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Identifying Factors Related to Serum Lipids Using Multilevel Quantile

Model: Analysis of Nationwide STEPs Survey 2016

Abstract

Background: Lipid disorder is a modifiable risk factor for diseases related to plaque formation in
arteries such as heart attack, stroke, and peripheral vascular diseases. Identifying related factors
and diagnosis and treatment in time reduces the incidence of non-communicable diseases (NCDs).
The aim of this study was to determine factors associated with lipids based on a national survey
data. Methods: Data of 16757 individuals aged 25-64 years obtained from the Iranian STEPwise
approach to NCD risk factor surveillance (STEPs) performed in 2016, through multistage random
sampling, were analyzed. Because of clustered, hierarchical, and skewed form of the data, factors
related to total holesterol (TC), triglycerides (TG), low-density lipoprotein-cholesterol) (LDL-C),
high-density lipoprotein-cholesterol) (HDL-C), TG/HDL-C, TC/HDL-C, and LDL-C/HDL-C were
determined applying multilevel quantile mixed model. Parameters of the model were estimated on
the basis of random effect of the province as well as urban or rural area for 10%, 25%, 50%, 75" and
90™ quantiles. Statistical analyses were performed by R software version 4.0.2. Results: Significant
relationship was found between age, body mass index (BMI), waist circumference (WC), diabetes,
hypertension, smoking, physical activity, education level, and marital status with TC, LDL-C,
HDL-C, LDL-C, and LDL-C/HDL-C. With increasing BMI and WC, subjects had higher levels of
serum lipids, especially in higher quantiles of lipid levels. Lipid levels were significantly increased
among smokers and those with diabetes or hypertension. The random effects were also significant
showing that there is a correlation between the level of lipids in provincial habitants as well as urban
and rural areas. Conclusions: This study showed that the effect of each factor varies depending on
the centiles of the lipids. Significant relationship was found between sociodemographic, behaviors,
and anthropometric indices with lipid parameters.
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Studies showed that TG/HDL-C is
better than TG per se and increases risk
prediction more than TG. Considering the
complex metabolic interaction between
TG and cholesterol-rich lipoproteins, the
simultaneous use of these parameters seems
to provide more accurate information.>?!

Introduction

Cardiovascular disease is recognized as
a major cause of global mortality and
one of the most serious health problems
worldwide.l'!  The association between
lipids and coronary heart disease (CHD)
is well established.” The results of a

meta-analysis show that total cholesterol — In fact, lipid disorder is a modifiable

(TC), low-density lipoprotein-cholesterol ~ risk factor for diseases related to plaque
(LDL-C), high-density lipoprotein- ~ formation in arteries such as heart attack,
cholesterol (HDL-C), and triglycerides stroke, and peripheral vascular diseases./*"]

(TG) are each independent risk factors for ~ Different factors such as age, sex, lifestyle

CHD.®! change due to industrialization, undesirable

. iet, 1 hysical activi ki
The ratio of TG to HDL-C (TG/HDL-c) St low physical ‘activity, and smoking
. . . lead to increased incidence of lipid
independently  predicts  cardiovascular

. . . disorders.[111]
events™’! and is associated with glucose

intolerance, diabetes mellitus, atherogenic
dyslipidemia, and metabolic syndrome
especially in obese and diabetic patients.[*”!

Many studies have analyzed factors
associated with dyslipidemia using ordinary
least squares (OLS) regression analysis
which can only measure the influence
of independent variables only on the
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center (mean) of the dependent variable distribution. Since
lipid variables usually follow a right skewed distribution,
one will ignore and lose some important information when
focusing only on average via OLS regression.l'>*! This
model also requires some assumptions such as the normality
of the response variable which is not always true especially
for lipid profile. In this study, we are interested in the effect
of risk factors on all parts of the lipids distributions.

The quantile regression model without having the limitations
of OLS regression assumptions has high flexibility in modeling
data with the heterogeneous conditional distribution. It is able to
provide an accurate and comprehensive view of the involvement
of independent variables in all parts of the response variable,
especially in the primary and end sequences.*'! Since the
impairment of lipids is a silent threat to people’s health, it is
important to estimate the factors associated with them in order
to plan interventions for reducing related risk factors. In this
research, factors related to serum lipids were studied based on
national data of World Health Organization (WHO) STEPwise
approach to non-communicable disease (NCD) risk factor
surveillance (STEPs) survey using multilevel quantile mixed
model.

Methods
Participants

The data for this research was acquired from the
cross-sectional STEPs survey which was conducted to
determine the risk factors of NCDs risk factors among
the population of >=18 years old in 2016. In STEPs
study, individuals have been selected by multistage
cluster random sampling across all provinces of Iran.
The foundation of the survey design has been reported
elsewhere.'® Laboratory measurements were performed
for individuals over 25 years old. In this research, data of
16757 subjects aged 25-64 were investigated [Figure 1].
In the STEPs study, all procedures were done according to
predetermined instructions, and written informed consent
has been collected from all participants.

The sample size of individuals aged 25
to 64 years in this survey according to
the sampling plan was 23738

4687 subjects were excluded due to

S
lack of laboratory tests

18,800 individuals
were eligible

2043 participants were excluded
from the study due to missing lipid
(TC, TG and HDL-C) assay results

_ >

The final sample was 16757
individuals (7584 males and
9173 females) were enrolled

Figure 1: Flowchart of the participant in the study

2

Data Collection and Measurements

Following the WHO STEPwise approach to risk factor
surveillance, demographic data, lifestyles, and risk
factors such as smoking, diet, physical activity, history
of hypertension, and diabetes were collected through a
questionnaire by trained interviewers.!'?]

Consistent ~with  WHO  protocols, anthropometric
variables (height, weight, hip and waist
circumference (WC)), blood pressure, pulse rate, and
individuals’ pedometer information of participants were
measured; participants were without shoes but with light
clothing. Body mass index (BMI) was calculated by
dividing weight by square meter of height.'® Physical
activity was calculated based on Global Physical Activity
Questionnaire, GPAQ.['M  Metabolic  equivalent of
tasks (METs) were used to show the intensity of physical
activity based on GPAQ analysis. After calculating METS,
individuals were divided into three groups with low,
medium, and high physical activity. Physical activity was
categorized in three levels: (1) high: vigorous-intensity
activity, on at least 3 days a week, achieving a minimum
of at least 1500 MET minutes per week, or 7 days of any
combination of walking and moderate- or vigorous-intensity
activities, achieving a minimum of at least 3000 MET
minutes per week; (2) moderate: three or more days of
vigorous-intensity activity of at least 20 minutes per day, or
five or more days of moderate-intensity activity, including
walking, of at least 30 minutes per day, or five or more
days of any combination of walking, moderate- or vigorous
intensity activities, achieving a minimum of at least 600
MET minutes per week; and (3) low: not meeting any of
the above-mentioned criteria. Systolic (SBP) and diastolic
blood pressures (DBP) were measured three times using the
device Beurer GmbH, Germany, with 5-minute intervals,
and mean values of second and third measurements were
used for analysis. High blood pressure was defined as
SBP >140 or DBP >90 mmHg or taking antihypertensive
medication at the time of data collection or if a health
specialist has previously told the participant that he/she has
hypertension.

Fasting blood samples were taken and centrifuged
immediately and were transferred to the NCDRC research
center, the coordinating center of this study in Tehran in
cold chain conditions. Fasting plasma glucose (FPG), TC,
HDL-C, and TG were measured by an auto-analyzer (Cobas
C311 Hitachi High—Technologies Corporation, Japan).!®
LDL-C was estimated using Chen formula.'” Diabetes
was defined as FPG >126 mg/dL, using glucose lowering
medications or if a health specialist has previously told the
participant is diabetic and evaluating the history of drugs’
consumption. Lipid profiles were considered as quantitative
variables. Tobacco use includes people who were smoking
daily. Fruits, vegetables, and dairy consumption has been
measured as the unit consumed per day.
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Statistical analyses

Continuous variables were reported using mean + standard
deviation (SD) and categorical variables with number and
percentage. The baseline characteristics were compared
using t-test and Chi-square.

Because of the skewed form of the distribution of the
dependent variables, factors related to TC, TG, LDL-C,
HDL-C, TG/HDL-C, TC/HDL-C, and LDL-C/HDL-C
were determined by applying quantile regression. In this
model, the effect of independent variables is determined
on different percentiles of the dependent variables rather
than their center only. Quantile regression, introduced
by Koenker and Bassett in 1987, is a regression-based
method for modeling different parts especially extreme
points of the response variable distribution conditional
on the covariates. In linear regression, we focus on the
center of the distribution so the coefficients are estimated
by least square technique to minimize the sum of squared
deviations. But in quantile regression, several quantiles of
the conditional distribution are modeled as a linear function
of subject characteristics. In this study, parameters of the
model were estimated for 10", 25%, (lower) 50 (median),
75" and 90" (higher) centiles.

On the other hand, because of the clustered and hierarchical
nature of the STEPs data, a multilevel modeling approach
was applied. A number of sampling designs such as
multilevel, longitudinal, and cluster sampling typically
require statistical methods taking into account the
correlation between observations that belong to a unit
or cluster. By applying multilevel or hierarchical mixed
effect model, we are able to estimate between-cluster
variability. They provide a modeling structure for
estimating the intra-class correlation coefficients (ICCs).
In this research, random effects of the province as well
as urban or rural area of residency and individuals were
taken into account in a three-level model. Therefore, linear
quantile mixed model (LQMM) was fitted to the data.
Independent variables for the model were selected based
on existing literature and then using univariate analysis.
Variables with a P value < 0.25 in univariate analyses
were evaluated in the multivariate stage. Also, variables
that were significant (p < 0.05) at least at one quantile
were kept in final models. In addition, the OLS regression
model was fitted for comparison. Appropriate models were
selected based on the smaller value of Akaike information
criterion (AIC). Statistical analyses were performed using
R software version 4.0.2, Package “lqgmm”.

Results

Data of 16757 participants aged 25-64 with mean age
42.93 + 10.94 years were analyzed; of them, 7584 (45.3%)
were male and 9173 (54.7%) female. BMI in women was
significantly higher than in men (p < 0.001). There was
a significant difference between males and females in

International Journal of Preventive Medicine 2023, 14: 69

terms of education, marital status, smoking, hypertension,
diabetes, eating habits, and physical activity (p < 0.001).
Lipid profiles were different between males and
females (p < 0.001). Women had higher TC but lower
ratios of TC, TG, and LDL-C to HDL-C [Table 1].

The distributions of lipids were statistically significant
between males and females, so three-level quantile
regression model with mixed effect was performed
separately for each gender. Because of a large number of
tables, we present results for TC and TG/HDL-C models
here, and other findings are presented in supplementary
tables.

Age and BMI showed a positive and significant relation
with all levels of TC in all quantiles with an increasing
trend in male participants. This means that the effect of age
and BMI on TC is higher for people with higher TC than
those with lower TC. WC at median quantiles and high
blood pressure at high quantiles (P75- P90) were positively
associated with TC. Diabetes at low quantiles showed a
reverse relation with TC level so that with increasing TC
level, the effect of diabetes was positive and increasing.
Men with high education level had higher TC compared
to illiterates. Married men had higher TC compared to
single males. Similarly, age, BMI, diabetes, education
level, and marital status in females had similar effects as
those in males. High blood pressure in females in median
quantiles (P50-P75) was positively associated with TC. AIC
indicated that the three-level quantile regression model had
better fit compared to the OLS regression [Tables 2 and 3].

BMI, WC, and diabetes in both genders were positively
correlated with all levels of TG/HDL-C at all studied
centiles; quantile regression coefficients had an increasing
trend at the right tail of the distribution. Men’s age had
a negative relation with TG/HDL-C ratio in median
quantiles. There was a positive significant correlation
between high blood pressure and TG/HDL-C ratio in
higher quantiles of male and female participants. High
and moderate physical activity decreases TG/HDL-C
ratio, especially at upper quantiles. In high school- and
university-educated men, TG/HDL-C had an increasing
trend from lower to upper percentiles. A similar trend can
be seen in smoker men; however, in females, smoking was
significant in the median ratio only. Female’s age showed
a significant positive relation with TG/HDL-C ratio in all
quantiles [Tables 4 and 5].

The rest of the results are based on the supplementary
tables S1-S10. BMI, WC, diabetes, and hypertension in
both genders were significantly correlated with all levels of
TG in all quantiles with an increasing trend. High physical
activity significantly decreased the high levels of TG. In
other words, the higher the TG, the more effective was
intensive physical activity. Having higher education level
showed a positive relationship with TG in many quantiles.
Daily smoking significantly affects the level of TG in most

3
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Table 1: Descriptive characteristics of participants by gender [ mean+SD, Median (IQR), n (%)]

Variable Men (n=7584) Women (n=9173) P
Age (year) 43.2+11.0 42.7+10.9 0.003
BMI (kg/m?) 25.9+4.4 27.9+5.3 <0.001
WC (cm) 91.9£12.9 91.4+13.6 0.01
TC (mg/dL) 160.7+£35.4 (158.0 (136-182)) 165.9436.4 (163.0 (141-187)) <0.001
HDL-C (mg/dL) 37.549.9 (36.2 (30.7-43)) 43.8+11.4 (42.5 (35.8-50.5))
LDL-C (mg/dL) 96.9+28.3 (95.1 (77.3-114)) 97.8429.3 (95.1 (77.3-115.2)) 0.041
TG (mg/dL) 139.3491.0 (115.3 (80-171)) 120.2+75.6 (101.0 (71-147)) <0.001
TC/HDL-C 4.5+1.4 (4.3 (3.4-5.3)) 4.0+1.3 (3.7 (3.0-4.6)) <0.001
TG/HDL-C 4.243.9 (3.1 (1.9-5.2)) 3.1£2.9 (2.3 (1.5-3.7)) <0.001
LDL-C/HDL-C 2.7+1.0 (2.6 (1.9-3.3)) 2.3+0.9 (2.2 (1.7-2.9)) <0.001
Diabetes 821 (10.9%) 1265 (14.0%) <0.001
Hypertension 2115 (28.5%) 2892 (32.1%) <0.001
Smoking 1589 (21%) 60 (0.7%) <0.001
Residence 0.55

Rural 2626 (34.6%) 3136 (34.2%)

Urban 4958 (65.4%) 6037 (65.8%)
Physical activity <0.001

Low 3314 (44.8%) 5810 (64.4%)

Moderate 1298 (17.5%) 1729 (19.2%)

High 2785 (37.7%) 1483 (16.4%)
Education (years) <0.001

0 537 (7.1%) 1496 (16.3%)

1-6 2047 (27%) 2895 (31.6%)

6-12 3433 (45.3%) 3242 (35.3%)

>12 1567 (20.7%) 1540 (16.8%)
Marital status <0.001

Single 679 (9.1%) 774 (8.6%)

Married 6686 (89.9%) 7361 (81.8%)

Divorced/Widow 74 (10.0%) 860 (9.6%)

Fast -Food Consumption 1023 (13.8%) 937 (10.4%) <0.001
Cooking oil type 0.23

Liquid 4632 (62.3%) 5529 (61.3%)

Solid 2643 (35.6%) 3312 (36.8%)

Other 156 (2.1%) 173 (1.9%)
Fruits Consumption ) unit per day 1.6+1.1 1.5+£1.0 0.01
Vegetables Consumption ) unit per day 1.2+1.0 1.2+1.0 <0.001
Dairy Consumption ) unit per day 1.9+0.9 1.7+0.9 <0.001

Entries are mean and sd for continuous variables and count (percentages) for categorical variables. Median (IQR) is reported for lipid profiles

reported in 2™ line. BMI: body mass index, WC: waist circumference

percentiles. Married men had a higher level of TG in many
quantiles, compared to singles. In females, the effect of
age on TG was positive so that higher levels of TG were
elevated as people getting older [Tables S1 and S2].

Age and BMI in both genders were positively correlated
with all levels of LDL-C at all studied centiles, and
diabetes in low quantiles had negative association with
LDL-C levels. Married individuals had higher LDL-C
levels than single individuals. In men, WC at quantiles of
P25-P90 and hypertension at the high quantile had positive
association with LDL-C levels. LDL-C of men with high
level of physical activity was reduced. High blood pressure
was negatively correlated in the low quantile of LDL-C

4

and positively related at upper quantiles, in females. Daily
smoking increased females’ LDL-C levels in percentiles
10 and 25. Similar results can be seen in higher educated
women [Tables S3 and S4].

In male and female participants, age had a positive and
significant relationship with all quantiles of HDL-C
levels and showed an increasing trend. On the other
hand, BMI and WC showed significant negative relation
with HDL-C levels in all quantiles. Diabetes had a
negative association with HDL-C levels. In individuals
with high level of physical activity, HDL-C has increased
compared to those with less physical activity. In men,
daily smoking was significantly and negatively correlated

International Journal of Preventive Medicine 2023, 14: 69
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Table 2: Three-level quantile regression coefficients for male participants’ total cholesterol in 2016 National STEPs

study
Factors L P, P, P P, Linear Regression
Age (year) 0.19+0.05 0.32+0.04 0.37+0.03 0.50+0.04 0.53+0.08 0.31+0.04 (<0.001)
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
BMI (kg/m?) 0.99+0.24 0.82+0.20 0.91+0.23 1.13£0.21 1.474+0.37 0.98+0.14 (<0.001)
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) 0.03+0.10 0.13+0.08 0.27+0.08 0.26+0.08 0.19+0.16 0.20+£0.05 (<0.001)
(0.77) (0.11) (0.001) (0.001) (0.21)
Diabetes -14.00+2.06 -0.21+2.22 -5.37+£1.68 1.33+£1.77 5.5342.99 -4.10+1.37 (0.002)
(<0.001) (<0.001) (0.001) (0.45) (0.06)
Hypertension -0.72+0.05 -0.31£1.12 1.10£1.20 2.82+1.33 4.31+1.89 2.28+0.97 (0.01)
(0.66) (0.78) (0.35) (0.03) 0.02)
Education Level
1-6 0.53+£2.52 -1.01+1.88 0.67+1.80 -0.61+2.14 -0.59+2.81 -2.02+1.85 (0.27)
(0.83) (0.59) (0.70) (0.77) (0.83)
7-12 2.75+£2.46 0.85+1.79 2.10+1.73 1.89+2.07 3.82+3.36 0.30+1.82 (0.86)
(0.26) (0.63) (0.22) (0.36) (0.25)
>12 4.58+2.86 (0.11) 2.66+2.06 4.60+2.33 5.214+2.51 6.05+3.10 2.99+1.94 (0.12)
(0.20) (0.05) (0.04) (0.05)
Marital Status
Married 4.16+1.80 1.08+1.57 3.37+1.44 1.104£2.18 -3.57+£2.98 1.94+1.35 (0.15)
(0.02) (0.49) 0.02) (0.61) (0.23)
Divorced/ 1.3944.49 -5.54+4.07 1.75+6.25 5.34+5.43 -3.02+9.34 0.81£4.06 (0.84)
Widowed (0.75) 0.17) (0.78) (0.32) (0.74)
Residence
o’ 63.08 24.60 18.24 45.67 103.23
ICC 0.02 0.01 0.01 0.02 0.02
Province
o’ 49.52 21.37 17.88 35.43 37.92
ICC 0.01 0.01 0.01 0.01 -
o} 2916 1810.50 1397.26 2186.49 4183.50
AIC 77309.96 75740.71 75462.01 77186.76 80076.4 75667.4

Entries show B + SE (P) for 10™, 25", 50, 75" and 90" percentiles of total cholesterol. Significant coefficients are shown in bold. AIC:
Akaike information criterion, ICC: Intraclass correlation coefficient, O'bz : Random effect variance, O'j : Error variance

with HDL-C levels in all quantiles (Except P, ). Females
with high level of education had higher HDL-C than
illiterates, but the level of HDL-C was reduced in married
women [Tables S5 and S6].

According to Tables S7 and S8, BMI and WC in both
genders were significantly correlated with TC-C/HDL-C
ratio in all quantiles. In addition, daily smoking was
positively correlated with men’s TC/HDL-C ratio at all
quantiles. Diabetes is meaningful in first quantile (P10) and
last quantile (P90); first it had a negative correlation with
TC/HDL-C ratio, but in last quantile, it showed a positive
correlation and increased TC/HDL-C ratio. High physical
activity in men decreased TC/HDL-C ratio in all quantiles
compared to low physical activity levels. TC/HDL-C
ratio was increased in married men and those with higher
education. However, in females, a positive association
was observed for age at all quantiles and diabetes and
hypertension in upper quantiles.

BMI and WC in both genders were significantly correlated
with LDL-C/HDL-C ratio in all quantiles. But diabetes

International Journal of Preventive Medicine 2023, 14: 69

was negatively correlated in lower quantiles and positively
at upper ones. Smoking in men had a positive correlation
with LDL-C/HDL-C ratio so that regression coefficients
tend to increase at high quantiles. High physical activity
decreased LDL-C/HDL-C ratio at all quantiles. This ratio
was increased in married and also university-educated
men [Tables S9 and S10].

The AIC indicated that the three-level quantile regression
model had a better fit compared to the OLS regression.
The variances of the random effects were also considerable
showing that there is association between the level of
lipids in provincial habitants as well as urban and rural
areas [Tables 2-5].

Discussion

In this study, lipid parameters as quantitative variables
were studied based on a nationwide random sampling
data for adults 25-64 years old. Random effects resulting
from the clustering design of the samples from provinces
and areas of residence as rural and urban were taken into

5
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Table 3: Three-level quantile regression coefficients for female participants’ total cholesterol in 2016 National STEPs

study
Factors P, P, P P P, Linear Regression
Age (year) 0.68+0.06 0.76+0.05 0.89+0.04 0.95+0.04 0.99+0.10 0.80+0.04
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
BMI (kg/m?) 1.07+0.20 0.94+0.15 0.81+0.13 0.81+0.18 0.94+0.22 0.76+0.11
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) 0.154+0.06 0.04+0.05 0.02+0.05 0.12+0.07 0.21+0.08 0.08+0.04
(0.02) (0.45) (0.71) (0.11) (0.01) (0.05)
Diabetes -6.86+1.70 -3.27£1.72 -1.33+1.48 1.59+1.70 5.17+2.88 -0.64+1.14
(<0.001) (0.06) (0.36) (0.35) (0.07) (0.57)
Hypertension -0.71+0.97 -1.29+1.05 1.88+0.97 3.32+1.27 1.77£1.37 1.55+0.89
(0.46) (0.22) (0.05) (0.01) (0.20) (0.08)
Education Level
1-6 2.15+1.86 2.42+1.74 2.15+1.48 0.24+1.75 1.7342.34 1.27+1.24
(0.02) (0.16) (0.14) (0.88) (0.46) (0.30)
7-12 6.01+1.99 3.92+1.94 4.02+1.75 2.07+1.91 4.02+2.94 3.70+1.28
(0.003) (0.04) (0.02) (0.28) 0.17) (0.003)
>12 6.334+2.09 3.97+2.04 5.43+1.56 5.09+1.76 7.1242.07 5.87+1.43
(0.003) (0.05) (<0.001) (0.004) (<0.001) (<0.001)
Residence
o’ 37.54 27.93 31.50 55.13 107
ICC 0.01 0.01 0.02 0.02 0.02
Province
o’ 34.20 25.45 19.87 39.77 91.80
ICC 0.01 - 0.06 0.01 0.02
o} 2821.73 1785.90 1390.54 2226.89 4463.57
AIC 93186.8 91458.7 91209.9 93491.2 97401.0 91826.1

Entries show B + SE (P) for 10™, 25", 50, 75", and 90" percentiles of total cholesterol. Significant coefficients are shown in bold. AIC:
Akaike information criterion, ICC: Intraclass correlation coefficient, crlf : Random effect variance, 05 : Error variance

account using multilevel modeling. In addition, association
of factors with different indices of the lipids distribution
was studied by the aid of the quantile regression model.

Results showed a significant relationship between age,
BMI, WC, diabetes, hypertension, smoking, physical
activity, education level, and marital status with lipid
parameters. Age was positively associated with TC and
LDL-C in both genders and with TG and TG/HDL-C in
females at all quantiles. This is in accordance with previous
cross-sectional and longitudinal studies.?*?"! In a study
on the Japanese population, Wakabayashi also showed an
increase in TG/HDL-C ratio in the older females compared
to the young females.?”

Results of a study in China show that TC and LDL-C levels
in females over 50 were significantly higher than that of
males at the same age!®; but according to Taiwanese paper,
TG, LDL-C, and TC increased with age among those under
50 years old, and it was higher in men. This gender gap
decreased as age increased, so that after the age of 50,
lipid levels were significantly higher in women compared
to men. Similar trend is generally seen in Asian and the
Pacific population in terms of age and gender.?¥ Our study
showed that anthropometric indices such as BMI and waist

6

circumference were positively correlated with TC, TG,
LDL-C, TC/HDL-C, LDL-C/HDL-C in their most quantiles
and negatively related with HDL-C. These findings suggest
that by elevating lipids to their higher centiles, they will be
more sensitive to increased BMI and WC. Previous studies
also have demonstrated that higher BMI and WC are more
likely to be associated with higher levels of lipids.[25:26]
However, the difference is that our research has explored
the relationship in five quantiles of lipids distributions
rather than mean point only. The latter is the way that is
usually done in other studies. It is believed that obesity
reduces lipoprotein lipase activity and can also increase
small, dense, and atherogenic lipoprotein of LDL and
increase the level of apolipoprotein B.I'*?1 The study by
Miralles showed that overweight subjects had higher levels
of TG/HDL-C.!

Diabetes is another factor related to lipid parameters,
especially with the level of TG and TG/HDL-C ratio. Its
effect was meaningful in all quantiles, and the coefficients
were increased moving from lower to upper quantiles. This
means that with increasing these lipids to higher levels,
the relationship between diabetes and TG and TG/HDL
ratio increases. In addition, total cholesterol had negative
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Table 4: Three-level quantile regression coefficients for male participants’ TG/HDL-C in 2016 National STEPs study

Factors P, P, P P P, Linear Regression
Age (year) 0.00+0.002 0.00+0.002 -0.008+0.003 -0.01+0.005 -0.04+0.01 -0.02+0.004
(0.72) (0.52) (0.01) (0.008) (0.06) (<0.001)
BMI (kg/m?) 0.04:£0.008 0.09+0.01 0.14+0.01 0.25+0.02 0.31:+0.03 0.17+0.01
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) 0.01+0.003 0.01£0.004 0.02+0.005 0.02+0.007 0.04+0.01 0.02+0.005
(0.001) (0.005) (<0.001) (0.001) (0.002) (<0.001)
Diabetes 0.19+0.10 0.38+0.10 0.74+0.12 1.05+0.19 1.79+0.51 0.95+0.15
(0.05) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Hypertension 0.05+0.05 0.08+0.04 0.20+0.09 0.38+0.15 0.71+£0.26 0.29+0.10
(0.28) (0.08) (0.03) (0.01) (0.007) (0.006)
Smoking 0.15+0.04 0.28+0.05 0.45+0.05 0.63+0.10 1.10+£0.27 0.58+0.11
(0.002) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Physical Activity
Moderate -0.06+0.05 -0.07+0.06 -0.14+0.09 -0.49+0.20 -0.74+0.31 -0.38+0.11
0.21) (0.29) (0.10) (0.01) (0.02) (0.001)
High -0.11+0.04 -0.20+0.03 -0.30+0.05 -0.5140.12 -0.93+0.22 -0.49+0.09
(0.09) (0.20) (<0.001) (<0.001) (0.05) (<0.001)
Education Level
1-6 0.14+0.08 0.1540.11 0.29+0.11 0.36+0.15 0.15+0.36 0.35+0.20
(0.09) (0.20) (0.01) (0.01) (0.66) (0.08)
7-12 0.31+0.09 0.30+0.11 0.47+0.13 0.59+0.15 0.77£0.40 0.68+0.20
(0.001) (0.01) (<0.001) (<0.001) (0.05) (<0.001)
>12 0.33+0.09 0.36+0.11 0.59+0.15 0.68+0.20 0.84+0.38 0.78+0.21
(<0.001) (0.001) (<0.001) (0.001) (0.03) (<0.001)
Marital Status
Married 0.07+0.05 0.06+0.07 0.26+0.08 0.35+0.16 0.94+0.33 0.52+0.14
(0.23) (0.38) (0.003) (0.03) (0.005) (<0.001)
Divorced/ 0.17+0.20 0.08+0.17 -0.01+0.25 0.49+0.63 1.34+0.91 0.28+0.44
Widowed (0.40) (0.63) (0.95) (0.43) (0.14) (0.51)
Residence
o’ 6.91 4.72 0.11 0.46 1.30
ICC 0.41 0.36 0.01 0.02 0.02
Province
o’ 1.39 0.01 0.04 0.24 1.53
ICC 0.12 - - 0.01 0.02
o} 9.58 8.06 9.00 20.97 61.93
AIC 34228.1 34718.1 37220.3 41966.8 48148.1 42203.5

Entries show B + SE (P) for 10™, 25", 50, 75", and 90" percentiles of TG/HDL-C. Significant coefficients are shown in bold. AIC: Akaike
information criterion, ICC: Intraclass correlation coefficient, O',f : Random effect variance, O'f : Error variance

relation with diabetes at its lower quantiles. The specific
mechanism of association between lipid ratios and diabetes
is not now known. According to a pathophysiological
model, lipids are deposited improperly in non-fat tissues
such as the liver, skeletal muscle, and Beta pancreas
cells.?”) These inappropriate lipid deposits are related to
lipotoxicity, including pressure of endoplasmic reticulum,
disruption of mitochondrial function, oxidative stress, and
inflammation, which in turn leads to insulin resistance and
finally a decrease in [-galactosidase function.?” Insulin
resistance can alter systemic lipid metabolism, leading
to dyslipidemia and the well-known lipid triad, high

International Journal of Preventive Medicine 2023, 14: 69

levels of plasma triglycerides, low levels of high-density
lipoprotein, and the appearance of small dense low-density
lipoproteins.B!

A study of the general Korean population found that there
was a linear association between the TG/HDL-C ratio and
insulin resistance.l?

We also found that hypertension was significantly associated
with lipid parameters (TC, TG, LDL-C, TC/HDL-C, and
LDL-C/HDL-C) in some quantiles; this relationship was
different in men and women. The relationship was strong
for TG and TG/HDL-C ratio. However, no significant
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Table 5: Three-level quantile regression coefficients for female participants’ TG/HDL-C in 2016 National STEPs study

Factors P, P, P P P, Linear Regression
Age (year) 0.003+0.001 0.005+0.001 0.008+0.001 0.01+0.004 0.01+0.007 0.008+0.003
(0.03) (<0.001) (<0.001) (0.005) (0.02) (0.0006)
BMI (kg/m?) 0.02+0.003 0.03+0.003 0.05+0.006 0.06+0.01 0.09+0.02 0.03+0.008
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) 0.007+0.001 0.01+0.001 0.01+0.002 0.03+0.006 0.04+0.01 0.02+0.003
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Diabetes 0.19+0.05 0.35+0.06 0.58+0.11 1.05+0.19 1.90+0.32 0.95+0.09
(0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Hypertension 0.05+0.03 0.10+0.03 0.16+£0.04 0.27+0.09 0.36+0.14 0.27+0.07
(0.13) (0.002) (<0.001) (0.004) (0.01) (<0.001)
Smoking 0.12+0.10 0.06+0.12 0.33+0.18 0.15+0.33 1.29+2.16 0.15+0.38
(0.22) (0.60) (0.05) (0.63) (0.55) (0.69)
Physical Activity
Moderate 0.03£0.02 0.05+0.03 0.03+0.05 -0.02+0.09 -0.13+0.18 -0.01+0.07
(0.20) (0.07) (0.14) (0.76) (0.47) (0.82)
High -0.05+0.03 -0.09+0.04 -0.14+0.04 -0.24+0.08 -0.27+0.21 -0.22+0.08
(0.11) (0.02) (0.002) (0.006) (0.20) (0.005)
Residence
o’ 0.74 0.97 0.02 0.19 0.56
ICC 0.13 0.19 - 0.01 0.01
Province
o’ 0.57 1.34 13.47 0.04 0.22
ICC 0.10 0.24 0.74 - -
o} 4.92 4.12 4.57 11.02 33.75
AIC 34996.9 35768.1 38838.6 44788.7 52585.6 45427.1

Entries show B + SE (P) for 10™, 25", 50, 75" and 90" percentiles of TG/HDL-C. Significant coefficients are shown in bold. AIC: Akaike

. . . . . . 2
information criterion, ICC: Intraclass correlation coefficient, o, : R

relation was seen between high blood pressure and HDL-C
levels. This finding suggests that control of blood pressure
should be considered by increasing TG and TG/HDL-C
ratio and in turn can be used as an important factor in
predicting hypertension.

Generally, smoking is a risk factor for dyslipidemia.
In our study, relationship between lipid parameters and
smoking was different in men and women. There was a
positive and significant correlation between smoking in
men and TC/HDL-C, TG/HDL-C, LDL-C/HDL-C, and
negative association with HDL-C ratios in all quantiles
compared to non-smokers. Quantile regression coefficients
tended to increase in higher quantiles. Gamit et al.*
reported that the presence of nicotine in cigarette smoke
increased levels of TG, cholesterol, VLDL, and decreased
HDL-C levels. In a cross-sectional study on adult men
in North West of China village, Li et al®* concluded
that TC/HDL-C, TG/HDL-C, and LDL-C/HDL-C ratios
were significantly higher in smokers than non-smokers,
whereas HDL-C was lower in smokers. In a meta-analysis,
Craig and colleagues analyzed the association between
smoking in adults and lipids’ concentration. The results
of 54 published studies revealed that smokers had higher
levels of TC (3.0%), TG (9.1%), very low-density

8

. 2
andom effect variance, o : Error

lipoprotein-cholesterol (VLDL-C) (10.4%), LDL-C (1.7%),
and lower level of HDL-C (5.7%) compared to non-smokers.
In addition, significant dose-dependent relationships were
reported for TC, TG, and LDL-C findings.™*

We observed significant association between high physical
activity and lipid parameters; this association in males
was higher than females. In men, there was a positive
relationship between high level of physical activity and
HDL-C in all quantiles so that intensive body activity
increased the HDL-C levels. The results of the study
showed that the duration, amount, and the intensity of
exercise all related to the effect size of exercise on blood
lipids. HDL-C is the most sensitive factor to exercise.
The mechanism of fat changes resulting from exercise
is unclear, but the exercise itself may lead to reduction
of lipids.P¢3" Truthmann et alP®¥ found that there was a
significant relationship between higher physical activity
and lower level of TG and also higher level of HDL-C.
In study of Li Qi et al,”" a general inverse relationship
between regular physical activity and lipid disorder was
found.

Other factors affecting lipid parameters were education and
marital status, those with higher education level compared
to the illiterates and married people compared to unmarried
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had higher level of lipids. This relationship was stronger
in men. A study in China among people of 18 years old
and above showed a positive association between the
level of education and the prevalence of dyslipidemia in
a multivariate analysis, which may be related to a better
economic level along with excessive nutrition in people
with high education.?”

Our results are expected to help policymakers for
developing appropriate prevention and control strategies
for modifiable risk factors of dyslipidemia in order to
decrease the overall non-communicable disease mortality
and morbidity.

Like any other study, our research had some limitations.
Since the STEPs data have been gathered in a
cross-sectional study, causality between factors and lipid
disorders could not be inferred. In this study, we did not
include the data of health behaviors and eating habits of
the participants in analyses which can be regarded as a
limitation. However, the main strength of this research is its
representativeness on national and subnational levels and
data quality based on the comprehensive standard protocol
and regulatory guidelines for execution and monitoring.
On the other hand, the present report has benefitted the
advantages of sophisticated statistical modeling. Taking into
account of cluster effects by applying multilevel modeling
and random effects and also analysis of the whole domain
of lipids distribution using quantile regression are strengths
of this research.

Conclusions

In this study, the method used showed that the effect of each
factor on lipid profiles varies depending on the centiles of
TC, TG/HDL-C, and also TG, LDL-C, HDL-C, TC/HDL-C,
and LDL-C/HDL-C. There was a significant relationship
between age, BMI, WC, diabetes, hypertension, smoking,
physical activity, education, and marital status with lipid
parameters. In females, lipid parameters increased with age,
so middle and old-aged females should pay more attention
to their level of lipids.
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Table S1: Three-level Quantile regression coefficients for male participants’ TG in 2016 National STEPs study

Factors P, P, P P P, Linear Regression
Age (year) 0.08+0.06 0.04+0.07 0.05+0.09 -0.41+0.13 -0.53+0.28 -0.33+0.11
(0.17) (0.56) (0.57) (0.003) (0.07) (0.003)
BMI (kg/m?) 1.47+0.23 2.49+0.39 3.96+0.50 6.46+0.52 8.15+0.90 4.37+0.37
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) 0.34+0.07 0.42+0.11 0.46+0.13 0.56+0.16 0.86+0.27 0.63+0.12
(<0.001) (<0.001) (<0.001) (0.001) (0.002) (<0.001)
Diabetes 5.4043.40 9.40+2.21 19.42+3.96 27.29+4.83 35.14£12.55 23.68+3.47
(0.11) (<0.001) (<0.001) (<0.001) (0.0006) (<0.001)
Hypertension 2.54+1.09 3.53+1.30 7.46£2.55 11.5743.95 18.24+6.90 9.22+2 .47
(0.02) (0.008) (0.004) (0.004) (0.009) (<0.001)
Smoking 5.18+1.40 6.29+1.22 6.87+1.74 12.5342.92 9.23+6.46 9.17+2.54
(<0.001) (<0.001) (<0.001) (<0.001) (0.15) (<0.001)
Physical Activity
Moderate -1.43£1.65 -2.53£1.65 -4.31£3.13 -8.06+4.69 -12.79+6.73 -9.14+2.74
(0.38) 0.12) 0.17) (0.08) (0.06) (0.17)
High -2.00+1.14 -6.11+1.44 -6.70£1.60 -11.32+3.22 -12.23+6.40 -10.57+2.27
(0.08) (<0.001) (<0.001) (<0.001) (0.05) (<0.001)
Education Level
1-6 4.93+£2.21 5.18+2.74 7.38+£2.72 8.62+4.01 12.15+8.31 8.53+4.69
(0.02) (0.06) (0.007) (0.03) (0.14) (0.06)
7-12 8.26+2.30 8.70%£2.55 14.114£2.72 15.63+4.23 27.76%9.79 18.62+4.62
(<0.001) (<0.001) (<0.001) (<0.001) (0.005) (<0.001)
>12 11.06+2.45 12.7242.79 16.62+3.36 19.89+5.70 25.5449.51 22.01+4.95
(<0.001) (<0.001) (<0.001) (<0.001) (0.008) (<0.001)
Marital Status
Married 0.89+1.68 3.26£2.25 8.94+2.77 9.84+4.67 18.64+8.94 12.21+3.43
(0.59) (0.15) (0.001) (0.03) (0.03) (<0.001)
Divorced/ 3.60£7.04 3.974+5.58 0.14+11.73 16.88+16.91 22.29+22.55 8.35+10.30
Widowed (0.61) (0.47) (0.99) (0.32) (0.32) (0.41)
Residence
0.’ 4.59 15.18 100.82 272.20 -
ICC - - 0.01 0.02 -
Province
0.’ 3.92 - 21.65 159.6 2469.09
ICC - - - 0.01 0.06
o} 7334.20 5803.39 5959.84 12588.84 33819.21
AIC 84235.9 84523.4 86445.5 90448.6 95925.8 89759.5

Entries show f = SE (P) for 10", 25%, 50, 75" and 90™ percentiles of TG. Significant coefficients are shown in Bold. AIC: Akaike Information

Criterion, ICC: Intraclass Correlation Coefficient, 6,>: Random effect variance, ¢ * Error variance
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Table S2: Three-level Quantile regression coefficients for female participants’ TG in 2016 National STEPs study

Factors P, P, P P P, Linear regression
Age (year) 0.41+0.04 0.55+0.04 0.66:+0.06 0.79+0.11 1.00+0.24 0.65+0.08
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
BMI (kg/m?) 0.71+0.12 0.93+0.12 1.48+0.20 2.27+0.45 2.82+0.71 1.37+022
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) 0.30+0.06 0.42+0.06 0.554+0.10 0.82+0.20 1.06+0.26 0.76+0.08
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Diabetes 6.53+1.82 10.11£1.90 20.43+3.10 35.21+4.59 57.41+7.79 27.97+2.31
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Hypertension 3.15+1.21 4.15+1.42 6.39+1.30 9.45+2.50 10.70+3.43 7.48+1.80
(0.01) (0.004) (<0.001) (<0.001) (0.002) (<0.001)
Physical Activity
Moderate 2.20+0.99 2.10+£1.04 1.70£1.68 -1.39+£2.73 -3.69+4.29 -1.25+1.89
(0.08) (0.10) (0.31) (0.60) (0.39) (0.50)
High -0.35+1.04 -2.10+1.25 -4.90+1.68 -7.08+2.30 -6.07+5.67 -4.55+2.06
(0.73) (0.09) (0.004) (0.002) (0.28) (0.02)
Education Level
1-6 2.08+1.31 2.23+1.64 2.26+1.54 6.00+3.42 8.37+4.76 2.26+2.52
(0.11) 0.17) (0.14) (0.08) (0.08) (0.36)
7-12 2.47+1.54 4.28+1.93 5.99+2.00 9.3243.58 12.09+6.93 8.03+2.59
(0.11) (0.02) (0.003) (0.01) (0.08) (0.001)
>12 2.84+1.58 2.68+2.20 2.36+1.58 6.6943.76 9.48+6.17 5.64+2.90
(0.07) (0.22) (0.13) (0.05) (0.12) (0.05)
Residence
0.’ 13.59 25.98 39.61 133.29 765.9
ICC - - - 0.01 0.03
Province
0.’ 4.32 13.25 10.81 38.67 289.8
ICC - - - - 0.01
o} 4893.00 3875.06 4039.87 8712.35 23073.61
AIC 98180.7 98540.9 100960.8 105984.7 112469 104733.5

Entries show B + SE (P) for 10™, 25", 50, 75" and 90™ percentiles of TG. Significant coefficients are shown in Bold. AIC: Akaike
Information Criterion, ICC: Intraclass Correlation Coefficient, ,*:Random effect variance, ¢ *:Error variance
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Table S3: Three-level Quantile regression coefficients for male participants’ LDL-C in 2016 National STEPs study

Factors L P, P, P P, Linear regression
Age (year) 0.12+0.04 0.20+0.03 0.30+0.03 0.39+0.03 0.39+0.07 0.24+0.03
(0.01) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
BMI (kg/m?) 0.82+0.17 0.60+0.13 0.84+0.17 0.87+0.21 1.34+0.27 0.78+0.11
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) 0.11+0.07 0.24+0.04 0.20+0.06 0.24+0.08 0.09+0.11 0.19+0.04
(0.15) (<0.001) (0.002) (0.005) 0.41) (<0.001)
Diabetes -12.15+1.99 -9.80+1.74 -4.01£1.72 -1.76+1.73 2.67£2.52 -4.83+1.09
(<0.001) (<0.001) (0.02) (0.31) (0.27) (<0.001)
Hypertension -2.02+1.31 -0.97+0.91 0.46+0.99 1.19+0.89 2.30£1.19 0.90+0.77
(0.12) (0.29) (0.64) (0.18) (0.05) (0.24)
Physical Activity
Moderate -1.50+1.22 -1.98£1.07 -3.32+1.15 -3.35+1.23 -1.58+2.23 -2.36+0.85
(0.22) (0.06) (0.004) (0.009) (0.47) (0.005)
High -1.30+0.81 -1.56+0.76 -1.77+£1.58 -2.41+0.77 -3.68+1.01 -1.91+0.70
(0.11) (0.04) (0.002) (0.002) (<0.001) (0.006)
Marital Status
Married 2.43+1.11 2.2840.90 1.33+0.81 0.75£1.36 -2.1342.48 0.50+1.06
(0.03) (0.01) (0.10) (0.68) (0.39) (0.63)
Divorced/ 2.50+2.95 -1.88+3.73 0.84+£5.16 0.88+5.38 -1.68+8.29 0.25+3.22
Widowed (0.39) (0.61) (0.87) (0.87) (0.83) (0.93)
Residence
0’ 12.90 11.69 11.49 40.49 107.29
ICC - - 0.01 0.02 0.03
Province
0’ 8.30 5.38 10.67 30.57 31.98
IcC - - 0.01 0.02 0.01
o} 1867.10 1157.36 894.01 1392.78 2658.43
AIC 73899.6 72321.1 72061.1 73765.7 76636.8 72191

Entries show f + SE (P) for 10, 25", 50", 75" and 90™ percentiles of LDL-cholesterol. Significant coefficients are shown in Bold.
AIC: Akaike Information Criterion, ICC: Intraclass Correlation Coefficient, ,*: Random effect variance, ¢ *Error variance
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Table S4: Three-level Quantile regression coefficients for female participants’ LDL-C in 2016 National STEPs study

Factors P, P, P P P, Linear regression
Age (year) 0.43+0.04 0.51+0.04 0.61+0.03 0.79+0.04 0.86+0.07 0.56+0.03
(<0.001) (<0.001) (<0.001) (0.01) (<0.001) (<0.001)
BMI (kg/m?) 1.06+0.16 0.93+0.09 0.79+0.11 0.74+0.16 0.78+0.18 0.71+0.09
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) -0.10+0.05 -0.009+0.04 0.04+0.03 0.08+0.06 0.13+0.07 0.09+0.05
(0.10) (0.84) (0.05) (0.14) (0.10) (0.008)
Diabetes -6.73+1.54 -3.60£1.29 -2.23+0.96 -0.19+1.26 -0.42+2.65 -2.19+0.92
(<0.001) (0.006) (0.02) (0.78) (0.87) (0.01)
Hypertension -1.77+0.84 -0.59+1.03 1.22+0.59 2.45£1.05 1.71£1.03 1.07+0.72
(0.03) (0.57) (0.04) (0.02) (0.10) (0.13)
Smoking 9.76+3.88 7.72+£3.94 4.15+2.71 5.23+4.52 -4.89+5.81 3.96+3.88
(0.01) (0.05) (0.12) (0.24) (0.40) (0.30)
Education Level
1-6 0.45+1.45 1.57+1.42 1.31£1.18 1.25+1.35 1.50£2.10 0.56=1.00
(0.75) (0.27) (0.26) (0.35) (0.47) (0.57)
7-12 3.53+1.56 2.97+1.40 2.11+£1.39 2.35+1.52 3.47+2.35 2.02+1.03
0.02) (0.03) (0.13) (0.12) (0.14) (0.05)
>12 2.64+1.70 2.76+1.34 2.08+1.35 3.68+1.69 4.73+£1.99 3.43+1.16
(0.12) (0.04) (0.12) (0.03) 0.01) (0.003)
Marital Status
Married -1.44+1.06 1.13+£0.81 1. 35£1.00 0.77£1.60 0.90+2.50 2.49+1.03
0.17) (0.16) (0.17) (0.62) (0.71) (0.01)
Divorced/ 1.27+1.40 1.77+1.44 2.38+1.21 0.73+1.84 1.61+£3.33 3.29+1.43
Widowed (0.86) (0.22) (0.05) (0.69) (0.62) (0.02)
Residence
abz 18.61 10.17 16.69 20.78 48.93
ICC 0.01 - 0.01 0.01 0.01
Province
0.’ 12.21 9.27 19.79 31.62 61.14
ICC - - 0.02 0.02 0.02
o} 1817.31 1156 906.61 1456.94 2890.13
AIC 89145.1 87460.4 87301.7 89608.7 93420.6 87894.4

Entries show B + SE (P) for 10™, 25", 50%, 75" and 90" percentiles of LDL-cholesterol. Significant coefficients are shown in Bold.
AIC: Akaike Information Criterion, ICC: Intraclass Correlation Coefficient, abzz Random effect variance, 062: Error variance
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Table S5: Three-level Quantile regression coefficients for male participants’ HDL-C in 2016 National STEPs study

Factors P, P, P, P, P, Linear Regression
Age (year) 0.05+0.01 0.04+0.01 0.06+0.01 0.07+0.01 0.10+0.03 0.06+0.01
(0.003) (<0.001) (<0.001) (<0.001) (0.001) (<0.001)
BMI (kg/m?) -0.30+0.07 -0.37+0.06 -0.35+0.05 -0.41+0.06 -0.42+0.10 -0.39+0.04
(<0.001) (<0.001)) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) -0.07+0.02 -0.06+0.02 -0.08+0.02 -0.09+0.02 -0.11£0.03 -0.07+0.01
(0.006) (0.007) (<0.001) (<0.001) (0.003) (<0.001)
Diabetes -1.26+0.40 -1.30+0.30 -1.224+0.29 -1.37+£0.42 -1.05+1.04 -1.20+0.37
(0.002) (<0.001) (<0.001) (0.001) (0.31) (0.001)
Smoking 2.12+0.27 -2.02+0.21 -2.22+0.31 -2.15+0.43 -2.41+0.73 -2.14+0.27
(<0.001) (<0.001) (<0.001) (<0.001) (0.001) (<0.001)
Physical Activity
Moderate 0.63+0.41 0.78+0.35 0.49+0.38 0.07+0.52 0.27+£0.91 0.46+0.29
(0.13) (0.02) (0.20) (0.79) (0.76) (0.12)
High 1.02+0.34 1.35+0.22 1.43+0.24 1.55+0.35 1.89+0.53 1.62+0.24
(0.003) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Residence
0.’ 2.18 1.55 241 2.87 4.60
ICC 0.01 0.01 0.02 0.01 0.01
Province
0.’ 1.59 1.69 3.49 4.09 3.88
ICC - 0.01 0.03 0.02 0.01
o} 185.23 121 101.60 175.03 367.48
AIC 56404.7 55209.7 55595.4 58025.6 61595.4 56164.0

Entries show B + SE (P) for 10®, 25", 50%, 75" and 90" percentiles of HDL-cholesterol. Significant coefficients are shown in Bold.
AIC: Akaike Information Criterion, ICC: Intraclass Correlation Coefficient, s,”: Random effect variance, ¢ *: Error variance
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Table S6: Three-level Quantile regression coefficients for female participants’ HDL-C in 2016 National STEPs study

Factors L P, P P P, Linear Regression
Age (year) 0.04+0.02 0.08+0.02 0.09+0.01 0.10+0.01 0.14+0.03 0.08+0.01
(0.03) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
BMI (kg/m?) -0.08+0.07 -0.15+0.06 -0.14+0.04 -0.24+0.07 -0.24+0.08 -0.18+0.03
(0.28) (0.01) (0.004) (<0.001) (0.003) (0.004)
WC (cm) -0.09+0.02 - 0.10+0.02 -0.12+0.01 -0.10+0.02 -0.12+0.03 -0.10+0.01
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Diabetes -1.51+0.37 -1.31+£0.42 -1.60+0.41 -1.94+0.52 -1.76=0.81 (0.03) -1.45+0.36
(<0.001) (0.002) (<0.001) (<0.001) (<0.001)
Physical Activity
Moderate -0.42+0.49 -0.61+0.42 0.01+0.42 0.34+0.51 0.13+0.84 0.06+0.30
(0.38) (0.14) (0.97) (0.51) (0.87) (0.98)
High 1.21£0.35 0.45+0.33 0.78+0.35 0.98+0.64 1.14£0.81 1.20+0.32
(<0.001) (0.17) (0.02) (0.13) (0.16) (<0.001)
Education Level
1-6 0.80+0.57 0.40+0.50 0.46+0.40 0.42+0.64 0.43+0.95 (0.65) 0.53+0.40
(0.16) (0.43) (0.25) (0.51) (0.18)
7-12 0.83+0.61 0.69+0.54 0.64+0.57 0.87+0.65 1.48+1.02 0.67+0.41
(0.17) (0.20) (0.26) (0.18) (0.14) (0.10)
>12 1.63+0.75 1.45+0.56 2.14+0.58 2.17+0.87 2.84+1.28 1.93+0.46
(0.03) (0.01) (<0.001) (0.01) (0.02) (<0.001)
Marital Status
Married -0.15+0.58 -1.09+0.49 -1.13+0.50 -1.52+0.58 1.81-+0.92 -0.60+0.41
(0.78) (0.03) (0.02) (0.01) (0.05) (0.14)
Divorced/ -0.32+0.80 -0.86+0.72 -1.13+0.49 -1.64+0.70 -2.75+1.18 -0.68+0.57
Widowed (0.68) (0.23) (0.02) (0.02) (0.02) (0.22)
Residence
o’ 432 1.28 0.95 0.87 5.23
ICC 0.01 - 0.006 0.003 0.01
Province
0’ 65.88 1.46 2.13 2.56 5.72
ICC 0.003 0.008 0.01 0.01 0.01
o} 278.89 178.75 146.89 244.29 494.17
AIC 71988.8 70341.4 70572.4 73190 77199.9 71079.2

Entries show 3 + SE (P) for 10™, 25", 50™, 75" and 90" percentiles of HDL-cholesterol. Significant coefficients are shown in Bold.
AIC: Akaike Information Criterion, ICC: Intraclass Correlation Coefficient, 5,*:Random effect variance, ¢ *:Error variance
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Table S7: Three-level Quantile regression coefficients for male participants’ TC/HDL-C in 2016 National STEPs study

Factors P, P, P P P, Linear Regression
Age (year) 0.00+0.002 0.001+0.001 0.001+0.001 0.004+0.002 0.004+0.003 0.00+0.001
(0.88) (0.45) (0.32) (0.12) (0.24) (0.57)
BMI (kg/m?) 0.04+0.008 0.05+0.008 0.08+0.01 0.10+0.01 0.12+0.01 0.07+0.005
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) 0.01£0.002 0.01£0.002 0.01+0.004 0.009+0.005 0.01+0.005 0.01+0.002
(<0.001) (<0.001) (0.001) (0.05) (0.002) (<0.001)
Diabetes -0.15+0.06 -0.08+0.06 -0.04+0.07 0.13+0.10 0.48+0.13 0.04+0.05
(0.02) 0.17) (0.49) (0.19) (<0.001) (0.38)
Smoking 0.13+0.03 0.21+0.04 0.31+0.04 0.34+0.05 0.56+0.09 0.32+0.03
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Physical Activity
Moderate -0.13+0.04 -0.10+0.05 -0.16+0.04 -0.15+0.09 -0.1940.10 -0.16+0.04
(0.004) (0.07) (0.001) (0.10) (0.06) (0.001)
High -0.13+0.03 -0.17+0.03 -0.22+0.04 -0.27+0.05 -0.29+0.09 -0.22+0.03
(<0.001) (<0.001) (<0.001) (<0.001) (0.002) (<0.001)
Education Level
1-6 0.03+0.07 0.05+0.07 0.10+0.06 0.06+0.11 -0.12+0.18 0.02+0.07
(0.64) (0.43) 0.11) (0.61) (0.51) (0.77)
7-12 0.11+0.06 0.16+0.06 0.19+0.06 0.17+0.12 0.15+0.19 0.13+0.07
(0.10) (0.01) (0.007) (0.16) (0.42) (0.05)
>12 0.19+0.06 0.26+0.08 0.27+0.08 0.29+0.13 0.22+0.17 0.20+0.07
(0.006) (0.001) (0.001) (0.03) 0.21) (0.007)
Marital Status
Married 0.09+0.05 0.10+0.04 0.13+0.05 0.11+0.08 0.18+0.10 0.14+0.05
(0.10) (0.01) (0.009) (0.18) (0.07) (0.008)
Divorced/ 0.16+0.15 -0.09+0.16 0.03+0.26 0.04+0.36 0.47+0.30 0.08+0.16
Widowed (0.29) (0.57) (0.90) (0.90) (0.12) (0.59)
Residence
0’ 0.56 0.01 4.88 0.03 0.12
ICC 0.13 - 0.70 0.01 0.01
Province
0’ 3.26 34.15 0.01 441 0.22
ICC 0.47 0.93 - 0.55 0.02
o} 3.64 2.46 2.07 3.57 7.34
AIC 26680.7 25730.9 26129.7 28511.2 31995.4 26766.1

Entries show 3 + SE (P) for 10", 25", 50", 75" and 90™ percentiles of total cholesterol/LDL. Significant coefficients are shown in Bold.

AIC: Akaike Information Criterion, ICC: Intraclass Correlation Coefficient, s,”: Random effect variance, ¢ > Error variance
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Table S8: Three-level Quantile regression coefficients for female participants’ TC/HDL-C in 2016 National STEPs

study
Factors P, P, P, P, P, Linear Regression
Age (year) 0.005+0.001 0.005+0.001 0.01+0.001 0.01+0.001 0.01+0.002 0.01+0.001
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
BMI (kg/m?) 0.02+0.004 0.03+0.004 0.03+0.005 0.04+0.008 0.05+0.01 0.03+0.003
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) 0.006+0.001 0.009+0.002 0.01+0.002 0.01+0.003 0.01+0.005 0.01+0.001
(<0.001) (<0.001) (<0.001) (<0.001) (0.02) (<0.001)
Diabetes -0.01+0.05 0.04+0.04 0.08+0.05 0.22+0.06 0.37+0.09 0.15+0.04
(0.75) (0.35) (0.14) (0.001) (<0.001) (0.14)
Hypertension -0.02+0.03 0.03+0.03 0.06+0.04 0.07+0.04 0.20+0.05 0.09+0.03
(0.43) (0.22) (0.10) (0.12) (<0.001) (0.003)
Residence
0.’ 7.59 1.65 - 0.02 0.18
ICC 0.73 0.46 - - 0.02
Province
0’ 0.49 0.15 - 7.40 0.04
ICC 0.15 0.07 - 0.70 -
o} 2.72 1.90 1.69 3.02 6.45
AIC 29486.3 28699.1 29593.6 32928.8 37449.5 30561.6

Entries show B + SE (P) for 10™, 25%, 50%, 75" and 90" percentiles of total cholesterol/HDL. Significant coefficients are shown in Bold.
AIC: Akaike Information Criterion, ICC: Intraclass Correlation Coefficient, o,*: Random effect variance, ¢ *:Error variance
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Table S9: Three-level Quantile regression coefficients for male participants’ LDL-C/HDL-C in 2016 National STEPs

study
Factors P, P, P P L Linear Regression
Age (year) 0.00+0.001 0.001+0.001 0.001+0.002 0.005+0.002 0.006+0.002 0.002+0.001
(0.75) (0.31) (0.04) (0.01) (0.01) (0.04)
BMI (kg/m?) 0.03+0.006 0.03+0.007 0.006+0.008 0.06+0.009 0.07+0.009 0.04+0.004
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
WC (cm) 0.006+0.001 0.01£0.002 0.01£0.001 0.009+0.004 0.01£0.003 0.01+0.001
(0.001) (<0.001) (<0.001) (0.01) (0.001) (<0.001)
Diabetes -0.18+0.05 -0.14+0.06 -0.02+0.05 -0.03+0.07 0.27+0.07 -0.05+0.03
(0.002) (0.01) (0.09) (0.63) (<0.001) (0.20)
Smoking 0.10+0.03 0.16+0.03 0.20+0.02 0.25+0.04 0.41£0.06 0.23+0.02
(0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Physical Activity
Moderate -0.07+0.03 -0.11£0.04 -0.11+0.02 -0.08+0.06 -0.07+0.06 -0.10+0.03
(0.05) (0.01) (0.003) (0.17) (0.24) (<0.001)
High -0.08+0.03 -0.12+0.02 -1.48+2.89 -0.19+0.04 -0.20+0.05 -0.15+0.02
(0.01) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Education Level
1-6 0.05+0.05 0.06+0.06 0.04+0.05 0.03+0.08 -0.03+0.11 -0.01+0.05
(0.33) (0.37) (0.09) (0.71) (0.75) (0.77)
7-12 0.11+0.05 0.12+0.06 0.11£0.05 0.09+0.08 0.08+0.12 0.05+0.05
(0.04) (0.05) (0.10) (0.27) (0.49) (0.26)
>12 0.13+0.05 0.18+0.08 0.18+0.07 0.19+0.09 0.12+0.12 0.11£0.05
(0.02) (0.02) (<0.001) (0.03) (0.30) (0.04)
Marital Status
Married 0.06:£0.04 0.09+0.03 0.10+0.03 0.10+0.06 0.06+0.08 0.07+0.03
(0.13) (0.009) (0.01) (0.08) (0.44) (0.04)
Divorced/ 0.06+0.10 0.07+0.16 0.10+0.11 0.19+0.28 0.48+0.22 0.05+0.11
Widowed (0.57) (0.66) (0.86) (0.48) (0.03) (0.66)
Residence
0’ 0.68 - 0.01 0.02 0.03
ICC 0.24 - 0.01 0.01 -
Province
0, 0.65 0 0.01 0.78 0.03
ICC 0.23 - 0.01 0.29 -
o} 2.13 1.39 1.12 1.87 3.72
AIC 22647.4 21453.6 21544.7 23668.5 26818.4 21927.2

Entries show (3 + SE (P) for 10", 25", 50", 75" and 90™ percentiles of LDL-C/HDL-C. Significant coefficients are shown in Bold.
AIC: Akaike Information Criterion, ICC: Intraclass Correlation Coefficient, s,”: Random effect variance, ¢ > Error variance
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Table S10: Three-level Quantile regression coefficients for female participants’ LDL-C/HDL-C in 2016 National

STEPs study
Factors P, P, P, P P, Linear Regression
Age (year) 0.009+0.001 0.009+0.001 0.01+0.001 0.01+0.001 0.01+0.002 0.01+0.001
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
BMI (kg/m?) 0.01+0.004 0.01+0.004 0.01+0.005 0.01+0.006 0.024+0.006 0.01:+0.003
(0.001) (<0.001) (0.001) (0.004) (0.001) (<0.001)
WC (cm) 0.004+0.002 0.008+0.001 0.009+0.002 0.009+0.002 0.01+0.003 0.01+0.001
(0.03) (<0.001) (<0.001) (<0.001) (0.001) (<0.001)
Diabetes 0.06+0.05 0.09+0.06 0.21+0.04 0.35+0.07 0.51£0.10 0.37+0.04
(0.26) (0.16) (<0.001) (<0.001) (<0.001) (<0.001)
Hypertension 0.09+0.03 0.10+0.03 0.10+0.03 0.07+0.03 0.11+0.05 0.17+0.03
(0.007) (0.001) (0.005) (0.03) (0.02) (<0.001)
Physical Activity
Moderate -0.01+0.04 -0.01+0.03 0.005+0.03 -0.01+0.03 -0.04+0.04 -0.04+0.03
(0.74) (0.73) (0.84) (0.71) (0.36) (0.13)
High -0.07+0.04 -0.07+0.03 -0.04+0.03 -0.04+0.03 -0.07+0.06 -0.04+0.03
(0.07) (0.04) (0.18) 0.17) (0.24) (0.18)
Residence
0.’ 9.21 7.81 2.05 0.04 0.08
ICC 0.78 0.82 0.58 0.01 0.01
Province
0.’ 0.06 0.11 0.19 0.13 0.52
ICC 0.02 0.06 0.11 0.04 0.07
o} 2.52 1.69 1.44 2.52 6.00
AIC 30748.3 29373.1 29996.6 33382.2 39137 36785.9

Entries show B + SE (P) for 10™, 25%, 50®, 75" and 90" percentiles of LDL-C/HDL-C. Significant coefficients are shown in Bold. AIC:
Akaike Information Criterion, ICC: Intraclass Correlation Coefficient, o> Random effect variance, ¢ *: Error variance



