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ABSTRACT

TJURIN, P., M. NIEMELA, M. KANGAS, L. NAUHA, H. VAHA-YPYA, H. SIEVANEN, R. KORPELAINEN, V. FARRAHI, and
T. JAMSA. Cross-Sectional Associations of Sedentary Behavior and Sitting with Serum Lipid Biomarkers in Midlife. Med. Sci. Sports
Exerc., Vol. 54, No. 8, pp. 1261-1270, 2022. Introduction: Physical inactivity, excessive total time spent in sedentary behavior (SB) and
prolonged sedentary bouts have been proposed to be risk factors for chronic disease morbidity and mortality worldwide. However, which pat-
terns and postures of SB have the most negative impacts on health outcomes is still unclear. This population-based study aimed to investigate
the independent associations of the patterns of accelerometer-based overall SB and sitting with serum lipid biomarkers at different moderate-
to vigorous-intensity physical activity (MVPA) levels. Methods: Physical activity and SB were measured in a birth cohort sample (N = 3272)
at 46 yr using a triaxial hip-worn accelerometer in free-living conditions for 14 d. Raw acceleration data were classified into SB and PA using
a machine learning—based model, and the bouts of overall SB and sitting were identified from the classified data. The participants also an-
swered health-related questionnaires and participated in clinical examinations. Associations of overall SB (lying and sitting) and sitting pat-
terns with serum lipid biomarkers were investigated using linear regression. Results: The overall SB patterns were more consistently associ-
ated with serum lipid biomarkers than the sitting patterns after adjustments. Among the participants with the least and the most MVPA, high
total time spent in SB and SB bouts of 15-29.99 and >30 min were associated with impaired lipid metabolism. Among those with moderate
amount of MVPA, higher time spent in SB and SB bouts of 15-29.99 min was unfavorably associated with serum lipid biomarkers.
Conclusions: The associations between SB patterns and serum lipid biomarkers were dependent on MVPA level, which should be con-
sidered when planning evidence-based interventions to decrease SB in midlife. Key Words: PHYSICAL ACTIVITY, SEDENTARY

PATTERNS, CARDIOMETABOLIC HEALTH MARKERS, DYSLIPIDEMIAS, ACCELEROMETER
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hysical inactivity has been shown to increase the risk of
many chronic diseases, such as type 2 diabetes, cardio-
vascular diseases (CVD), and certain cancers (1). The
guidelines on physical activity (PA) for health have been well
described and recommend that adults 18-64 yr old do at least
150 to 300 min of moderate-intensity aerobic PA (MPA), at
least 75 to 150 min of vigorous-intensity aerobic PA (VPA),
or an equivalent combination of moderate- and vigorous-
intensity aerobic PA (MVPA) throughout the week (2). The
recommendations for sedentary behavior (SB, defined as any
waking time spent in a sitting, reclining, or lying posture with
an energy consumption <1.5 METSs) only recommend that
adults sit less throughout the day (2), but the detailed recom-
mendations for SB are still missing.
Research concerning SB has rapidly grown over the past
decade, and SB has been stated to be among the leading life-
style risk factors for CVD and all-cause mortality worldwide
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(3). Based on recent literature, lower volumes of MVPA and
higher volumes of SB are associated with the increased risk
of CVD (4-8). Traditionally, SB has been thought to be an in-
dependent risk factor, but recent findings show that the health
risks related to excessive SB are dependent on MVPA levels
(9). However, the consensus about the harmful amount of
daily SB is still missing, and several thresholds for the maxi-
mum daily amount of SB have been suggested (10). In addi-
tion, prolonged bouts of SB have also been adversely associ-
ated with health outcomes (11-13), but more evidence is
needed on the relationship between SB bouts and cardiometa-
bolic health at different MVPA levels (9).

The PA and the SB guidelines so far have mostly been
based on self-reported amounts of total participation in MVPA
and sitting per day or week. Various studies have shown that
self-reported PA and SB induce bigger measurement error
and recall bias than accelerometer-measured PA and SB
(14-16). Accelerometers have also enabled researchers to
measure PA and SB patterns in a free-living environment (9).

The traditional signal-processing methods are based on spe-
cific thresholds for different activities, and the use of raw ac-
celeration data has been suggested (17). The thigh has been
thought to be the most accurate attachment site for the acceler-
ometer to measure SB. However, novel signal-processing
techniques—e.g., angle for posture estimation, machine learn-
ing (ML)—have offered promising results when the acceler-
ometer is attached to the hip (18-21). In particular, associa-
tions between SB patterns and cardiometabolic health have
been suggested to be reliably studied regardless of whether
the accelerometer is attached to the hip or the thigh (22).

The aim of this population-based study was to investigate the
independent associations of the patterns of accelerometer-
measured free-living SB and sitting with serum lipid biomark-
ers in middle-age Finnish adults at different MVPA levels.
We hypothesized that these associations vary according to the
MVPA level and that more time spent in SB and prolonged
SB bouts is associated with impaired lipid metabolism, espe-
cially in the least physically active adults.

MATERIALS AND METHODS

Study population. All pregnant women whose expected
dates of delivery were in the year 1966 and who were living in
the two northemmost provinces in Finland were invited to partici-
pate in the Northern Finland Birth Cohort 1966 study (NFBC1966).
From those women, 12,058 live birth children were included in the
NFBC1966 study population, comprising 96% of all births in
the region in 1966. Since birth, information about these individ-
uals’ health conditions, socioeconomic backgrounds, workload,
and lifestyles has been recorded regularly through question-
naires, health care records, and clinical examinations (23).

In the years 2012-2014, when the subjects were approxi-
mately 46 yr old, the most recent follow-up data were collected
from 10,321 participants who provided written informed con-
sent to take part in the 46-yr follow-up study. The 46-yr data
collection included questionnaires, clinical examinations, and

measurements of PA and SB with a hip-worn triaxial acceler-
ometer. The 46-yr follow-up study was approved by the Ethical
Committee of the Northern Ostrobothnia Hospital District in
Oulu, Finland (94/2011), and was performed in accordance
with the Declaration of Helsinki. Personal identity information
was encrypted and replaced with identification codes.

Questionnaires. The participants filled postal questionnaires
about their health conditions, socioeconomic backgrounds,
lifestyles, and work. Their educational levels, employment,
marital status, and prevalence of diagnosed diseases and med-
ication were also inquired. Information about smoking habits
was collected with multiple questions, and smoking status
was dichotomized (nonsmoker or former smoker and current
smoker). Drinking habits were estimated using beverage-
specific questions on the usual frequencies of consumption
and amounts of beer, wine, and spirits per drinking occasion,
and the average volume of ethanol consumed per day was cal-
culated. The threshold values for heavy users of alcohol were
set at >40 g-d”' for men and >20 g-d~' for women based on the
recommendations of the Finnish Current Care Guidelines.

The ability to walk was determined using a question about mo-
bility from the 15D instrument (24). The participants were asked
to read all five alternative responses and to select only one alter-
native that best described their present health status. The alterna-
tive responses were “I am able to walk normally (without diffi-
culties) indoors, outdoors, and on the stairs,” “I am able to walk
without difficulty indoors, but outdoors and/or on the stairs, I
have slight difficulties,” “I am able to walk without help indoors
(with or without an appliance) but outdoors and/or on the stairs
only with considerable difficulty or with help from others,” “I
am able to walk indoors only with help from others,” and “I
am completely bedridden and unable to move about.”

Clinical examinations. An invitation to a clinical exam-
ination was sent to all participants with known addresses, of
which 5861 attended. The clinical examination was conducted
by a trained study nurse. The participants’ height, weight, and
waist circumference were measured. Body mass index was
calculated using the measured height and weight data (kg'm2).
The cutoff values of waist circumference for abdominal obesity
were set at >102 cm for men and >88 cm for women, indicating
a substantially increased risk for developing cardiometabolic
diseases (25).

Venous blood samples were taken after overnight fasting
(12 h) and abstaining from smoking and drinking coffee on
the clinical examination day. Triglycerides, total cholesterol,
high-density lipoprotein (HDL) cholesterol, and low-density
lipoprotein (LDL) cholesterol were analyzed from the fasting
serum samples using a previous method (26). Because the ra-
tios of total/HDL cholesterol and LDL/HDL cholesterol have
been proposed to be stronger predictors for CVD risk than the
isolated lipid biomarkers, these ratios were calculated (27,28).

Measurement of PA and SB. The participants who
attended the clinical examinations were invited to participate
in PA measurements and wear a triaxial accelerometer (Hookie
AM20; Traxmeet Ltd., Espoo, Finland) for 14 consecutive days
during all waking hours except during water-related activities.
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The accelerometer was attached with an elastic belt to the right
posterior side of the hip and served as a data logger without pro-
viding feedback to the participants. Raw acceleration signals
were collected at a sampling frequency of 100 Hz.

Signal analysis was conducted from the raw accelerations
using a previous signal-processing method (29). In brief, the
wear time signal was formed by removing nonwear periods,
defined as at least 30 min of consecutive zero values in all
three axes. Five different activity categories (lying, sitting,
light-intensity physical activity [LPA], MPA, and VPA) were
recognized from the steady-state wear time acceleration sig-
nals using a supervised ML model (21). The model was
trained and validated using a data set of 22 adults participating
in nine semisupervised activities ranging in intensity from SB
to VPA, as described elsewhere (21). These activities also in-
cluded a dynamic standing activity (i.e., poster viewing) that
contained self-selected amount of standing still and standing
with slight movement, which were all classified as LPA
(30). The ML model analyzed the data in 5-s epochs using
the bagged trees classifier and, in total, 20 features (mean,
minimum, maximum, zero crossing rate, and mean amplitude
deviation [31], extracted in all three axes and the acceleration
sum vector). The ML model exhibited excellent total accuracy
(96.5%) as well as sensitivity and specificity in recognizing
lying and sitting among working-age adults (21).

The maximum daily wear time was limited to 20 h, and the
exceeding wear time was removed from the lying time. Lying
and sitting bouts were recognized from the classified data, and
they were combined to form SB bouts. An SB bout was de-
fined as a minimum of 30 s of continuous lying or sitting,
and a break in SB was defined as a PA bout with a minimum
of 30 s between successive SB bouts. In addition, sitting bouts
were analyzed separately and defined as a minimum of 30 s of
continuous sitting (29). Daily sedentary pattern variables were
observed from the extracted overall SB and sitting bouts sepa-
rately, and the observed variables were total time per day
(min-d ') and time spent in bouts of 15-29.99 and >30 min
(min-d""). The abovementioned variables were selected be-
cause they were considered to describe sedentary bout length
distribution more clearly than some composite measures of
SB, such as fragmentation index (32). In addition, the total
time per day (min-d ') spent in LPA, MPA, and VPA was ob-
served from the classified PA data, and MPA and VPA were
summed up to form MVPA. The participants with four or
more days of at least 600 min-d”' of valid accelerometer data
were included in the analyses.

Statistical methods. Statistical analyses were performed
using IBM SPSS Statistics for Windows, version 25.0 (IBM
Corp., Armonk, NY). Participants providing valid data from
questionnaires, clinical examinations, and accelerometer mea-
surements as well as reporting normal walking ability were in-
cluded in the statistical analyses. The descriptive characteris-
tics of the participants are presented in counts and proportions
for categorical variables, means, and SD for normally distrib-
uted continuous variables or medians and 25th and 75th per-
centiles for skewed continuous variables. To consider the

possible interaction between SB and MVPA (33), the partic-
ipants were grouped into three groups according to their
measured MVPA level: low activity (total MVPA time
<150 min'wk ' and total VPA time <75 min-wk '), moder-
ate activity (total MVPA time = 150-300 min-wk ! and to-
tal VPA time <150 min'wk ' or total MVPA time
<300 min'wk ' and total VPA time = 75150 min-wk ),
and high activity (total MVPA time >300 min-wk ' or total
VPA time >150 min-wk '). The abovementioned groups were
formed based on the guidelines on PA (2). Univariate associa-
tions between continuous variables and MVPA groups were an-
alyzed using ANOVA with Tukey’s post hoc test for normally
distributed data or the Kruskal-Wallis test with the Mann—
Whitney U-test pairwise comparison for skewed data. The
chi-square (%) test and the Z-test with Bonferroni correction
for post hoc were used for analyzing differences between cat-
egorical variables and MVPA groups.

All serum lipid biomarkers and PA and SB variables were
natural log transformed before regression analyses to obtain
normal distribution. Multivariable linear regression analyses
were performed for the whole study population and in each
MVPA group separately. Before the linear regression analy-
ses, regression analyses including an interaction term for SB
variables and MVPA groups (low, moderate, and high) were
performed to ascertain the possibility of interaction between
SB variables and MVPA groups. The significance of interac-
tions between SB variables and MVPA groups could indicate
that the associations of SB with serum lipid biomarkers differ
significantly between the MVPA groups.

Multivariable associations were conducted using the enter
method in linear regression analysis between SB and sitting
variables and serum lipid biomarkers. The analyzed SB and
sitting variables were total SB time (min-d "), times spent in
15-29.99 min and >30 min SB bouts (min-d""), total sitting
time (min-d '), and time spent in 15-29.99 min sitting bouts
(min-d"). The linear regression analyses were conducted
using five models that included one of the SB or sitting vari-
ables. The confounding variables in the linear regression
models were sex, abdominal obesity (men >102 cm, women
>88 cm), smoking status (nonsmoker/current smoker), heavy
alcohol consumption (men >40 g-d !, women >20 g-d "), di-
agnosis or medication for diabetes or CVD (coronary artery
disease, heart failure, myocardial infarction, stroke), acceler-
ometer wear time (min-d '), MVPA (min-d""), education (no
professional education, vocational/college level education,
university/polytechnic degree), marital status (married/cohabiting,
divorced/widowed, unmarried), and employment status
(employed/unemployed/studying/other). SB and sitting vari-
ables, MVPA, and covariates had linear relationship with se-
rum lipid biomarkers and had no significant multicollinearity
(variance inflation factor <5), autocorrelation (Durbin—Watson
statistics 1.5 < d < 2.5), or heteroscedasticity based on the var-
iance and distribution of residuals. MVPA time and time spent
in different lengths of SB and sitting bouts had several zero
values, which were eliminated before natural log transformation
by adding a constant value of 1.
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SB variables that were significantly and consistently associ-
ated with serum lipid and lipoprotein levels were entered into
receiver operating characteristic (ROC) analyses to determine
the threshold values of the SB variables. Before ROC analyses,
the serum lipid and lipoprotein variables were dichotomized ac-
cording to the recommendations of the Finnish Current Care
Guidelines: triglycerides <1.7 mmol-L™!, total cholesterol
<5.0 mmol-L ™!, LDL cholesterol <3.0 mmol-L ™!, HDL choles-
terol for men >1.0 mmol-L™" and for women >1.2 mmol-L™",
total/HDL cholesterol ratio <4, and LDL/HDL cholesterol ratio
<3. The statistical significance was set to P < 0.05.

RESULTS

A total of 5861 NFBC1966 cohort members (56.8% of liv-
ing NFBC1966 cohort members in Finland in the years 2012—
2014) participated in clinical examinations and agreed to wear
the accelerometer after filling the questionnaires. From those
attending the clinical examinations, 3272 (55.8% of all the
46-yr follow-up study participants) provided data from ques-
tionnaires, clinical examinations, and accelerometer measure-
ment and reported that they could walk normally without dif-
ficulties indoors, outdoors, and on the stairs (Fig. 1). Those
who did not agree to participate in the clinical examinations
and wear accelerometer were more often men (53% vs 44%,
P <0.001), heavy users of alcohol (10% vs 8%, P < 0.001),
and smokers (29% vs 19%, P <0.001) and had more often ab-
dominal obesity (76% vs 37%, P <0.001) and diagnosis or med-
ication to CVD or diabetes (22% vs 19%, P < 0.001) compared
with participants who agreed to participate. Those who did not
provide enough valid accelerometer data were more often
smokers (22% vs 17%, P <0.001) and had more often abdominal
obesity (45% vs 32%, P <0.001) and diagnosis or medication to

CVD or diabetes (22% vs 18%, P < 0.001) compared with par-
ticipants who were included in the statistical analyses.

The characteristics of the study participants by MVPA
groups are presented in Table 1. The participants were, on aver-
age, 46.1 = 0.6 yr old, and 1395 (42.6%) were men. The low ac-
tivity group included 1341 (41.0%) participants, the moderate
activity group 1238 (37.8%) participants, and the high activity
group 693 (21.2%) participants. The percentages of men
(about 40%) and women (about 60%) were the same in all ac-
tivity groups.

The mean accelerometer-measured PA, SB, and sitting var-
iables and serum lipid biomarkers by MVPA groups are pre-
sented in Table 2. The average measurement period was
14 d, and the median wear time was 903.4 min-d ' (25th—
75th percentiles 859.3-945.5 min-d™'). The participants’
weekly mean MVPA time was 175 min, and they spent most
(64.7%, 584.9 min-d ') of their wear time sedentary, of which
360.2 min-d ' (61.6%) were performed in a sitting posture.
The participants in the low activity group had more total seden-
tary time, and they accumulated their sedentary time more often
in longer bouts (=30 min) than the participants in the moderate or
high activity groups (P < 0.001). However, the total time spent
sitting and the time spent in >30-min sitting bouts were greater
among the high activity group compared with the low and mod-
erate activity groups (P < 0.001). There were not statistically
significant differences in LPA between the activity groups.

The associations of total sedentary time with LDL choles-
terol, total/HDL cholesterol ratio, and LDL/HDL cholesterol ra-
tio differed significantly between MVPA groups (P = 0.006—
0.029). In addition, the associations of time spent in SB bouts
of >30 min with triglycerides, LDL/HDL cholesterol ratio,
total/HDL cholesterol ratio, LDL cholesterol, and HDL choles-
terol differed significantly between MVPA groups (P = 0.001—

All NFBC1966 members
in year 1966 (n= 12,058)

A,

NFBC1966 members alive and in Finland
at 46 years in year 2012 (n=10,321)

(n="5.861)

At 46 years in 2012-2014:
Answering questionnaires (n = 7,132)
Attending clinical examinations and
agreeing to wear an accelerometer

|

|

Excluded from analyses:

Any missing covariate (n = 1,403)

Missing or invalid accelerometer data (n=991)

Reporting reduced walking ability (n = 195)

Included in analyses (n = 3,272)

FIGURE 1—The selection of study participants from the Northern Finland Birth Cohort 1966 (NFBC1966).
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TABLE 1. Characteristics of study participants by physical activity group.

Variable All (n=3272) Low Activity (n=1341) Moderate Activity (n=1238) High Activity (n=693) P Value
Sex 0.070%
Men, n (%) 1395 (42.6) 589 (43.9) 537 (43.4) 269 (38.8)
Women, 11 (%) 1877 (57.4) 752 (56.1) 701 (56.6) 424 (61.2)
Height, cm 170.3 (163.9-177.7)  170.4 (164.0-178.0)** 170.5 (164.4-177.7)*** 169.5 (162.9-176.5) 0.003°
Weight, kg 75.6 (65.4-86.6) 78.6 (67.0-89.8)*** 75.8 (65.5-85.8)*** 71.0 (63.0-81.2) <0.001°
BMI, kg-m2 <0.0012
<18.5, n (%) 20 (0.6) 8 (0.6) 7 (0.6) 7(0.7)
18.5-24.99, n (%) 1372 (41.9) 473 (35.2)** 526 (42.5)*** 373 (53.8)
25-29.99, n (%) 1319 (40.3) 560 (41.8)** 517 (41.7)*** 242 (34.9)
>30, n (%) 561 (17.2) 300 (22.4)*** 188 (15.2)*** 73 (10.6)
Waist circumference, cm 89.5 (80.5-98.0) 92.0 (82.5-101.0)*** 89.0 (81.0-97.5)*** 85.0 (78.0-93.5) <0.001°
Abdominal obesity (men >102 cm, women >88 cm), n (%) 1047 (32.0) 525 (39.1)** 372 (30.0)*** 150 (21.6) <0.0017
Marital status 0.020%
Married/cohabiting, n (%) 2631 (80.4) 1104 (82.3)** 1000 (80.8)*** 527 (76.0)
Divorced/widowed, 1 (%) 628 (19.2) 232 (17.3)** 233 (18.8)*** 163 (23.5)
Unmarried, n (%) 13 (0.4) 5(0.4) 5(0.4) 3(0.5)
Education <0.001%
No professional education, n (%) 171 (5.2) 95 (7.1)*** 54 (4.4 21 (3.0)
Vocational/college level education, n (%) 2062 (63.0) 907 (67.6)** 769 (62.1)*** 386 (55.7)
Polytechnic/university degree, n (%) 1039 (31.8) 339 (25.3)** 414 (33.4)*** 286 (41.3)
Employment status 0.2112
Employed, n (%) 3182 (97.2) 1298 (96.8) 1207 (97.5) 677 (97.7)
Unemployed, n (%) 28(0.9) 15 (1.1) 12 (1.0) 1(0.1)
Studying, n (%) 16 (0.5) 6 (0.5) 7(0.5) 3(0.5)
Other, 1 (%) 46 (1.4) 22 (1.6) 12 (1.0) 12 (1.7)
Smoking <0.0014
Nonsmoker, n (%) 2708 (82.8) 1063 (79.3)*** 1043 (84.2) 602 (86.9)
Current smoker, 11 (%) 564 (17.2) 278 (20.7)*** 195 (15.8) 91 (13.1)
Alcohol consumption, g-d™! 6 (1.2-13.1) 3(1.0-13.0) 49 (1.4-13.2) 43 (1.1-13.2) 0.181%
Heavy user (men >40 g-d™', women >20 g-d™"), n (%) 241 (7.4) 101 (7.5) 88 (7.1) 52 (7.5) 0.908°
CVD or diabetes diagnosis or medication, n (%) 573 (17.5) 261 (19.5)** 218 (17.6) 94 (13.6) 0.004°

Values are presented as median (25th—75th percentiles) if not otherwise stated.
aChi-square test, post hoc: Z-test with Bonferroni correction.

Kruskal-Wallis, post hoc: Mann-Whitney U-test with Bonferroni correction. Only significant (P < 0.05) pairwise comparison P values are reported: * low activity vs moderate activity, ** low

activity vs high activity, *** moderate activity vs high activity.
BMI, body mass index; CVD, cardiovascular disease (coronary artery disease, heart failure

0.032). SB and sitting variables having statistically significant
linear associations with serum lipid and lipoprotein levels are
summarized in Table 3. The models used in the linear regres-
sion analyses are presented in Table 4 and Supplementary
File 1 (see Appendix, Supplemental Digital Content 1, Asso-
ciations of Sedentary Behavior and Sitting Variables with

, myocardial infarction, stroke).

Serum Lipids and Lipoproteins in the Low, Moderate, and High
Activity Groups, http:/links.lww.com/MSS/C549). The linear
regression models predicting the total/ HDL cholesterol ratio
had the greatest coefficients of determination, explaining on
average 34.5% (P < 0.001) of the variance among the whole
study sample (Table 3). Sedentary time and time spent in SB

TABLE 2. Accelerometer-measured physical activity, SB and sitting, and serum lipid biomarkers by physical activity group.

Variable All (N =3272) Low Activity (n = 1341) Moderate Activity (n=1238)  High Activity (n = 693) PValue
Accelerometer-measured PA
Wear time, min-d™' 903.4 (859.3-945.5)  895.4 (848.3-940.5)*** 904.7 (860.6-945.9)*** 916.2 (879.2-953.5) <0.001?
MVPA time, min-d~" 25.0 (14.2-38.7) 12.3 (7.4-16.7)*** 29.5 (25.2-34.8)*** 55.3 (47.8-66.3) <0.001%
LPA time, min-d”' 266.8 (207.9-337.1)  266.1 (198.8-340.0) 270.8 (216.5-338.6) 262.0 (209.1-329.3) 0.0847
Accelerometer-measured overall SB (lying and sitting)
Sedentary time, min-d”' 584.9 (514.9-655.2)  592.8 (520.9-672.1)*** 581.8 (513.0-646.2) 577.6 (507.4-637.0) <0.001?
Time spent in <15 min SB bouts, min-d~' 194.6 (165.1-225.2) 190.1 (159.6-223.6)*** 197.0 (171.1-225.5) 1955 (166.5-227.7) 0.0012
Time spent in 15-29.99 min SB bouts, min-d' 1205 (100.3-141.8) 116.1 (95.9-137.8)*** 123.2 (102.5-143.3) 125.1 (105.8-144.5) <0.0017
Time spent in >30 min SB bouts, min-d~" 194.8 (128.2-265.7)  206.1 (137.8-293.8)*** 189.5 (120.6-255.5) 184.8 (126.3-249.4) <0.001?
Accelerometer-measured sitting
Sitting time, min-d”~' 360.2 (288.1-437.8)  345.0 (275.2-422.8)*** 368.3 (295.4-439.7)*** 378.3 (303.2-453.8) <0.0017
Time spent in <15 min sitting bouts, min-d~" 149.9 (116.8-180.0) 1451 (111.8-175.7)*** 153.4 (121.9-182.4) 152.4 (118.6-183.5) <0.0017
Time spent in 15-29.99 min sitting bouts, min-d~" 76.3 (57.9-97.0) 71.3 (52.6-91.8)*** 78.0 (60.7-99.3) 81.0 (62.1-102.6) <0.0012
Time spent in >30 min sitting bouts, min-d~" 69.3 (38.7-128.9) 61.6 (36.5-128.1)*** 70.3 (39.9-125.7) 74.5 (40.1-134.3) 0.0012
Serum lipid biomarkers
Triglycerides, mmol-L™ 1.0 (0.8-1.5) 1.1 (0.8-1.6)*** 1.0 (0.8-1.4)*** 0.9(0.7-1.3) <0.001?
Total cholesterol, mmol-L™ 5.2 (4.7-5.9) 5.3 (4.7-5.9)** 5.3 (4.7-5.9)*** 5.1(4.6-5.7) 0.008?
LDL cholesterol, mmol-L™ 3.3 (2.8-4.0) 34 (2.8-4.1)* 34 (2.8-4.0)*** 3.1(2.6-3.8) <0.001%
HDL cholesterol, mmol-L™ 15 (1.3-1.8) 15 (1.2-1.7)** 15 (1.3-1.8)*** 16 (1.4-1.9) <0.0017
Total/HDL cholesterol ratio 34 (2.8-42) 3.6 (3.0-4.4)"** 34 (2.8-4.2)*** 3.1(2.6-3.9) <0.001?
LDL/HDL cholesterol ratio 2.2 (1.7-2.9) 2.4 (1.8-3.1)"** 2.2 (1.7-2.9)*** 2.0 (1.5-2.7) <0.0017

Values are presented as median (25th-75th percentiles) if not otherwise stated.

Kruskal-Wallis, post hoc: Mann-Whitney U-test with Bonferroni correction. Only significant (P < 0.05) pairwise comparison P values are reported: *low activity vs moderate activity, **low

activity vs high activity, ***moderate activity vs high activity.

PA, physical activity; MVPA, moderate-to-vigorous physical activity; LPA, light physical activity; SB, sedentary behavior; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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bouts of 15-29.99 and >30 min were inversely associated with
total/HDL and LDL/HDL cholesterol ratios, HDL and LDL
cholesterols, and triglycerides. Sitting time and time spent in
sitting bouts of 15-29.99 min were inversely associated with
HDL cholesterol related biomarkers. MVPA time was consis-
tently associated with all serum lipid and lipoprotein levels be-
sides total cholesterol among the whole study sample (Table 4).

Total sedentary time and time spent in SB bouts of >30 min
were inversely associated with HDL and LDL cholesterol,
total/HDL and LDL/HDL cholesterol ratios, and triglycerides
in the low activity group (Table 3). In addition, time spent in
SB bouts of 15-29.99 min was inversely associated with
total/HDL and LDL/HDL cholesterol ratios in the low activity
group. Total sedentary time was inversely associated with
HDL cholesterol and total/HDL cholesterol ratio, and time
spent 15-29.99 min SB bouts was inversely associated with
HDL cholesterol, total/HDL ratio LDL/HDL cholesterol ratios,
and triglycerides in the moderate activity group. Sedentary time
and time spent in SB bouts of 15-29.99 and >30 min were in-
versely associated with HDL cholesterol and LDL/HDL choles-
terol ratio in the high activity group. MVPA time was most con-
sistently associated with total/HDL and LDL/HDL cholesterol
ratios and triglycerides in the low activity group (Supplemen-
tary File 1, Supplemental Digital Content 1, Associations of
Sedentary Behavior and Sitting Variables with Serum Lipids
and Lipoproteins in the Low, Moderate, and High Activity
Groups, http:/links.lww.com/MSS/C549). However, MVPA
time was not associated with any serum lipid and lipoprotein
biomarkers in the moderate and low activity groups.

According to the linear regression analyses, the SB vari-
ables significantly associated with serum lipid biomarkers
were most often the total SB time (min-d ') and the time spent
in SB bouts of 15-29.99 min (min-d ") and >30 min (min-d ).
These SB variables were entered into ROC analyses to inves-
tigate the threshold values for the harmful amount of SB. The
results of ROC analyses are presented in Supplementary File 2
(see Appendix, Supplemental Digital Content 2, ROC Curves
and Thresholds of Total Sedentary Time and Time Spent in
SB Bouts, http://links.lww.com/MSS/C550). Among the total
study population, the total SB time and the time spent in SB
bouts of >30 min had higher AUC values for total/HDL cho-
lesterol ratio, LDL/HDL cholesterol ratio, and triglycerides
(AUC = 0.59-0.60) than the time spent in SB bouts of
15-29.99 min (AUC = 0.52-0.54).

DISCUSSION

The results of this population-based study showed that the
accumulation patterns of overall SB and sitting and their associ-
ations with serum lipid biomarkers varied among MVPA groups.
The patterns of overall SB were more consistently associated
with serum lipid biomarkers than those of sitting. Total sedentary
time and time spent in SB bouts of >30 min were most consis-
tently associated with impaired lipid metabolism among the
adults who did not meet the recommended minimum amount
(150-300 min-wk ') of MVPA. More total sedentary time and

time spent in SB bouts of 15-29.99 min were detrimentally as-
sociated with serum lipid biomarkers in middle-age adults
meeting the lower recommended limit (150-300 min-wk ')
of MVPA. In addition, total sedentary time and time spent in
SB bouts of 15-29.99 and >30 min were inversely associated
with serum lipid biomarkers among the middle-age adults
meeting the higher limit (>300 min-wk ') of MVPA.

In line with the existing literature (4,6,13,34,35), we found
that the times spent in SB and prolonged sedentary bouts were
unfavorably associated with cardiometabolic health. However,
these relationships were dependent on the MVPA group. More
total MVPA time had a favorable association with lipid metab-
olism in the low activity group but not among the moderate or
high activity groups. However, more time spent in SB and pro-
longed SB bouts were associated with unfavorable serum lipid
and lipoprotein levels in the moderate and high activity
groups. Our results support previous studies that have shown
that health risks related to high volumes of SB can be attenu-
ated by increasing MVPA or decreasing total SB time or time
spent in prolonged SB bouts, especially among the least phys-
ically active adults (4,35-37). Recently, reallocating sedentary
time to LPA or MVPA was found to be favorably associated
with both glucose and lipid metabolism in the same study pop-
ulation as this study (38).

Few previous studies have investigated the associations of
sedentary time and prolonged SB bouts with cardiometabolic
health at different MVPA levels. The low PA level combined
with high sedentary time has been reported to be unfavorably
associated with cardiometabolic health (39). On the contrary,
the risks of metabolic syndrome and type 2 diabetes have been
shown to be greatest in the 40- to 75-yr adults characterized by
low cardiorespiratory fitness regardless of MVPA or SB level.
However, higher sedentary time was associated with meta-
bolic syndrome and type 2 diabetes even in adults with high
cardiorespiratory fitness (40).

In this study, the risk of unfavorable serum lipid and lipo-
protein levels was increased by the total sedentary time of ap-
proximately 582.5 min-d "' and the time spent in SB bouts of
>30 min (approximately 190 min-d™"). Although these thresh-
olds provided limited accuracy, they are supporting the results
of previous studies proposing several thresholds between 6
and 10 h-d™" for limiting the amount of total sedentary time
(10). In the meta-analysis of nine prospective cohort studies,
the increased risk of CVD was associated only with very high
levels (>10 h-d™") of SB after adjustment for PA and other
CVD risk factors (8). On the contrary, the risk of all-cause
and CVD mortality has been reported to increase even with
6-8 h of daily sitting (41).

As far as we know, no previous research has investigated
the associations of overall SB and sitting separately with serum
lipid biomarkers in a free-living environment over a long mea-
surement period. Our results revealed more consistent associa-
tions between the serum lipid biomarkers and the patterns of
overall SB than those of sitting. However, some of these differ-
ent relationships involving overall SB and sitting may be ex-
plained by the fact that the total time spent in overall SB was
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greater and accumulated in longer bouts than sitting. Neverthe-
less, several studies have investigated sitting posture in office
workplaces, and strong evidence shows that replacing sitting
with standing or ambulatory activities is associated with im-
provements in cardiometabolic health risk biomarkers (42,43).

The strengths of this study were the relatively large
population-based study sample, the 2-wk monitoring of PA
and SB using accelerometry, and the use of raw accelerometer
data and the ML-based signal-processing method. In addition,
the patterns of SB and sitting were evaluated separately in dif-
ferent MVPA groups. However, this study had some limita-
tions. Participants providing valid PA data seemed to smoke
less, consume less alcohol, and have more preferable body
composition and lower rate of CVD or diabetes compared with
those not providing valid PA data, which might induce some
selection bias. The accelerometer was worn during waking
hours. Considering the existing literature suggesting an inter-
connection between sleep and other daily activities (38), this
may be a limitation. The MVPA groups used in this study
could contain varying proportions of MPA and VPA, and
the role of these two activity intensities in explaining lipid me-
tabolism separately remains unclear. All kinds of standing
were classified as LPA, which may be considered as a limita-
tion. In addition, LPA time or the behavioral characteristics
(e.g., watching TV, computer work, transportation) of SB
were not studied. Given the cross-sectional study design,
causal interactions could not be determined. The results of this
study cannot be generalized to more diverse populations be-
cause the study participants had the same ethnic background
and were of the same age. Further studies with more heteroge-
neous study samples, longitudinal study designs, and different
health outcomes are needed to better understand the signifi-
cance of the patterns of SB with cardiovascular health.
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