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BACKGROUND: Physical inactivity and sedentary behavior are associated 
with higher risk of cardiovascular disease (CVD). Little is known about the 
relevance of circulating metabolites for these associations.

METHODS: A nested case-control study within the prospective China 
Kadoorie Biobank included 3195 incident CVD cases (2057 occlusive 
CVD and 1138 intracerebral hemorrhage) and 1465 controls aged 30 to 
79 years without prior CVD or statin use at baseline. Nuclear magnetic 
resonance  spectroscopy was used to measure 225 metabolic markers 
and derived traits in baseline plasma samples. Linear regression was 
used to relate self-reported physical activity and sedentary leisure time to 
biomarkers, adjusting for potential confounders. These were contrasted 
with associations of biomarkers with occlusive CVD risk.

RESULTS: Physical activity and sedentary leisure time were associated 
with >100 metabolic markers, with patterns of associations generally 
mirroring each other. Physical activity was inversely associated with very 
low and low-density and positively with large and very large HDL (high-
density lipoprotein) particle concentrations. Physical activity was also 
inversely associated with alanine, glucose, lactate, acetoacetate, and 
the inflammatory marker glycoprotein acetyls. In general, associations 
of physical activity and sedentary leisure time with specific metabolic 
markers were directionally consistent with the associations of these 
metabolic markers with occlusive CVD risk. Overall, metabolic markers 
potentially explained ≈70% of the protective associations of physical 
activity and ≈50% of the positive associations of sedentary leisure time 
with occlusive CVD.

CONCLUSIONS: Among Chinese adults, physical activity and sedentary 
behavior have opposing associations with a diverse range of circulating 
metabolites, which may partially explain their associations with CVD risk.
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Low physical activity and prolonged sedentary time, 
usually measured by self-report, have been inde-
pendently associated with higher risk of cardiovas-

cular disease (CVD) in diverse populations, including 
Chinese populations.1–4 Several biological mechanisms 
have been proposed that may partially explain these 
associations, including higher levels of adiposity, blood 
pressure, and systemic inflammation, as well as unfa-
vorable changes in glucose homeostasis, insulin sensi-
tivity, and lipid and lipoprotein profiles.5 Observational 
studies conducted in Western populations have also 
demonstrated that individuals with higher levels of self-
reported physical activity have lower levels of LDL (low-
density lipoprotein) cholesterol (LDL-C), blood glucose 
and inflammation (eg, fibrinogen and CRP [C-reactive 
protein]), and higher levels of HDL (high-density lipo-
protein) cholesterol (HDL-C), with sedentary behaviors 
generally showing opposite associations.5–7

In addition to conventional biomarkers, there is also 
emerging evidence that physical activity may be asso-
ciated with a range of circulating metabolites, includ-
ing lipids and lipoproteins, amino acids, glycoprotein 
acetyls, glucose, and fatty acids.8 These metabolic bio-
markers have been shown in a few prospective cohort 
studies to be associated with risk of occlusive vascular 
diseases.9,10 However, the existing evidence on these 
associations is still limited, and no study has yet simul-
taneously assessed the associations of physical activ-
ity and sedentary behaviors with circulating lipids and 
metabolic markers and of metabolic markers with CVD 
risks in the same population. If such associations could 
be reliably established in different populations, it might 
shed light on potential mechanisms by which physical 
activity and sedentary behaviors influence CVD risk. The 
new Physical Activity Guidelines for Americans provide 
guidance on the types and amounts of physical activ-
ity and but no quantitative guideline for sitting time, 
and, therefore, more evidence is needed to assess the 
cardiometabolic benefits of increasing physical activ-
ity and decreasing sitting time.11 Furthermore, reliable 
assessment of such associations in China is required 
because the levels and patterns of physical activity dif-
fer importantly from those in Western populations, 
with, for example, leisure-time physical activity only 
accounting for ≈5% of total physical activity in many 
parts of China,12 as opposed to 40% in typical West-
ern populations.13 Moreover, the mean levels of many 
blood biomarkers in Chinese (eg, LDL-C) also differ 
markedly from Europeans.14

The aim of the present study was to examine the 
associations of self-reported physical activity and seden-
tary leisure time (as a measure of sedentary behaviors), 
with plasma lipoproteins, lipids, and other metabolic 
biomarkers in a nested case-control study in the China 
Kadoorie Biobank (CKB) and to explore how these asso-
ciations with metabolic markers might explain asso-

ciations of physical activity and sedentary leisure with 
vascular disease.

METHODS
The Methods are available in the Data Supplement. The 
CKB data are available at http://www.ckbiobank.org/site/
Data+Access. The CKB study was approved by the Ethical 
Review Committee of the Chinese Center for Disease Control 
and Prevention and the Oxford Tropical Research Ethics 
Committee, University of Oxford. All participants eligible for 
this study had completed a written informed consent form. 
All methods were performed in accordance with relevant 
guidelines and regulations.

RESULTS
Among the 4660 participants included, the mean age 
(SD) was 46 (8) years, 50% were women, the mean 
level of physical activity was 23 metabolic equivalent 
of task hours/day, and mean sedentary leisure time was 
3.1 hours/day (Table). The overall mean (SD) LDL-C con-
centration in controls was 84.9 (27.0) mg/dL. Compared 
with controls, individuals who subsequently developed 
myocardial infarction and ischemic stroke had lower 
levels of physical activity, and higher levels of adiposity, 
systolic blood pressure, and RPG at baseline, and were 
more likely to have a history of hypertension or diabetes 
mellitus, whereas individuals who developed intracere-
bral hemorrhage were more likely to have higher systol-
ic blood pressure and a history of hypertension (Table). 
Individuals with CVD were less likely to consume fresh 
fruit, fish/seafood, and fresh eggs and more likely to 
consume red meat and wheat products (Table; Table I 
in the Data Supplement). Characteristics of individuals 
according to whether they developed CVD (combining 
myocardial infarction, ischemic stroke, and intracere-
bral hemorrhage cases) are provided in Table II in the 
Data Supplement.

Overall higher total physical activity and sedentary lei-
sure time were associated with >100 metabolic markers 
at false discovery rate ≤5%, with patterns of associa-
tions generally mirroring each other (Figures 1 through 
3). The associations for all 225 traits are shown in Table 
III in the Data Supplement. For lipoprotein particle con-
centrations, physical activity was inversely associated 
with concentrations of VLDL (very-low-density lipopro-
tein) and more weakly with LDL subclasses (Figure 1). 
For HDL particles, physical activity was positively associ-
ated with very large and large HDL and inversely with 
small HDL (Figure 1). Cholesterol within specific lipopro-
tein particles showed similar associations as the lipopro-
tein particles (Figure 1). There was an inverse association 
with remnant cholesterol but positive associations with 
cholesterol in HDL particles (Figure  2). Total physical 
activity was associated with lower triglyceride concen-
trations in the majority of lipoproteins (Figure 1). Higher 
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physical activity was also associated with smaller VLDL 
diameter and larger LDL and HDL diameter (Figure 2).

There were strong inverse associations of total physi-
cal activity with apolipoprotein B and with the ratio 
of apolipoprotein B to apolipoprotein A1 (Figure  2). 
For amino acids, physical activity was inversely associ-
ated with alanine and positively with glutamine (Fig-
ure  3). Physical activity was inversely associated with 
glucose, lactate, and with acetoacetate (Figure 3). Of 
the fatty acids, physical activity was inversely associated 
with absolute concentrations of many different types 
but not with ratios of specific fatty acids to total fatty 
acids, except monounsaturated fatty acids (Figure  3). 
Total physical activity was also inversely associated with 

glycoprotein acetyls (Figure  3)—a marker of inflam-
mation. As shown in Figure I in the Data Supplement, 
the associations were linear for total cholesterol, tri-
glycerides, and apolipoprotein B, whereas for HDL-C, 
apolipoprotein A1, creatinine, albumin, and to a lesser 
extent LDL-C, threshold effects were evident at higher 
levels of physical activity. In addition, the associations 
were approximately linear for VLDL and HDL particles, 
VLDL cholesterol (VLDL-C), HDL-C, VLDL triglycerides, 
glucose, and glycoprotein acetyls (Figure II in the Data 
Supplement).

Similar associations were observed when we com-
pared the associations of total physical activity with 8 
traits measured by both clinical chemistry and nuclear 

Table.  Baseline Characteristics of Participants in the Nested Case-Control Study Among Participants Without Prior CVD

Variable* 

MI/IS Cases ICH Cases Controls All

(n=2057) (n=1138) (n=1465) (n=4660)

Age (SD), y 46.2 (8.2) 47.0 (6.9) 45.0 (8.3) 46.2 (8.0)

Female, % 49.7 52.2 52.3 50.2

���Socioeconomic and lifestyle factors, %     

 ��� Urban residents 33.7 23.5 24.9 29.1

 ��� ≥9 years  of education 21.1 21.1 24.4 22.1

 ��� Household income ≥35 000 RMB/year 12.9 10.1 10.4 11.5

 ��� Ever regular smoking     

    Male 76.3 69.8 67.8 72.5

    Female 2.1 2.0 1.8 2.1

 ��� Weekly drinking     

    Male 32.3 36.8 33.3 34.4

    Female 2.1 2.6 1.6 2.0

 ��� Total physical activity (SD), MET h/day 22.5 (14.0) 23.0 (14.6) 24.6 (14.5) 23.0 (14.4)

 ��� Sedentary leisure time (SD), h/day 3.1 (1.4) 3.1 (1.5) 3.0 (1.4) 3.1 (1.5)

Blood pressure, blood glucose, and anthropometry

 ��� SBP (SD), mm Hg 136.9 (24.9) 150.7 (29.0) 126.8 (17.8) 137.3 (25.7)

 ��� RPG (SD), mmol/L 6.3 (3.1) 6.2 (3.1) 5.6 (1.9) 6.1 (2.8)

 ��� BMI (SD), kg/m2 24.2 (3.7) 24.0 (3.6) 23.4 (3.2) 24.0 (3.5)

Daily consumption, %

 ��� Fresh fruit 12.8 11.9 15.1 13.3

 ��� Red meat 26.8 24.6 23.6 25.8

 ��� Fish/seafood 1.6 1.2 2.0 1.7

 ��� Fresh eggs 13.8 13.1 14.5 14.1

 ��� Wheat product 57.0 57.3 54.0 56.2

Prior disease history, %

 ��� Hypertension 15.0 22.7 5.5 14.3

 ��� Diabetes 8.3 6.3 3.1 6.5

Family disease history, %

 ��� Diabetes 6.9 5.6 5.4 6.3

 ��� CVD 14.3 12.4 17.3 14.2

*Results were standardised by age, sex, and area (where appropriate). Values are means unless otherwise stated.
Abbreviations: %BF=percent body fat, BMI=body mass index, CHD=coronary heart disease, CVD=cardiovascular disease, 

ICH=intracerebral haemorrhage, IS=ischemic stroke, MET=metabolic equivalent of task, MI=myocardial infarction, RPG=random 
plasma glucose, SBP=systolic blood pressure, TIA=transient ischaemic attack.



Pang et al; Physical Activity, Metabolomics, and CVD

Circ Genom Precis Med. 2019;12:e002527. DOI: 10.1161/CIRCGEN.118.002527� September 2019 389

Figure 1. Associations of usual total physical activity (PA) and sedentary leisure time (SLT) with lipoprotein particle concentration, cholesterol, and 
triglycerides, and of these metabolic markers with risks of occlusive cardiovascular disease (CVD).  
Column A shows adjusted SD differences (95% CI) of log-transformed metabolic markers per 1-SD higher usual total PA, and column B shows corresponding estimates per 1-SD 
higher usual SLT. Column C shows adjusted odds ratios (95% CI) of CVD risk (MI and IS) per 1-SD higher log-transformed metabolic markers. Models were adjusted for age, sex, 
fasting time, region, smoking status, education, income, self-rated health, intake of fruit and meat, SLT (for total PA), and total PA (for SLT). The SD was 14 MET h/d for PA and 
1.5 h/d for SLT. The regression dilution ratio was 0.52 for PA and 0.34 for SLT. Significance (Sig.): *P<0.05, **P<0.01, ***P<0.001 (false discovery rate [FDR]–adjusted P using the 
Benjamini-Hochberg method). HDL indicates high-density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; and VLDL, very-low-density lipoprotein.
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magnetic resonance (NMR) metabolomics (Figure III in 
the Data Supplement). Overall, among 18 175 partici-
pants with 17 biomarkers measured by clinical chemis-
try (Figures I and IV in the Data Supplement), there were 
strong inverse associations of total physical activity with 
total cholesterol (difference per 4 units [equivalent to 1 
hour of moderate physical activity such as brisk walking 
(3–4 mph)]: −35 [95% CI, −49 to −22] mg/dL), LDL-C 
(−18 [−25 to −11] mg/dL), total triglycerides (−86 [−982 
to −7.5] mg/dL), apolipoprotein B (-0.67 [-0.86 to -0.48] 

mg/dL), and creatinine (-0.69 [-0.85 to -0.52] μmol/L) 
and positive associations with HDL-C (4.4 [3.1–5.6] 
mg/dL) and apolipoprotein A1 (0.66 [0.45-0.87] mg/
dL). There was also a positive trend for albumin. More-
over, total physical activity was inversely associated with 
high-sensitivity CRP (hs-CRP), fibrinogen, cystatin C, 
alanine aminotransferase, gamma glutamyl transferase, 
and uric acid and positively associated with aspartate 
aminotransferase (Figure IV in the Data Supplement). 
Opposite patterns were observed for the associations 

Figure 2. Associations of usual total physical activity (PA) and sedentary leisure time (SLT) with mean particle diameter, cholesterol, and triglycer-
ides and of these metabolic markers with risks of occlusive cardiovascular disease (CVD).  
Conventions as in Figure 1. HDL indicates high-density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; Sig., significance; and VLDL, 
very-low-density lipoprotein.
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Figure 3. Associations of usual total physical activity (PA) and sedentary leisure time (SLT) with other metabolic traits and of these metabolic mark-
ers with risks of occlusive cardiovascular disease (CVD).  
Conventions as in Figure 1. Sig. indicates significance.
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between sedentary leisure time and clinical chemistry 
(Figure V in the Data Supplement).

In this nested case-control study, total physical activ-
ity showed an inverse association with occlusive CVD 
(odds ratio per 1 SD, 0.86 [0.75–0.99]) with adjustment 
for age, sex, fasting time, region, smoking, education, 
income, self-rated health, intake of fresh fruit and red 
meat, and sedentary leisure time, whereas sedentary 
leisure time showed a positive association with occlu-
sive CVD (odds ratio per 1 SD, 1.28 [1.02–1.60], adjust-
ing for physical activity plus the same covariates except 
for sedentary leisure time). There was a clear pattern of 
the associations of total physical activity with metabolic 
markers, and of metabolic markers with disease risk; 
that is, metabolic markers that were associated with 
higher total physical activity tended to be associated 
with lower risk of occlusive CVD (Pearson correlation 
coefficient, −0.76; Figure 4). Further analyses showed 
that the 18 principal components which explained 
≥95% of the variation across the 225 traits potentially 
explained ≈70% of the effect of total physical activity 
and ≈50% of the effect of sedentary leisure time on 
risk of occlusive CVD (Table IV in the Data Supplement). 
For sedentary leisure time, metabolic markers that 
associated with higher sedentary leisure time tended 
to associate with higher risk of occlusive CVD (Pearson 
correlation coefficient, 0.72; Figure 4).

In sensitivity analyses, the associations with meta-
bolic markers were similar for occupational and non-
occupational physical activity, although the magnitude 
of effects appeared somewhat stronger for the lat-
ter (Figures VI through VIII in the Data Supplement), 
and heterogeneity tests showed no evidence of any 
difference except for triglycerides in large HDL (false 
discovery rate–adjusted P for heterogeneity, 0.02). 
Similar associations were evident (1) when restricting 
the analyses to controls (Figures IX through XI in the 
Data Supplement); (2) when further adjusting for body 
mass index, diabetes mellitus, other dietary factors, or 
medications (Figures XII through XVII in the Data Sup-
plement); (3) when excluding participants with major 
chronic diseases or poor self-rated health at baseline 
(Figures XVIII through XX in the Data Supplement); 
(4) in all and fasted participants (Figures XXI through 
XXIII in the Data Supplement); and (5) in both men and 
women (Figure XXIV). When comparing participants 
from urban and rural areas (Figures XXV and XXVI 
in the Data Supplement), the patterns were gener-
ally similar except for greater magnitudes of associa-
tions for physical activity with several traits in urban 
areas, including VLDL particles, VLDL-C, triglycerides 
in VLDL, IDL (intermediate-density lipoprotein), and 
LDL, apolipoprotein B, isoleucine, leucine, glucose, and 
glycoprotein acetyls. When comparing lipids and lipo-
proteins across 10 regions (Figures XXVII and XXVIII in 
the Data Supplement), there was no evidence of any 

difference between regions except for triglycerides in 
IDL and LDL (P for heterogeneity, <0.05). When exam-
ining the combined effects of high total physical activ-
ity and low sedentary leisure time on metabolomics, 
significant interactions were observed for lipoprotein 
concentrations of very small VLDL, IDL, LDL (large, 
medium, and small), cholesterol concentrations in 
extremely large and very small VLDL, IDL, large LDL, 
very large HDL, total cholesterol, VLDL-C, LDL-C, apoli-
poprotein A1, and apolipoprotein B (Figure XXIX in the 
Data Supplement). In cases where an interaction was 
present, the combination of high physical activity and 
low sedentary leisure time had stronger associations 
with lower concentrations of atherogenic lipoproteins, 
their cholesterol concentrations, and apolipoprotein B 
in comparison to other groups.

DISCUSSION
This study comprehensively examined the associations 
of self-reported total, occupational, nonoccupational 
physical activity and sedentary leisure time with a wide 
range of metabolic biomarkers and the potential role of 
these biomarkers in explaining the association between 
physical activity, sedentary leisure time, and risk of major 
occlusive CVD. In this Chinese population, there were 
inverse associations of physical activity with VLDL and 
LDL and positive associations with HDL particle concen-
trations. In addition, total physical activity was inversely 
associated with inflammation markers including hs-
CRP, fibrinogen, and glycoprotein acetyls. Although 
the associations of sedentary leisure time with meta-
bolic markers generally mirrored those of total physi-
cal activity, a few traits showed different associations 
(eg, histidine). Importantly, we showed that the global 
difference in metabolic biomarkers related to higher 
physical activity conferred lower risk of occlusive CVD, 
with ≈70% of the protective association potentially 
explained by these metabolic markers. These metabolic 
markers also potentially explained ≈50% of the harm-
ful effect of sedentary leisure time on occlusive CVD. 
These results further extended prospective findings in 
our study showing inverse associations of physical activ-
ity with major vascular events (Figure XXX in the Data 
Supplement).2

To date, 3 observational studies have previously 
assessed the associations of physical activity with cir-
culating metabolic markers in adult populations.8,15,16 
While the overall findings were generally similar to 
those in the present study, they tended to focus on 
leisure time physical activity and did not examine the 
association of metabolic markers with disease risk or 
associations of physical activity with disease risk. In a 
twin-pair and 3 population-based cohort studies in 
Finland (16 twin pairs, Pieksämäki cohort, Young Finns 
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Study, and Northern Finland Birth Cohort 1966) with 
136 metabolic markers measured using the same NMR 
platform,8 self-reported active individuals had lower 
concentrations, in comparison with inactive individuals, 
of the apolipoprotein-B–containing lipoproteins (VLDL, 
LDL, and IDL) and their cholesterol concentrations, and 
higher concentrations of large HDL and their cholesterol 
concentrations but not small HDL. Moreover, physically 
active individuals had on average lower concentra-
tions of glucose, glycoprotein acetyls, and alanine. The 
present study showed similar findings for lipoprotein 
particles, lipid constituents, amino acids, and other 
metabolic biomarkers. In particular, similar findings for 
LDL particles and LDL-C were observed when compar-
ing the associations for nonoccupational physical activ-
ity in CKB with the associations for leisure-time physical 
activity in the Finnish study, although the mean levels of 
LDL-C in our study populations were lower. Consistent 
with our association of physical activity and HDL par-
ticles, randomized controlled trials suggest that exercise 
training increases large HDL particles and HDL particle 
size and decreases small HDL particles.17,18 Consistent 
with the Finnish study, the associations between physi-
cal activity and metabolomics persisted when addition-
ally adjusting for body mass index, while the present 
study extended this to show that the associations 
between physical activity and metabolites persisted 
even with additional adjustment for diabetes mellitus. 
As well as showing similar patterns of physical activity 

as in the Finnish study,8 the present study further char-
acterized the associations of sedentary leisure time and 
showed opposite associations with lipids and lipopro-
teins, amino acids, and inflammation.

Isoleucine, leucine, and valine are part of the 
branched-chain amino acid group—essential amino 
acids that play a key role in energy production and 
protein synthesis.19 Circulating levels of branched-
chain amino acids are associated with obesity, insulin 
resistance, metabolic disorders, type 2 diabetes melli-
tus, and CVD.19 The findings in CKB were directionally 
consistent with a small Chinese study (n=277) assess-
ing physical activity by accelerometers and a Japa-
nese study (n=1193) by questionnaires, both of which 
reported inverse associations of total physical activity 
with isoleucine, leucine, and valine,15,16 as well as posi-
tive associations of sedentary leisure time with these 
branched-chain amino acids.

In addition to quantifying the associations of physi-
cal activity with metabolic markers, this study examined 
the extent to which hundreds of metabolic markers 
potentially explained the associations between physical 
activity and CVD risk. One study in the United States 
with 27 000 participants and 979 incident CVD (mainly 
myocardial infarction and ischemic stroke) showed that 
conventional lipids (LDL-C, HDL-C, and total cholesterol) 
and inflammation (hs-CRP, fibrinogen, and soluble inter-
cellular adhesion molecule-1) each accounted for 19% 
and 32% of the protective effect of leisure-time physi-

Figure 4. Global comparison of 1-SD differences of 225 metabolic markers associated with 1-SD higher usual (A) physical activity (PA) and (B) sedentary 
leisure time (SLT) vs log-odds ratios (ORs) for occlusive cardiovascular disease (CVD) associated with 1-SD higher log-transformed metabolic markers.  
Estimates on the y axis are the coefficients of logistic regression of occlusive CVD risk (myocardial infarction and ischemic stroke) on log-transformed metabolic 
markers. Estimates on the x axis are the coefficients of linear regression of log-transformed metabolic markers on (A) total PA and (B) SLT denotes Pearson correla-
tion coefficient.
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cal activity on CVD risk.20 In CKB, we identified a pat-
tern whereby physical activity tended to be associated 
with lower concentrations of metabolic markers that 
were associated with a higher risk of occlusive CVD 
and vice versa. Compared with the US study, our study 
reported a larger proportion of this protective effect 
explained by lipids (LDL-C, HDL-C, and total cholesterol, 
34%) and a similar proportion by inflammation (hs-CRP 
and fibrinogen, 30%). In CKB, a similar proportion of 
the effect of sedentary leisure time on occlusive CVD 
risk was potentially explained by inflammation (hs-CRP 
and fibrinogen, 35%), while a larger proportion was 
explained by lipids (LDL-C, HDL-C, and total cholester-
ol, 60%) than physical activity. However, among these 
metabolic biomarkers assessed, HDL-C, hs-CRP, and 
fibrinogen are unlikely to be causally associated with 
CVD, as suggested by Mendelian randomization stud-
ies.21,22 Atherogenic lipoproteins including VLDL and 
LDL are almost certainly causally related to CVD, while 
recent evidence has suggested that glycoprotein ace-
tyls may mark inflammation pathways relevant to the 
development of CVD.9 In our study, glycoprotein ace-
tyls alone potentially explained 25% of the total effect 
of physical activity on CVD, while VLDL-C and LDL-C 
each explained 13% and 10%, respectively (Table IV 
in the Data Supplement). Glycoprotein acetyls are the 
products of glycosylation modification of secreted 
inflammatory proteins, which are correlated with other 
acute phase reactants including CRP and fibrinogen.10,23 
In our study, the inverse association of total physical 
activity with glycoprotein acetyls was consistent with 
the inverse associations with hs-CRP and fibrinogen as 
measured by clinical chemistry assay, in agreement with 
previous cross-sectional studies (≈70k participants) in 
Western populations that assessed leisure-time physical 
activity.5–7 Inflammation pathways may, therefore, rep-
resent a promising mechanism to explain the protective 
association between physical activity and CVD. Indeed, 
previous studies have reported that higher levels of gly-
coprotein acetyls were associated with incident type 2 
diabetes mellitus, hypertension, and CVD.10,23

The associations that we report potentially impli-
cate lipids and lipoproteins as mediators of the ben-
eficial effects of physical activity on risk of CVD. This is 
plausible because physical activity increases the mito-
chondrial density in skeletal muscle, leading to higher 
metabolism of VLDL triglycerides and fatty acids. Nota-
bly, these patterns of associations are shown in our 
data, with higher physical activity associated with lower 
concentrations of VLDL particles, VLDL-C and VLDL 
triglycerides, and higher sedentary leisure time associ-
ated with higher concentrations of these biomarkers. 
It is also noteworthy that these associations of physi-
cal activity and sedentary leisure time were seen across 
the lipoprotein and lipid cascade, despite the average 
LDL-C of our dataset being relatively low (2.4 mmol/L). 

Consistent with previous observational studies in Chi-
na24 and elsewhere (mean LDL-C, 4.4–4.5 mmol/L),14 
randomized controlled trials have shown that lowering 
of LDL-C reduced the risk of major vascular events even 
among individuals with so-called normal or low choles-
terol levels.25

Our findings are of contemporary importance giv-
en the recent publication of guidelines that seek to 
increase the amounts of physical activity that individu-
als undertake to prevent CVD. For example, the Physical 
Activity Guidelines for Americans advise more physical 
activity and less sedentary leisure time as both provide 
health benefits as assessed by all-cause and CVD mor-
tality, providing recommendations on the types and 
amounts of physical activity across age groups. Of note, 
no quantitative guideline is provided for sitting time.11 
More recently, the American College of Cardiology/
American Heart Association published guidelines for 
the primary prevention of CVD, which included advice 
for adults to engage in at least 150 minutes of moder-
ate-intensity physical activity (or 75 minutes of vigor-
ous-intensity physical activity).26 The American College 
of Cardiology/American Heart Association guidelines 
also advise decreasing sedentary behavior in adults to 
lower risk of CVD, but this recommendation is based 
on limited data. Our study quantifies the associations of 
physical activity and sitting time with circulating metab-
olites and CVD in adult populations. More importantly, 
we showed similar patterns for occupational and non-
occupational physical activity, which reinforced current 
Chinese guidelines that promote any type of physical 
activity for CVD prevention.27

The strengths of the CKB included large numbers of 
well-characterized CVD events, assessment of differ-
ent activity measures (ie, total, occupational, nonoc-
cupational physical activity, and sedentary leisure time) 
with a broad range of blood-based metabolic mark-
ers, and the excellent concordance of NMR measure-
ments compared with conventional clinical chemistry 
approaches.10 Our study also had several limitations. 
First, although similar associations were observed after 
further adjustment for possible confounders or media-
tors including body mass index, diabetes mellitus, 
and dietary variables, residual confounding because 
of unmeasured or suboptimally measured factors (eg, 
diet) may still be present. Second, physical activity and 
sedentary leisure were self-reported, and, therefore, 
measurement error may exist because of subjective 
reporting and between-person differences in intensity 
of physical activity. However, we corrected for regres-
sion dilution using the resurvey data when assessing 
the associations of physical activity and sedentary lei-
sure time with metabolic markers, which may partially 
account for random measurement error and within-
person variability. In addition, the patterns between 
total physical activity and metabolomics observed in the 
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current study were generally consistent with a recent 
study of 1826 adolescents assessing device-measured 
physical activity and NMR metabolomics, particularly 
for cholesterol and triglycerides in HDL and VLDL and 
glycoprotein acetyls.28 That study also showed opposite 
associations for sedentary leisure time, but the associa-
tions for other metabolic biomarkers were weaker or 
nonsignificant compared with those in CKB. Third, we 
used principal component analysis to account for the 
large number of correlated metabolic markers when 
we calculated the proportion of associations of physical 
activity and sedentary leisure time with CVD potentially 
explained by all metabolic markers. Therefore, it is dif-
ficult to fully disentangle which biomarkers, either indi-
vidually or in combination, chiefly explained the effects 
of physical activity on CVD, especially given that the 
associations of physical activity and metabolic biomark-
ers were based on cross-sectional analyses.

CONCLUSIONS
Our study set in China shows that higher physical activ-
ity was associated with lower concentrations of athero-
genic lipoproteins and cholesterol, and lower levels of 
inflammation, and in general, these metabolic markers 
were associated with risk of occlusive CVD.10 Opposing 
patterns of associations between sedentary leisure time 
and metabolic markers were observed. This suggests 
that physical activity may result in favorable alterations 
to blood-based lipids and metabolic markers that might 
partly explain the relationship between physical activity 
and CVD. Our findings provide insights into the bio-
logical mechanisms linking physical activity, sedentary 
leisure time, and CVD.
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