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Introduction
According to the World Health Organization (WHO), an adult with 

body mass index (BMI) of 30 or more is defined as obese. An adult with 
a BMI equal to or more than 25 is defined as overweight. Overweight 
and obesity is a major epidemic in Newfoundland and Labrador (NL), 
and throughout Canada. The results from several surveys conducted 
by Statistics Canada show that NL has had the highest percentage of 
overweight/obese residents in Canada since 2007, and this percentage 
had risen to 63.2% in 2012. BMI is commonly used when examining 
obesity due to its ease and low cost of measurement. In this study, 
we also examined percent trunk fat (PTF), which is not commonly 
explored in obesity studies. BMI estimates the total fat mass using 
anthropometric measurements, while PTF is the measure of fat mass 
in the trunk region using dual-energy X-ray absorptiometry (DXA). 
DXA can produce an accurate measurement of adipose tissue within 
the body with a low margin of error [1,2]. Research studies show that 
measures of abdominal fat are closely associated with obesity-related 
detrimental effects on health [3-5].

Although remedies such as log-transformation may improve the 
modelling process, an alternative and more robust method (compared 
to OLS) against non-normality and outliers is quantile regression, 
which has been widely used in modelling obesity-related traits [6-
8]. Quantile regression models the relationship between covariates 
and the conditional quantiles of the response given the covariates, so 
it is especially useful in applications where extremes are important, 
such as analyzing BMI where upper (overweight and obese) quantiles 
of population levels are critical from a public health perspective. It 

provides a more complete picture of the conditional distribution of 
the response given the covariates and it is relatively easy to incorporate 
different covariates into the analysis. In this study, we applied quantile 
regression methodology (as well as OLS), in order to more accurately 
assess the relationships between the covariates and the response.

Our goal is to quantify the effect of basic environmental factors on 
PTF and BMI in a way that is simple to calculate and more crafted for 
population quantiles, rather than the population average. This may lead 
to new methods for estimating one's likelihood of abdominal obesity 
based on PTF (in addition to BMI) using environmental factors that 
may be accessible to general physicians and potentially the general 
public.

Materials and Methods
Coding study

All subject data used was taken from the CODING (Complex 
Diseases in the Newfoundland Population: Environment and Genetics) 
study. The study was conducted by the Faculty of Medicine at Memorial 
University of Newfoundland. To be eligible to take part in this study, 
participants had to be at least 19 years of age, be a third generation 
or higher Newfoundlander, and not have any serious metabolic, 
cardiovascular, or endocrine diseases. Posters and handouts were 
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Abstract
Objectives: This study explored associations of environmental factors with percent trunk fat (PTF) and body mass 

index (BMI), using quantile regression to explain variability in these traits at percentiles of the distributions.

Methods: Using a sample of 1695 adults from Newfoundland and Labrador, multiple and quantile regression models 
were used to analyse the significance of environmental factors on the average population and upper percentiles of the 
BMI and PTF distributions.

Results: Higher physical activity was associated with significantly lower PTF and BMI in the average population 
and upper percentiles, regardless of age. Both genders in percentiles closer to the median of PTF had more benefit with 
increased physical activity compared to higher percentiles. Interestingly, adults in higher percentiles of BMI distribution 
seem to benefit more with increased physical activity compared to percentiles closer to the median.

Conclusion: Using quantile regression as a robust approach toward violation of normality assumptions and outliers, 
variations in PTF and BMI for individuals across upper percentiles of the distributions based on some lifestyle factors 
were described. This method may be used to estimate the impact of certain lifestyle on different percentiles of BMI and 
PTF, rather than average population.
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distributed in public facilities in the city of St. John's, NL to recruit 
individuals to take part. Individuals were required to complete a series 
of questionnaires in order to obtain information regarding diet and 
physical activity. All patients consented to participation in all aspects 
of the CODING study.

Anthropometrics and body composition

Subjects were weighed to the nearest 0.1 kg in standardized hospital 
gowns (Health O Meter, Bridgeview, IL). Height was measured using 
a fixed stadiometer (nearest 0.1 cm). BMI was calculated as weight 
in kilograms divided by height in meters squared (kg/m2). PTF was 
measured using Lunar Prodigy (DXA) (GE Medical Systems, Madison, 
WI). DXA measurements were performed on subjects following the 
removal of all metal accessories, while lying in a supine position. 
Quality assurance was performed on the DXA scanner daily and the 
typical coefficient of variation was 1.3% during the study period. All 
anthropometric and body composition measurements followed a 12-
hour fast.

Physical activity

Physical activity patterns were measured using the Atherosclerosis 
Risk in Communities Questionnaire [9], which consists of a Work 
Index, Sports Index, and Leisure Time Activity Index. A variable 
exclusive of workplace activity was used in the data analysis. This 
variable is continuous; however three categories were developed to 
classify individuals into low (index less than 5), moderate (index 5-8), 
and high (index greater than 8) physical activity in order to generalize 
results and make them more accessible.

Dietary intake, smoking status, and alcohol intake

Dietary intake information was collected using a 124-item semi-
quantitative Willett Food Frequency Questionnaire (FFQ) [10]. The 
number of weekly servings of various food items consumed was 
collected using the FFQ, and then NutriBase Clinical Nutrition Manager 
(version 8.2.0; Cybersoft Inc, Phoenix, AZ) was used to calculate the 
daily intake (mg/day) for all dietary information, for all subjects in the 
study. One alcohol consumption variable was collected through the 
FFQ and analysed with NutriBase Clinical Nutrition Manager, which 
provided a continuous quantitative variable (g/day/kg of body weight). 
Individuals also responded to a separate question on their alcohol 
consumption habits and this information was categorized as no alcohol, 
low, moderate, and high consumption.

Statistical analysis

Statistical analyses were conducted using R version 3.0.0 GUI. Out 
of over 3000 individuals that participated in the CODING study, 1695 
unrelated individuals were used for the analysis, in order to ensure that 
results were not biased due to the shared environment or genetics of 
related individuals (Table 1). Only individuals with complete data for 
the variables we explored were included. For all models, gender was 
first used as a covariate. However, due to significant differences (t-tests) 
in both BMI and PTF for males and females, all individuals were 
stratified by gender for further analysis. Our results also confirm that 
environmental factors seem to have different impacts on females than 
males.

Although the OLS method was only used as a benchmark for 
the quantile regression approach, a complete series of required 
standard assumptions (normality, homogeneity, goodness-of-fit) 
were assessed.

In the CODING study, there are over 200 variables measured for 
individuals. There are no variables representing socio-economic status 
available in the dataset. In order to examine the independent impact 
of the nutritional variables as well as other lifestyle variables (such as 
physical activity, drinking habit, smoking status), two separate sets of 
analyses were performed; one with and one without the nutritional 
variables.

Models with nutritional variables

Principal Component Analysis (PCA) was applied to reduce the 
dimension of the total 85 nutritional variables. Due to high variability 
in the data, the calculation was first done using the eigenvalues of the 
correlation matrix. The computation was then repeated using a singular 
value decomposition of the data matrix with all variables scaled. 
Graphical tools were utilized in the selection process. Four components 
explaining 68.8% of the variability in the data were selected. PCA 
was conducted using the princomp and prcomp built-in functions in 
package stats in R. PTF and BMI were then separately modelled using 
multiple regression analysis, using four components (in addition to 
other variables), with and without natural log-transformation. The 
same approach was repeated for quantile regression analysis.

Models without the nutritional variables

The variables included in the models were age, alcohol consumption, 
smoking status, and physical activity. The interaction terms between 
age and alcohol consumption and age and smoking status were also 
examined. All models were compared using analysis of variance, 
Akaike information criterion values, and R2 values. Results from testing 
hypotheses were considered significant for p-values less than 0.05.

The normality assumption for the OLS models was assessed 
by standard methods and not satisfied. Applying the Box-Cox 
transformation method resulted in natural log-transformation for 
these models.

In order to provide robust estimates for the upper percentiles 
of the distributions of PTF and BMI, quantile regression analysis 
was performed. A quantile regression model for a certain quantile q 
(0<q<1) produces the expected response value of the quantile, based 
on the covariates. 

Similar to the idea of OLS for the case of a single covariate, the 
qth sample quantile regression estimator (βq) can be obtained by 
minimizing ( )q i q i

i

p y xβ−∑  with respect to βq , where yi and xi are the 
response and covariate for the ith observation respectively, and pq is 
the simple piecewise linear function, balancing between the number of 
observations lying above and below the fitted model [11]. The extension 
to the multivariate case is straightforward. To compare those with high 
levels of PTF/BMI with the median, we used the 50th, 80th, 90th, and 
95th percentiles as cut-off values. The quantile regression analysis was 
conducted using the quantreg package (version 5.05) in R.

Results
Models with the nutritional variables

The first 4 principal components contained 6 nutritional variables 
across the components. As one may expect, calorie consumption 
played an important role in explaining the variability in the nutritional 
variables. Other variables in the four components were alpha carotene, 
lycopene, vitamin A, vitamin D, and calcium. Overall, adding the 
loading values for the nutritional principal components had negligible 
impact on any of the models (data not shown).
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Models without the nutritional variables
The natural log-transformation on PTF/BMI did not improve the 

models (results not shown). The final OLS models explained 23.8% and 
15.4% of the variation in PTF for males and females, respectively (full 
model coefficients are in Table 2. The numbers were 7.7% and 6.5% for 
BMI models, for males and females respectively.

The age variable was centred, so corresponding coefficients can be 
directly interpreted as the respective PTF/BMI at the mean age. For 
every year increase in age, on average, PTF increased by 0.24 and 0.17 
units, respectively, for males and females. For both genders, the impact 
of age on the PTF percentiles declined as the percentile increased 
(Figure 1). This implies that aging for the individuals in the higher 
tail of PTF is a less important factor in explaining PTF. This figure 
also presents the estimated impact of other factors on PTF, and their 
corresponding 95% confidence intervals, for the selected quantiles. The 
red line indicates the OLS estimate of average PTF. The impact of age on 
the average BMI for both genders was not as strong as for PTF. Figure 
2 summarizes these results. This figure also shows that unlike PTF, for 
both genders, the impact of age on BMI stayed more or less unchanged 
in the upper percentiles.

For both males and females, increased physical activity level was 
significantly associated with a decrease in both average PTF and BMI. 
Figure 3 shows the impact of high physical activity (as compared to 
low physical activity) on the means and medians of both PTF and BMI 
for both genders. More importantly, this impact (except for median 
BMI for males) remained significant with increase in age. More 
specifically, for females with moderate or high physical activity, there 
was an average 3.3 and 9.4 unit reduction in PTF respectively. As Table 
2 shows, females in all selected percentiles benefit from moderate to 
high physical activity. Interestingly, the impact of moderate to high 
physical activity on the average PTF declined as percentiles above 
median increased, but increased on the average BMI (Figures 1 and 2). 
This implies that females closer to the median of PTF have more benefit 
with increased physical activity compared to higher percentiles, but the 
benefit with respect to BMI is greater at higher percentiles.

For males with moderate and high physical activity, PTF was 
almost an average of 4.3 and 9 units lower, respectively, compared to 
those with low activity. Similar to females, as Table 2 shows, the impact 
of high physical activity for males declined with increase in percentiles. 

Furthermore, males also exhibit more reduction in average BMI for 
individuals at higher BMI percentiles compared to closer to the median 
(Figures 1 and 2). It should also be mentioned that the results of the tests 
for the interaction of age with smoking and alcohol, for both genders, 
were not significant. It is noted from Table 2 that alcohol consumption 
may significantly affect the average PTF for females (based on the OLS 
method only) (Tables 1, 2 and Figures 1-3).

Discussion
In this study we applied several models to test whether or not the 

magnitude of PTF and BMI in different percentiles may be modified 
by a series of environmental factors. Our results regarding the impact 
of physical activity on average PTF are consistent with the literature 
[12,13]. Our models, based on DXA measurements of PTF have not 
been explored before to our knowledge. Most studies of this kind 
have worked with easily-measured traits such as BMI and waist 
circumference [14-16]. The novelty of this study is to estimate the effect 
of different lifestyles on different percentiles of PTF compared to BMI.

With respect to the relationship between alcohol and PTF in 
women, the negative sign of the coefficients should be interpreted with 
caution as it is not a significant factor at any of the percentiles or in 
any of the BMI models. The effect of increased alcohol consumption on 
obesity is still debatable [17].

This study benefits from a large sample of the NL adult population. 
NL’s generally isolated and homogeneous people provide a suitable 
population to model obesity-related traits based on environmental 
factors only, while controlling for confounding genetic factors.

The authors acknowledge the limitations of this study. A study with 
a larger sample size would provide higher power in detecting smaller 
effects. In addition, there are some limitations regarding the ability to 
generalize since it consists of volunteers rather than random individuals. 
There may be possible error or bias in self-reported physical activity 
level as well as dietary intake. It is also possible that other dietary or 
environmental information not considered in this study may potentially 
affect one's obesity level. We also acknowledge the limitations of PCA 
for looking at the nutritional variables. Additional analyses may reveal 
more information about diet and obesity. Furthermore, our study was 
based on cross-sectional models. Longitudinal data analysis is required 
to determine whether high physical activity is effective in explaining 
PTF over time.

Variable Category
Male (n=402) Female (n=1293)

Mean (SD) % Median Mean (SD) % Median
Age (years) - 39.4 (14.3) - 40.3 42.9 (12.1) - 44.0

BMI
Overall 27.4 (4.5) - 26.8 26.2 (5.1) - 25.2

Normal/underweight 22.9 (1.6) 32.8 - 22.4 (1.8) 48.8 -
Overweight/obese 29.6 (3.8) 67.2 - 29.9 (4.6) 51.2 -

PTF - 29.5 (9.8) - 30.7 38.4 (8.9) - 39.6

Smoking status
Non-smoking - 87.8 - - 89.4 -

Smoking - 12.2 - - 10.6 -

Alcohol consumption

No alcohol - 15.9 - - 20.9 -
Low - 60.2 - - 67.1 -

Moderate - 20.2 - - 10.7 -
High - 3.7 - - 1.3 -

Physical activity category
Low - 20.9 - - 22.1 -

Moderate - 61.2 - - 67.7 -
High - 17.9 - - 10.2 -

Physical activity score - 6.4 (1.4) - 6.5 6.2 (1.3) - 6.0

Table 1: Summary data of unrelated individuals from the CODING study used in this analysis.
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Figure 1: Quantile regression for PTF. Plots show the estimated coefficients of 
each covariate in the final model for estimating PTF for different quantiles. The 
horizontal lines represent the OLS estimate.

Figure 2: Quantile regression for BMI. Plots show the estimated coefficients of 
each covariate in the final model for estimating BMI for different quantiles. The 
horizontal lines represent the OLS estimate.

Variable OLS 50th percentile 80th percentile 90th percentile 95th percentile

Male

Intercept 33.77* 34.39* 40.62* 42.42* 44.25*

Age 0.24* 0.26* 0.12* 0.08 0.02
Moderate activity -4.28* -5.05* -3.07* -2.08* -2.01*

High activity -8.98 -10.42* -7.67* -5.46* -4.38

Female

Intercept 42.70* 42.73* 48.58* 51.07* 53.43*

Age 0.17* 0.16* 0.11* 0.08* 0.08*

Low alcohol -1.23* - - - -
Moderate and high alcohol -1.73* - - - -

Moderate activity -3.34* -3.70* -3.11* -2.40* -2.86*

High activity -9.36* -11.08* -9.17* -8.24* -7.44*

*Indicates a significant coefficient at significance level 0.05.

Table 2: Final model coefficients for PTF. 

As a by-product of our study, we created cut-off points for 
overweight and obesity based on PTF separately for males and females. 
We determined approximately which quantile of our observed sample 

fell on the WHO defined BMI values for overweight and obese. In 
our sample, for males, the 33rd percentile of BMI falls approximately 
on 25 (cut-off point for normal weight as defined by WHO) and the 
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74th percentile falls on a BMI of 30 (the cut-off point for overweight). 
The corresponding PTF value for the standardized value of 25 for 
BMI is 24.2, which is approximately the 30th percentile for PTF. The 
corresponding PTF value for the standardized value of 30 for BMI is 
35.2, which is approximately the 65th percentile for PTF. This means 
that if we use 35.2 as a potential obesity cut-off point for the adult male 
population, in our sample we have approximately 35% obese based 
on PTF and only 26% obese based on BMI. Similarly, for females, 
the corresponding WHO BMI percentiles observed were the 49th 
and 82nd. The corresponding PTF value for the standardized value 
of 25 is 24.2, which is approximately the 36th percentile for PTF. The 
corresponding PTF value for the standardized value of 30 is 44.99, 
which is approximately the 75th percentile for PTF. This means that if 
we use 45 as a potential cut-off point for the female adult population, 
in our sample we have 25% obese based on PTF and only 18% obese 
based on BMI. The estimates from this research may, in turn, be used 
with the obesity cut-off points obtained for PTF to determine whether 
an individual is at risk for obesity.

Our results show that both moderate and high physical activity 
levels are significantly associated with a reduction in both BMI and 
PTF in both males and females. Furthermore, we found that both 
genders in percentiles closer to the median of PTF have more benefit 
from increased physical activity compared to higher percentiles. 
Interestingly, in contrast, both genders in higher percentiles of the 
BMI distribution seem to benefit more with increased physical activity 
compared to percentiles closer to the median.

The novel goal of this study was to estimate the effect of certain 
lifestyle changes on different percentiles of BMI and PTF for the adult 
population. These estimates can determine whether individuals in 
different percentiles have different lifestyle contributions. Our results 

may be useful for estimating the likelihood of obesity using a trait other 
than BMI, and also using environmental factors that are potentially 
accessible to general physicians and with advancing technology, 
hopefully, to the general public.
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