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Abstract

Background—Time spent in sedentary activities (such as watching television) has previously 

been associated with several risk factors for cardiovascular disease (CVD) such as increased low-

density lipoprotein cholesterol (LDL-C). Little is known about associations with lipoprotein 

subfractions. Using television and computer screen time in hours per day as a measure of 

sedentary time, we examined the association of screen time with lipoprotein subfractions.

Methods—Data were used from men and women forming the Genetics of Lipid Lowering Drugs 

and Diet Network (GOLDN) study population. Mixed linear models specified lipoprotein 

measures as the outcome, and screen time as the predictor for fourteen lipoprotein subfraction 

measures, and included age, smoking status, pedigree, and fat, carbohydrate daily alcohol and 

energy intake as covariates. Analyses were run separately for men (n = 623) and women (n = 671). 

A step-down Bonferroni correction was applied to results. The analysis was repeated for 

significant results (p < .05), additionally controlling for body mass index (BMI) and moderate and 

vigorous physical activity.

Results—Linear models indicated that screen time was associated with five lipoprotein 

parameters in women: the concentration of large VLDL particles (p = .01), LDL particle number 

(p = .01), concentration of small LDL particles (p = .04), the concentration of large HDL particles 
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(p = .04), and HDL diameter (p = .02). All associations remained after controlling for moderate or 

vigorous physical activity and BMI.

Conclusions—We show that sedentary time is associated with lipoprotein measures, markers of 

cardiometabolic disease, independently of physical activity and BMI, in women but not men.
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The relative distribution of the small, medium and large lipoprotein particles within the 

fractions of very low-, low-, and high-density lipoproteins (VLDL, LDL, and HDL 

respectively) can indicate metabolic dysfunction. In particular, increases in the 

concentrations of small LDL and HDL particles, and increases in the concentrations of large 

VLDL particles occur in in the earliest stages of an insulin resistant (IR) state (Festa et al., 

2005; Frazier-Wood et al., 2011; Garvey et al., 2003; Hulthe et al., 2000; Mykkanen et al., 

1997). IR is the hallmark of cardiometabolic disease, a combination of metabolic factors 

including high blood pressure, elevated insulin levels, excess body fat around the waist and 

abnormal cholesterol levels. The number and size distribution of lipoprotein particles are 

modifiable through pharmacological intervention, diet and exercise (Beard et al., 1996; 

Lemieux et al., 2002; Melenovsky et al., 2002; Wood et al., 2006), suggesting they may be 

targets for interventions aimed at reducing cardiometabolic disease risk.

Parameters pertaining to the size and distribution of lipoprotein subfractions can be 

accurately quantified using nuclear magnetic resonance (NMR) spectroscopy. Unlike older 

methods for determining lipoprotein parameters such as ultra-centrifugation, NMR does not 

require the physical separation of the lipoproteins. Instead, NMR uses subclass distinction in 

NMR spectral properties. This allows a more accurate quantification of VLDL, LDL, and 

HDL than spectrum representation through shape-fitting algorithms and gives information 

about subfraction distributions that closely agrees with that given by gradient-gel 

electrophoresis (Otvos et al., 1992). Although the expense of gaining lipoprotein data via 

NMR currently hinders its use in a clinical setting, lipoprotein phenotypes are powerful for 

examining the correlates of IR in their earliest stages, when interventions may be most 

effective.

Sedentary time may be operationally defined as time spent with a low metabolic output of 

1.0–1.5 metabolic equivalents (METS; Pate et al., 2008). Sedentary time is on the increase 

in the developed world and has been consistently associated with increased CVD risk in 

longitudinal studies (reviewed in Thorp et al., 2011). These associations can be seen even 

when accounting for a reciprocal decrease in time spent in moderate-to-vigorous physical 

activity (4.5–7.5 METS; Helmerhorst et al., 2009). Thus, sedentary time may be a 

modifiable risk behavior useful for decreasing CVD prevalence.

The mechanisms by which sedentary time conveys independent disease risk are not 

understood, despite evidence from a number of animal models that it has a unique 

physiology (termed “inactivity physiology”) compared with activity time (Bey & Hamilton, 

2003; Bey et al., 2003; Hamilton et al., 1998, 2001; Zderic & Hamilton, 2006). Examining 
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biomarkers of cardiometabolic disease, which may have a more homogenous etiology than 

CVD itself, may shed light on the mechanisms by which sedentary behavior conveys risk for 

CVD. Increased television viewing time has been associated a cluster of cardiometabolic 

disease risk factors, including waist circumference, triglycerides, HDL-cholesterol, systolic 

blood pressure, diastolic blood pressure, and fasting plasma glucose in men but not women 

(Wijndaele et al., 2010). The effect of sedentary time on lipoprotein subfractions, another 

cardiometabolic disease biomarker, is not studied. We aimed to examine the associations 

between screen time, a measure of overall sedentary time, and fourteen lipoprotein 

measures, separately in the men and women of the GOLDN study. We hypothesized that 

any associations between screen time and lipoprotein measures would remain when 

controlling for time spent in moderate and heavy physical activity.

Methods

Participants

The study population is drawn from the Genetics of Lipid Lowering Drugs and Diet 

Network (GOLDN) study. GOLDN consisted of 1,328 men and women from 148 families 

consisting of a mix of familial relationships including parent-offspring (N = 614), siblings 

(N = 667), grandparent-grandchild (N = 89), avuncular (N = 617), half-sibling (N = 22), 

grand avuncular (N = 69), half avuncular (N = 23), first cousins (N = 268), half grand 

avuncular (N = 12), 1st cousin once removed (N = 81), half 1st cousin (N = 11), half 1st 

cousin once removed (N = 4) and 2nd cousin (N = 1) relationships. All participants were of 

European descent and recruited in Minneapolis, Minnesota or Salt Lake City, Utah. The 

primary aim of the GOLDN study was to characterize the role of genetic and dietary factors 

on an individual’s response to both a high-fat meal challenge and fenofibrate intervention.

GOLDN consisted of an initial screening visit (visit 0) during which participants were asked 

to discontinue the use of lipid lowering drugs. Approximately 4–8 weeks later, baseline 

blood chemistries were measured (visit 1). A day later (visit 2) participants’ fasting blood 

samples were collected before participating in a high fat meal challenge, from which 

lipoprotein data were extracted. Thus lipoprotein data are only available from subjects who 

were willing to participate in the high fat meal intervention. The final sample consisted of 

1036 individuals across 187 families; 497 men and 539 women (mean ± SD: 48.8 ± 16.2 y 

of age). The protocol was approved by the Institutional Review Boards at the University of 

Minnesota, University of Utah, Tufts University/New England Medical Center and the 

University of Alabama at Birmingham. Written informed consent was obtained from all 

participants.

Data Collection

Clinical characteristics including anthropometric measurements were taken at the study 

clinics where a fasting blood sample was also drawn, as described previously (Kabagambe 

et al., 2009). Questionnaires were administered to collect demographic data and information 

on lifestyle attributes and medical history.
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Screen Time—Participants were asked, by questionnaire, how much time they spent per 

day in front of a computer or television screen. The use of screen-time as a proxy for 

sedentary behavior is employed to distinguish time spent with a low metabolic output of 

1.0–1.5 METS, from time spent in light activity at 1.6–2.89 METS. Light activity can 

involve activities such as cooking or sitting and writing. Sedentary time and light activity are 

often grouped together, but they are distinct constructs, and their differentiation is important 

from both research and clinical perspectives (Pate et al., 2008). This combined definition of 

screen time (computer and televisions time) provided the highest reliability in a meta-

analysis of possible screen-time measures (Clark et al., 2009).

Physical Activity—As part of the same questionnaire, participants were asked how much 

time, per day, they spent in moderate physical activity and in heavy physical activity.

Smoking Status and Dietary Intake—Participants were asked to complete the National 

Cancer Institute’s (NCI) Food Frequency Questionnaire (FFQ; Millen et al., 2006). Smoking 

status was measured as never/past/current, and alcohol intake (g/day). Intake of saturated fat, 

polyunsaturated fat (PUFA), monounsaturated fat (MUFA), and carbohydrate (g/day) were 

assessed. Energy intake (kcalories/day) were calculated from the responses, and used to 

calculate the percentage of calories as saturated fat, MUFA, PUFA and carbohydrate 

respectively.

Biochemical Measurements

All plasma samples used for this analysis were collected after an 8-hr fast and analyzed 

together at the end of the study.

Lipoprotein Measures—Measurements of VLDL, LDL and HDL diameter and 

concentrations of each subfraction (small, medium and large) were determined by NMR 

spectroscopy (Tsai et al., 2004). NMR detects the signal emitted by lipoprotein methyl-

group protons when in the field of a magnet charged at 400 MHz. The NMR signal is 

deconvoluted to obtain estimates of particle numbers for each of several lipoprotein 

fractions. The weighted average particle diameter for each lipoprotein fraction (VLDL, LDL 

and HDL) is calculated as the sum of the average lipoprotein particle diameters multiplied 

by the relative mass percentage, based on the amplitude of the methyl NMR signal and 

given in nm. The ranges of diameters for small, medium and large particle classification 

within each fraction of VLDL, LDL and HDL are given in Table 1.

Analysis

All analyses were conducted in SAS version 9.3. The distributions of lipoprotein measures 

were assessed using measures of central tendency (mean and standard deviation) and a 

qualitative assessment of histograms. Where measures deviated from normality, logarithmic 

(concentration of large and medium VLDL particles, and medium HDL particles) or square 

root (overall number of VLDL particles and concentrations of small VLDL and large LDL 

particles), transformations were applied. All analyses were conducted separately for males 

and females.

Frazier-Wood et al. Page 4

Int J Sport Nutr Exerc Metab. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Initial exploratory analyses on the association between screen time and lipoprotein measures 

were conducted using Pearson correlations. These baseline measures of association between 

lipoprotein measures and screen time are presented in Table 2. Subsequently we ran mixed 

linear models to analyze the association between lipoprotein measures as screen time when 

additionally controlling for key covariates. Lipoprotein measures provided the outcome 

variables in separate models, and screen time hours per day was the continuous predictor. 

Covariates included smoking status, alcohol and energy intake, gender and data collection 

center. Pedigree was included as a fixed effect. Given the independence of some 

phenotypes, and the relatively large sample size, a step-down Bonferroni correction was 

applied to all results (Holm, 1979). Only results surviving the step-down Bonferroni 

correction at p < .05 were considered significant.

Significant associations between screen time and lipoprotein parameters were visualized 

using predicted lipoprotein values from the fully adjusted mixed models (Figure 1). Due to 

the fact that some categories of screen time were reported with low frequency (e.g., 2 

women watched 11 hr per day), for the visualization only, data were collapsed into quartiles 

of screen time. Note that additionally, because of the different scales of the lipoprotein 

measures, the y axis scales differ accordingly and do not always start at 0.

For those lipoprotein measures showing significant associations with screen time, the above 

models were repeated including hours spent per day in moderate and heavy physical activity 

as a predictor, and subsequently with hours spent per day in moderate and heavy physical 

activity and BMI as predictors.

Results

Descriptive Statistics

Men and women were not significantly different in age, alcohol intake or percentage of 

current smoker (all p > .05; Table 3), however they did report significantly different daily 

caloric intakes (p < .001; Table 3). Men and women reported different percentages of their 

diet as saturated fat, MUFA, PUFA and carbohydrate (P<=.001; Table 3). Men and women 

showed significantly different particle numbers and subfraction concentrations for all 

lipoprotein measures (all p £ .0001; Table 3). Men and women displayed different mean 

fraction diameters, which reflect different subfraction distributions for the LDL and HDL 

fractions (p < .0001; Table 3). Men and women reported significantly differing amounts of 

heavy physical activity (p < .0001; Table 3), but not amounts of time spend in moderate 

activity (p = .57) or in front of a computer or television screen (p = .98).

Association of Screen Time with Lipoprotein Measures

When corrected for the twenty-eight initial tests (fourteen lipoprotein parameters, each 

examined in each gender) screen time did not associate with lipoprotein measures for men 

(all p > .05; Table 4). In women, screen time was associated with concentration of large 

VLDL particles (p = .01; Table 4, Figure 1 A), LDL particle number (p = .01; Table 4, 

Figure 1 B), concentration of the small LDL subfraction (p = .048; Table 4, Figure 1 C), 

concentration of large HDL particles (p = .048; Table 4, Figure 1 E) and mean of HDL 
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diameter (p = .02; Table 4, Figure 1 F), after a step-down Bonferroni correction. Dietary 

intake of saturated fat, MUFA, PUFA and carbohydrates was not associated with lipoprotein 

measures in our models (p > .05) with the exception of number of VLDL particles in men (p 

= .04).

Within the female GOLDN sample, when adjusting for age, pedigree and data collection 

center, an increase in 1 hr of screen time per day was associated with a an increase of .34 

nmol/L (± .10) in large VLDL particles, of 34.97 nmol/L (± 10.37) in LDL particle number, 

and of 37.23 nmol/L (± 12.65) in the concentration of small LDL particles. An increase in 1 

hr of screen time per day was associated with a decrease in the concentration of large HDL 

particles of .23 nmol/L (± .08) and in HDL diameter of .03 nm (+/.01).

Association of Screen Time with Lipoprotein Measures When Controlling for Physical 
Activity Time, and BMI in Women

Physical activity was moderately correlated with screen time (r=−.10; p < .001). All 

significant associations remained when additionally controlling for time spent in moderate 

and vigorous physical activity (all p < .001; shown). BMI was strongly associated with 

screen time (p > .0001). However, significant associations between lipoprotein measures and 

screen time remained significant, although were less strong, when BMI was additionally 

controlled for (all p > .05; Table 5).

Discussion

We examined the association of screen time, a measure of sedentary behavior, with 

lipoprotein subfraction measures in men and women. No associations were seen in men, but 

in women higher screen time was associated with five lipoprotein measures: increased large 

VLDL particles, increased overall and small LDL particles, and a decrease in the 

concentration of large HDL particles and HDL diameter—the aggregate of which may be 

the most atherogenic pattern of lipoprotein particles (Frazier-Wood et al., 2012). These 

associations held when controlling for time spent in heavy and moderate physical activity 

and BMI.

The association of screen time with this atherogenic pattern of lipoprotein measures 

confirms previous research that sedentary behavior is a risk factor for CVD (Biddle et al., 

2012; Healy et al., 2011; Helmerhorst et al., 2009). The parameters most associated with IR 

are debated; a recent review suggested that an increase in VLDL particle number and 

concentration of small LDL particles (reflected additionally as a decrease in LDL diameter) 

and a decrease in the concentration of large HDL particles (reflected as an decrease in HDL 

diameter) showed the most consistent associations with IR (Frazier-Wood et al., 2012). 

However, longitudinal studies indicate that baseline parameters including large VLDL 

(reflected in an increase in VLDL diameter) may be an additional predictor of incident Type 

2 diabetes (Festa et al., 2005). Overall, of the fourteen lipoprotein parameters, screen time 

was associated with those considered most indicative of IR in our analysis, with the 

exception of VLDL particle number.
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When adjusted for age, gender and ethnicity, a prior study reported that conversion to type 2 

diabetes within five years has been associated with a significant increase of 6 nmol/L in 

VLDL particles, 160 nmol/L in LDL particles, 190 nmol/L in small LDL particles, and a 

decrease of 1 nmol/L in large HDL particles and of .23 nm in HDL diameter from baseline 

(Festa et al., 2005). In our study, such differences were accounted for by between 3 and 6 hr 

of screen time, with the exception of HDL diameter where .23 nm was accounted for by 1 hr 

of screen time. Thus, if intervention strategies were to be implemented to reduce screen 

time, realistic daily screen time goals could be set which may reduce the risk of type 2 

diabetes.

The associations held when controlling for time spent in moderate and physical activity. 

How sedentary time coveys risk for CVD over and above activity time is unknown, and it is 

hoped that studies using more refined phenotypes like lipoprotein subfractions might give 

such mechanistic clues. Screen time was associated with five out of fourteen lipoprotein 

parameters in women, suggesting heterogeneity in the etiology of the different lipoprotein 

measures and some specificity to physiological effects of such sedentary time on 

lipoproteins. Work by Hamilton and colleagues suggests that the loss of muscle activity 

experienced when sedentary leads to the suppression of lipoprotein lipase (LPL) activity 

(Bey & Hamilton, 2003; Hamilton et al., 2004). LPL is involved in triglyceride uptake from 

VLDL particles and HDL formation; thus with reduced LPL activity one would expect 

sedentary time to be associated with increased VLDL size, and reduced numbers of HDL 

particles. Our results partially support this with increased numbers of large VLDL particles 

(but not overall particle number), and decreased HDL in the large subfraction in women. 

That the associations remained, although lessened, when BMI was controlled for further 

suggests a specific deleterious physiology to sedentary behavior. In addition, all models 

controlled for the percentage of energy intake as carbohydrate, saturated fat, PUFA and 

MUFA indicating that sedentary behavior is associated with lipoprotein subclasses 

independently of dietary intake. Although dietary intake of saturated fat is a risk factor for 

CVD, our finding may not be seen as surprising given results indicating that physical 

activity level (including inactivity) and caloric intake are associated with lipoproteins in a 

manner which negates the association of individual macronutrient percentages (Hartung et 

al., 1980; Williams et al., 1992). The implication of a dyslipidemic profile specific to 

sedentary time which may not be mediated through BMI or diet, is that an increase in 

activity level, a reduction in caloric intake, or a change in the macronutrient profile of the 

diet is not enough to minimize the physiological effects; a decrease in sedentary time must 

also be effected.

The associations between screen time and lipoprotein parameters were not present in male 

members of GOLDN. This is in line with previous results using other cardiometabolic 

disease risk markers, but the reasons for the gender difference are unclear (Wijndaele et al., 

2010). Biological markers of CVD risk are more prevalent in men than women, which may 

arise from a combination of age and estrogen deficiency as women age (Jousilahti et al., 

1999; Mercuro et al., 2003). However, the association of biological markers of CVD risk 

with lifestyle behaviors also associated with CVD risk is not yet considered to differ by 

gender. If our results are replicated, this could have important public health implications for 

devising strategies to prevent cardiovascular risk that are sensitive to gender, but more work 
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needs to confirm and explain the physiology underlying our findings. It has been suggested 

that other correlates of gender, such as poorer diet quality and higher smoking rates might 

account for the difference, suggesting a ceiling effect to CVD risk. Although, we report no 

difference in smoking and alcohol intake, we do report a difference in macronutrient intake, 

indicating that more work needs to be done in this area and better matching between men 

and women on background characteristics may be needed.

Our analyses were limited by their cross-sectional nature, and longitudinal associations 

would shed further light on any causal direction between screen time and cardiometabolic 

disease risk. Our definition of sedentary behavior was ‘screen time’ which distinguishes 

between sedentary time spent sitting and sedentary time spent with some muscle contraction 

(e.g., cooking) and the effect of alternative definitions should be investigated. The use of 

food frequency questionnaire data precluded a sensitive analysis of the effects of diet on 

lipoprotein subclasses, but the consistent lack of an association between diet and lipoprotein 

parameters suggests that more objectively measured dietary intake may not change this 

finding. Finally, although we did not expect physical activity to modify the association 

between screen time and lipoproteins, that physical activity was not associated with 

lipoprotein measures at all was surprising; future research should consider including a more 

objective measure of physical activity.

Screen time, a measure of sedentary behavior, was associated with increased large VLDL 

and small LDL particles, increased overall LDL particles, and a decreased concentration of 

large HDL particles and HDL diameter in women in the GOLDN study. Our analyses 

further implicate the role of sedentary behavior in the development of cardiometabolic risk. 

Longitudinal associations, the effect of a reduction in screen time, and the reasons 

underlying the gender differences are important avenues for future research.
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Figure 1. 
Lipoprotein measures by quartiles of screen time per day in women in the GOLDN study for 

concentration of large VLDL particles (panel A), LDL particle number (panel B), 

concentration of small LDL particles (panel C), concentration of large HDL particles (panel 

D) and mean HDL diameter (panel E). Note: Graphs show predicted values after adjustment 

for age, data collection center and pedigree.
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Table 1
Diameter Ranges of Lipoprotein Subclasses When Measured by NMR

NMR Lipoprotein Parameter Diameter Range (nm)

VLDL

 Large VLDL/chylomicrons >60

 Medium VLDL 35–60

 Small VLDL 27–35

LDL

 Large LDL 21.2–23

 Small LDL 18–21.2

 Medium small LDL 19.8–21.2

 Very small LDL 18–19.8

HDL

 Large HDL 8.8–13

 Medium HDL 8.2–8.8

 Small HDL 7.3–8.2

Note. Adapted from (Jeyarajah, Cromwell, & Otvos, 2006)
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Table 2
Initial Correlations (r) Between Lipoprotein Measures and Screen Time in the GOLDN 
Study Population

Correlation Coefficient with Screen Time
(r)

Men Women

VLDL parameters

 particle number, nmol/L .06 .15*

 concentration of large particles, nmol/L .08 .19**

 concentration of medium particles, nmol/L .07 .13*

 concentration of small particles, nmol/L 0.01 .13**

 average diameter, nm .07 .08

LDL parameters

 particle number, nmol/L .12* .20**

 concentration of large particles, nmol/L .01 −.02

 concentration of small particles, nmol/L .10* .16**

 average diameter, nm −.05 −.12*

HDL parameters

 particle number, nmol/L −.07 .02

 concentration of large particles, nmol/L −.06 −.10

 concentration of medium particles, nmol/L −.04 .02

 concentration of small particles, nmol/L −.02 .08

 average diameter, nm −.06 −.13*

*
p < .05;

**
p < .001
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Table 3
Mean (+ SD) or Percentages for Age, Smoking, Dietary Intake and Lipoprotein Measures, 
and Physical Activity Time for the GOLDN Study Population

Men Women P-value

 age, y 48.70 (16.45) 48.18 (16.26) .57

 smokers, current, % 3.72 3.92 .90

 alcohol (g/day) .49 (.50) .51 (.50) .57

Dietary Intake

 Saturated fat intake, % 12.15 (2.78) 11.550 (2.72) .0003

 MUFA intake, % 13.67 (2.82) 12.93 (2.82) <.0001

 PUFA intake, % 7.24 (2.02) 7.66 (2.26) .001

 carbohydrate intake, % 47.38 (8.79) 50.27 (8.38) <.0001

 energy intake (kcal/day) 2489.9 (1401.5) 1767.3 (784.4) <.0001

VLDL Parameters

 particle number, nmol/L 83.80 (52.41) 65.69 (47.83) <.0001

 concentration of large particles, nmol/L 4.88 (9.98) 3.08 (4.49) <.0001

 concentration of medium particles, nmol/L 43.65 (40.62) 31.72 (31.69) <.0001

 concentration of small particles, nmol/L 35.22 (21.74) 30.86 (21.92) .0001

 average diameter, nm 51.38 (7.44) 51.40 (8.19) 0.87

LDL Parameters

 particle number, nmol/L 1445.3 (462.0) 1313.6 (476.4) <.0001

 concentration of large particles, nmol/L 319.2 (228.8) 488.7 (285.2) <.0001

 concentration of small particles, nmol/L 1077.8 (521.4) 787.2 (553.3) <.0001

 average diameter, nm 20.49 (0.79) 21.1 (0.86) <.0001

HDL Parameters

 particle number, nmol/L 29.13 (4.98) 32.68 (5.68) <.0001

 concentration of large particles, nmol/L 4.71 (2.71) 7.8 (3.58) <.0001

 concentration of medium particles, nmol/L 2 (2.68) 3.93 (4.10) <.0001

 concentration of small particles, nmol/L 22.42 (5.02) 20.95 (5.92) <.0001

 Average diameter, nm 8.66 (0.39) 9.03 (0.44) <.0001

Fasting Lipid Metabolism Parameters

 insulin (mU/L) 14.19 (8.43) 13.32 (7.89) .07

 glucose (mg/dL) 105.5 (20.81) 97.80 (15.71) <.0001

 triglycerides (mg/dL) 153.3 (142.0) 125.2 (82.17) <.0001

Physical Activity

 moderate physical activity, hr/day 3.04 (2.68) 2.95 (2.30) 0.57

 vigorous physical activity, hr/day 1.08 (1.54) 0.53 (0.96) <.0001

Sedentary Behavior

 screen time, hr/day 2.63 (1.88) 2.63 (1.81) 0.98

Note. P-value derived from t tests means comparison tests between men and women using transformed data, or C2 tests with 1 degree of freedom.
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Table 4
Results From Mixed Linear Models Examining the Association of Screen Time on 
Lipoprotein Measures, Controlling for Age, Pedigree, Data Collection Center, Smoking 
Status and Fat (Saturated, MUFA and PUFA), Carbohydrate, and Alcohol Intake

Association with Screen time

Men Women

Lipoprotein Measure F P Step-Down
Bonferroni Correction F P Step-down Bonferroni

Correction

VLDL parameters

 Particle number, nmol/L .01 .94 >.99 6.04 .01 .30

 Concentration of large particles, nmol/L .52 .47 .13 12.97 .0004 .01*

 Concentration of medium particles, nmol/L .30 .58 >.99 .37 .06 >.99

 Concentration of small particles, nmol/L 1.49 .22 >.99 5.59 .02 .32

 Average diameter, nm 5.06 .02 .49 2.71 .10 >.99

LDL parameters

 Particle number, nmol/L 1.76 .19 >.99 13.04 .0003 0.01*

 Concentration of large particles, nmol/L 0.04 .84 >.99 1.64 .20 >.99

 Concentration of small particles, nmol/L 1.49 .22 >.99 10.06 .002 0.04*

 Average diameter, nm 0.07 .79 >.99 2.88 .09 >.99

HDL parameters

 Particle number, nmol/L 5.40 .02 .32 0.72 .39 >.99

 Concentration of large particles, nmol/L 1.15 .28 >.99 9.43 .002 0.04*

 Concentration of medium particles, nmol/L 0.35 .56 >.99 0.43 .51 >.99

 Concentration of small particles, nmol/L 2.32 .13 >.99 0.35 .56 >.99

Average diameter, nm 1.19 .28 >.99 11.12 .001 0.02*

*
Significant associations.
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Table 5

Results From Mixed Linear Models Examining the Association of Screen Time on Lipoprotein Measures, 

Controlling for Age, Pedigree, Data Collection Center, Smoking Status and Fat (Saturated, MUFA and 

PUFA), Carbohydrate and Alcohol Intake As Well As Time Spent in Heavy and Moderate Physical Activity 

(PA) and BMI, in Women

Screen Time, hr/day PA, hr/day BMI (kg/m2)

F P F P F P

Concentration of large VLDL particles, nmol/L 7.06 .01 .22 .64 109.37 <.0001

LDL particle number, nmol/L 8.08 .001 .11 .74 56.95 <.0001

Concentration of small LDL particles, nmol/L 5.52 .02 <.01 .96 72.41 <.0001

Concentration of large HDL particles, nmol/L 5.09 .02 .27 .60 80.93 <.0001

HDL diameter, nm 6.61 .01 2.62 .11 116.01 <.0001
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