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Assessing the Causality Factors in the Association 
between (Abdominal) Obesity and Physical Activity 
among the Newfoundland Population—A Mendelian 
Randomization Analysis
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ABSTR ACT: A total of 1,263 adults from Newfoundland and Labrador were studied in the research. Body mass index (BMI) and percent trunk fat 
(PTF) were analyzed as biomarkers for obesity. The Mendelian randomization (MR) approach with two single-nucleotide polymorphisms in the fat-mass 
and obesity (FTO) gene as instruments was employed to assess the causal effect. In both genders, increasing physical activity significantly reduced BMI 
and PTF when adjusted for age and the FTO gene. The effect of physical activity was stronger on PTF than BMI. Direct observational analyses showed 
significant increase in BMI/PTF when physical activity decreased. A similar association in MR analyses was not significant. The association between 
physical activity and BMI/PTF could be due to reversed causality or common confounding factors. Our study provides insights into the causal contributions 
of obesity to physical activity in adults. Health intervention strategies to increase physical activity among adults should include some other plans such as 
improving diet for reducing obesity.

KEY WORDS: central obesity, physical activity, FTO, trunk fat percentage, Mendelian randomization, instrumental variable, confounding

CITATION: Barning and Abarin. Assessing the causality Factors in the Association 
between (Abdominal) Obesity and physical Activity among the newfoundland 
population—A Mendelian Randomization Analysis. Genetics & Epigenetics 2016:8  
15–24 doi:10.4137/GeG.s38289.

TYPE: Original Research

RECEIVED: January 6, 2016. RESUBMITTED: March 28, 2016. ACCEPTED FOR 
PUBLICATION: March 30, 2016.

ACADEMIC EDITOR: christian Bronner, editor in chief

PEER REVIEW: three peer reviewers contributed to the peer review report. Reviewers’ 
reports totaled 1,381 words, excluding any confidential comments to the academic editor.

FUNDING: We thank the natural sciences and engineering Research council of 
Canada for the financial support in this project. The authors confirm that the funder had 
no influence over the study design, content of the article, or selection of this journal.

COMPETING INTERESTS: Authors disclose no potential conflicts of interest.

COPYRIGHT: © the authors, publisher and licensee Libertas Academica Limited.  
this is an open-access article distributed under the terms of the creative commons  
cc-BY-nc 3.0 License.

CORRESPONDENCE: tabarin@mun.ca 

Paper subject to independent expert single-blind peer review. All editorial decisions 
made by independent academic editor. Upon submission manuscript was subject to 
anti-plagiarism scanning. Prior to publication all authors have given signed confirmation 
of agreement to article publication and compliance with all applicable ethical and legal 
requirements, including the accuracy of author and contributor information, disclosure of 
competing interests and funding sources, compliance with ethical requirements relating 
to human and animal study participants, and compliance with any copyright requirements 
of third parties. This journal is a member of the Committee on Publication Ethics (COPE).

Published by Libertas Academica. Learn more about this journal.

Introduction
There is worldwide acceptance among medical authorities that 
physical activity is an important element of healthy living.1–3 
Conversely, physical inactivity is increasingly being viewed as 
one of the most serious causal factors for public health problems 
in developed countries today.4 The World Health Organization 
(WHO) estimates that 3.3 million people die around the world 
each year due to physical inactivity, making it the fourth lead-
ing underlying cause of mortality.5 It is confirmed that seven 
chronic diseases have been consistently associated with physical 
inactivity: coronary heart disease, hypertension, stroke, colon 
cancer, breast cancer, type 2 diabetes, and osteoporosis.6–9

“A 10% reduction in the prevalence of physical inactivity” 
in Newfoundland and Labrador (NL) “can potentially reduce 
$150 million annually in direct health care costs. In 2009, 
55% of females and 56% of males in Eastern Health Region 
reported being physically inactive during leisure time. There 
has been increase in inactivity for both genders between 2003 
and 2011” (Health Promotion Strategic Framework 2012–17; 
Eastern Health).

Katzmarzyk and Janssen in 2004 reported physical inac-
tivity and obesity as the two of the greatest threats to public 
health in Canada.9 Data from the 2012 Canadian Census 
show that 61.9% of Canadian adults are overweight or obese, 

which is of great concern. Moreover, NL has had the high-
est percentage of overweight/obese residents in Canada since 
2008 with 63.2% adults reported being overweight or obese 
that year. In 2013, 30% of residents of NL were obese, show-
ing a significant increase since 2003 (Newfoundland and 
Labrador Centre for Health Information, September 2014). 
According to a recent study,10 by 2019 an estimated 71% of 
the adult population in NL will be overweight or obese.

Physically inactive people are also more likely to be obese 
(BMI  30 kg/m2), which is itself an important risk factor 
for many chronic diseases including coronary artery disease, 
stroke, hypertension, diabetes, and cancer.11 A large number 
of epidemiological studies have focused on examining the rela-
tionship between physical activity levels and obesity. Several 
studies suggest that high physical activity is beneficial in 
reducing central (abdominal) obesity.12–15 However, there is no 
current study, which confirms that levels of physical activity 
are a causal effect of obesity in this province. The purpose of this 
study was to find answers to the following causality questions:

1) Does (abdominal) obesity causally influence inactivity in NL?
2) Is the well-known association between physical activ-

ity and obesity a “reversed causality” or due to common 
“confounding factors?”
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Findings from this study will be informative for those of 
us targeting obesity as one of the efforts to increase levels of 
physical activity in NL, or promote other solutions, such as 
maintenance of diet.

Materials and Methods
Subjects. All data used were taken from the CODING 

(Complex Diseases in the Newfoundland Population: Envi-
ronment and Genetics) study. Eligibility of participants for 
the CODING study was based upon the following inclusion 
criteria: 19  years of age or older; at least a third-generation 
Newfoundlander; and healthy, without any serious metabolic, 
cardiovascular, or endocrine diseases. The primary method 
of subject recruitment for the CODING study was the use 

of posters and handouts, which were distributed throughout 
public facilities in the city of St. John’s, NL. Each individual 
completed a number of questionnaires to provide informa-
tion regarding lifestyle and physical activity. The baseline 
descriptive characteristics of the individuals included in this 
study are presented in Table 1. This study was approved by the 
Health Research Ethics Authority of the Faculty of Medicine 
of Memorial University, St. John’s, Newfoundland, Canada. 
Informed assent and consent were obtained from all of the 
volunteers.

Anthropometric and body composition measurements. 
Anthropometric, body composition, and biochemical mea-
surements were performed following a 12-hour fasting 
period. Height (nearest 0.1 cm) and weight (nearest 0.1 kg) 

Table 1. Baseline descriptive characteristics of the study population stratified by gender.

VARIABLE CATEGORIES TOTAL (n = 1263) MALE (n = 280) FEMALE (n = 983)

MEAN  SD % MEAN  SD % MEAN  SD %

BMi (kg/m2)

Overall 26.5 4.9 – 27.4 4.3 – 26.2 4.5 –

Underweight (18.5 kg/m2) 17.7 0.6 1.2 17.7 – 0.4 17.7 0.7 1.4

normal weight (18.5–24.9 kg/m2) 22.5 1.5 43.2 22.9 1.6 30.3 22.6 1.6 46.9

Overweight (25–29.9 kg/m2) 27.0 1.4 35.5 27.2 1.3 43.6 27.1 1.5 33.2

Obese (30 kg/m2) 34.0 3.8 20.1 33.1 3.0 25.7 34.4 4.0 18.5

Maternal BMi (kg/m2)

Overall 26.9 5.5 – 26.4 5.1 – 27.0 5.6 –

Underweight (18.5 kg/m2) 17.1 1.1 2.9 17.1 1.1 4.3 17.1 1.1 2.4

normal weight (18.5–24.9 kg/m2) 22.7 1.6 37.0 22.5 1.7 40.4 22.7 1.6 36.0

Overweight (25–29.9 kg/m2) 27.3 1.4 36.3 27.4 1.4 32.5 27.3 1.4 37.6

Obese (30 kg/m2) 34.1 5.6 23.8 33.5 3.5 22.8 34.2 6.0 24.0

ptF (%) – 36.3 9.7 – 29.1 10.1 – 38.4 8.6 –

Age (years) – 41.7 12.1 – 38.4 14.2 – 42.7 11.3 –

physical activity score – 6.2 1.3 – 6.4 1.4 – 6.1 1.3 –

carbohydrate (g) – 287.4 148.9 – 337.4 189.8 – 273.1 131.7 –

calories – 1995.1 1009.2 – 2423.3 1322.9 – 1873.1 862.8 –

trans-fat (g) – 0.1 0.1 – 0.1 0.1 – 0.1 0.1 –

Food energy (kj) – 8343.1 4220.8 – 10134.3 5533.7 – 7833.0 3608.2 –

starch (g) – 37.8 23.3 – 46.6 26.7 – 35.3 21.7 –

sugars (g) – 120.6 81.3 – 140.3 108.2 – 115.0 70.9 –

saturated fat (g) – 17.7 17.6 – 21.5 15.5 – 16.6 18.0 –

cholesterol (mg) – 211.7 161.0 – 285.3 227.5 – 190.8 129.0 –

Medical status
taking prescribed medication – – 54.1 – – 33.2 – – 58.3

not taking medication – – 45.9 – – 66.8 – – 41.7

smoking status
non smokers – – 89.2 – – 88.2 – – 89.4

smokers – – 10.8 – – 11.8 – – 10.6

Drinking status

none – – 19.0 – – 13.9 – – 20.4

casual – – 67.1 – – 62.5 – – 68.5

Moderate – – 12.3 – – 20.0 – – 10.1

Heavy – – 1.6 – – 3.6 – – 1.0

Diabetic status
not diabetic – – 97.4 – – 97.9 – – 97.3

Diabetic – – 2.6 – – 2.1 – – 2.7
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measurements were collected and BMI was calculated. 
BMI was defined as weight divided by height squared 
(kg/m2). Obesity status has been grouped as normal weight 
(BMI  18.50–24.99), overweight (BMI 25.00–29.99), and 
obese (BMI   30  kg/m2) as recommended by the WHO. 
Percent trunk fat (PTF) was measured utilizing dual-energy 
X-ray absorptiometry (DXA; Lunar Prodigy, GE Medical 
Systems, Madison, WI, USA). DXA produces a measurement 
of adipose tissue in the body with a low margin of error. The 
enCORE software package (version 12.2, GE Medical Sys-
tems, Madison, WI, USA) was used for DXA data acquisition.

Physical activity. Levels of physical activity were mea-
sured using the Ability of the Atherosclerosis Risk in Com-
munities (ARIC) questionnaire,16 which consists of a Work 
Index, Sports Index, and Leisure Time Activity Index. A vari-
able excluding workplace activity was used in the data analysis. 

Genotyping. Genotyping was completed using a 
blood sample drawn from each individual. Genotyping of 
11 SNPs—rs9939609, rs1421085, rs1121980, rs7193144, 
rs8050136, rs9939973, rs16945088, rs17817449, rs3751812, 
rs9935401, and rs9941349 from the fat-mass and obesity-
associated (FTO) gene—was performed using the high-
throughput MassARRAY® platform (Sequenom Inc, San 
Diego, CA, USA). Genotypes were assessed using MassAR-
RAY® Typer Analyzer version 4.0. SNP genotyping success 
rate was over 99%.

Measuring (central) abdominal obesity. In this study, 
we considered PTF as a measurement for central (abdominal) 
obesity and BMI as a measurement for general obesity. BMI as 
the standard way of measuring overweight and obesity reflects 
total body fat without considering the distribution of fat. PTF, 
which for this study was measured by DXA, is more closely 
associated with obesity-related detrimental effects on health.17,18

Causality. When compared to randomized experiments, 
concluding causal effects under observational studies for the 
issue of confounding factors are considered to be inadequate. 
Causal inference from observational data revolves around the 
crucial assumption that some component of the observational 
study happened by chance or that the predictor of treatment 
referred to as an instrumental variable was randomly assigned.19

Using variation in genes as instrumental variables, 
Mendelian randomization provides an alternative way of 
dealing with the problems of confounding factors in observa-
tional studies;20 these factors are believed to be present but can-
not be controlled for because they are not fully understood.21 
Mendelian randomization can be used to assess whether cen-
tral obesity causally affects physical activity.

Statistical analysis. For the basic characteristics of the 
CODING study participants, the mean and standard devia-
tion of all continuous variables as well as the proportion of 
individuals within each categorical variable were calculated. 
Data were analyzed using R version 3.0.0 GUI.

For all model assessments, the raw (unstandardized) vari-
ables were used, as both F-statistic and P-values are insensitive 

to standardizing variables. However, for comparing the mag-
nitude of the effects (BMI versus PTF, or the two SNPs of the 
FTO gene), variables were standardized.

Direct association studies between the obesity-related 
measurements (PTF/BMI) and physical activity were con-
ducted using multiple linear regression analysis adjusted for 
age. Analysis of variance technique was applied for further 
analysis to adjust for potentially confounding factors between 
obesity and physical activity. Among the factors associated 
with obesity in adults as found in some studies,22–24 the fol-
lowing factors were available in the CODING study: gender, 
age, smoking status, physical activity score, diabetic status, 
maternal BMI, drinking status, (prescribed) medical status 
and eight dietary intake variables.

The Mendelian randomization technique requires that 
the factors that may potentially confound the association 
between abdominal obesity and physical activity be indepen-
dent of the instrumental variable (FTO gene). This assumption 
was therefore examined by analyzing the association between 
each of these factors and the FTO genotyping. To assess the 
associations between every two categorical variables (eg, FTO 
and smoking) a chi-squared test was applied.

Many studies have shown an association between the 
FTO gene (fat mass- and obesity-associated) and obesity-
related traits in populations of different ethnic backgrounds. 
More specifically, a single-nucleotide polymorphism (SNP) 
in the FTO gene, namely, rs9939609, was previously found 
to have association with obesity.25–29 Out of 11 SNPs studied 
for this research, rs9939609 and rs1121980 (with the largest 
effect size in the meta-analysis of genome-wide associations 
for BMI)30 and the association studies for PTF15 were consid-
ered for further analysis. The basic genetic information about 
these two SNPs can be found in Table 2.

Payne et al15 recorded that the FTO SNP rs9939609 within 
the NL population is in high linkage disequilibrium (nonran-
dom association of alleles at different loci) with rs1121980 
(r2  0.80). Therefore, the entire research was replicated using 
the two SNPs as instrumental variables. Moreover, based on the 
results from their study, different genetic models were investi-
gated and additive models were selected for both SNPs.

Pleiotropy (the influence of one gene on multiple unrelated 
phenotypic traits) and population stratification (systematic dif-
ference in allele frequencies between subpopulations of a pop-
ulation), which are the most known limitations of Mendelian 
Randomization, were then assessed. NL has been found to 
have unique genetic architecture based on homogeneity, isola-
tion, and extended linkage disequilibrium.15,31 However, the 
instrumental variable assumption that there should not be any 
direct effect of any genotype on the outcome (as implication 
for pleiotropy) is not violated, since the genetic variants used 
as instruments were related to the exposure of interest (BMI/
PTF) and not the outcome (physical activity).32 Major popula-
tion stratification is unlikely, since this study benefits from a 
large sample of unrelated individuals from the NL population.
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Table 2. Basic genotyping information from the cODinG study by gender.

SNP GENOTYPE MALE FEMALE TOTAL

FREQUENCY % FREQUENCY % FREQUENCY %

rs9939609 (FtOA)

AA 58 20.7 132 13.5 190 15.1

tA 126 45.0 477 48.5 603 47.7

tt 96 34.3 374 38.0 470 37.2

rs1121980 (FtOc)

cc 60 21.4 138 14.1 198 15.7

ct 133 47.5 489 49.7 622 49.2

tt 87 31.1 356 36.2 443 35.1
 

The two-stage least squares (TSLS) approach was then 
performed to estimate the magnitude of the causal effect 
of each phenotype on the levels of physical activity. More 
specifically, in the first stage, PTF/BMI was modeled based 
on the FTO SNPs and age for each gender. In the second 
stage, the fitted values of PTF/BMI from the first stage were 
plugged in into the model for physical activity based on PTF/
BMI, age, and confounding factors. In order to reduce the 
potential bias of a weak instrumental variable, F-statistics 
from the first-stage regression between genotype and BMI/
PTF were examined. The Durbin-Wu-Hausman (DWH) test 
was applied to compare effect estimates from TSLS analysis 
and direct observational analysis.

Results
Baseline characteristics. Samples from 1,263 indepen-

dent, unrelated individuals were considered for the analysis 
in order to avoid biased results due to genetic resemblance 
of related individuals. Out of the total subjects, about 22% 
(280 subjects) were males and about 78% (983 subjects) 
were females. The average age for the males was 38.4  years 
(SD = 14.2 years) and that of the females was 42.7 years (SD = 
11.3 years).

The overall BMI was 27.4 kg/m2 among the males and 
26.2 kg/m2 among the females. 55.6% of the entire subjects 
were overweight and obese. This proportion was 51.7 and 69.3 

for females and males, respectively. Moreover, males reported 
lower average PTF (29.1%, SD = 10.1%) than females (38.4%, 
SD = 8.6%). Overall PTF was 36.3% (SD = 9.7%) across the 
entire subjects used in this study (Table 1). Furthermore, PTF 
and BMI were moderately correlated (Pearson’s correlation 
coefficient = 0.63).

Findings from the outcome variable of this study show 
physical activity score averages at 6.2 units (SD = 1.3 units) 
for all the subjects. Among males, the physical activity score 
stood an average of 6.4 units (SD = 1.4 units) and at an average 
of 6.1 units (SD = 1.3 units) among females.

Based on a t-test comparing the trunk fat percentage and 
BMI for both the genders, and differences in minor allele fre-
quencies, all the following models were stratified by gender.

Association studies. Payne et al15 showed that in males, 
rs9939609 and rs1421085 were significant in explaining PTF, 
but none of the two SNPs was significant in females. They also 
did not find an association between the two SNPs and BMI in 
the NL population for either gender.

Many studies show that higher levels of physical activity 
can reduce the likelihood of being overweight or obese.12,13,33 
Our study on the NL population confirms these results for 
both genders. More specifically, the results from Table 3 
(first-stage least squares, modeling PTF/BMI based on the 
FTO SNPs and age), show that every score increase in physi-
cal activity is highly associated with 1.82 and 2.02 percent 

Table 3. Association study between PTF/BMI and physical activity by gender (adjusted for age and FTO SNP), first stage.

SNP RESPONSE GENDER SAMPLE  
SIZE

Z-SCORE 
COEFFICIENT*

COEFFICIENT* 95% C.I. P-VALUE

FtOA_ADD

ptF
Male 280 -0.253 -1.818 (-2.591, -1.044) 0.000

Female 983 -0.300 -2.018 (-2.409, -1.627) 0.000

BMi
Male 280 -0.129 -0.400 (-0.769, -0.031) 0.033

Female 983 -0.178 -0.694 (-0.934, -0.454) 0.000

FtOc_ADD

ptF
Male 280 -0.252 -1.817 (-2.592, -1.042) 0.000

Female 983 -0.300 -2.018 (-2.410, -1.626) 0.000

BMi
Male 280 -0.128 -0.396 (-0.76, -0.0267) 0.036

Female 983 -0.178 -0.695 (-0.935, -0.454) 0.000

Note: *Refers to physical activity.
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decrease in PTF for males and females, respectively. For BMI, 
an increase in every unit of physical activity is highly associ-
ated with 0.4 and 0.69 kg/m2 decline in BMI for males and 
females, respectively. Moreover, physical activity in the pres-
ence of the SNPs and age explains an additional 8.8% and 
5.6% of the variability reduction in PTF in females and males, 

respectively. The additional variability in BMI, however, is 
negligible (less than 2% in both genders; Coefficients of Par-
tial Determination from the output of R, data not shown).

Our results from Model One (reversed association for-
mulated as PTF = physical activity + age + FTO + error) in 
Table 4 show that for males, every percent increase in PTF 

Table 4. Direct observational analysis (reversed association study) between ptF/BMi and physical activity by gender.

VARIABLE GENDER Z-SCORE COEFFICIENT* COEFFICIENT* 95% C.I. P-VALUE F-STATISTIC (DF)

MODEL ONE**

ptF
Male -0.292 -0.040 (-0.057, -0.024) 0.000 24.22 (2, 277)

Female -0.314 -0.047 (-0.056, -0.038) 0.000 56.91 (2, 980)

BMi
Male -0.132 -0.042 (-0.079, -0.005) 0.026 14.54 (2, 277)

Female -0.179 -0.045 (-0.061, -0.029) 0.000 21.73 (2, 980)

MODEL TWO***

ptF
Male -0.269 -0.037 (-0.054, -0.021) 0.000 21.08 (3, 276)

Female -0.303 -0.045 (-0.054, -0.036) 0.000 32.94 (4, 978)

BMi
Male -0.100 -0.032 (-0.069, -0.005) 0.087 14.57 (3, 276)

Female -0.171 -0.044 (-0.059, -0.028) 0.000 14.56 (4, 978)

Notes: *Refers to PTF/BMI. **Adjusted for age. ***Adjusted for confounding factors.

Table 5. Association study between the potential confounding factors and physical activity by gender.

FACTOR MALES FEMALES

INTERCEPT COEFFICIENT 95% C.I. P-VALUE INTERCEPT COEFFICIENT 95% C.I. P-VALUE

smoking status

non smoker 6.5 – (6.3, 6.7) 0.000 6.2 – (6.1, 6.3) 0.000

smoker 6.5 -1.000 (-1.5, -0.5) 0.000 6.2 -0.300 (-0.6, -0.07) 0.012

Drinking status

none 6.1 – (5.6, 6.4) 0.000 5.9 – (5.7, 6.1) 0.000

casual drinkers 6.1 0.300 (-0.1, 0.8) 0.164 5.9 0.268 (0.07, 0.5) 0.009

Moderate drinkers 6.1 0.700 (0.1, 1.2) 0.013 5.9 0.298 (-0.009, 0.6) 0.057

Heavy drinkers 6.1 0.000 (-1.00, 0.90) 0.947 5.9 0.233 (-0.6, 1.0) 0.572

Food energy (kj) 6.1 0.000 (0.000, 0.000) 0.026 5.9 0.000 (0.000, 0.000) 0.002

carbohydrates (g) 6.0 0.001 (0.000, 0.002) 0.011 5.9 0.001 (-0.000, 0.007) 0.004

starch (g) 6.4 0.000 (-0.006, 0.006) 0.928 6.3 -0.003 (-0.007, 0.001) 0.116

sugars (g) 6.2 0.001 (0.000, 0.003) 0.061 6.0 0.001 (-0.000, 0.002) 0.081

saturated fat (g) 6.5 -0.003 (-0.013, 0.007) 0.566 6.2 0.000 (-0.004, 0.004) 0.860

trans fat (g) 6.4 -0.252 (-1.80, 1.30) 0.745 6.2 -1.200 (-2.3, -0.1) 0.025

cholesterol (mg) 6.2 0.000 (0.000, 0.001) 0.046 6.1 0.000 (-0.000, 40.0) 0.316

Medical status

not taking medication 6.5 – (6.30, 6.70) 0.000 6.3 – (6.20, 6.40) 0.000

taking medication 6.5 -0.402 (-0.7, -0.05) 0.024 6.3 -0.269 (-0.4, -0.1) 0.001

Maternal BMi 5.7 0.027 (-0.005, 0.06) 0.101 6.4 -0.010 (-0.02, 0.004) 0.155

Diabetic status

no 6.4 – (6.3, 6.6) 0.000 6.2 – (6.0, 6.2) 0.000

Yes 6.4 -0.681 (-1.8, 0.4) 0.204 6.2 -0.257 (-0.7, 0.2) 0.302

Note: Significant (level 0.05) factors are indicated with bold font.
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Table 7. Association study between the potential confounding factors and the FtO gene among females.

FACTOR FTOA FTOC

CHI-SQUARE VALUE DF P-VALUE CHI-SQUARE VALUE DF P-VALUE

Medical status 0.66 2 0.719 1.54 2 0.464

smoking status 0.74 2 0.690 0.64 2 0.726

Diabetic status 0.87 2 0.649 1.05 2 0.591

Drinking status 2.83 6 0.830 3.92 6 0.688

is associated with an average 0.04 score decrease in physi-
cal activity. This impact is slightly higher (lower z-score) in 
females. Moreover, every kilogram per meter square increase 
in BMI for females is associated with 0.045 unit decrease in 
physical activity. Comparing the z-score coefficients, adjusted 
R-squared and F-statistic values in Models One and Two 
(reversed association formulated as PTF = physical activity + 
age + FTO + corresponding significant confounding factors + 
error) in the table, it can be seen that these associations were 
largely unchanged by adjusting for confounders. Moreover, 
for both genders in the two models, the magnitude of PTF 
versus BMI is higher for physical activity. For males, how-
ever, the association between BMI and physical activity (after 
adjusting for confounding factors) is no longer significant at 
level a = 0.005.

The results of the investigation on potential confound-
ing factors that may affect physical activity are presented in 
Table 5. Smoking and medical status for both genders signifi-
cantly lower the physical activity score. Trans-fat intake has a 
negative impact on physical activity score only among females. 
These factors were employed as confounding factors for our 
Mendelian randomization study.

Mendelian randomization analysis (MRA). We 
examined the required assumption for MRA that the con-
founding factors should be independent of the instrumen-
tal variable (FTO gene). Analyzing the association between 
these factors (listed in Statistical analysis) and the FTO 
SNPs, the assumption was confirmed. These findings are 
shown in Tables 6–9. This suggests that the aforementioned 
confounding factors may be used in MRA. The ANOVA test 
comparing the mean physical activity scores showed no sig-
nificant difference among genotyping of the two FTO SNPs. 
These results (shown in Table 10) imply that the FTO SNPs 
do not directly affect levels of activities in either gender, 
which is required for MRA.

Although direct observational studies for males showed 
a significant association between PTF and physical activ-
ity, Mendelian randomization analyses did not show a simi-
lar and significant association (coefficients based on TSLS 
are reported in Table 11). The direct impact of PTF on the 
physical activity score was stronger in females as compared 
to males. For females only, the DWH test showed a sig-
nificant difference between the two methods. This implies 

that the direct association method is significantly different 
from the TSLS method, which means that the FTO SNP 
would work as an intermediate factor to make a significant 
contribution to the variability in PTF/BMI. However, as 
the study by Payne et al15 showed no associations between 
the two SNPs and PTF in females, these SNPs were not 
suitable candidates for MRA in the first place. Therefore, 
the two SNPs of the FTO gene are not proper candidates for 
MRA on BMI, for either gender. The direct impact of BMI 
on physical activity score for females, however, is significant.

It suggests that for females, physical activity may be 
directly modeled based on BMI, age, and confounding fac-
tors, without the indirect influence of the FTO SNPs. These 
associations were largely unchanged when using FTOC 
instead of FTOA.

Discussion
In this study, we assessed the causality of abdominal (central) 
obesity on physical activity among adults of the NL popula-
tion. We also investigated bidirectional associations between 
physical activity and obesity in adults of NL. Our results show 
that for both genders, increase in physical activity significantly 
reduces BMI and PTF, when adjusted for age and the FTO 
gene. Our observational analyses showed that increase in 
BMI/PTF is significantly associated with decrease in physical 
activity when adjusted for age. However, similar association 
between PTF and physical activity in Mendelian randomiza-
tion analyses was not significant.

While many studies on the causality effect of obesity on 
individuals’ health use BMI as a biomarker for obesity,30,34,35 
in our research, we used PTF as a measure of fat-mass in 
addition to the standard measure of obesity (BMI). Our 
results show that the marginal effect of PTF on physical 
activity was stronger as compared to that of BMI. This was 
expected, as BMI does not differentiate between fat and 
lean mass, and physical activity positively correlates with 
lean mass.

We also inferred causality using the Mendelian ran-
domization technique as outlined by other researchers.32,36,37 
This method uses variation in genes as instrumental variables 
to provide an alternative way of dealing with the problems 
of confounding factors in observational studies. Moreover, 
we used the FTO gene, which is reliably established in 
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Table 10. AnOVA comparing the means of physical activity for 
different FtO genotyping.

INSTRUMENTAL 
VARIABLE

PHYSICAL ACTIVITY

F-VALUE DF P-VALUE

Males

FtOA 2.228 1, 278 0.137

FtOc 2.691 1, 278 0.102

Females

FtOA 2.409 1, 981 0.121

FtOc 2.684 1, 981 0.102
 

independent studies to be highly associated with the expo-
sure variables (BMI and PTF).15,38,39 Our study is on the 
NL population, which is generally isolated and homogenous 
(mostly Caucasians). It provides a suitable population for gen-
eralized genetic results.

Exploratory MR approach investigating the association 
between adiposity and activity levels may provide evidence for 
causality in this direction. However, it does not exclude the 
possibility that physical activity has a causal effect on obesity. 
A genetic instrument for physical activity is required to test 
the relationship in a bidirectional manner. Moreover, we were 
limited with few possibilities of finding all the factors that 
confound between BMI/PTF and physical activity, since our 
dataset did not include information on the social and economic 
status of the individuals.

Further work is required to determine a more accurate 
estimate of the causal effect in the reverse direction. This 
study still provides some insight into the causal contribu-
tions of (central) obesity to physical activity score in adults 
of NL. It means that the health intervention strategies at 
the provincial level that attempt to increase physical activ-
ity among adults in the province should perhaps include 
some other plans, such as improving diet, for reducing 
abdominal obesity.
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