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A large-scale observational study linking ")
various kinds of physical exercise to
lipoprotein-lipid profile

Wan-Yu Lih?

Abstract

Background: Being a major cardiovascular risk factor, dyslipidemia is a critical problem in public health.
Recommendations in performing regular physical exercise are important to prevent dyslipidemia.

Methods: Based on a discovery cohort with 27,735 subjects and a replication cohort with 67,512 subjects, we
evaluated the associations of regularly performing 23 exercises with 4 dyslipidemia indices measured from serum,
including triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
and TG/HDL-C ratio. Regular exercise was defined as performing 30ewigrctéthree times a weekKExercise

includes leisure-time activities such as jogging, swimming, etc. Sex, age, body mass index, alcohol drinking,
cigarette smoking, and education level were adjusted in all statistical analyses.

Results:Among the 23 exercises, only jogging was associated with a decreased level of TG (95% confidence
interval [C.l.] =5-24.5 mg/dL) and TG/HDL-C ratio (95% C.I. =048). A total of 5 exercises were associated with
an increased level of HDL-C, including jogging (95% C.k3-2mg/dL), swimming (95% C.l. =3.8 mg/dL),

dance dance revolution (95% C.I. =3.85mg/dL), international standard dancing (95% C.1—2.7.Mg/dL), and
cycling (95% C.I. = 8168 mg/dL). These significant findings were further well replicated in the cohort of 67,512
subjects.

Conclusion:Regular jogging was not only associated with an increased level of HDL-C, but also the only one
exercise associated with a decreased level of TG and TG/HDL-C ratio. Nonetheless, jogging may be difficult to
engage in for subjects with limited exercise capacity. We here found that swimming, dancing, and cycling are also
significantly associated with an increased level of HDL-C. People who are seeking exercise to improve their
lipoprotein-lipid profiles can have other choices now.
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Background them into a discovery cohort and a replication cohort
Dyslipidemia is an unhealthy level of lipids in blood, in- according to their genotyping arrays.
cluding elevated triglyceride (TG) or low-density lipo- In this study, we aim to identify exercises that are as-
protein cholesterol (LDL-C), and decreased high-densitysociated with a lower risk of dyslipidemia according to
lipoprotein cholesterol (HDL-C). Moreover, the ratio of the discovery cohort, and then we seek replication from
TG to HDL-C (TG/HDL-C ratio) is a useful indicator to the replication cohort. While most previous studies were
detect metabolic syndromel]. RCTs with limited sample sizes and exercise kinds $-
Around ~ 25% of people in the United States are living 12, 21], this work is an observational study with a much
with hypertriglyceridemia (TG > 150 mg/dL), which is a larger sample size and more than 20 kinds of exercise.
type of dyslipidemia and is associated with an increased
risk of cardiovascular disease®][ According to the Methods
Ministry of Health and Welfare in Taiwan, a TG level > Taiwan biobank
150 mg/dL; an LDL-C level>130mg/dL; a HDL-C From October 2012 to February 2020, TWB recruited
level <40 mg/dL for males or a HDL-C level <50 mg/dL 95,247 Taiwan residents aged 30 to 70 years. Among the
for females, are considered dyslipidemia. As a major car95,247 subjects, 27,735 and 67,512 subjects were whole-
diovascular risk factor, dyslipidemia is a critical problem genome genotyped by the TWB1 and TWB2 genotyping
in public health. Lifestyle modification such as perform- arrays, separately. They were so-called the TWB1 and
ing physical exercise is a low-cost and non-TWB2 cohorts, respectivelyZ2]. Although the current
pharmacological strategy to improve ofglipoprotein- study includes no genetic analysis, the two cohorts
lipid profile. formed a natural separation of a discovery set and a rep-
Studies have shown that TG decreased and HDL-C in-lication set. We here used the 27,735 subjects genotyped
creased after 24 h of aerobic exercise training, and lastetdy the TWB1 array as the discovery cohort and the 67,
through 48 h B]. Some studies found that HDL-C is 512 subjects genotyped by the TWB2 array as the repli-
more sensitive to aerobic exercise than TG and LDL-Ccation cohort. After signing informed consent, these 95,
[4]. Regular exercise increases the level of HDL-C in &47 community-based volunteers provided blood and
dose-response manner5f8]. Almost all studies indi- urine samples, took physical examinations, and reported
cated that exercise increases HDL-C to some degredijfestyle factors (regular exercise, alcohol drinking, and
which is a consistent result from both humam4[ 9-13] cigarette smoking) through a face-to-face interview with
and rats [L4-16]. Moreover, regular exercise was found TWB researchersZ3].
to improve “cholesterol efflux capacity the ability of TWB was approved by the Institutional Review Board
HDL-C to carry cholesterol from on& bloodstream to on Biomedical Science Research/IRB-BM, Academia
the liver for clearance 17]. Sinica, and also by the Ethics and Governance Council
Different from HDL-C, exercise effects on LDL-C have of Taiwan Biobank, Taiwan. Written informed consent
been inconsistent across studies. Some studies even pravas obtained before data collection, from each partici-
vided completely contradictory results4] 9-12]. It has pant in accordance with institutional requirements and
been suggested that exercise alone may not lower LDLthe principles of the Declaration of Helsinki. Our use of
C, unless a loss of body weight is also achieved in thishe TWB research data was approved by TWB on Feb-
period of time [Lg]. Other studies concluded that, com- ruary 18, 2020 (application number: TWBR108107).
pared with HDL-C, exercise with a higher intensity is re- This study further received approval from the Research
quired to reduce the level of LDL-C and TG10]. Ethics Committee of National Taiwan University
Despite many randomized controlled trials (RCTs) re- Hospital (NTUH-REC no. 201805050RINB).
lated to this topic, the investigated aerobic exercises were
limited to walking, cycling, or jogging{, 912, 20, 21]. Dyslipidemia indices
Very few studies have evaluated the effects of other aetWe analyzed 3 indices that are related to dyslipidemia:
obic exercises such as dancing, mountain climbing, swim-TG, LDL-C, and HDL-C, all measured from serum.
ming, playing tennis, etc. Moreover, it remains unknown HDL-C is considered asgood cholesterdl in the sense
which exercises are more related to a lower risk ofthat a higher level of HDL-C is linked to a lower risk of
dyslipidemia. coronary heart disease2ff]. On the contrary, LDL-C is
To address this issue, we applied data of 95,24Usually regarded as th&bad’ type of cholesterol 25]. A
Taiwan Biobank (TWB) participants to evaluate the as- TG level <150 mg/dL, an LDL-C level <130 mg/dL, and
sociations of regular exercise with their TG, LDL-C, a HDL-C level >40 mg/dL for males or a HDL-C level >
HDL-C, and TG/HDL-C levels. The 95,247 TWB sub- 50 mg/dL for females, are considered desirab@6] In
jects were genotyped by one of two single-nucleotideaddition to these 3 dyslipidemia indices, we also investi-
polymorphism arrays. Therefore, by nature, we separatedjated TG/HDL-C ratio, which is a useful indicator of
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metabolic syndrome I]. An elevated TG/HDL-C ratio is Statistical analysis
strongly associated with an increased risk of adversd@o investigate exercise effects on the 4 dyslipidemia in-

cardiac eventsZ7]. dices, we considered the following regression model:
Covariates under adjustment Ye¥a ob S :23 Eib S :5 Covariate,

. Lo . . 0 i1 ik ) Cy
Sex, age, obesity, alcohol drinking, cigarette smoking, b B v alb

and education level are closely related to dyslipidemia
[28]. Therefore, our regression model adjusted sex, age . - L _ .
(in years), body mass index (BMI), drinking status (yesWhere YicIs dyslipidemia indexk (k=1, 2, 3, or 4)F is

Vs. no), smoking status (yes vs. no), and educational at?n indicator variable taking a value of 1 or (1 if

. . ) he subject chose exerciseas the regular exercise, and
Falnment (a yalue ranging _from 1 tp 7). In TWB,_drlnk oif: 1, [.23), Covariate, is the V" covariate ¢= 1, [ )
ing was defined as a subject having a weekly intake ; ST

and is the random error term. Exercisg will be
more than 150 mL of alcohol for at least 6 months and - o . .

. o . . claimed to exhibit effects on indexk if the p-value ofHq
having not stopped drinking at the time his/her pheno- 1,0 Ho 20 is | than 8% 1, 0.0004
types were measured. Smoking was defined as a subject Eix 7 VS-Hit g IS 1€SS haNgg s 74 Y- ’
who had smoked for at least 6 months and had not quit which is the Bonferroni-corrected significance level con-
smoking at the time his/her phenotypes were measured. sidering 30 regression coefficients {, ¢ .and ¢ ) in

Educational attainment was recorded according to amodel (1) and 4 dyslipidemia indices. All analyses were
face-to-face interview with TWB researchers, rangingperformed using R version 4.0.3.
from 1 to 7: 1“illiterate”, 2 “no formal education but lit-
erat¢, 3 “primary school graduatg 4 “junior high school Results
graduaté, 5 “senior high school graduate 6 “college Basic characteristics of the TWB subjects
graduaté, and 7“Masters or higher degree Among the 95,247 TWB subjects, 27,735 were classified
Regular exercise was defined as performing 30 min ofnto the discovery cohort whereas 67,512 the replication
“exercisé three times a week."Exercisé includes cohort. Tablel presents the basic characteristics of these
leisure-time activities such as jogging, swimming, dan-two cohorts, stratified by sexes. The discovery (replica-
cing, cycling, mountain climbing, weight training, etc. tion) cohort shows that 28.6% (29.6%) males and 13.8%
Individuals with regular exercise would then be asked(15.9%) females had TG >150mg/dL; 38.3% (36.4%)
what kinds of exercise they usually engaged in. males and 33.6% (35.3%) females had LDL-C > 130 mg/

Table 1 Basic characteristics of the 95,247 Taiwan Biobank subjects

Males Females

Discovery cohort Replication cohort Discovery cohort Replication cohort
Total 13,834 (49.9) 20,763 (30.8) 13,901 (50.1) 46,749 (69.2)
Age (years) 48.8 +11.2 50.8 + 11.3 488+ 11.1 50.3 + 10.5
BMI (kg/nf) 252+ 35 25.4+35 235+37 23.6+3.7
Drinking 1714 (12.4) 2740 (13.2) 246 (1.8) 841 (1.8)
Smoking 2886 (20.9) 4351 (21.0) 397 (2.9) 1334 (2.9)
Educational attainment 57+0.9 57%0.9 53+10 53+10
TG (mg/dL) 133.8 + 104.5 140.3 + 127.8 99.4 + 68.6 103.4+73.8
TG > 150 mg/dL 3951 (28.6) 6151 (29.6) 1916 (13.8) 7434 (15.9)
LDL-C (mg/dL) 122.3+31.4 121.0 + 31.3 119.4 + 31.9 120.6 + 31.8
LDL-C > 130 mg/dL 5295 (38.3) 7555 (36.4) 4676 (33.6) 16,488 (35.3)
HDL-C (mg/dL) 479+ 11.0 478+ 11.1 58.0 £ 13.1 58.1+£13.2
HDL-C <40 mg/dL (males) 3137 (22.7) 4815 (23.2) - -
HDL-C <50 mg/dL (females) - - 3837 (27.6) 12,980 (27.8)
TG/HDL-C 3.2+34 3.3+x44 19+19 2021
TG/HDL-C >3.75 (malés) 3572 (25.8) 5622 (27.1) - -
TG/HDL-C > 3 (femalds) - - 2093 (15.1) 7856 (16.8)

Data are shown im (%) or mean + SD
#Combining TG and HDL-C, the undesirable range for TG/HDL-C is > 3.75 (= 150/40, for male) or >3 (= 150/50, for female)
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Fig. 1 Exercise effects on TG. The regression model was bliitag, b 32,8 .£;b >.0.8¢, Covariate, b e. The bars represefit, and the

black segments mark the standard erroB,provariates adjusted in the regression model included sex, age, BMI, drinking status, smoking status,
and educational attainment. Bars witk: 0.0004 = 0.05/(30 x 4) in both the discovery cohort and the replication cohort were highlighted in

green color
J

Fig. 2 Exercise effects on LDL-C. The regression model was bilt-asv By b 3%, 8: £, b 3-048¢, Covariate, p . The bars represefit,

and the black segments mark the standard errcﬁEoC0variates adjusted in the regression model included sex, age, BMI, drinking status|
smoking status, and educational attainment. Barsmtld.0004 = 0.05/(30 x 4) in both the discovery cohort and the replication cohort were
highlighted in green color

J
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