general linear regression models after
adjusting for age. Interactions between the main predictive variables with sex and age
(continuous) were examined by entering the centered interaction terms in multivariate
linear regression models in order to examined whether the association between

physical activity and sedentary time with metabolic risks were modified by sex and
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age.’® In further sensitivity analyses, we also calculated a metabolic syndrome score
without the waist circumference in order to examine whether the associations between
the main exposures (physical activity and sedentary time) and clustered metabolic risk
were mediated by waist circumference.

All statistical analyses were performed using IBM SPSS Statistics standard 23.0
(SPSS, Inc, Chicago, USA). Statistical significance was set at P << 0.05 for main
effects, and P <<0.10 for interactions; tests were two-sided.

Patient and public involvement statement

Development of the research questions was informed by qualitative interviews,

physical examination and laboratory test with a purposively selected sample of

residents who were included in the National Basic Public Health Services in Jiangsu

province. Summary reports about the study results will be disseminated to each

participants, policy-makers and healthcare workers in the community (village doctors

in rural areas or general practitioners in urban areas of China) through mass media,

such as local newspapers, the Internet, radios or workshops.

RESULTS

Demographic and basic characteristics of participants

Of the 17,750 participants included in the analyses, 39.7% of them were men, and the

average age of men and women was 62.6 + 9.9 and 62.8 + 9.7 years, respectively

(Table 1). Indices of body mass index, HDL-cholesterol and fasting plasma glucose

did not differ significantly (all P>0.10) between excluded (n = 2 303) and included

participants, but included participants had a slightly higher waist circumference and
10
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systolic blood pressure (all P<0.001) (Table S2) than excluded ones. Compared with
women, men were higher in education level, household income and consumption of
alcohol and cigarettes (all P < 0.001). Men were also higher in waist circumference,
HbAIc, diastolic blood pressure and fasting plasma glucose levels than women (all
P<0.001). By contrary, women were higher in HDL-cholesterol, systolic blood
pressure and triacylglycerol levels than their male counterparts (all P<0.001).
Differences between genders were also observed in physical activity, sedentary
time and sleep duration. Women had higher total and occupational physical activity
than man (all P<0.001), whereas man had higher sedentary time, sleep duration,
commuting and leisure time physical activity than women (all P<0.001). The
proportion of subjects participating in leisure-time physical activity was 21.6% (Table
1).
Adjusted means of clustered and individual metabolic variables by physical
activity and sedentary time
There was a tendency towards lower zMS, waist circumference, triacylglycerol and
higher HDL-cholesterol at higher levels of total physical activity (P for trend<0.001)
(Table 2), while individuals with higher zMS, waist circumference, fasting plasma
glucose, triacylglycerol and lower HDL-cholesterol were apt to have a higher
sedentary time (P for trend<0.001) (Table 2).

Associations between physical activity and sedentary time with metabolic risk

Overall, total physical activity was inversely associated with zMS (B=-0.080; 95% CI:

-0.114, -0.046), waist circumference (B=-0.449; 95% CI: -0.591, -0.308) and
11
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triacylglycerol (B=-0.012; 95% CI: -0.019, -0.006) in analyses after adjusting for
sedentary time and sleep duration. In contrast, per SD physical activity was
marginally positively associated with HDL-cholesterol (B=0.009; 95% CI: 0.003,
0.015). No significant associations were found between total physical activity with
fasting plasma glucose (B=0.004; 95% CI: -0.001, 0.008) and systolic blood pressure
(B=-0.096; 95% CI: -0.346, 0.155) (Table 3).

In adjusted analyses, occupational physical activity was found to be associated
with zMS (B=-0.066; 95% CI: -0.101, -0.031), waist circumference (B=-0.475; 95%
CI: -0.620, -0.334), triacylglycerol (B=-0.007; 95% CI: -0.014, -0.001) and
HDL-cholesterol (B=0.006; 95% CI: 0.001, 0.013), but not with fasting plasma
glucose (B=0.005; 95% CI: -0.001, 0.009) and systolic blood pressure (B=0.081; 95%
CI: -0.173, 0.334). Commuting physical activity was only inversely associated with
triacylglycerol (B=-0.012; 95% CI: -0.019, -0.005). Furthermore, leisure-time
physical activity was found to be inversely associated with zMS (B=-0.041; 95% CI:
-0.075, -0.007) and systolic blood pressure (B=-0.293; 95% CI: -0.542, -0.045), but
not with waist circumference, fasting plasma glucose or triacylglycerol (all P> 0.05)
(Table 3).

Different from that of physical activity, sedentary time was strongly positively
associated with zMS (B=0.117; 95% CI: 0.083, 0.151) and waist circumference
(B=0.474; 95% CI: 0.334, 0.613), after adjustment for physical activity and sleep
duration. Furthermore, sedentary time was found to be weakly associated with fasting
plasma glucose (B=0.008; 95% CI: 0.003, 0.013), triacylglycerol levels (B=0.015;

12
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95% CI: 0.008, 0.022) and HDL-cholesterol (B=-0.007; 95%CI: -0.013, -0.001).
Similarly, no significant association was observed between sedentary time and
systolic blood pressure (B=0.215; 95% CI: -0.033, 0.462) (Table 3).
Joint association of total physical activity and sedentary time with metabolic risk
Figure 1 illustrates the joint association of total physical activity and sedentary time
with zMS after adjustment of age. Participants with the lowest level of physical
activity or with the highest sedentary time were consistently found to have the highest
zMS among both genders. Interaction analyses indicated significant effects among
different age groups, greater associations of sedentary time, total and occupational
physical activity with zMS (P for interaction <0.10) and waist circumference (P for
interaction <0.05) were observed among older age groups. In addition, there was no
significant interaction for sex in the results of total physical activity, different
domains of physical activity or sedentary time (Table S3). When excluding waist
circumference from the clustered metabolic risk score and additionally adjusted for
waist circumference, the magnitude of association between sedentary time and
clustered risk was attenuated and weaker but remaining statistically significant (Table
S4).
DISCUSSION
In this cross-sectional study with a large sample-size of individuals with type 2
diabetes in China, we found that total physical activity, occupational physical activity
and sedentary time were independently associated with clustered metabolic risk, waist
circumference, triacylglycerol levels, and HDL-cholesterol. Moreover, leisure-time
13
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physical activity was found to associate with systolic blood pressure and commuting
physical activity was inversely associated with triacylglycerol, while higher level of
sedentary time was positively associated with higher levels of fasting plasma glucose.
Our findings suggested that increasing physical activity across all domains and
decreasing amount of sedentary time may have protective effects on reducing
metabolic risks.

Findings on the association between total physical activity and clustered
metabolic risk in this study were consistent with previous researches with objective
data.!' 2 Importantly, we observed that occupational physical activity reduces the
clustered metabolic risk in patients with type 2 diabetes. Occupational physical
activity is a major source of total physical activity for Chinese people and other Asian
populations (In this study, 75.8% of patients with diabetes reported engaging in
occupational physical activity.).!* This finding suggested a special importance of
occupational physical activity as a single domain for the management of metabolic
risk among Chinese people or even broadly among Asian populations. Though there
was a trend for lower levels of commuting physical activity to be associated with
higher metabolic risk in recent study,’! there was no statistically significant
association observed between commuting physical activity and clustered metabolic
risk in this study, which is similar to the finding of the J-ECOH Study.’? This may
partly be explained that the level of commuting physical activity is low in our study.

previous studies also suggested that the associations between physical activity
and clustered metabolic risk may be weaken by increasing sedentary time.!'! 33 For
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example, a longitudinal study reported that the association between
moderate-to-vigorous physical activity and clustered metabolic risk was attenuated
when additional adjusted for six-year change in sedentary time, which indicated that
solely focusing on physical activity may not be the most effective strategy for
interventions.?? In this study, we also found that sedentary time was associated with
clustered and individual metabolic risk, which is independent of the effect of physical
activity. This highlights the importance of not only increasing physical activity levels
among patients with type 2 diabetes, but also reducing their sedentary time besides.
As reported previously, waist circumference was a body fat parameter most
closely associated with metabolic syndrome.’* Our findings indicated that total and
occupational physical activity were strongly associated with waist circumference.
There is a growing body of evidence that exercise may lose weight by regulating
adipokines (adiponectin, leptin, resistin, interleukin-6), which are known to contribute
to cardiometabolic health.>> However, the biological mechanisms for associations
between sedentary time and waist circumference with metabolic risk are not fully
understood yet. Results of a study reported that the association could be attenuated
once adiposity component was included in the regression model.?® Our findings
suggested that more sedentary time was associated with higher waist circumference,
however, whether central obesity is a cause or a consequence of a sedentary behavior
has not yet been fully elucidated.>” Sedentary time may displace physical activity time,
leading to a decrease in energy expenditure and unfavorable weight changes.’®
Additional pathways linking sedentary time, waist circumference and metabolic risk
15
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include the established associations between major sedentary behavior (TV viewing)
and unhealthy diet.’® In addition, when excluding waist circumference from the
clustered metabolic risk score and adjusting for it as a confounding factor, the
magnitude of association between physical activity and sedentary time with clustered
metabolic risk was attenuated. An alternative explanation is that waist circumference
might be an important part of the causal pathway between sedentary time and
clustered metabolic risk, but further researches are needed. We also found that
relationship between sedentary time with zMS and waist circumference was modified
by age. This may partly due to time spent in sedentary behavior increased with age.*
Older patients may at a higher risk of clustered metabolic risk than younger people
based on this age-related increase of sedentary time.

The association between total and individual domains of physical activity with
fasting plasma glucose did not reach statistical significance in this study, which is
consistent with result from the ProActive Study.!? In contrast, significant association
was found between sedentary time and fasting plasma glucose in our study. The
potential mechanism between sedentary time and fasting plasma glucose includes
involvement of markers of inflammation, insulin resistance, and adiposity.*! Obesity
has been proved associated with increased risk of developing insulin resistance, and
may result in disordered regulation of glucose levels by reducing insulin release.*
Further, some studied have suggested that sleep loss can lead to disordered glucose

metabolism.*3 In our study, we obtained consistent results even after adjusting for
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sleep duration, which suggested that the relationship between sedentary time and
metabolic risk are independent of sleep duration.

In the present analysis, non-significant results between total physical activity,
occupational physical activity and sedentary time with systolic blood pressure are
consistent with the results from most previous studies,!! 12 17 31 33 Moreover, a
significant inverse association between leisure-time physical activity and systolic
blood pressure was found in our study. Clays et al. also observed that objectively
measured moderate and vigorous leisure time physical activity, but not occupational
physical activity, were inversely associated with systolic blood pressure.** Further
study showed bouts of high-intensity exercise elicited greater systolic blood pressure
reductions than lower intensity bouts.*> However, practice recommendations of
advocating high-intensity exercise as antihypertensive therapy is challenging because
adverse cardiovascular effects are more likely to occur with vigorous than moderate to
low levels of physical exertion,* especially in patients with type 2 diabetes which
who had significantly greater systolic blood pressure response to a given exercise
intensity than the healthy population.*” The American Diabetes Association (ADA)
recommended that type 2 diabetic patients should be assessed for conditions that
might be associated with risk of cardiovascular disease before undertaking vigorous
intensity exercise.*® Our findings also suggested that patients with type 2 diabetes
should complying with the ADA recommendations to increase overall physical
activity through working, active transport and participation in exercise and reduce
sedentary behavior to reduce metabolic risks.

17
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This study has several strengths. A relative large sample size (n= 17 750) was
used to explore the association between physical activity, sedentary time and
metabolic risk in a Chinese population. In addition, to the best of our knowledge, this
is the first study in China evaluated physical activity at different domains and
sedentary time with metabolic risk factors in patients with type 2 diabetes. Several
limitations also should be mentioned here. First, as a cross-sectional study, the
direction and causality of the association obtained from this study were restricted to
infer. Second, waist circumference and systolic blood pressure of included
participants were observed to be slightly higher than excluded cases, which may cause
less accurate estimation of our results. Third, all participants were recruited from two
areas in Jiangsu province, China, whether the findings can be generalized to the
population at large need to be discussed. Finally, we used physical activity
information through a self-report questionnaire, so that reporting error may occur due
to recall bias. The self-reported measures of physical activity is easier to use but may
have limited validity when compared to objective measures.** Moreover, the patterns
of physical activity and sedentary behaviors may vary between weekdays and
weekends, but such variation is hard to be obtain by self-report measures used in the
study. Further researches are needed to explore more detailed relationship between
different pattern of physical activity and sedentary behavior (specifically comparing

weekdays and weekends) with metabolic risks in type 2 diabetic patients.

CONCLUSIONS
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Findings of this study suggest that total physical activity, physical activity in different
domains and sedentary time are associated with clustered and individual metabolic
risk in community patients with type 2 diabetes. Encouraging patients with type 2
diabetes to increase physical activity at different domains and decrease sedentary time
may have protective effects against metabolic risks. Findings from this study extend
previous cross-sectional and longitudinal evidence in associations of physical activity,

sedentary time and metabolic risk in the Chinese population.
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Fig 1. Means of clustered metabolic risk score by sedentary time and physical activity
among 17 750 diabetic patients. The adjusted mean was calculated by using general
linear regression models after adjustment for age. For physical activity, in men, the
cut-off values for defining low, moderate, and high tertile groups were 4.00 and 11.14
MET-h/d for men and 4.57 and 12.00 MET-h/d for women. For sedentary time, the 4
groups by quartiles of sedentary time were <<2.2, 2.3-3.3, 3.4-4.9 and =5.0 h/d for
men and < 2.2, 2.3-3.3, 34-44 and = 4.5 h/d for women. MET, metabolic
equivalent task.
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Table 1 Demographic, metabolic characteristics of participants

characteristic Men Women Total P value
n 7041 10709 17750
Age(years) 62.6 +9.9 62.8 +9.7 62.8+9.8 0.1
High school or above (%) 17.7 4.5 9.8 <0.001
Annual income>40000% (%) 64.8 57.0 60.1 <0.001
Body mass index(Kg/m?) 253+3.2 254 +3.6 253+34 0.09
Waist circumference (cm) 87.9+94 85.5+9.5 86.4+9.5 <0.001
Systolic blood pressure (mmHg) 147.3+19.8 148.9 + 211 148.0 + 20.6 0.002
Diastolic blood pressure (mmHg) 83.7£10.7 79.9+10.4 81.4+10.6 <0.001
Triacylglycerol (mmol/L)* 1.4 (1.0, 2.2) 1.7 (1.2, 2.3) 1.6 (1.1, 2.3) <0.001
HDL-cholesterol (mmol/L) 14+04 1.5+04 1.5+04 <0.001
Fasting plasma glucose (mmol/L)* 8.2 (6.4, 10.2) 8.0 (6.5, 9.9) 8.1 (6.6, 10.0) <0.001
HbA1c(mmol/mol) * 56.3 (46.5, 70.5) 55.2 (46.5, 68.3) 55.2 (46.5, 69.4) <0.001
Diabetes duration (years) * 5(2,9) 5(2,9) 5(2,9) 0.26
Smoking (%) 46.0 6.2 22.0 <0.001
alcohol drinking (%)

never 491 96.6 77.7 <0.001

former 10.7 1.1 4.9 <0.001

current 401 23 17.4 <0.001
On glucose-lowering medication (%) 78.7 78.4 78.5 0.60
On lipid-lowering medication (%) 5.8 59 6.0 0.005
On antihypertensive medication (%) 52.7 53.9 53.4 0.002
Hypertension (%) 77.5 76.6 77.0 0.16
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Dyslipidemia (%)

Total physical activity (MET-h/d) *
Physical activity domains (MET-h/d)

Occupational

Commuting

Leisure-time
Sedentary time (h/d)
Sleep duration (h/d)

46.1
6.3 (2.3, 14.3)

68.2 2.9 (0.0, 8.6) ]
59.4[1.1 (0.0, 1.3) ]
25.6[3.1(1.7,6.0)]
35+25
7.4 +£1.6

BMJ Open

49.3
8.0 (3.4, 16.0)

81.9[5.1 (1.7, 12.0)]
62.0[1.0 (0.0,2.9) ]
19.0[2.9(1.5, 5.1) ]
34126

73+17

48.0
8.0 (2.9, 15.4)

76.5[4.0 (0.6, 12.0) ]
60.1[1.0 (0.0, 2.9) ]
21.6[3.0(1.7,5.7) ]
34+25

74+17

<0.001
<0.001

<0.001%
<0.001%
<0.001%
<0.001
<0.001

Data are meanstSD unless stated otherwise

*Median (IQR)

1 (%) [ Median (IQR) ]

1 P values are from chi-square test

P values are from Student’s t-test or Mann-Whitney U test for continuous variables and from chi-squared test for categorical variables.
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1

2

3

4

5 Table 2 Adjusted means(SE) of metabolic variables by quartile of physical activity and sedentary time

6

7 Metabolic risk Total physical activity (MET h/day) Sedentary time(h/d)

2 Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for

10 (<2.9) (2.9-8.0) (8.1-15.4) (>15.4) trend (<2.2) (2.2-3.3) (3.4-4.4) (>4.5) trend

11 zmST 0.28(0.04)"+8  0.01(0.04)"§  -0.11(0.05)"  -0.21(0.04)"t  <0.001 -0.16(0.03)%§  -0.07(0.10)$ 0.004(0.03)"§  0.29(0.04)"1*  <0.001
gWaistcircumference(cm) 87.19(0.14)t+8  86.56(0.13)-§ 86.13(0.16)"  85.76(0.14) T  <0.001 85.98(0.11)$ 86.25(0.16) 86.57(0.20)$ 87.30(0.14)-*  <0.001
14 Fasting plasma glucose 2.13(0.005)* 2.12(0.005)%  2.10(0.005)"% 2.12(0.005) 0.427 2.11(0.004)$ 2.10(0.012)$§ 2.12(0.005)$§ 2.14(0.005)" %  <0.001
15 (mmol/L)™

:?Triacylglycerol(mmoI/L)“ 0.54(0.008)T+§  0.50(0.008)“§ 0.48(0.009)"  0.45(0.008)"t  <0.001 0.46(0.006)+§  0.47(0.021)$ 0.50(0.008)"§  0.54(0.009) "1 <0.001
18 HDL-cholesterol (mmol/L) ~ 1.45(0.01) "5 1.49(0.01)"§8  1.50(0.01)" 1.52(0.01) "t  <0.001 1.51(0.01)%§ 1.48(0.01)% 1.48(0.01) "8 1.46(0.01)" 1%  <0.001
19 Systolic blood pressure  148.26(0.30) 147.91(0.28)  147.80(0.34)  148.05(0.30) 0.651 148.08(0.23) 147.56(0.33) 147.87(0.42) 148.35(0.30) 0.326
20

py (mmHg)

2£ Date are mean (SE) values for each quartile of physical activity and sedentary time, adjusted for age and sex by using general linear regression models. Test for trend based on variable containing

23 median value for each quartiles. Multiple comparison between the groups was performed using Bonferroni method:
24 significantly different compared with Quartile 1 (P< 0.05)

22 T significantly different compared with Quartile 2 (P< 0.05)

27 1 significantly different compared with Quartile 3 (P< 0.05)

;g § significantly different compared with Quartile 4 (P< 0.05)

301 zMS is a continuously distribute variable for clustered metabolic risk calculated by summing gender-specific standardized values for waist circumference, fasting plasma glucose, triacylglycerol, systolic
31 blood pressure and the inverse of HDL-cholesterol.

gg ** Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e) due to their skewed distribution

34
35
36
37
38
39
40
41 26
42
43
44
45
46
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Table 3

BMJ Open

Cross-sectional linear regression analysis of association of physical activity and sedentary time with metabolic variables

Metabolic risk

Physical activity (per-SD) £

Total

Occupational

Commuting

Leisure-time

Sedentary time
(per-SD) t

zMSt
Model 1
Model 2
Model 3
Model 4
Waist circumference (cm)
Model 1
Model 2
Model 3
Model 4

-0.147(-0.187, -0.108)***
-0.091(-0.126, -0.057)***
-0.080(-0.115, -0.046)**
-0.080(-0.114, -0.046)***

-0.552(-0.692, -0.412)***
-0.495(-0.635, -0.355)***
-0.450(-0.591, -0.309)***
-0.449(-0.591, -0.308)***

Fasting plasma glucose(mmol/L) §

Model 1
Model 2
Model 3
Model 4
Triacylglycerol (mmol/L) §
Model 1
Model 2
Model 3
Model 4
HDL-cholesterol (mmol/L)
Model 1

0.005(0.000, 0.010)
0.003(-0.002, 0.007)
0.004(-0.001, 0.008)
0.004(-0.001, 0.008)

-0.022(-0.030, -0.013)***
-0.014(-0.021, -0.007
-0.012(-0.019, -0.006
-0.012(-0.019, -0.006)***

*kk

*kk

)
)
)
)

0.015(0.009, 0.022)***

-0.132(-0.171,-0.093)***
-0.077(-0.111,-0.042)***
-0.066(-0.101,-0.031)***
-0.066(-0.101,-0.031)***

-0.625(-0.765,-0.485)*
-0.519(-0.661,-0.376)**
-0.475(-0.618,-0.332)**
-0.475(-0.620,-0.334)***

0.007(0.002, 0.012)**
0.005(-0.001, 0.009)
0.005(-0.001, 0.010)
0.005(-0.001, 0.009)

-0.017(-0.025,-0.009)**
-0.009(-0.015,-0.002)*
-0.007(-0.014,-0.001)

-0.007(-0.014,-0.001)*

*

0.016(0.009, 0.022)**

-0.047(-0.086,-0.007)*
-0.013(-0.047, 0.021)
-0.011(-0.045, 0.022)
-0.011(-0.045, 0.023)

0.096(-0.044, 0.237)
0.021(-0.118, 0.161)
0.028(-0.112, 0.167)
0.030(-0.109, 0.170)

-0.005(-0.010, 0.000)
-0.001(-0.005, 0.004)
-0.001(-0.005, 0.004)
-0.001(-0.005, 0.004)

-0.015(-0.024,-0.007)***
-0.012(-0.019,-0.005
-0.012(-0.019,-0.005
-0.012(-0.019,-0.005)***

*kk

*kk

)
)
)
)

0.002(-0.005, 0.008)

-0.068(-0.107,-0.029)**
-0.044(-0.078,-0.010)*
-0.042(-0.076,-0.008)*
-0.041(-0.075,-0.007)*

-0.026(-0.167, 0.114)
-0.051(-0.191, 0.089)
-0.042(-0.182, 0.098)
-0.039(-0.179, 0.102)

-0.001(-0.006, 0.004)
-0.002(-0.007, 0.002)
-0.002(-0.007, 0.003)
-0.002(-0.006, 0.003)

-0.020(-0.019,-0.003)**
-0.007(-0.014,-0.001)*
-0.006(-0.013, 0.001)
-0.006(-0.013, 0.001)

0.003(-0.004, 0.009)
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0.188(0.148, 0.227)"**
0.128(0.094, 0.162)"**
0.121(0.087, 0.155)"**
0.117(0.083, 0.151)**

0.575(0.435, 0.715)"**
0.525(0.386, 0.663)"**
0.483(0.344, 0.623)"**
0.474(0.334, 0.613)"**

0.011(0.006, 0.016)"**
0.008(0.004, 0.013)***
0.009(0.004, 0.013)"**
0.008(0.003, 0.013)"**

0.031(0.023, 0.039)***
0.017(0.010, 0.024
0.016(0.009, 0.023
0.015(0.008, 0.022)***

*kk

*kk

)
)
)
)

-0.019(-0.025, -0.012)***
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Model 2
Model 3
Model 4

BMJ Open

0.010(0.004, 0.016)*** 0.007(0.001, 0.013)* 0.003(-0.003, 0.009) 0.007(-0.001, 0.013)
0.009(0.003, 0.015)*** 0.006(0.001, 0.013)* 0.003(-0.003, 0.009) 0.007(-0.001, 0.013)
0.009(0.003, 0.015)*** 0.006(0.001, 0.013)* 0.003(-0.003, 0.009) 0.007(-0.001, 0.013)

Systolic blood pressure (mmHg)

Model 1
Model 2
Model 3
Model 4

-0.907(-1.209, -0.604)**  -0.625(-0.928, -0.322)*** -0.549(-0.852,-0.246)*** -0.871(-1.174,-0.568)***
-0.110(-0.359, 0.139) 0.065(-0.187, 0.317) -0.212(-0.459, 0.034) -0.300(-0.548,-0.052)*
-0.091(-0.341, 0.159) 0.084(-0.169, 0.337) -0.210(-0.456, 0.037) -0.296(-0.544,-0.048)*
-0.096(-0.346, 0.155) 0.081(-0.173, 0.334) -0.219(-0.466, 0.028) -0.293(-0.542,-0.045)*

-0.008(-0.014, -0.002)*
-0.007(-0.013, -0.001)*
-0.007(-0.013, -0.001)*

0.340(0.037, 0.643)*
0.224(-0.022, 0.470)
0.216(-0.031, 0.462)
0.215(-0.033, 0.462)

Regression results are presented as unstandardized coefficients (B) (95%CI)

1 zMS is a continuously distribute variable for clustered metabolic risk calculated by summing gender-specific standardized values for waist circumference, fasting plasma glucose,

triacylglycerol, systolic blood pressure and the inverse of HDL-cholesterol.

I Per-SD of physical activity =13.8 MET-h/d, Per-SD of occupational physical activity =12.6 MET-h/d, per-SD of commuting physical activity =3.2 MET-h/d, per-SD of leisure-time

physical activity=3.4 MET-h/d, per-SD sedentary time = 2.5 h/d

All models (except model 1) are adjusted for age, sex, education, annual household income, smoking status, drinking and diabetes duration. All outcomes except zMS and waist
circumference are additionally adjusted for waist circumference. Fasting plasma glucose is additional adjusted for the use of glucose-lowering medication (yes/no); Triacylglycerol
and HDL-cholesterol are additionally adjusted for the diagnosis of dyslipidemia (yes/no) and the use of lipid-lowing drugs (yes/no/unclear); Systolic blood pressure is additionally
adjusted for the diagnosis of hypertension(yes/no) and the use of antihypertension medication (yes/no/unclear); and zMS is additional adjusted for the use of glucose-lowering
medication (yes/no), lipid-lowing medication (yes/no/unclear) and antihypertension medication (yes/no/unclear), the diagnosis of dyslipidemia (yes/no) and the diagnosis of

hypertension(yes/no).

Model 3 is adjusted for remaining physical activity and sedentary time as appropriate; Model 4 is additional adjusted for sleep duration

§ Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e) due to their skewed distribution.
*P<<0.05; **P<<0.01; **P<<0.001
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Fig 1. Means of clustered metabolic risk score by sedentary time and physical activity among 17 750 diabetic
patients. The adjusted mean was calculated by using general linear regression models after adjustment for
age. For physical activity, in men, the cut-off values for defining low, moderate, and high tertile groups were
4.00 and 11.14 MET-h/d for men and 4.57 and 12.00 MET-h/d for women. For sedentary time, the 4 groups
by quartiles of sedentary time were <2.2, 2.3-3.3, 3.4-4.9 and =5.0 h/d for men and <2.2, 2.3-3.3, 3.4-

4.4 and =4.5 h/d for women. MET, metabolic equivalent task.
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Table S1. Classification table of physical activity and sedentary behaviour

Physical activity in Farm work, occupation and household

chores

Physical activity in leisure-time

Static behavior

Moderate-intensity physical
activity (4 MET h/d)
Make breathing and heart beat

slightly faster

Vigorous-intensity physical
activity (8 MET h/d)
Make breathing and heart rate

significantly faster

Moderate-intensity physical
activity (4 MET h/d)
Make breathing and heart beat

slightly faster

Vigorous-intensity physical
activity (8 MET h/d)

Make breathing and heart
rate significantly faster

Lying, sitting and leaning besides
sleep time (h/d)

-Cleaning(e.g. vacuuming,
mopping the floor, polishing
floor, wiping the desk,
sweeping the floor, ironing
clothes)

-Washing (e.g. scrubbing the
carpet, washing clothes)
-Gardening (e.g. watering,

turning soil, fertilizing)

-Hand milking

-Hand knitting

-carpenter work (e.g. sawing

cork, Chiseling cork)

‘With a shovel and other
tools to mix the sand and
cement

-Walking with a general

weight

-Forestry workers (felling and
handling timber)

-Sawing ironwood

-tilling land

-transplant rice seedlings
-harvesting  crops  (e.g.
wheat, rice, sugarcane)
-Gardening (e.g. digging,
carrying heavy things)

-hand milling (with wooden
club or stone mill)
-architectural  work (e.g.
building a wall, handing
building materials)

-Fitness Trainer (e.0.
spinning, aerobics, yoga and
some other aerobic exercise)

-A courier on foot or bike

-biking

-jogging

-dancing

-reading a horse

-practicing Tai chi
-Practicing Yoga and pilates
-doing the yangko dance

-Long-distance running
-playing football
-playing rugby

-playing tennis
-spinning in gym
-Lifting barbell

-doing ballet

-swimming

-working
-studying
-reading
-watching TV
-using computer
-riding

-taking arest
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-Carrying water

-Grazing

-Pulling arickshaw
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Table S2. Baseline characteristics of those included and excluded participants.

characteristics Included participants excluded participants P
n 17750 2303
Sex, n(%)

Male 7041(39.7) 821(35.6) <0.001
Age(years) 62.76+9.78 63.76+10.27 <0.001
BMI(Kg/m?) 25.32+£3.44 25.45+3.67 0.101
Waist circumference (cm) 86.43+9.53 84.97+13.80 <0.001
Systolic blood pressure (mmHg) 148.01+20.59 142.62+35.61 <0.001
Diastolic blood pressure (mmHg) 81.41+10.63 82.11+10.76 0.004
Triacylglycerol (mmol/L) * 1.57(1.11, 2.26) 1.61(1.16, 2.36) 0.004
HDL-cholesterol (mmol/L) 1.49+0.43 1.49+0.48 0.576
Fasting plasma glucose (mmol/L) * 8.07(6.60, 10.01) 8.00(6.34, 10.56) 0.576
HbALc (%)* 7.20(6.4, 8.5) 7.4(6.4, 9.0) <0.001
Diabetes duration (years) * 5(2,9) 4(1, 8) <0.001

Data are means+SD unless stated otherwise ; *Median (IQR)

P values are from one-way analysis or Mann-Whitney U test for continuous variables and from chi-squared test for categorical variables.
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Table S3 Cross-sectional linear regression analysis of association of physical activity and sedentary time with metabolic variables, stratified by

sex and age

BMJ Open

] zMSt
Variables

Total physical activity (per-SD) £

Sex
Men -0.108***
Women -0.046*
P-interaction 0.335
Age(years)
<55 -0.112%*=*
55~ -0.039
65~ -0.120**
275 -0.288***
P-interaction 0.073
Occupational physical activity (per-SD)
Sex
Men -0.089***
Women -0.040*
P-interaction 0.452
Age(years)
<55 -0.098**
55~ -0.030
65~ -0.137***
275 -0.199*
P-interaction 0.092

Waist circumference

(cm)

-0.550***
-0.312**
0.248

-0.513***
-0.204
-0.852%**
-1.359***
0.007

-0.565***
-0.358**
0.294

-0.463+*
-0.258*
-0.961%*

-1.264***
0.003

Fasting plasma
glucose (mmol/L) §

0.001
0.007*
0.261

0.001
0.007
-0.002
-0.025
0.110

0.003
0.008
0.349

0.003
0.007
-0.002

-0.036*
0.132

Triacylglycerol
(mmol/L) §

-0.019%+*
-0.006
0.222

-0.019**
-0.008
-0.015*
-0.019
0.771

-0.016**
0.001
0.165

-0.017**
-0.003
-0.010

0.024
0.185

HDL-cholesterol

(mmol/L)

0.015**
0.003
0.111

0.011*
0.011*
0.014*
0.002
0.511

0.013*
-0.001
0.560

0.004
0.008
0.024**

-0.014
0.761
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Systolic blood
pressure (mmHg)

0.101
-0.340
0.400

1.161
-0.063
-0.121
-0.027
0.386

0.270
-0.171
0.440

0.260
0.095
0.353

0.235
0.129
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1

2

3

4

5 Commuting physical activity (per-SD)

6 Sex

; Men -0.036 0.032 -0.002 -0.017* 0.002 -0.234
9 Women 0.016 0.063 0.001 -0.006 0.003 -0.177
1(1) P-interaction 0.092 0.669 0.418 0.057 0.892 0.946
12 Age(years)

13 <55 0.042 0.075 -0.001 0.006 0.008 -0.032
1;‘ 55~ -0.008 0.109 -0.001 -0.015* 0.001 -0.207
16 65~ 0.007 0.027 0.004 -0.009 -0.003 -0.393
17 275 -0.127* -0.326 0.003 -0.037** 0.024* 0.162
18 P-interaction 0.306 0.517 0.525 0.301 0.222 0.836
19 . . . L

20 Leisure-time physical activity (per-SD)

21 Sex

;g Men -0.043 -0.052 -0.003 -0.003 0.005 -0.349*
24 Women -0.039 -0.025 0.001 -0.008 0.008 -0.247
25 P-interaction 0.699 0.734 0.464 0.368 0.677 0.930
;? Age(years)

28 <55 -0.085* -0.152 -0.002 -0.013 0.017** -0.175
29 55~ -0.022 0.100 0.001 -0.007 0.008 -0.187
30

31 65~ -0.005 -0.071 -0.005 0.002 0.011 -0.610*
32 275 -0.068 -0.326 -0.002 -0.012 -0.010 -0.492
;2 P-interaction 0.964 0.502 0.380 0.886 0.320 0.170
35 Sedentary time (per-SD)

36

37 Sex

38 Men 0.088** 0.327* 0.011** 0.020** -0.004 0.030
39

40

41

42
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Women 0.130***
P-interaction 0.541
Age(years)

<55 0.059
55~ 0.108***
65~ 0.172%**
275 0.101*
P-interaction 0.143

0.540**
0.330

0.144
0.428***
0.723***
0.684**
0.001

BMJ Open

0.006*
0.237

0.006
0.006
0.015***
-0.005
0.774

0.010*
0.035

0.017*
0.015*
0.014*
0.006
0.190

-0.008*
0.793

-0.018**
-0.005
-0.001
-0.007
0.252

0.328*
0.268

-0.261
0.438*
0.259
0.276
0.291

Regression results are presented as unstandardized coefficients (B)
1zMS is a continuously distribute variable for clustered metabolic risk calculated by summing gender-specific standardized values for waist circumference, fasting plasma

glucose, triacylglycerol, systolic blood pressure and the inverse of HDL-cholesterol.

I Per-SD of physical activity =13.8 MET-h/d, Per-SD of occupational physical activity =12.6 MET-h/d, per-SD of commuting physical activity =3.3 MET-h/d, per-SD of

leisure-time physical activity=3.4 MET-h/d, per-SD sedentary time = 2.5 h/d

Adjusted for age, sex, education, annual household income, smoking, drinking, diabetes duration, physical activity and sedentary time as appropriate (different domain of
physical activity is adjusted for the other two physical activities), sleep duration. All outcomes except zMS and waist circumference are additionally adjusted for waist
circumference. Fasting plasma glucose is additional adjusted for the use of glucose-lowering medication (yes/no); Triacylglycerol and HDL-cholesterol are additionally
adjusted for the diagnosis of dyslipidemia (yes/no) and the use of lipid-lowing medication (yes/no/unclear); Systolic blood pressure is additionally adjusted for the diagnosis
of hypertension(yes/no) and the use of antihypertension medication (yes/no/unclear); and zMS is additional adjusted for the use of glucose-lowering medication (yes/no),

lipid-lowing medication (yes/no/unclear) and antihypertension medication (yes/no/unclear), the diagnosis of dyslipidemia (yes/no) and the diagnosis of

hypertension(yes/no).

§ Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e) due to their skewed distribution.

1 P-interaction calculated using age as a continuous variable.

*P <0.05; *P<0.01; **P <0.001
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Table S4 Cross-sectional linear regression analysis of association of physical activity and sedentary time with metabolic variables

Metabolic risk

Physical activity (per-SD) t

Total

Occupational

Commuting

Leisure-time

Sedentary time
(per-SD) T

zZMSt
Model 1
Model 2
Model 3
Model 4

-0.087(-0.120, -0.054)***
-0.050(-0.079, -0.021)***
-0.050(-0.079, -0.021)***
-0.043(-0.072, -0.014)***

-0.067(-0.100,-0.033)***
-0.033(-0.063,-0.004)*
-0.026(-0.055, 0.003)
-0.026(-0.056, 0.003)

-0.054(-0.088,-0.021)**
-0.019(-0.048, 0.010)
-0.018(-0.047, 0.011)
-0.018(-0.047, 0.011)

-0.058(-0.091,-0.025)**
-0.038(-0.067,-0.010)*
-0.037(-0.066,-0.008)*
-0.036 (-0.065,-0.007)*

0.131(0.097, 0.164)*+
0.085(0.056, 0.113)***
0.082(0.053, 0.110)***
0.078(0.049, 0.107)*+

Regression results are presented as unstandardized coefficients (B) (95%Cl)

1 Per-SD of physical activity =13.8 MET-h/d, Per-SD of occupational physical activity =12.6 MET-h/d, per-SD of commuting physical activity =3.2 MET-h/d, per-SD of leisure-time
physical activity=3.4 MET-h/d, per-SD sedentary time = 2.5 h/d
1 Delete the waist circumference to calculate new clustered metabolic score.

All models (except model 1) are adjusted for age, sex, education, annual household income, smoking status, drinking and diabetes duration. All outcomes except zMS and waist

Circumference are additionally adjusted for waist circumference. Fasting plasma glucose is additional adjusted for the use of diabetes medication (yes/no); Triacylglycerol and HDL-

cholesterol are additionally adjusted for the diagnosis of dyslipidemia (yes/no) and the use of lipid-lowing medication (yes/no/unclear); Systolic blood pressure is additionally adjusted

for the diagnosis of hypertension(yes/no) and the use of antihypertension medication (yes/no/unclear); and zMS is additional adjusted for the use of diabetes medication (yes/no),

lipid-lowing drugs (yes/no/unclear) and antihypertension medication (yes/no/unclear), the diagnosis of dyslipidemia (yes/no) and the diagnosis of hypertension(yes/no).

Model 3 is adjusted for remaining physical activity and sedentary time as appropriate; Model 4 is additional adjusted for sleep duration.
*P <0.05; *P<0.01; *P<0.001
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ABSTRACT

Objective Investigating the association between total physical activity, physical
activity in different domains, and sedentary time with clustered metabolic risk in
patients with type 2 diabetes from Jiangsu Province, China.

Design Interview-based cross-sectional study conducted between December 2013 and
January 2014.

Setting 44 selected townships across two cities, Changshu and Huai’an, in Jiangsu
Province.

Participants 20,340 participants selected using stratified cluster-randomised
sampling and an interviewer-managed questionnaire.

Methods We constructed clustered metabolic risk by summing sex-specific
standardised values of waist circumference, fasting triacylglycerol, fasting plasma
glucose, systolic blood pressure, and the inverse of blood high-density lipoprotein
cholesterol (HDL-cholesterol). Self-reported total physical activity included
occupation, commuting, and leisure-time physical activity. The un-standardised
regression coefficient [B] and its 95% confidence interval (CI) were calculated using
multivariate linear regression analyses.

Results This study included 17,750 type 2 diabetes patients (aged 21-94 years, 60.3%
female). The total (B=-0.080; 95% CI: -0.114, -0.046), occupational (B=-0.066; 95%
CI: -0.101, -0.031) and leisure-time physical activity (B=-0.041; 95% CI: -0.075,
-0.007), and sedentary time (B=0.117; 95% CI: 0.083, 0.151) were associated with
clustered metabolic risk. Total physical activity, occupational physical activity, and
sedentary time were associated with waist circumference, triacylglycerol, and
HDL-cholesterol, but not with systolic blood pressure. Commuting physical activity
and sedentary time were significantly associated with triacylglycerol (B=-0.012; 95%
CI: -0.019, -0.005) and fasting plasma glucose (B=0.008; 95% CI: 0.003, 0.01),
respectively. Leisure-time physical activity was only significantly associated with
systolic blood pressure (B=-0.239; 95% CI: -0.542, -0.045).

Conclusions Total, occupational and leisure-time physical activity were inversely
associated with clustered metabolic risk, whereas sedentary time increased metabolic
risk. Commuting physical activity was inversely associated with triacylglycerol.
These findings suggest that increased physical activity in different domains and
decreased sedentary time may have a protective effect against metabolic risk in type 2
diabetes patients.
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Strengths and limitations of this study

»This study constructed clustered metabolic risk by summing sex-specific
standardised values for waist circumference, fasting triacylglycerol, fasting plasma
glucose, systolic blood pressure, and the inverse of HDL- cholesterol.

»The study has a relatively large sample size of 17,750 participants, all of whom are
community-managed patients with type 2 diabetes in China.

»The study investigated physical activity in different domains and sedentary time and
their associations with metabolic risk factors.

»The limitation of this study was that information regarding physical activity and
sedentary time was collected through the use of a self-reporting questionnaire.
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INTRODUCTION

The clustering of metabolic risk factors for cardiovascular disease and type 2 diabetes
mellitus is known as metabolic syndrome.! Based on the National Cholesterol
Education Program definition,> metabolic syndrome is a rapidly growing epidemic in
China. A meta-analysis estimated that the pooled prevalence of metabolic syndrome
in mainland China was 24.5 %,? but was 55.7% among patients with type 2 diabetes.*
Individuals with metabolic syndrome were found to be at an increased risk of
developing diabetes, cardiovascular disease, and all-cause mortality.>”” This
increasing prevalence among Chinese populations and its severe health consequences
has led to a call for prevention and maintenance strategies, and the improvement of
metabolic health in one of the largest populations in the world.

Physical activity has long been considered a key factor in the prevention and
management of metabolic risk factors.® A number of studies have investigated the
association between physical activity and glycemic control,” lipid profile,' and
clustered metabolic risk.'! > Most emphasised the value of assessing overall physical
activity or leisure-time physical activity,’!? but few have focused on other domains of
physical activity (e.g. occupational, household or commuting).!* Information on
different domains of physical activity may be crucial for Chinese people since they
have been found to have quite different patterns of physical activity compared to their
Western counterparts. For example, it has been reported that occupational and
household activities contribute substantially more to total physical activity than

leisure-time or transportation activity.!# Therefore, it is important to examine whether
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other types of physical activities, such as occupational and commuting physical
activity, are associated with metabolic risk among diabetic patients.

Emerging evidence also suggests that excess sedentary time is positively
associated with metabolic risk factors, an effect that is independent of physical
activity levels.!>!7 Sedentary behaviours have been defined as any waking behaviour
that is in a sitting, reclining, or lying down posture, expending little energy (i.e. 1.0 to
1.5 metabolic equivalents).!® Some studies have found that the cellular and molecular
responses to sedentary time are different to the beneficial responses to physical
activity.!® Therefore, it is essential to explore the effects of physical activity and
sedentary time simultaneously, when exploring the associations between physical
activity and sedentary time with metabolic risk factors. It is also crucial to elucidate
whether this association is independent of sleep duration, which might confound
results.?’

Furthermore, it has been suggested that using the continuous summary score of
clustered metabolic risk (zMS)!! for analyses may improve the statistical power to
detect associations, compared to using a binary definition of dichotomising
continuous outcome variables.?! Many studies have focused on the risk of metabolic
syndrome in Western populations,’!3 15 16 but the relationship between physical
activity and sedentary time with the risk of metabolic syndrome is not well
understood among Chinese populations. Although there have been a few studies in
diabetic populations, their findings were inconsistent and limited by small sample

sizes.!® ' 17 Therefore, it is interesting to explore the direction and strength of
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associations between physical activity and sedentary time with clustered metabolic
risk factors among the Chinese population.

The objective of this study was to examine the association between total physical
activity, physical activity in different domains (i.e. occupation, commuting and
leisure-time physical activity), and sedentary time with clustered and individual
metabolic risk factors among Chinese patients with type 2 diabetes. We hypothesised
that physical activity is inversely associated with clustered and individual metabolic
risk factors, whereas sedentary time increases such risk.

METHODS

Participants

Participants were from the “Comprehensive Research on the Prevention and Control
of the Diabetes” project. The method and study design have been previously
described.?? Briefly, 29,705 registered diabetic patients, receiving management from
National Basic Public Health Service, were recruited from 44 selected townships
across two cities in Jiangsu Province, China. After excluding non-type 2 diabetic
patients, and individuals with poor physical or mental status, a total of 20,340
individuals consented to participate. In our analyses, we further excluded those with
missing physical activity or sedentary time values (n = 2,038), those who reported
spending >16 hours on daily physical activity (n = 67),%* and those with incomplete
metabolic risk data (n = 198). Finally, there were 17,750 participants included in the
analyses.

Assessment of physical activity and sedentary time
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Information on physical activity and sedentary time was collected using the Global
Physical Activity Questionnaire (GPAQ). The validity and reliability of GPAQ has
been assessed in Western?* and Asian populations.? Participants were asked to recall
the intensity and duration of occupational, commuting, and leisure-time physical
activities over the previous weeks.

The intensity of activities was defined as moderate or vigorous by metabolic
equivalent (MET).?® Average MET scores were calculated based on specific activities
within corresponding categories to estimate activity intensity (Table S1). The number
of hours spent per day on each measured activity was multiplied by the corresponding
average MET score and the measured activity frequency (days per week). Total
physical activity was calculated by adding together the MET-hours for activities
related to occupational, commuting, and leisure-time domains. The average daily
activity was calculated by dividing the weekly amount of physical activities by seven.
Participants were also asked about their normal time spent on sedentary activities and
sleep (hours/day).

Clustered metabolic risk score

We constructed a summary variable (clustered metabolic risk score, zMS) for
clustered metabolic risk!! that was broadly based on the definition proposed by Adult
Treatment Panel III (ATP II).> This variable was calculated by adding the
standardised values for waist circumference, fasting triacylglycerol, fasting plasma
glucose, systolic blood pressure, and the inverse of HDL-cholesterol. Each of these

variables was standardised by subtracting the sex-specific sample means from the
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individual mean and dividing by the standard deviations (SD). The zMS is a
continuous variable with a mean of zero, by definition, with lower scores revealing a
more favourable profile.

Assessment of anthropometric, metabolic risk factors

Face-to-face questionnaire interviews were also used to collect information on
demographic characteristics, medical history, medications, smoking status, alcohol
consumption, and adult socioeconomic status. The detail of anthropometric
measurements have been previously illustrated.?” Blood samples were collected in the
morning following overnight fasting. Fasting plasma glucose was assessed using the
Hexokinase method. Glycated haemoglobin (HbA.) was measured in venous samples
using high efficiency liquid chromatography. Serum cholesterol, HDL-cholesterol,
and triacylglycerol were measured enzymatically. All samples were analysed by
KingMed Diagnostics (Jiangsu Cultural Industrial Park, Nanjing, China).

Covariate definitions

Covariates included age, sex, education (no formal education, primary-, middle-, high
school or above), smoking status (yes, no), annual household income (<30 000 RMB,
40 000-100 000 RMB, 110 000-150 000 RMB, >160 000 RMB), alcohol consumption
(never, former, current), diabetes duration, taking medications to lower glucose, and
lipid or blood pressure (yes, no, unclear). Hypertension was defined as a systolic
blood pressure > 140 mm Hg and/or a diastolic blood pressure > 90 mm Hg, or a
previous hypertension diagnosis in a hospital.?® Dyslipidemia was defined as having

at least one of the following conditions: total cholesterol >5.2 mmol/L, fasting blood
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triglyceride >1.7 mmol/L, fasting blood low-density lipoprotein cholesterol >3.4
mmol/L, HDL-cholesterol <0.9 mmol/L for males or < 1.0 mmol/L for females, or
previously being diagnosed with hyperlipidemia in a hospital.?® Sleep duration was
assessed by the question “How many cumulative hours do you have for sleep on an
average day?”

Statistical analyses

Descriptive statistics were conducted separately for men and women using the mean +
SD, median (interquartile range [IQR]) or frequencies. The Chi-square (}?) test,
Student’s t-test, one-way analysis of variance (ANOVA), and Mann-Whitney U test
were used to examine characteristics differences between men and women. Fasting
plasma glucose and triacylglycerol were logarithmically transformed (base e) due to
their skewed distribution. Adjusted means and standard errors (SE) of clustered and
individual metabolic risk variables were presented to explore the association between
physical activity and sedentary time with metabolic risk. Test for trend was based on
variables containing median value for each quartiles. Multiple comparisons among
groups were performed using a Bonferroni method.

Associations between per 1-SD of total physical activity, different domains of
physical activity (occupational, commuting and leisure-time), and sedentary time with
total clustered metabolic risk score and individual metabolic risk factors were
evaluated using multivariate linear regression. Preliminary checks were conducted to
ensure no violation of assumptions of normality, homogeneity of variance, and

absence of multicollinearity. Four models were fitted: Model 1 was unadjusted; Model
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2 was adjusted for age, sex, education, annual household income, smoking status,
drinking, and diabetes duration; Model 3 was additionally adjusted for remaining
physical activity and sedentary time, for each individual domain of physical activity
was adjusted for the other physical activity domains and sedentary time as appropriate;
Model 4 was further adjusted for sleep duration. For Models 2 to 4, all
subcomponents except zMS and waist circumference were additionally adjusted for
waist circumference. When the dependent variable was fasting plasma glucose, we
additionally adjusted for the use of glucose-lowering medication. For triacylglycerol
and HDL-cholesterol, we adjusted for the diagnosis of dyslipidemia and use of
lipid-lowering medication. When the outcome of interest was systolic blood pressure,
we additionally adjusted for the diagnosis of hypertension and use of antihypertensive
medication. For zMS we adjusted for the use of glucose-lowering, lipid-lowering, or
antihypertensive medications, and the diagnosis of dyslipidemia and hypertension.

To investigate the joint associations of total physical activity and sedentary time
with clustered metabolic risk, participants were classified into three and four groups
of sex-specific tertiles of physical activity and quartiles of sedentary time,
respectively. The adjusted zMS mean was calculated using general linear regression
models after adjusting for age. Interactions between the main predictive variables, and
sex and age (continuous) were examined by entering the centred interaction terms into
multivariate linear regression models to determine whether the association between
physical activity and sedentary time with metabolic risk was modified by sex and
age.’¥ In further sensitivity analyses, we also calculated a metabolic syndrome score

10
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without the waist circumference in order to examine whether the associations between
the main exposures (physical activity and sedentary time) and clustered metabolic risk
were mediated by waist circumference.

All statistical analyses were performed using IBM SPSS Statistics standard 23.0
(SPSS Inc, Chicago, IL, USA). Statistical significance was set at P <<0.05 for main
effects, and P <<0.10 for interactions. Tests were two-sided.

Patient and public involvement statement

Research question development was informed by qualitative interviews, physical

examinations, and laboratory tests with a purposively selected sample of residents

from the National Basic Public Health Services in Jiangsu province. Summary reports

about the study results will be disseminated to participants, policy-makers, and

healthcare workers in the community (village doctors in rural areas or general

practitioners in urban areas of China) through mass media, such as local newspapers,

the internet, radios or workshops.

RESULTS

Demographic and basic characteristics of participants

Of the 17,750 participants included in the analyses, 60.3% were women, and the

average age of men and women was 62.6 = 9.9 and 62.8 + 9.7 years, respectively

(Table 1). Indices of body mass index, HDL-cholesterol and fasting plasma glucose

did not differ significantly (all P>0.10) between excluded (n = 2,303) and included

participants, but included participants had a slightly higher waist circumference and

systolic blood pressure (all P<0.001) (Table S2) than those who were excluded.
11
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Compared with women, men had a higher education level, household income and
consumption of alcohol and cigarettes (all P < 0.001). Men also had higher waist
circumference, HbAlc, diastolic blood pressure and fasting plasma glucose levels
than women (all P<0.001). In contrast, women had higher HDL-cholesterol, systolic
blood pressure and triacylglycerol levels than men (all P<0.001).

Differences between sexes were also observed in physical activity, sedentary
time, and sleep duration. Women had higher total and occupational physical activity
than men (all P<0.001), whereas men had higher sedentary time, sleep duration,
commuting and leisure-time physical activity than women (all P<0.001). The
proportion of subjects participating in leisure-time physical activity was 21.6% (Table
1).

Adjusted means of clustered and individual metabolic variables by physical
activity and sedentary time
There was a tendency towards lower zMS, waist circumference, triacylglycerol and
higher HDL-cholesterol at higher levels of total physical activity (P for trend<0.001)
(Table 2), while individuals with higher zMS, waist circumference, fasting plasma
glucose, triacylglycerol and lower HDL-cholesterol were apt to have a higher
sedentary time (P for trend <0.001) (Table 2).
Associations between physical activity and sedentary time with metabolic risk
Total physical activity was inversely associated with zMS (B=-0.080; 95% CI: -0.114,
-0.046), waist circumference (B=-0.449; 95% CI: -0.591, -0.308) and triacylglycerol
(B=-0.012; 95% CI: -0.019, -0.006), after adjusting for sedentary time and sleep
12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

duration. In contrast, the SD for physical activity was marginally positively associated
with HDL-cholesterol (B=0.009; 95% CI: 0.003, 0.015). No significant associations
were found between total physical activity with fasting plasma glucose (B=0.004;
95% CI: -0.001, 0.008) and systolic blood pressure (B=-0.096; 95% CI: -0.346, 0.155)
(Table 3).

In adjusted analyses, occupational physical activity was associated with zMS
(B=-0.066; 95% CI: -0.101, -0.031), waist circumference (B=-0.475; 95% CI: -0.620,
-0.334), triacylglycerol (B=-0.007; 95% CI: -0.014, -0.001) and HDL-cholesterol
(B=0.006; 95% CI: 0.001, 0.013), but not with fasting plasma glucose (B=0.005; 95%
CI: -0.001, 0.009) and systolic blood pressure (B=0.081; 95% CI: -0.173, 0.334).
Commuting physical activity was only inversely associated with triacylglycerol
(B=-0.012; 95% CI: -0.019, -0.005). Furthermore, leisure-time physical activity was
found to be inversely associated with zMS (B=-0.041; 95% CI: -0.075, -0.007) and
systolic blood pressure (B=-0.293; 95% CI: -0.542, -0.045), but not with waist
circumference, fasting plasma glucose or triacylglycerol (all P>0.05) (Table 3).

Different from that of physical activity, sedentary time was strongly positively
associated with zMS (B=0.117; 95% CI: 0.083, 0.151) and waist circumference
(B=0.474; 95% CI: 0.334, 0.613), after adjustment for physical activity and sleep
duration. Furthermore, sedentary time was found to be weakly associated with fasting
plasma glucose (B=0.008; 95% CI: 0.003, 0.013), triacylglycerol levels (B=0.015;
95% CI: 0.008, 0.022) and HDL-cholesterol (B=-0.007; 95% CI: -0.013, -0.001). No
significant association was observed between sedentary time and systolic blood
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pressure (B=0.215; 95% CI: -0.033, 0.462) (Table 3).
Joint association of total physical activity and sedentary time with metabolic risk
The joint association of total physical activity and sedentary time with zMS after
adjustment for age is illustrated in Figure 1. Participants with the lowest level of
physical activity or the highest sedentary time were consistently found to have the
highest zMS among both sexes. Interaction analyses indicated significant effects
among different age groups, where greater associations with sedentary time, total and
occupational physical activity for zMS (P for interaction <0.10) and waist
circumference (P for interaction <0.05) were observed in older age groups. In addition,
there was no significant interaction with sex in the results of total physical activity,
different domains of physical activity or sedentary time (Table S3). When excluding
waist circumference from the zMS and additionally adjusting for waist circumference,
the magnitude of association between sedentary time and clustered risk was weaker
but remained statistically significant (Table S4).
DISCUSSION
In this cross-sectional study of a large sample-size of individuals with type 2 diabetes
in China, we found that total physical activity, occupational physical activity, and
sedentary time were independently associated with clustered metabolic risk, waist
circumference, triacylglycerol levels, and HDL-cholesterol. Moreover, leisure-time
physical activity was associated with systolic blood pressure and commuting physical
activity was inversely associated with triacylglycerol. However, a higher level of
sedentary time was positively associated with higher levels of fasting plasma glucose.
14
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Our findings suggest that increasing physical activity across all domains and
decreasing amount of time spent sedentarily may have protective effects on reducing
metabolic risk.

The finding of an association between total physical activity and clustered
metabolic risk in this study is consistent with previous research findings with
objective data.!' 12 Importantly, we observed that occupational physical activity
reduced the clustered metabolic risk in patients with type 2 diabetes. Occupational
physical activity is a major source of total physical activity among Chinese and other
Asian populations,'* for example, in this study, 75.8% of diabetic patients reported
engaging in occupational physical activity. This suggests that occupational physical
activity as a single domain may be important in the management of metabolic risk
among Chinese or, perhaps more broadly, Asian populations. In a recent study, a
trend was observed between lower levels of commuting physical activity and higher
metabolic risk.3! Our findings have also suggested that commuting physical activity is
inversely associated with triacylglycerol, but there was no statistically significant
association observed between commuting physical activity and clustered metabolic
risk in this study, similar to the finding of the J-ECOH study.?? This may partly be
explained by the low level of commuting physical activity in our study, since 40% of
patients reported that they did not engage in commuting physical activity.

Previous studies have also suggested that the associations between physical
activity and clustered metabolic risk may be weakened by increasing sedentary time.'!
3 For example, a longitudinal study reported that the association between
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moderate-to-vigorous physical activity and clustered metabolic risk was attenuated
when additionally adjusted for a six-year change in sedentary time, indicating that
focusing solely on physical activity may not be the most effective intervention
strategy.’® In this study, we also found that sedentary time was associated with
clustered and individual metabolic risk, which is independent of the effect of physical
activity. This highlights the importance of not only increasing physical activity levels
of patients with type 2 diabetes, but also reducing their sedentary time.

As reported previously, waist circumference is a body fat parameter most closely
associated with metabolic syndrome.>* Our findings indicate that total and
occupational physical activity are strongly associated with waist circumference. There
is growing evidence to suggest that physical activity may support weight loss through
regulation of adipokines (adiponectin, leptin, resistin, interleukin-6), which are known
to contribute to cardiometabolic health.>> However, the biological mechanisms for
associations between sedentary time and waist circumference with metabolic risk are
not fully understood. One study has reported that this association can be attenuated
once an adiposity component was included in the regression model.3® Our findings
suggested that more sedentary time was associated with a higher waist circumference,
however, whether central obesity is a cause or a consequence of a sedentary behaviour
has not yet been fully elucidated.>” Sedentary time may displace physical activity time,
leading to a decrease in energy expenditure and unfavorable weight changes.’®
Additional pathways linking sedentary time, waist circumference and metabolic risk
include the established associations between major sedentary behaviour (TV viewing)
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and an unhealthy diet.’° In addition, when excluding waist circumference from the
clustered metabolic risk score and adjusting for it as a confounding factor, the
magnitude of association between physical activity and sedentary time with clustered
metabolic risk was attenuated. An alternative explanation is that waist circumference
might be an important part of the causal pathway between sedentary time and
clustered metabolic risk, but further research is needed. We also found that the
relationship between sedentary time with zMS and waist circumference was modified
by age. This may be partly due sedentary time increasing with age.*® Older patients
may have a higher chance of clustered metabolic risk than younger people based on
this age-related increase of sedentary time.

The association between total and individual domains of physical activity with
fasting plasma glucose did not reach statistical significance in this study, which is
consistent with result from the ProActive Study.!? In contrast, a significant association
was found between sedentary time and fasting plasma glucose in our study. The
potential mechanism between sedentary time and fasting plasma glucose involves
markers of inflammation, insulin resistance, and adiposity.*! Obesity has a proven
association with the increased risk of developing insulin resistance, and may result in
disordered regulation of glucose levels by reducing insulin release.*? Furthermore,
another study has suggested that sleep loss can lead to disordered glucose
metabolism.*3 In our study, we obtained consistent results even after adjusting for
sleep duration, suggesting that the relationship between sedentary time and metabolic
risk is independent of sleep duration.
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In the present analysis, non-significant results between total physical activity,
occupational physical activity and sedentary time with systolic blood pressure are
consistent with the results from most previous studies,!! 12173132 Moreover, our study
identified a significant inverse association between leisure-time physical activity and
systolic blood pressure. Clays et al. also observed that objectively measured moderate
and vigorous leisure-time physical activity, but not occupational physical activity,
were inversely associated with systolic blood pressure.** A further study showed that
bouts of high-intensity physical activity elicited greater systolic blood pressure
reductions than lower-intensity bouts.*® However, practice recommendations
advocating high-intensity physical activity as an antihypertensive therapy is
challenging because adverse cardiovascular effects are more likely to occur with
vigorous than moderate to low levels of physical exertion,* especially in patients with
type 2 diabetes who have a significantly greater systolic blood pressure response to a
given physical activity intensity than that of the healthy population.*’” The American
Diabetes Association (ADA) recommended that patients with type 2 diabetes should
be assessed for conditions that might be associated with risk of cardiovascular disease
before undertaking vigorous physical activity.*® Our findings also suggest that
patients with type 2 diabetes should comply with ADA recommendations to increase
overall physical activity through work, active transport and participation in physical
activity, as well as reducing sedentary behaviour to lower metabolic risk.

This study has several strengths. A relatively large sample size (n= 17,750) was
used to explore the association between physical activity, sedentary time and
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metabolic risk in a Chinese population. To the best of our knowledge, this is the first
study in China that has evaluated physical activity in different domains and sedentary
time with metabolic risk factors in patients with type 2 diabetes. Several limitations
should also be mentioned. First, as a cross-sectional study, the direction and causality
of the associations obtained from this study were restricted to inference. Second, the
waist circumference and systolic blood pressure of included participants were slightly
higher than those of excluded cases, which may reduce the accuracy of the estimation
of our results. Third, all participants were recruited from just two areas in Jiangsu
province, China, so whether these findings can be generalised to the population at
large still needs to be discussed. Finally, a self-reporting questionnaire was used to
acquire information on physical activity, so reporting errors may have occurred due to
a recall bias. Self-reported measures of physical activity are easier to use but they may
have limited validity when compared to objective measures.** Moreover, the patterns
of physical activity and sedentary behaviours may vary between weekdays and
weekends, but such variation is hard to obtain through the self-reporting measures
used in this study. Further research is needed to explore a more detailed relationship
between different patterns of physical activity and sedentary behaviour (specifically
comparing weekdays and weekends) with metabolic risk in patients with type 2
diabetes.

CONCLUSIONS

The findings of this study suggest that total physical activity, physical activity in
different domains, and sedentary time are associated with clustered and individual
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metabolic risk factors in community-managed patients with type 2 diabetes.
Encouraging patients with type 2 diabetes to increase physical activity in different
domains and decrease sedentary time may have a protective effect against metabolic
risk. Therefore, the findings from this study extend previous cross-sectional evidence
of associations between physical activity, sedentary time, and metabolic risk in the

Chinese population.
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15 Fig 1. Means of clustered metabolic risk scores by sedentary time and physical
activity among 17,750 diabetic patients. The adjusted mean was calculated using
18 general linear regression models after adjustment for age. For physical activity, in
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20 and 11.14 MET-h/d, while they were 4.57 and 12.00 MET-h/d for women. For
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24 metabolic equivalent task.
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Table 1 Demographic, metabolic characteristics of participants

characteristic Men Women Total P value
n 7041 10709 17750
Age(years) 62.6 +9.9 62.8 +9.7 62.8+9.8 0.1
High school or above (%) 17.7 4.5 9.8 <0.001
Annual income>40000% (%) 64.8 57.0 60.1 <0.001
Body mass index(Kg/m?) 253+3.2 254 +3.6 253+34 0.09
Waist circumference (cm) 87.9+94 85.5+9.5 86.4+9.5 <0.001
Systolic blood pressure (mmHg) 147.3+19.8 148.9 + 211 148.0 + 20.6 0.002
Diastolic blood pressure (mmHg) 83.7£10.7 79.9+10.4 81.4+10.6 <0.001
Triacylglycerol (mmol/L)* 1.4 (1.0, 2.2) 1.7 (1.2, 2.3) 1.6 (1.1, 2.3) <0.001
HDL-cholesterol (mmol/L) 14+04 1.5+04 1.5+04 <0.001
Fasting plasma glucose (mmol/L)* 8.2 (6.4, 10.2) 8.0 (6.5, 9.9) 8.1 (6.6, 10.0) <0.001
HbA1c(mmol/mol) * 56.3 (46.5, 70.5) 55.2 (46.5, 68.3) 55.2 (46.5, 69.4) <0.001
Diabetes duration (years) * 5(2,9) 5(2,9) 5(2,9) 0.26
Smoking (%) 46.0 6.2 22.0 <0.001
alcohol consumption (%)

never 491 96.6 77.7 <0.001

former 10.7 1.1 4.9 <0.001

current 401 23 17.4 <0.001
On glucose-lowering medication (%) 78.7 78.4 78.5 0.60
On lipid-lowering medication (%) 5.8 59 6.0 0.005
On antihypertensive medication (%) 52.7 53.9 53.4 0.002
Hypertension (%) 77.5 76.6 77.0 0.16
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Dyslipidemia (%)

Total physical activity (MET-h/d) *
Physical activity domains (MET-h/d)

Occupational

Commuting

Leisure-time
Sedentary time (h/d)
Sleep duration (h/d)

46.1
6.3 (2.3, 14.3)

68.2 2.9 (0.0, 8.6) ]
59.4[1.1 (0.0, 1.3) ]
25.6[3.1(1.7,6.0)]
35+25
7.4 +£1.6

BMJ Open

49.3
8.0 (3.4, 16.0)

81.9[5.1 (1.7, 12.0)]
62.0[1.0 (0.0,2.9) ]
19.0[2.9(1.5, 5.1) ]
34126

73+17

48.0
8.0 (2.9, 15.4)

76.5[4.0 (0.6, 12.0) ]
60.1[1.0 (0.0, 2.9) ]
21.6[3.0(1.7,5.7) ]
34+25

74+17

<0.001
<0.001

<0.001%
<0.001%
<0.001%
<0.001
<0.001

Data are meanstSD unless stated otherwise

*Median (IQR)

1 (%) [ Median (IQR) ]

1 P values are from chi-square test

P values are from Student’s t-test or Mann-Whitney U test for continuous variables and from chi-squared test for categorical variables.
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1

2

3

4

5 Table 2 Adjusted means(SE) of metabolic variables by quartile of physical activity and sedentary time

6

7 Metabolic risk Total physical activity (MET h/day) Sedentary time(h/d)

2 Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for

10 (<2.9) (2.9-8.0) (8.1-15.4) (>15.4) trend (<2.2) (2.2-3.3) (3.4-4.4) (>4.5) trend

11 zmST 0.28(0.04)"+8  0.01(0.04)"§  -0.11(0.05)"  -0.21(0.04)"t  <0.001 -0.16(0.03)%§  -0.07(0.10)$ 0.004(0.03)"§  0.29(0.04)"1*  <0.001
gWaistcircumference(cm) 87.19(0.14)t+8  86.56(0.13)-§ 86.13(0.16)"  85.76(0.14) T  <0.001 85.98(0.11)$ 86.25(0.16) 86.57(0.20)$ 87.30(0.14)-*  <0.001
14 Fasting plasma glucose 2.13(0.005)* 2.12(0.005)%  2.10(0.005)"% 2.12(0.005) 0.427 2.11(0.004)$ 2.10(0.012)$§ 2.12(0.005)$§ 2.14(0.005)" %  <0.001
15 (mmol/L)™

:?Triacylglycerol(mmoI/L)“ 0.54(0.008)T+§  0.50(0.008)“§ 0.48(0.009)"  0.45(0.008)"t  <0.001 0.46(0.006)+§  0.47(0.021)$ 0.50(0.008)"§  0.54(0.009) "1 <0.001
18 HDL-cholesterol (mmol/L) ~ 1.45(0.01) "5 1.49(0.01)"§8  1.50(0.01)" 1.52(0.01) "t  <0.001 1.51(0.01)%§ 1.48(0.01)% 1.48(0.01) "8 1.46(0.01)" 1%  <0.001
19 Systolic blood pressure  148.26(0.30) 147.91(0.28)  147.80(0.34)  148.05(0.30) 0.651 148.08(0.23) 147.56(0.33) 147.87(0.42) 148.35(0.30) 0.326
20

py (mmHg)

2£ Date are mean (SE) values for each quartile of physical activity and sedentary time, adjusted for age and sex by using general linear regression models. Test for trend based on variable containing

23 median value for each quartiles. Multiple comparison between the groups was performed using Bonferroni method:
24 significantly different compared with Quartile 1 (P< 0.05)

22 T significantly different compared with Quartile 2 (P< 0.05)

27 1 significantly different compared with Quartile 3 (P< 0.05)

;g § significantly different compared with Quartile 4 (P< 0.05)

301 zMS is a continuously distribute variable for clustered metabolic risk calculated by summing sex-specific standardised values for waist circumference, fasting plasma glucose, triacylglycerol, systolic
31 blood pressure and the inverse of HDL-cholesterol.

gg ** Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e) due to their skewed distribution

34
35
36
37
38
39
40
41 27
42
43
44
45
46
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Table 3

BMJ Open

Cross-sectional linear regression analysis of association of physical activity and sedentary time with metabolic variables

Metabolic risk

Physical activity (per-SD) £

Total

Occupational

Commuting

Leisure-time

Sedentary time
(per-SD) t

zMSt
Model 1
Model 2
Model 3
Model 4
Waist circumference (cm)
Model 1
Model 2
Model 3
Model 4

-0.147(-0.187, -0.108)***
-0.091(-0.126, -0.057)***
-0.080(-0.115, -0.046)**
-0.080(-0.114, -0.046)***

-0.552(-0.692, -0.412)***
-0.495(-0.635, -0.355)***
-0.450(-0.591, -0.309)***
-0.449(-0.591, -0.308)***

Fasting plasma glucose(mmol/L) §

Model 1
Model 2
Model 3
Model 4
Triacylglycerol (mmol/L) §
Model 1
Model 2
Model 3
Model 4
HDL-cholesterol (mmol/L)
Model 1

0.005(0.000, 0.010)
0.003(-0.002, 0.007)
0.004(-0.001, 0.008)
0.004(-0.001, 0.008)

-0.022(-0.030, -0.013)***
-0.014(-0.021, -0.007
-0.012(-0.019, -0.006
-0.012(-0.019, -0.006)***

*kk

*kk

)
)
)
)

0.015(0.009, 0.022)***

-0.132(-0.171,-0.093)***
-0.077(-0.111,-0.042)***
-0.066(-0.101,-0.031)***
-0.066(-0.101,-0.031)***

-0.625(-0.765,-0.485)*
-0.519(-0.661,-0.376)**
-0.475(-0.618,-0.332)**
-0.475(-0.620,-0.334)***

0.007(0.002, 0.012)**
0.005(-0.001, 0.009)
0.005(-0.001, 0.010)
0.005(-0.001, 0.009)

-0.017(-0.025,-0.009)**
-0.009(-0.015,-0.002)*
-0.007(-0.014,-0.001)

-0.007(-0.014,-0.001)*

*

0.016(0.009, 0.022)**

-0.047(-0.086,-0.007)*
-0.013(-0.047, 0.021)
-0.011(-0.045, 0.022)
-0.011(-0.045, 0.023)

0.096(-0.044, 0.237)
0.021(-0.118, 0.161)
0.028(-0.112, 0.167)
0.030(-0.109, 0.170)

-0.005(-0.010, 0.000)
-0.001(-0.005, 0.004)
-0.001(-0.005, 0.004)
-0.001(-0.005, 0.004)

-0.015(-0.024,-0.007)***
-0.012(-0.019,-0.005
-0.012(-0.019,-0.005
-0.012(-0.019,-0.005)***

*kk

*kk

)
)
)
)

0.002(-0.005, 0.008)

-0.068(-0.107,-0.029)**
-0.044(-0.078,-0.010)*
-0.042(-0.076,-0.008)*
-0.041(-0.075,-0.007)*

-0.026(-0.167, 0.114)
-0.051(-0.191, 0.089)
-0.042(-0.182, 0.098)
-0.039(-0.179, 0.102)

-0.001(-0.006, 0.004)
-0.002(-0.007, 0.002)
-0.002(-0.007, 0.003)
-0.002(-0.006, 0.003)

-0.020(-0.019,-0.003)**
-0.007(-0.014,-0.001)*
-0.006(-0.013, 0.001)
-0.006(-0.013, 0.001)

0.003(-0.004, 0.009)
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0.188(0.148, 0.227)"**
0.128(0.094, 0.162)"**
0.121(0.087, 0.155)"**
0.117(0.083, 0.151)**

0.575(0.435, 0.715)"**
0.525(0.386, 0.663)"**
0.483(0.344, 0.623)"**
0.474(0.334, 0.613)"**

0.011(0.006, 0.016)"**
0.008(0.004, 0.013)***
0.009(0.004, 0.013)"**
0.008(0.003, 0.013)"**

0.031(0.023, 0.039)***
0.017(0.010, 0.024
0.016(0.009, 0.023
0.015(0.008, 0.022)***

*kk

*kk

)
)
)
)

-0.019(-0.025, -0.012)***
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Model 2 0.010(0.004, 0.016)*** 0.007(0.001, 0.013)* 0.003(-0.003, 0.009) 0.007(-0.001, 0.013) -0.008(-0.014, -0.002)*
Model 3 0.009(0.003, 0.015)*** 0.006(0.001, 0.013)* 0.003(-0.003, 0.009) 0.007(-0.001, 0.013) -0.007(-0.013, -0.001)*
Model 4 0.009(0.003, 0.015)*** 0.006(0.001, 0.013)* 0.003(-0.003, 0.009) 0.007(-0.001, 0.013) -0.007(-0.013, -0.001)*
Systolic blood pressure (mmHg)
Model 1 -0.907(-1.209, -0.604)*** -0.625(-0.928, -0.322)*** -0.549(-0.852,-0.246)*** -0.871(-1.174,-0.568)*** 0.340(0.037, 0.643)*
Model 2 -0.110(-0.359, 0.139) 0.065(-0.187, 0.317) -0.212(-0.459, 0.034) -0.300(-0.548,-0.052)* 0.224(-0.022, 0.470)
Model 3 -0.091(-0.341, 0.159) 0.084(-0.169, 0.337) -0.210(-0.456, 0.037) -0.296(-0.544,-0.048)* 0.216(-0.031, 0.462)
Model 4 -0.096(-0.346, 0.155) 0.081(-0.173, 0.334) -0.219(-0.466, 0.028) -0.293(-0.542,-0.045)* 0.215(-0.033, 0.462)

Regression results are presented as unstandardised coefficients (B) (95%CI)

1 zMS is a continuously distribute variable for clustered metabolic risk calculated by summing sex-specific standardised values for waist circumference, fasting plasma glucose,
triacylglycerol, systolic blood pressure and the inverse of HDL-cholesterol.

I Per-SD of physical activity =13.8 MET-h/d, Per-SD of occupational physical activity =12.6 MET-h/d, per-SD of commuting physical activity =3.2 MET-h/d, per-SD of leisure-time
physical activity=3.4 MET-h/d, per-SD sedentary time = 2.5 h/d

All models (except model 1) are adjusted for age, sex, education, annual household income, smoking status, alcohol consumption and diabetes duration. All outcomes except zMS
and waist circumference are additionally adjusted for waist circumference. Fasting plasma glucose is additional adjusted for the use of glucose-lowering medication (yes/no);
Triacylglycerol and HDL-cholesterol are additionally adjusted for the diagnosis of dyslipidemia (yes/no) and the use of lipid-lowing drugs (yes/no/unclear); Systolic blood pressure is
additionally adjusted for the diagnosis of hypertension(yes/no) and the use of antihypertension medication (yes/no/unclear); and zMS is additional adjusted for the use of
glucose-lowering medication (yes/no), lipid-lowing medication (yes/no/unclear) and antihypertension medication (yes/no/unclear), the diagnosis of dyslipidemia (yes/no) and the
diagnosis of hypertension(yes/no).

Model 3 is adjusted for remaining physical activity and sedentary time as appropriate; Model 4 is additional adjusted for sleep duration

§ Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e) due to their skewed distribution.

*P<<0.05; **P<<0.01; **P<<0.001
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Fig 1. Means of clustered metabolic risk scores by sedentary time and physical activity among 17,750
diabetic patients. The adjusted mean was calculated using general linear regression models after adjustment
for age. For physical activity, in men, the cut-off values for defining low, moderate, and high tertile groups
were 4.00 and 11.14 MET-h/d, while they were 4.57 and 12.00 MET-h/d for women. For sedentary time, the
4 groups by quartiles of sedentary time were <2.2, 2.3-3.3, 3.4-4.9, and 5.0 h/d for men and <2.2, 2.3-
3.3, 3.4-4.4, and =24.5 h/d for women. MET, metabolic equivalent task.
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Table S1. Classification table of physical activity and sedentary behaviour

Physical activity in Farm work, occupation and household

chores

Physical activity in leisure-time

Static behavior

Moderate-intensity physical
activity (4 MET h/d)
Make breathing and heart beat

slightly faster

Vigorous-intensity physical
activity (8 MET h/d)
Make breathing and heart rate

significantly faster

Moderate-intensity physical
activity (4 MET h/d)
Make breathing and heart beat

slightly faster

Vigorous-intensity physical
activity (8 MET h/d)

Make breathing and heart
rate significantly faster

Lying, sitting and leaning besides
sleep time (h/d)

-Cleaning(e.g. vacuuming,
mopping the floor, polishing
floor, wiping the desk,
sweeping the floor, ironing
clothes)

-Washing (e.g. scrubbing the
carpet, washing clothes)
-Gardening (e.g. watering,

turning soil, fertilizing)

-Hand milking

-Hand knitting

-carpenter work (e.g. sawing

cork, Chiseling cork)

‘With a shovel and other
tools to mix the sand and
cement

‘Walking with a general

weight

-Forestry workers (felling and
handling timber)

-Sawing ironwood

-tilling land

-transplant rice seedlings
-harvesting  crops (e.g.
wheat, rice, sugarcane)
-Gardening (e.g. digging,
carrying heavy things)

-hand milling (with wooden
club or stone mill)
-architectural  work (e.g.
building a wall, handing
building materials)

-Fitness Trainer (e.0.
spinning, aerobics, yoga and
some other aerobic exercise)

-A courier on foot or bike

-biking

-jogging

-dancing

-reading a horse

-practicing Tai chi
-Practicing Yoga and pilates
-doing the yangko dance

-Long-distance running
-playing football
-playing rugby

-playing tennis
-spinning in gym
-Lifting barbell

-doing ballet

-swimming

-working
-studying
-reading
-watching TV
-using computer
-riding

-taking arest
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Table S2. Baseline characteristics of those included and excluded participants.

characteristics Included participants excluded participants P
n 17750 2303
Sex, n(%)

Male 7041(39.7) 821(35.6) <0.001
Age(years) 62.76+9.78 63.76+10.27 <0.001
BMI(Kg/m?) 25.32+£3.44 25.45+3.67 0.101
Waist circumference (cm) 86.43+9.53 84.97+13.80 <0.001
Systolic blood pressure (mmHg) 148.01+20.59 142.62+35.61 <0.001
Diastolic blood pressure (mmHg) 81.41+10.63 82.11+10.76 0.004
Triacylglycerol (mmol/L) * 1.57(1.11, 2.26) 1.61(1.16, 2.36) 0.004
HDL-cholesterol (mmol/L) 1.49+0.43 1.49+0.48 0.576
Fasting plasma glucose (mmol/L) * 8.07(6.60, 10.01) 8.00(6.34, 10.56) 0.576
HbALc (%)* 7.20(6.4, 8.5) 7.4(6.4, 9.0) <0.001
Diabetes duration (years) * 5(2,9) 4(1, 8) <0.001

Data are means+SD unless stated otherwise ; *Median (IQR)

P values are from one-way analysis or Mann-Whitney U test for continuous variables and from chi-squared test for categorical variables.
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1

2

3

4

5 Table S3 Cross-sectional linear regression analysis of association of physical activity and sedentary time with metabolic variables, stratified by

6 sex and age

; Variabl zMSt Waist circumference  Fasting plasma Triacylglycerol HDL-cholesterol Systolic blood
ariables

9 (cm) glucose (mmol/L) § (mmol/L) § (mmol/L) pressure (mmHg)

10 Total physical activity (per-SD)

1; Sex

13 Men -0.108*** -0.550*** 0.001 -0.019*** 0.015* 0.101

14 Women -0.046* -0.312** 0.007* -0.006 0.003 -0.340

1 2 P-interaction 0.335 0.248 0.261 0.222 0.111 0.400

17 Age(years)

18 <55 -0.112%** -0.513*** 0.001 -0.019** 0.011* 1.161

19 55~ -0.039 -0.204 0.007 -0.008 0.011* -0.063

;? 65~ -0.120** -0.852%** -0.002 -0.015* 0.014* -0.121

22 275 -0.288*** -1.359*** -0.025 -0.019 0.002 -0.027

23 P-interaction 0.073 0.007 0.110 0.771 0.511 0.386

;g Occupational physical activity (per-SD)

26 Sex

27 Men -0.089*** -0.565*** 0.003 -0.016** 0.013** 0.270

;2 Women -0.040* -0.358** 0.008 0.001 -0.001 -0.171

30 P-interaction 0.452 0.294 0.349 0.165 0.560 0.440

31 Age(years)

32 <55 -0.098** -0.463*** 0.003 -0.017** 0.004 0.260

gi 55~ -0.030 -0.258* 0.007 -0.003 0.008 0.095

35 65~ -0.137*** -0.961*** -0.002 -0.010 0.024** 0.353

g? 275 -0.199* -1.264*** -0.036* 0.024 -0.014 0.235

38 P-interaction 0.092 0.003 0.132 0.185 0.761 0.129

39

40

41

42
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Commuting physical activity (per-SD)

Sex
Men -0.036
Women 0.016
P-interaction 0.092
Age(years)
<55 0.042
55~ -0.008
65~ 0.007
275 -0.127*
P-interaction 0.306
Leisure-time physical activity (per-SD)
Sex
Men -0.043
Women -0.039
P-interaction 0.699
Age(years)
<55 -0.085*
55~ -0.022
65~ -0.005
275 -0.068
P-interaction 0.964

Sedentary time (per-SD)

Sex
Men 0.088**

0.032

0.063
0.669

0.075
0.109
0.027
-0.326
0.517

-0.052
-0.025

0.734

-0.152
0.100

-0.071
-0.326

0.502

0.327**

BMJ Open

-0.002

0.001
0.418

-0.001
-0.001
0.004
0.003
0.525

-0.003
0.001

0.464

-0.002
0.001

-0.005
-0.002

0.380

0.011*

-0.017**

-0.006
0.057

0.006
-0.015*
-0.009
-0.037**
0.301

-0.003
-0.008

0.368

-0.013
-0.007

0.002
-0.012

0.886

0.020**

0.002

0.003
0.892

0.008
0.001
-0.003
0.024*
0.222

0.005
0.008

0.677

0.017**
0.008

0.011
-0.010

0.320

-0.004
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-0.234

-0.177
0.946

-0.032
-0.207
-0.393
0.162
0.836

-0.349*
-0.247

0.930

-0.175
-0.187

-0.610*
-0.492

0.170

0.030
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Women 0.130***
P-interaction 0.541
Age(years)

<55 0.059
55~ 0.108***
65~ 0.172%*
275 0.101*
P-interaction 0.143

0.540**
0.330

0.144
0.428***
0.723***
0.684**
0.001

BMJ Open

0.006*
0.237

0.006
0.006
0.015***
-0.005
0.774

0.010*
0.035

0.017*
0.015*
0.014*
0.006
0.190

-0.008*
0.793

-0.018**
-0.005
-0.001
-0.007
0.252

0.328*
0.268

-0.261
0.438*
0.259
0.276
0.291

Regression results are presented as unstandardized coefficients (B)
1zMS is a continuously distribute variable for clustered metabolic risk calculated by summing sex-specific standardized values for waist circumference, fasting plasma

glucose, triacylglycerol, systolic blood pressure and the inverse of HDL-cholesterol.

I Per-SD of physical activity =13.8 MET-h/d, Per-SD of occupational physical activity =12.6 MET-h/d, per-SD of commuting physical activity =3.3 MET-h/d, per-SD of

leisure-time physical activity=3.4 MET-h/d, per-SD sedentary time = 2.5 h/d

Adjusted for age, sex, education, annual household income, smoking, alcohol consumption, diabetes duration, physical activity and sedentary time as appropriate (different
domain of physical activity is adjusted for the other two physical activities), sleep duration. All outcomes except zMS and waist circumference are additionally adjusted for
waist circumference. Fasting plasma glucose is additional adjusted for the use of glucose-lowering medication (yes/no); Triacylglycerol and HDL-cholesterol are
additionally adjusted for the diagnosis of dyslipidemia (yes/no) and the use of lipid-lowing medication (yes/no/unclear); Systolic blood pressure is additionally adjusted for
the diagnosis of hypertension(yes/no) and the use of antihypertension medication (yes/no/unclear); and zMS is additional adjusted for the use of glucose-lowering

medication (yes/no), lipid-lowing medication (yes/no/unclear) and antihypertension medication (yes/no/unclear), the diagnosis of dyslipidemia (yes/no) and the diagnosis

of hypertension(yes/no).

§ Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e) due to their skewed distribution.

1 P-interaction calculated using age as a continuous variable.

*P <0.05; *P<0.01; **P <0.001
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Table S4 Cross-sectional linear regression analysis of association of physical activity and sedentary time with clustered metabolic risk

Page 38 of 37

Physical activity (per-SD) t

Sedentary time

Metabolic risk Total Occupational Commuting Leisure-time (per-SD) T
zZMSt
Model 1 -0.087(-0.120, -0.054)*** -0.067(-0.100,-0.033)*** -0.054(-0.088,-0.021)** -0.058(-0.091,-0.025)** 0.131(0.097, 0.164)***
Model 2 -0.050(-0.079, -0.021)*** -0.033(-0.063,-0.004)* -0.019(-0.048, 0.010) -0.038(-0.067,-0.010)* 0.085(0.056, 0.113)***
Model 3 -0.050(-0.079, -0.021)*** -0.026(-0.055, 0.003) -0.018(-0.047, 0.011) -0.037(-0.066,-0.008)* 0.082(0.053, 0.110)***
Model 4 -0.043(-0.072, -0.014)*** -0.026(-0.056, 0.003) -0.018(-0.047, 0.011) -0.036 (-0.065,-0.007)* 0.078(0.049, 0.107)***

Regression results are presented as unstandardized coefficients (B) (95%Cl)

1 Per-SD of physical activity =13.8 MET-h/d, Per-SD of occupational physical activity =12.6 MET-h/d, per-SD of commuting physical activity =3.2 MET-h/d, per-SD of leisure-time

physical activity=3.4 MET-h/d, per-SD sedentary time = 2.5 h/d
1 Delete the waist circumference to calculate new clustered metabolic score.

All models (except model 1) are adjusted for age, sex, education, annual household income, smoking status, alcohol consumption and diabetes duration. All outcomes except zMS
and waist Circumference are additionally adjusted for waist circumference. Fasting plasma glucose is additional adjusted for the use of diabetes medication (yes/no); Triacylglycerol
and HDL-cholesterol are additionally adjusted for the diagnosis of dyslipidemia (yes/no) and the use of lipid-lowing medication (yes/no/unclear); Systolic blood pressure is additionally
adjusted for the diagnosis of hypertension(yes/no) and the use of antihypertension medication (yes/no/unclear); and zMS is additional adjusted for the use of diabetes medication

(yes/no), lipid-lowing drugs (yes/no/unclear) and antihypertension medication (yes/no/unclear), the diagnosis of dyslipidemia (yes/no) and the diagnosis of hypertension(yes/no).

Model 3 is adjusted for remaining physical activity and sedentary time as appropriate; Model 4 is additional adjusted for sleep duration.
*P <0.05; *P <0.01; *P <0.001
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