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Summary
Objective: To compare two traditional (high dietary lipid 
intake and non-participation in high-intensity physical 
exercise, namely the ‘Big Two’ factors) versus three 
nontraditional (short sleep duration, high disinhibition 
eating behavior, and low dietary calcium intake) risk 
factors as predictors of excess body weight and over-
weight/obesity development. Method: Adult participants 
aged 18–64 years of the Quebec Family Study were se-
lected for cross-sectional (n = 537) and longitudinal  
(n = 283; 6-year follow-up period) analyses. The main 
outcome measure was overweight/obesity, defined as a 
BMI ≥ 25 kg/m2. Results: We observed that both the pre-
valence and incidence of overweight/obesity was best 
predicted by a combination of risk factors. However, 
short sleep duration, high disinhibition eating behavior 
and low dietary calcium intake seemed to contribute 
more to the risk of overweight and obesity than high di-
etary lipid intake and non-participation in high-intensity 
physical exercise. Globally, the risk of being overweight 
or obese was two-fold higher for individuals having the 
three nontraditional risk factors combined (OR 6.05; 95% 
CI 4.26–7.88) compared to those reporting a high per-
centage of lipids in their diet together with no vigorous 
physical activity in their daily schedule (OR 2.95; 95% CI 
2.18–3.73). Furthermore, the risk of overweight/obesity 
was also higher for the combination of any two of the 
nontraditional risk factors than for the combination of 

the ‘Big Two’ factors. Conclusion: These results are con-
cordant with previous reports showing that obesity is a 
multifactorial condition, and emphasize the importance 
of looking beyond reported measures of the ‘Big Two’ 
factors. 

Introduction

It�is�a�truism�that�the�positive�energy�balance�underlying�obe-
sity�is�attributable�to�excess�energy�intake�and�insufficient�en-
ergy�expenditure.�Thus,�physical�inactivity�and�unhealthy�diet�
are�the� ‘Big�Two’�on�which�almost�all�preventive�and�thera-
peutic�programs� for�obesity�are� focused.�However,�attempts�
to�prevent�or�manage�obesity�based�on�these�traditional�risk�
factors�have�been�generally�unsuccessful,�and�the�obesity�cri-
sis�rages�on.�Systematic�reviews�and�meta-analyses�on�dietary�
fat�suggest�that�a�weight�loss�of�~3–5�kg�can�be�expected�with�
a�reduction�in�the�proportion�of�energy�from�dietary�fat�of�10�
percentage� points� (e.g.� from� 40� to� 30%)� [1–3].� Estimates� of�
the� effect� of� exercise� training� or� physical� activity� level� on�
body�weight�have�been�reported� to�be�modest� [4,�5].�As�re-
cently� reviewed,� it� is� clear� that� multiple� plausible� causes� of�
obesity�exist�outside�of�the�conventional�‘Big�Two’�[6–8].�

Recent� results� showed� that� short� sleep� duration� was� the�
most�important�risk�factor�for�overweight�and�obesity�in�a�co-
hort�of�children�aged�between�5�and�10�years�[9].�Indeed,�ex-
cess�body�weight�was�predicted�by�short�sleep�duration,�with�
odds�ratios�exceeding�those�of�other�well-known�risk�factors,�
including�parental�obesity,�television�viewing,�socioeconomic�
status� and� physical� inactivity.� Likewise,� in� another� study,�

three�nontraditional�risk�factors�for�adult�overweight/obesity�
and�weight�gain�were�identified,�namely�short�sleep�duration,�
low�dietary�calcium�intake,�and�high�disinhibition�eating�be-
havior�[10].�These�new�correlates�of�obesity�are�understudied�
mainly�because�they�do�not�have�a�caloric�value�per�se.�

The�present�study�aimed�at�comparing�the�predictive�value�
of�two�traditional�(high�dietary�lipid�intake�and�non-participa-
tion� in� high-intensity� physical� exercise)� and� three� nontradi-
tional�(short�sleep�duration,�high�disinhibition�eating�behavior�
and�low�dietary�calcium�intake)�risk�factors�for�obesity.�Fur-
thermore,�we�verified�whether�there�were�additive�or�syner-
getic�effects�among�these�factors.�The�study�was�undertaken�
with�the�cross-sectional�design�cohort�of� the�Quebec�Family�
Study�as�well�as�with�its�6-year�follow-up�sample.�

Subjects and Methods

Subjects
The�Quebec�Family�Study�was�initiated�at�Laval�University,�Quebec�City,�
in� 1978� [11].� The� primary� objective� of� this� study� was� to� investigate� the�
role�of�genetic�factors�in�the�etiology�of�obesity,�fitness�and�cardiovascu-
lar�and�diabetes�risk�factors.�In�phase�1�of�the�study�(1978–1981),�a�total�
of�1,650�individuals�from�375�families�were�recruited�and�measured.�Re-
cruitment� was� conducted� irrespective� of� body� weight� during� phase� 1,�
which�resulted�in�a�cohort�with�a�wide�range�of�BMI�(between�13.8�and�
64.9�kg/m2).�In�phases�2�(1989–1994)�and�3�(1995–2001),�100�families�from�
phase�1�were�re-tested,�and�additional�123�families�with�at�least�one�par-
ent�and�one�offspring�with�a�BMI�of�≥�32�kg/m2�were�added�to�the�cohort.�

Table 1. Prevalence�
of�risk�factors�for�the�
entire�cohort�sample�
and�according�to�the�
body�weight�statusa
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peutic�programs� for�obesity�are� focused.�However,�attempts�
to�prevent�or�manage�obesity�based�on�these�traditional�risk�
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tional�(short�sleep�duration,�high�disinhibition�eating�behavior�
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thermore,�we�verified�whether�there�were�additive�or�syner-
getic�effects�among�these�factors.�The�study�was�undertaken�
with�the�cross-sectional�design�cohort�of� the�Quebec�Family�
Study�as�well�as�with�its�6-year�follow-up�sample.�

Subjects and Methods

Subjects
The�Quebec�Family�Study�was�initiated�at�Laval�University,�Quebec�City,�
in� 1978� [11].� The� primary� objective� of� this� study� was� to� investigate� the�
role�of�genetic�factors�in�the�etiology�of�obesity,�fitness�and�cardiovascu-
lar�and�diabetes�risk�factors.�In�phase�1�of�the�study�(1978–1981),�a�total�
of�1,650�individuals�from�375�families�were�recruited�and�measured.�Re-
cruitment� was� conducted� irrespective� of� body� weight� during� phase� 1,�
which�resulted�in�a�cohort�with�a�wide�range�of�BMI�(between�13.8�and�
64.9�kg/m2).�In�phases�2�(1989–1994)�and�3�(1995–2001),�100�families�from�
phase�1�were�re-tested,�and�additional�123�families�with�at�least�one�par-
ent�and�one�offspring�with�a�BMI�of�≥�32�kg/m2�were�added�to�the�cohort.�

These�Caucasian�families�were�recruited�through�the�media�and�were�all�
French�Canadians�from�the�greater�Quebec�City�area.�The�present�analy-
ses�are�based�on�participants�in�phases�2�and�3.�Individuals�who�were�be-
tween�18�and�64�years�of�age�were� selected� for�cross-sectional�analyses�
(230� men� and� 307� women).� Furthermore,� 121� men� and� 162� women� on�
whom�follow-up�data�were�available�were�retained�for�prospective�analy-
ses� (mean� duration� of� follow-up:� 6.0� ±� 0.9� years).� Additional� inclusion�
criteria� were:� i)� nonsmoker;� ii)� not� pregnant;� iii)� stable� body� weight�
(±2�kg)�over�the�6�months�preceding�testing;�and�iv)�no�metabolic�disease�
(e.g.�diabetes,�hypertension)�or�no�medication� that�could� interfere�with�
the� outcome� variable.� In� addition,� subjects� with� missing� data� were� ex-
cluded.�All�subjects�provided�written�informed�consent�to�participate�in�
the�study.�The�project�was�approved�by�the�Medical�Ethics�Committee�of�
Laval�University.�

Anthropometric Variables
Height�was�measured�to�the�nearest�0.1�cm�using�a�standard�stadiometer,�
and�body�weight�was�measured�to�the�nearest�0.1�kg�using�a�digital�panel�
indicator� scale� (Beckman�Industrial�Ltd,�Model�610/612,�Scotland,�UK).�
BMI� was� calculated� as� body� weight� divided� by� height� squared� (kg/m2).�
These� anthropometric� measurements� were� performed� according� to� stan-
dardized�procedures�recommended�at�the�Airlie�Conference�[12].�The�main�
outcome�measure�was�overweight/obesity,�defined�as�a�BMI�≥�25�kg/m2.�

Potential Risk Factors 
In�this�study,�two�traditional�risk�factors�(i.e.�high�lipid�intake�and�non-
participation�in�high-intensity�physical�exercise)�were�compared�to�three�
nontraditional�risk�factors�(i.e.�short�sleep�duration,�low�dietary�calcium�
intake�and�high�dishinibition�eating�behavior).�We�chose�to�include�high�
lipid� intake� and� non-participation� in� high-intensity� physical� exercise� in�
the�models�at� the�expense�of�other� factors,�e.g.� total�energy� intake�and�
moderate-intensity�physical�exercise,�because�they�had�the�best�predictive�

Overall�(n�=�537) Normal�weightb�
(n�=�268)

Overweight/obesec�
(n�=�269)

Traditional risk factors
Lipid�intake�≥�40%�fat/day 107�(19.9) � 46�(17.2) � 61�(22.7)**
HIPE�0�min/day 288�(53.6) 123�(45.9) 165�(61.3)**�
Two�combined��

≥ 40%�fat/day�+�0�min�of�HIPE/day
� 67�(12.5) � 19�(7.1) � 48�(17.8)*�

Nontraditional risk factors
Calcium�intake�<�600�mg/day 112�(20.9) � 39�(14.6) � 73�(27.1)*
Eating�behavior�≥�6�disinhibition�score 178�(33.1) � 37�(13.8) 141�(52.4)*�
Sleep�duration�<�6�h/day � 82�(15.3) � 19�(7.1) � 63�(23.4)*
Calcium�intake�and�eating�behavior��

<600�mg/day�+�≥ 6�disinhibition�score
� 73�(13.6) � 24�(9.0) � 49�(18.2)*

Calcium�intake�and�sleep�duration��
<600�mg/day�+�<6�h/day

� 42�(7.8) � � 4�(1.5) � 38�(14.1)*

Eating�behavior�and�sleep�duration��
≥ 6�disinhibition�score�+�<6�h/day

� 51�(9.5) � � 9�(3.4) � 42�(15.6)*

Three�combined��
<600�mg�of�calcium/day�+��
≥ 6�disinhibition�score�+�<6�h�of�sleep/day

� 26�(4.8) � � 2�(0,007) � 24�(8.9)*�

HIPE�=�High-intensity�physical�exercise.
aData�are�given�as�n�(%).�Descriptive�characteristics�were�compared�by�c2�test.�
bBMI�between�18.5�and�24.9�kg/m2.
cBMI�≥�25�kg/m2.
*P�<�0.01�versus�normal-weight�individuals.
**P <�0.05�versus�normal-weight�individuals.

Table 1. Prevalence�
of�risk�factors�for�the�
entire�cohort�sample�
and�according�to�the�
body�weight�statusa

320_327_01008_chaput.indd   321 18.10.10   11:35



322 Obes�Facts�2010;3:320–327 Chaput/Sjödin/Astrup/Després/Bouchard/�
Tremblay

Risk�Factors�for�Adult�Overweight�and��
Obesity

sample.�In�the�longitudinal�sample,� logistic�regression�analysis�was�used�
to� assess� the� association� of� risk� factors� with� the� development� of� over-
weight/obesity.�Given�that�there�was�no�sex�interaction�with�the�risk�fac-
tors,�all�individuals�were�pooled�together�in�order�to�improve�clarity�and�
statistical� power.� The� models� were� adjusted� for� age,� sex� and� socioeco-
nomic�status�in�the�cross-sectional�sample.�In�addition,�multivariate�linear�
regression� modeling� was� used� to� estimate� the� mean� weight� gain� above�
baseline�weight�over�the�6-year�follow-up�period�for�individuals�in�the�‘at-
risk’�groups�relative�to�the�gain� in�those� included�in�the�reference�cate-
gory.�The�model�was�adjusted�for�age,�sex,�baseline�BMI,� length�of�fol-
low-up�and�socioeconomic�status.�Odds�ratios�(OR)�and�95%�confidence�
intervals�(95%�CI)�for�both�the�prevalence�and�incidence�of�overweight/
obesity�were�calculated�independently�for�each�risk�factor,�with�dummy�
variables� for� the� reference� category.� Because� some� individuals� in� this�
family� study� are� biologically� related,� we� adjusted� for� clustering� in� the�
analyses�to�avoid�underestimation�of�standard�deviations�using�general-
ized�estimating�equations�[26].�We�modeled�risk�factors�(exposure)�and�
outcome� (development� of� overweight/obesity)� as� repeated� measures� at��
2� time�points� (baseline�and�6�years� later)� in� the� longitudinal� sample.�A�
2-tailed�P�value�of�less�than�0.05�was�considered�to�indicate�statistical�sig-
nificance.�All�statistical�analyses�were�performed�using�the�JMP�version�
5.1.2�program�(SAS�Institute,�Cary,�NC,�USA).�

age,�how�many�hours�do�you�sleep�a�day?’�The�socioeconomic�status�of�
participants�was�obtained�via�a�self-administered�questionnaire.�Employ-
ment�status�(student,�paid�employment,� looking� for�work,�home�duties,�
retired,� disabled),� highest� educational� level� (high� school,� junior� college�
(CEGEP�for�Quebec),�university)�and�total�annual�family�income�(cate-
gorized� into� 5� groups� ranging� from� <CAD� 10,000� to� CAD� 70,000� or�
more)� were� obtained.� The� dichotomization� for� each� risk� factor� was�
�chosen�based�on�previous�studies�[19–25].�Briefly,� the�cut-off�points� for�
the� ‘at-risk’�and� ‘reference’�groups�are�≥40%�and�<30%�dietary� fat/day�
(lipid� intake),� 0� and� ≥30� min/day� (high-intensity� physical� exercise),�
<6�and�7–8�h/day�(sleep�duration),�<600�and�≥1,000�mg/day�(calcium�in-
take),�and�≥6�and�≤3�disinhibition�score�(disinhibition�eating�behavior),�
respectively.�Tertiles�were�used�for�the�disinhibition�eating�behavior�trait�
given�that�there�is�no�consensus�on�what�is�considered�a�low�or�high�score.�
The� ‘middle’� level�has�not�been� included� in� the�manuscript� in�order� to�
improve�clarity.�All�these�factors�were�assessed�at�both�baseline�(phase�2)�
and�year�6�(phase�3)�in�the�longitudinal�sample.��

Statistical Analysis
The�prevalence�(%)�of�risk�factors�was�compared�between�normal-weight�
and� overweight/obese� individuals� using� the� c2� test.� Logistic� regression�
analysis� was� performed� to� evaluate� the� strength� of� the� relationship� be-
tween�risk�factors�and�adulthood�overweight/obesity�in�the�cross-sectional�

power� for� overweight/obesity� in� this� cohort.� Lipid� and� calcium� intake�
were� estimated� with� a� 3-day� food� record,� including� 2� week� days� and��
1�weekend�day.�Participants�were�shown�how�to�complete�this�record�by�a�
dietician� who� provided� instruction� about� measuring� the� quantities� of�
�ingested�foods.�This�method�of�dietary�assessment�has�been�shown�to�pro-
vide� reliable� estimates� of� dietary� habits� in� this� population� [13].� Mean�
daily�intake�was�estimated�by�a�dietician�using�the�computerized�version�
of�the�Canadian�Nutrient�File�[14].�Disinhibition�eating�behavior�(over-
consumption�of�food�in�response�to�cognitive�or�emotional�cues)�was�as-
sessed�using�the�Three-Factor�Eating�Questionnaire�[15],�as�validated�for�
the�French�population�[16].�The�Three-Factor�Eating�Questionnaire�has�
been� shown� to� have� acceptable� reliability� and� validity� [15,� 17].� Daily�
physical�activity� level�and�pattern�were�evaluated�with�a�3-day�physical�
activity�diary,�as�previously�described�[18].�Briefly,�subjects�recorded�the�
dominant�activity�for�each�15-min�period�over�24�h�based�on�a�listing�of�
activities� classified� on� a� 1–9� scale,� with� 1� corresponding� to� activities� of�
very�low�energy�expenditure�such�as�sleeping�and�9�to�activities�of�very�
high�energy�expenditure�such�as�running.�Participation� in�high-intensity�
physical�exercise�was�estimated�as�the�number�of�periods�graded�8�and�9�
over�the�3�days�and�was�used�for�statistical�analyses.�The�reliability�and�
the�validity�of�the�record�have�been�previously�reported�[18].�Finally,�the�
number�of�hours�of�sleep�was�assessed�through�a�question�inserted�in�a�
self-administered�questionnaire.�The�question�formulation�was:�‘On�aver-
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Fig. 1.�Adjusted�associations�of�a�traditional�
and�b�nontraditional�risk�factors�with�adult�
overweight/obesity�in�the�cross-sectional�sample.�
Model�adjusted�for�age,�sex,�and�socioeconomic�
status.�OR�=�odds�ratio;�CI�=�confidence�inter-
val.�High�Lipid�Intake�(≥40%�fat/day�vs.�<30%�
fat/day);�No�HIPE,�non-participation�in�high-
intensity�physical�exercise�(0�min/day�vs.��
≥30�min/day);�High�Lipid�Intake�+�No�HIPE�
(≥40%�fat/day�and�0�min�of�HIPE/day�vs.�
<30%�fat/day�and�≥30�min�of�HIPE/day);�
LCI,�low�calcium�intake�(<600�mg/day�vs.�
≥1,000�mg/day);�HDEB,�high�disinhibition�eat-
ing�behavior�(≥6�disinhibition�score�vs.�
≤3�disinhibition�score);�SSD,�short�sleep�dura-
tion�(<6�h/day�vs.�7–8�h/day);�LCI�+�HDEB�
(<600�mg�of�calcium/day�and�≥6�disinhibition�
score�vs.�≥1,000�mg�of�calcium/day�and�≤3�dis-
inhibition�score);�LCI�+�SSD�(<600�mg�of�cal-
cium/day�and�<6�h�of�sleep/day�vs.�≥1,000�mg�
of�calcium/day�and�7–8�h�of�sleep/day);�HDEB�
+�SSD�(≥6�disinhibition�score�and�<6�h�of�
sleep/day�vs.�≤3�disinhibition�score�and�7–8�h�
of�sleep/day);�LCD�+�HDEB�+�SSD�(<600�mg�
of�calcium/day�combined�with�≥6�disinhibition�
score�and�<6�h�of�sleep/day�vs.�≥1,000�mg�of�
calcium/day�combined�with�≤3�disinhibition�
score�and�7–8�h�of�sleep/day).�n�=�537�(230�men�
and�307�women).�*P�<�0.01;�**P�<�0.05.�

Fig. 2.�Mean�weight�gain�above�baseline�
weight�over�the�6-year�follow-up�period�for�
individuals�in�the�a�traditional�and�b�nontra-
ditional�at-risk�groups�relative�to�the�reference�
category.�
Model�adjusted�for�age,�sex,�baseline�BMI,�
length�of�follow-up,�and�socioeconomic�status.�
CI�=�confidence�interval.�High�Lipid�Intake�
(≥40%�fat/day�vs.�<30%�fat/day);�No�HIPE,�
non-participation�in�high-intensity�physical�ex-
ercise�(0�min/day�vs.�≥30�min/day);�High�Lipid�
Intake�+�No�HIPE�(≥40%�fat/day�and�0�min�
of�HIPE/day�vs.�<30%�fat/day�and�≥30�min�of�
HIPE/day);�LCI,�low�calcium�intake�(<600�mg/
day�vs.�≥1,000�mg/day);�HDEB,�high�disinhibi-
tion�eating�behavior�(≥6�disinhibition�score�vs.�
≤3�disinhibition�score);�SSD,�short�sleep�dura-
tion�(<6�h/day�vs.�7–8�h/day);�LCI�+�HDEB�
(<600�mg�of�calcium/day�and�≥6�disinhibition�
score�vs.�≥1,000�mg�of�calcium/day�and�≤3�dis-
inhibition�score);�LCI�+�SSD�(<600�mg�of�cal-
cium/day�and�<6�h�of�sleep/day�vs.�≥1,000�mg�
of�calcium/day�and�7–8�h�of�sleep/day);�HDEB�
+�SSD�(≥6�disinhibition�score�and�<6�h�of�
sleep/day�vs.�≤3�disinhibition�score�and�7–8�h�
of�sleep/day);�LCD�+�HDEB�+�SSD�(<600�mg�
of�calcium/day�combined�with�≥6�disinhibition�
score�and�<6�h�of�sleep/day�vs.�≥1,000�mg�of�
calcium/day�combined�with�≤3�disinhibition�
score�and�7–8�h�of�sleep/day).�n�=�283�(121�men�
and�162�women).
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Results

Cross-Sectional Results
Among� the� 537� adult� participants� selected� (57%� women,�
mean�age�38.4�(SD�14.0),�mean�BMI�26.8�(SD�7.1)),�48%�had�
a�paid�employment�and�25%�had�a�university�level.�The�prev-
alence�of�risk�factors�for�the�whole�sample�and�according�to�
the�body�weight�status�of�participants�is�presented�in�table�1.�
Overall,� half� of� the� cohort� participants� reported� no� high-in-
tensity�physical�activity�participation,�and�one�third�had�a�high�
disinhibition�eating�behavior�trait.�A�significantly�greater�pro-
portion� of� the� overweight� and� obese� participants� exhibited�
the�risk�factors�compared�to�those�with�a�normal�body�weight.�
Multiple� risk� factors� were� more� prevalent� among� the� over-
weight/obese� individuals.�For�example,�a� low�calcium�intake�
together� with� short� sleep� duration� was� more� than� 9� times�
more�prevalent�for�the�overweight/obese�participants�than�for�
those�with�a�normal�body�weight.�Likewise,�the�combination�
of�the�three�nontraditional�risk�factors�was�practically�nonex-

sample.�In�the�longitudinal�sample,� logistic�regression�analysis�was�used�
to� assess� the� association� of� risk� factors� with� the� development� of� over-
weight/obesity.�Given�that�there�was�no�sex�interaction�with�the�risk�fac-
tors,�all�individuals�were�pooled�together�in�order�to�improve�clarity�and�
statistical� power.� The� models� were� adjusted� for� age,� sex� and� socioeco-
nomic�status�in�the�cross-sectional�sample.�In�addition,�multivariate�linear�
regression� modeling� was� used� to� estimate� the� mean� weight� gain� above�
baseline�weight�over�the�6-year�follow-up�period�for�individuals�in�the�‘at-
risk’�groups�relative�to�the�gain� in�those� included�in�the�reference�cate-
gory.�The�model�was�adjusted�for�age,�sex,�baseline�BMI,� length�of�fol-
low-up�and�socioeconomic�status.�Odds�ratios�(OR)�and�95%�confidence�
intervals�(95%�CI)�for�both�the�prevalence�and�incidence�of�overweight/
obesity�were�calculated�independently�for�each�risk�factor,�with�dummy�
variables� for� the� reference� category.� Because� some� individuals� in� this�
family� study� are� biologically� related,� we� adjusted� for� clustering� in� the�
analyses�to�avoid�underestimation�of�standard�deviations�using�general-
ized�estimating�equations�[26].�We�modeled�risk�factors�(exposure)�and�
outcome� (development� of� overweight/obesity)� as� repeated� measures� at��
2� time�points� (baseline�and�6�years� later)� in� the� longitudinal� sample.�A�
2-tailed�P�value�of�less�than�0.05�was�considered�to�indicate�statistical�sig-
nificance.�All�statistical�analyses�were�performed�using�the�JMP�version�
5.1.2�program�(SAS�Institute,�Cary,�NC,�USA).�

age,�how�many�hours�do�you�sleep�a�day?’�The�socioeconomic�status�of�
participants�was�obtained�via�a�self-administered�questionnaire.�Employ-
ment�status�(student,�paid�employment,� looking� for�work,�home�duties,�
retired,� disabled),� highest� educational� level� (high� school,� junior� college�
(CEGEP�for�Quebec),�university)�and�total�annual�family�income�(cate-
gorized� into� 5� groups� ranging� from� <CAD� 10,000� to� CAD� 70,000� or�
more)� were� obtained.� The� dichotomization� for� each� risk� factor� was�
�chosen�based�on�previous�studies�[19–25].�Briefly,� the�cut-off�points� for�
the� ‘at-risk’�and� ‘reference’�groups�are�≥40%�and�<30%�dietary� fat/day�
(lipid� intake),� 0� and� ≥30� min/day� (high-intensity� physical� exercise),�
<6�and�7–8�h/day�(sleep�duration),�<600�and�≥1,000�mg/day�(calcium�in-
take),�and�≥6�and�≤3�disinhibition�score�(disinhibition�eating�behavior),�
respectively.�Tertiles�were�used�for�the�disinhibition�eating�behavior�trait�
given�that�there�is�no�consensus�on�what�is�considered�a�low�or�high�score.�
The� ‘middle’� level�has�not�been� included� in� the�manuscript� in�order� to�
improve�clarity.�All�these�factors�were�assessed�at�both�baseline�(phase�2)�
and�year�6�(phase�3)�in�the�longitudinal�sample.��

Statistical Analysis
The�prevalence�(%)�of�risk�factors�was�compared�between�normal-weight�
and� overweight/obese� individuals� using� the� c2� test.� Logistic� regression�
analysis� was� performed� to� evaluate� the� strength� of� the� relationship� be-
tween�risk�factors�and�adulthood�overweight/obesity�in�the�cross-sectional�
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Fig. 2.�Mean�weight�gain�above�baseline�
weight�over�the�6-year�follow-up�period�for�
individuals�in�the�a�traditional�and�b�nontra-
ditional�at-risk�groups�relative�to�the�reference�
category.�
Model�adjusted�for�age,�sex,�baseline�BMI,�
length�of�follow-up,�and�socioeconomic�status.�
CI�=�confidence�interval.�High�Lipid�Intake�
(≥40%�fat/day�vs.�<30%�fat/day);�No�HIPE,�
non-participation�in�high-intensity�physical�ex-
ercise�(0�min/day�vs.�≥30�min/day);�High�Lipid�
Intake�+�No�HIPE�(≥40%�fat/day�and�0�min�
of�HIPE/day�vs.�<30%�fat/day�and�≥30�min�of�
HIPE/day);�LCI,�low�calcium�intake�(<600�mg/
day�vs.�≥1,000�mg/day);�HDEB,�high�disinhibi-
tion�eating�behavior�(≥6�disinhibition�score�vs.�
≤3�disinhibition�score);�SSD,�short�sleep�dura-
tion�(<6�h/day�vs.�7–8�h/day);�LCI�+�HDEB�
(<600�mg�of�calcium/day�and�≥6�disinhibition�
score�vs.�≥1,000�mg�of�calcium/day�and�≤3�dis-
inhibition�score);�LCI�+�SSD�(<600�mg�of�cal-
cium/day�and�<6�h�of�sleep/day�vs.�≥1,000�mg�
of�calcium/day�and�7–8�h�of�sleep/day);�HDEB�
+�SSD�(≥6�disinhibition�score�and�<6�h�of�
sleep/day�vs.�≤3�disinhibition�score�and�7–8�h�
of�sleep/day);�LCD�+�HDEB�+�SSD�(<600�mg�
of�calcium/day�combined�with�≥6�disinhibition�
score�and�<6�h�of�sleep/day�vs.�≥1,000�mg�of�
calcium/day�combined�with�≤3�disinhibition�
score�and�7–8�h�of�sleep/day).�n�=�283�(121�men�
and�162�women).
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sent� a� rather� narrow� perspective.� A� careful� examination� of�
our� results� shows� that� non-participation� in� high-intensity�
physical�activity�was�the�most�prevalent�risk�factor�in�this�co-
hort�(53.6%),�suggesting�that�targeting�this�factor�at�a�popula-
tion�level�may�reach�a�more�important�number�of�individuals.�
On� the� other� hand,� despite� the� fact� that� the� prevalence� of�
short�sleep�duration�is�relatively�low�(15.3%),�short�sleep�re-
mains�present�in�a�meaningful�number�of�individuals.�Recent�
results�indicate�that�5–13%�of�the�total�proportion�of�obesity�
in�children�and�3–5%�in�adults�could�be�attributable�to�short�
sleep� [27].�However,�we�do�not�know�yet� if� increasing�sleep�
time� in� sleep-deprived� obese� individuals� would� reduce� the�
amount� of� body� fat� or� influence� the� level� of� hormones� that�
help� to� control� appetite.� Furthermore,� whether� people� can�
voluntarily�change�their�sleeping�hours�is�unknown.�

The�interest�in�the�topic�of�sleep�duration�was�fueled�by�the�
apparent�paradox�that�a�greater�propensity�to�negative�energy�
balance�should�theoretically�be�observed�with�fewer�hours�of�
sleep.� However,� one� has� observed� a� reduction� in� sleeping�
times�over�the�past�decades,�as�the�prevalence�of�obesity�was�
increasing� [28].� Recent� reviews� and� meta-analyses� consis-
tently� reported� that� short� sleep� duration� is� associated� with�
weight�gain�and�obesity�in�children�and�adults�[29–32].�Inter-
ventional�studies�have�begun�to�identify�mechanistic�explana-
tions�for�the�deleterious�effects�of�sleep�deprivation�on�health.�
For� instance,� short-term� partial� sleep� restriction� leads� to� al-
terations� in� metabolic� and� endocrine� functions� including�
�decreased�glucose�tolerance,�insulin�resistance,�increased�sym-
pathetic�tone,�elevated�cortisol�concentrations,�elevated�levels�
of� pro-inflammatory� cytokines� and� decreased� leptin� and� in-
creased�ghrelin�levels�[33–35].�Furthermore,�abnormal�sleep-
wake� patterns� alter� intracellular� circadian� clocks� that� may�
�potentiate�disrupted�metabolism�[36].�Hence,�chronic�lack�of�
sleep�is�stressful�and�biologically�demanding.�Studies�examin-
ing�the�effects�of�restricted�sleep�on�both�sides�of�the�energy�
balance� equation� (particularly� in� the� young)� with� objective�
measures�of�sleep�duration�and�quality�are�needed�to�establish�
the�cause-and-effect�relationship�behind�these�findings.

Another�important�nontraditional�risk�factor,�disinhibition,�
reflects�a�tendency�towards�overeating�and�eating�opportunis-
tically.�Examples�include�eating�in�response�to�negative�affect,�
overeating� when� others� are� eating,� not� being� able� to� resist�
stimulation�to�eat�and�overeating�in�response�to�the�palatabil-
ity�of� food.�However,� the�study�of�eating�behavior�has�been�
dominated� over� the� past� 30� years� by� the� concept� of� dietary�
restraint.�Disinhibition�as�eating�behavior�trait�has�gradually�
received�more�attention�because�it�is�not�only�associated�with�
increased� weight� and� obesity,� but� also� with� mediating�
�variables�such�as�less�healthful�food�choices,�which�contribute�
to� overweight/obesity� and� poorer� health� [37–39].� Disinhibi-
tion�is�also�predictive�of�poorer�success�at�weight�loss,�and�of�
weight�regain�after�weight�loss�[40,�41],�and�is�associated�with�
lower�self-esteem�[42],�increased�sedentary�behavior�[43]�and�
poor� psychological� health� [44].� Accordingly,� our� results� as�

category.�After�adjustment�for�age,�sex,�baseline�BMI,�length�
of�follow-up�and�socioeconomic�status,�those�having�the�‘Big�
Two’� factors� (combination� of� high� dietary� lipid� intake� and�
non-participation� in� high-intensity� physical� exercise)� gained�
1.52�kg�(95%�CI�0.67–2.41kg)�more�than�did�those�reporting�
eating� less� than� 30%�of� dietary� fat� and�doing� more� than� 30�
min� of� vigorous� physical� activity� a� day.� Interestingly,� those�
with�the�trio�of�nontraditional�risk�factors�combined�(low�cal-
cium�intake,�high�disinhibition�eating�behavior�and�short�sleep�
duration)� gained� about� twice� the� weight� over� 6� years� com-
pared� to� those� exhibiting� the� ‘Big� Two’� factors� (2.96� vs.�
1.52�kg).�

A�total�of�132�subjects�(46.6%�of� the�prospective�cohort)�
were� overweight� or� obese� at� baseline,� defined� as� a� BMI� of�
≥25�kg/m2.�Among�the�151�subjects�who�were�not�overweight�
or� obese� at� baseline,� 39� new� cases� of� obesity� (25.8%)� were�
identified�over�the�6-year�follow-up�period.�As�shown�in�table�
2,�the�risk�of�developing�overweight�or�obesity�was�greater�for�
individuals�with�the�nontraditional�than�for�those�with�the�tra-
ditional�risk�factors.�In�particular,�the�risk�of�developing�over-
weight�or�obesity�was�about�the�same�for�the�two�traditional�
risk�factors�combined�(OR�2.66;�95%�CI�1.59–3.79)� than�for�
short� sleep� duration� alone� (OR� 2.97;� 95%� CI� 1.68–4.34).�
Moreover,�the�incidence�of�overweight/obesity�for�individuals�
with�the�three�nontraditional�risk�factors�combined�(OR�4.92;�
95%�CI�3.22–6.73)�was�about�twice�as�more�frequent�than�for�
those�characterized�by�a�high�percentage�of�dietary�lipids�cou-
pled�with�no�vigorous�physical�activity�participation�(OR�2.66;�
95%� CI� 1.59–3.79).� We� also� observed� that� the� incidence� of�
overweight/obesity� was� best� predicted� when� all� risk� factors�
were�combined.���

Discussion

This� study� compared� two� traditional� and� three� nontradi-
tional�risk�factors�for�obesity�for�their�predictive�values.�We�
observed� that� both� the� prevalence� and� incidence� of� over-
weight/obesity�were�best�predicted�by�a�combination�of�risk�
factors.� In� this� cohort� of� adults,� short� sleep� duration,� high�
disinhi�bition�eating�behavior�and�low�dietary�calcium�intake�
appeared�to�have�a�greater�contribution�to�overweight�and�
obesity�than�high�dietary�lipid�intake�and�non-participation�
in�high-intensity�physical�exercise.�This�suggests�that�health�
practitioners�and�clinicians�may�need�to�consider�a�broader�
range�of� influential� factors� to�more�adequately�address� the�
obesity�epidemic.�

The�obesity�problem�is�multifaceted�and�requires�a�combi-
nation� of� measures� in� order� to� be� managed.� Epidemiologic�
research� suggests� that� the� ‘Big� Two’� leaves� a� considerable�
amount� of� the� total� variance� in� adiposity� phenotypes� unex-
plained� [6–8].�These�observations�combined�with� the� results�
of�this�study�suggest�that�the�focus�on�the�‘Big�Two’�factors�as�
cornerstones�of�obesity�prevention�and�treatment�may�repre-

istent�among�the�normal-weight�individuals,�whereas�8.9%�of�
those�having�a�BMI�greater�than�25�kg/m2�had�this�trio�of�risk�
factors.�

Figure�1�compares�the�traditional�(Big�Two)�to�the�nontra-
ditional� risk� factors� for� the� prevalence� of� adult� overweight/
obesity.�We�observed�that�the�combination�of�the�‘Big�Two’�
factors� together� was� a� stronger� predictor� of� overweight� and�
obesity�than�each�factor�alone.�Likewise,�the�combination�of�
nontraditional�risks� factors�gave�a�better�prediction�of�over-
weight/obesity� than�each� factor� taken� separately.� In� this� co-
hort,�high�disinhibition�eating�behavior�and�short�sleep�dura-
tion�were�better�predictors�of�overweight/obesity�alone�than�
high�dietary�lipid�intake�and�non-participation�in�high-inten-
sity�physical�exercise�combined�together.�Globally,�the�risk�of�
being�overweight�or�obese�was�two-fold�higher�for�those�hav-
ing�the�three�nontraditional�risk�factors�combined�(OR�6.05;�
95%�CI�4.26–7.88)�compared�to�those�having�a�high�percent-
age�of� lipids� in� their�diet� together�with�no�vigorous�physical�
activity�in�the�daily�schedule�(OR�2.95;�95%�CI�2.18–3.73).�

Longitudinal Results
Figure�2�shows� the�mean�weight�gain�above�baseline�weight�
over�the�6-year�follow-up�period�for�individuals�in�the�‘at-risk’�
groups�relative�to�the�gain�in�those�included�in�the�reference�

Table 2. Relationship�between�risk�factors�and�incidence�of�adult�over-
weight/obesity�in�the�longitudinal�sample�

ORa 95%�CI

Traditional risk factors
Lipid�intake�≥�40%�fat/day 1.31 0.81–1.82
HIPE�0�min/day 1.80** 1.18–2.47�
Two�combined��

≥�40%�fat/day�+�0�min�of�HIPE/day
2.66* 1.59–3.79�

Nontraditional risk factors
Calcium�intake�<�600�mg/day 2.18* 1.17–3.26�
Eating�behavior�≥�6�disinhibition�score 2.76* 1.48–4.10
Sleep�duration�<�6�h/day 2.97* 1.68–4.34
Calcium�intake�and�eating�behavior��

<600�mg/day�+�≥�6�disinhibition�score
3.76* 2.31–5.39�

Calcium�intake�and�sleep�duration��
<600�mg/day�+�<6�h/day

4.02* 2.71–5.46

Eating�behavior�and�sleep�duration��
≥�6�disinhibition�score�+�<6�h/day

4.49* 3.06–6.06

Three�combined��
<600�mg�of�calcium/day�+��
≥�6�disinhibition�score�+�<6�h�of�sleep/day

4.92* 3.22–6.73�

HIPE�=�High-intensity�physical�exercise
aOdds�ratios�(OR)�calculated�by�logistic�regression�analysis.�Model�
�adjusted�for�age,�sex,�baseline�BMI,�length�of�follow-up,�and�socio-
economic�status.�The�calculations�were�performed�for�the�‘at-risk’�
�compared�to�the�‘reference’�groups�among�the�151�subjects�who�were�not�
overweight�or�obese�at�baseline.�
*P�<�0.01.
**P�<�0.05.�
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well�as�those�of�others�[37]�suggest�that�this�behavioral�trait�is�
important�to�consider,�with�influences�that�go�beyond�eating�
behavior�and�relate�to�other�behaviors�potentially�contribut-
ing�to�obesity.�

Several�studies�have�revealed�an�effect�of�dietary�calcium�
on� energy� and� fat� balance� and� have� emphasized� the� impor-
tance� of� an� adequate� intake� of� dairy� foods,� particularly�
skimmed�and�partly�skimmed�milk�[45].�However,�the�mecha-
nisms�behind�these�associations�are�poorly�defined.�One�pop-
ular� hypothesis� proposed� that� dietary� calcium,� via� its� influ-
ence�on�plasma�1,25-dihydroxyvitamin�D3�(calcitriol)�concen-
trations,� regulates� the� concentrations� of� calcium� within� the�
adipocytes�and,�thereby,�influences�fat�metabolism�in�the�adi-
pocytes�[46].�According�to�this�hypothesis,�a�low�dietary�cal-
cium� intake� inhibits� lipolysis,� stimulates�de�novo� lipogenesis�
and�decreases� fat�oxidation.�However,� this�view�was�refuted�
by�other�research�groups�[47,�48].�Dietary�calcium�has�also�the�
capacity� to�bind� lipids� in� the�gastrointestinal� tract� and�keep�
them�unavailable�for�absorption,�which�in�turn�reduces�post-
prandial�lipemia�and�increases�fecal�fat�excretion�[49,�50].�An-
other�important�suggestion�is�that�an�effect�of�calcium�supple-
ment�may�be�seen�only�in�persons�with�a�low�habitual�calcium�
intake�[45].�Dairy�food�might�also�modulate�body�weight�reg-
ulation�by�calcium-independent�mechanisms.�This�is�particu-
larly�the�case�for�the�well-known�satiating�effect�of�dairy�pro-
teins� [51].� Newer� research� shows� that� humans� possess� taste�
receptors�for�calcium�in�the�gastrointestinal�tract�and�that�sig-
naling�may�be�linked�to�appetite�control�[45].�Thus,�the�role�of�
calcium�in�energy�balance�and�obesity�is�not�well�understood.�
Future�studies�should�address�how�calcium�deficiency,�which�
is� often� experienced� during� an� energy-restricted� weight-loss�
diet,� can� amplify� hunger,� impair� compliance� of� participants�
and�influence�weight-loss�outcome.�

Strengths� of� this� study� include� the� use� of� both� cross-sec-
tional�and� longitudinal�designs�and� the� simultaneous� testing�
of�risk�factors�for�overweight�and�obesity.�Furthermore,�data�
were� available� on� both� men� and� women,� and� we� used� an�
�approach� that� should� minimize� confounding� with� repeated�
measures�of�both�exposure�and�outcome.�However,�although�
cohort�studies�are�well�suited�for�the�identification�of�associa-
tions,�they�cannot�establish�causality.�Additionally,�the�Que-
bec�Family�Study�was�originally�designed�to�explore�the�role�
of�genetics�in�the�etiology�of�obesity,�fitness�and�cardiovascu-
lar�and�diabetes�risk�factors.�Future�work�that�is�similar�in�de-
sign�is�needed�on�a�larger�sample�that�is�more�representative�
of�Canadians�from�across�the�country�for�a�better�generaliza-
bility�of� the�results�obtained.�We�also�have� to�keep� in�mind�
the�limitations�of�questionnaire-based�measurements�that�are�
inherent� in� epidemiological� studies,� as� opposed� to� objective�
measures.�The�use�of�physical�activity�and�diet�recalls�is�tricky,�
and�many�researchers�consider�these�reports�to�be�inaccurate.�
Likewise,�the�validity�of�a�single�question�for�sleep�duration�is�
questionable�and�does�not�provide�information�on�sleep�qua-
lity.� Finally,� the� risk� factors� for� overweight� and� obesity� are�

sent� a� rather� narrow� perspective.� A� careful� examination� of�
our� results� shows� that� non-participation� in� high-intensity�
physical�activity�was�the�most�prevalent�risk�factor�in�this�co-
hort�(53.6%),�suggesting�that�targeting�this�factor�at�a�popula-
tion�level�may�reach�a�more�important�number�of�individuals.�
On� the� other� hand,� despite� the� fact� that� the� prevalence� of�
short�sleep�duration�is�relatively�low�(15.3%),�short�sleep�re-
mains�present�in�a�meaningful�number�of�individuals.�Recent�
results�indicate�that�5–13%�of�the�total�proportion�of�obesity�
in�children�and�3–5%�in�adults�could�be�attributable�to�short�
sleep� [27].�However,�we�do�not�know�yet� if� increasing�sleep�
time� in� sleep-deprived� obese� individuals� would� reduce� the�
amount� of� body� fat� or� influence� the� level� of� hormones� that�
help� to� control� appetite.� Furthermore,� whether� people� can�
voluntarily�change�their�sleeping�hours�is�unknown.�

The�interest�in�the�topic�of�sleep�duration�was�fueled�by�the�
apparent�paradox�that�a�greater�propensity�to�negative�energy�
balance�should�theoretically�be�observed�with�fewer�hours�of�
sleep.� However,� one� has� observed� a� reduction� in� sleeping�
times�over�the�past�decades,�as�the�prevalence�of�obesity�was�
increasing� [28].� Recent� reviews� and� meta-analyses� consis-
tently� reported� that� short� sleep� duration� is� associated� with�
weight�gain�and�obesity�in�children�and�adults�[29–32].�Inter-
ventional�studies�have�begun�to�identify�mechanistic�explana-
tions�for�the�deleterious�effects�of�sleep�deprivation�on�health.�
For� instance,� short-term� partial� sleep� restriction� leads� to� al-
terations� in� metabolic� and� endocrine� functions� including�
�decreased�glucose�tolerance,�insulin�resistance,�increased�sym-
pathetic�tone,�elevated�cortisol�concentrations,�elevated�levels�
of� pro-inflammatory� cytokines� and� decreased� leptin� and� in-
creased�ghrelin�levels�[33–35].�Furthermore,�abnormal�sleep-
wake� patterns� alter� intracellular� circadian� clocks� that� may�
�potentiate�disrupted�metabolism�[36].�Hence,�chronic�lack�of�
sleep�is�stressful�and�biologically�demanding.�Studies�examin-
ing�the�effects�of�restricted�sleep�on�both�sides�of�the�energy�
balance� equation� (particularly� in� the� young)� with� objective�
measures�of�sleep�duration�and�quality�are�needed�to�establish�
the�cause-and-effect�relationship�behind�these�findings.

Another�important�nontraditional�risk�factor,�disinhibition,�
reflects�a�tendency�towards�overeating�and�eating�opportunis-
tically.�Examples�include�eating�in�response�to�negative�affect,�
overeating� when� others� are� eating,� not� being� able� to� resist�
stimulation�to�eat�and�overeating�in�response�to�the�palatabil-
ity�of� food.�However,� the�study�of�eating�behavior�has�been�
dominated� over� the� past� 30� years� by� the� concept� of� dietary�
restraint.�Disinhibition�as�eating�behavior�trait�has�gradually�
received�more�attention�because�it�is�not�only�associated�with�
increased� weight� and� obesity,� but� also� with� mediating�
�variables�such�as�less�healthful�food�choices,�which�contribute�
to� overweight/obesity� and� poorer� health� [37–39].� Disinhibi-
tion�is�also�predictive�of�poorer�success�at�weight�loss,�and�of�
weight�regain�after�weight�loss�[40,�41],�and�is�associated�with�
lower�self-esteem�[42],�increased�sedentary�behavior�[43]�and�
poor� psychological� health� [44].� Accordingly,� our� results� as�

category.�After�adjustment�for�age,�sex,�baseline�BMI,�length�
of�follow-up�and�socioeconomic�status,�those�having�the�‘Big�
Two’� factors� (combination� of� high� dietary� lipid� intake� and�
non-participation� in� high-intensity� physical� exercise)� gained�
1.52�kg�(95%�CI�0.67–2.41kg)�more�than�did�those�reporting�
eating� less� than� 30%�of� dietary� fat� and� doing� more� than� 30�
min� of� vigorous� physical� activity� a� day.� Interestingly,� those�
with�the�trio�of�nontraditional�risk�factors�combined�(low�cal-
cium�intake,�high�disinhibition�eating�behavior�and�short�sleep�
duration)� gained� about� twice� the� weight� over� 6� years� com-
pared� to� those� exhibiting� the� ‘Big� Two’� factors� (2.96� vs.�
1.52�kg).�

A�total�of�132�subjects�(46.6%�of� the�prospective�cohort)�
were� overweight� or� obese� at� baseline,� defined� as� a� BMI� of�
≥25�kg/m2.�Among�the�151�subjects�who�were�not�overweight�
or� obese� at� baseline,� 39� new� cases� of� obesity� (25.8%)� were�
identified�over�the�6-year�follow-up�period.�As�shown�in�table�
2,�the�risk�of�developing�overweight�or�obesity�was�greater�for�
individuals�with�the�nontraditional�than�for�those�with�the�tra-
ditional�risk�factors.�In�particular,�the�risk�of�developing�over-
weight�or�obesity�was�about�the�same�for�the�two�traditional�
risk�factors�combined�(OR�2.66;�95%�CI�1.59–3.79)� than�for�
short� sleep� duration� alone� (OR� 2.97;� 95%� CI� 1.68–4.34).�
Moreover,�the�incidence�of�overweight/obesity�for�individuals�
with�the�three�nontraditional�risk�factors�combined�(OR�4.92;�
95%�CI�3.22–6.73)�was�about�twice�as�more�frequent�than�for�
those�characterized�by�a�high�percentage�of�dietary�lipids�cou-
pled�with�no�vigorous�physical�activity�participation�(OR�2.66;�
95%� CI� 1.59–3.79).� We� also� observed� that� the� incidence� of�
overweight/obesity� was� best� predicted� when� all� risk� factors�
were�combined.���

Discussion

This� study� compared� two� traditional� and� three� nontradi-
tional�risk�factors�for�obesity�for�their�predictive�values.�We�
observed� that� both� the� prevalence� and� incidence� of� over-
weight/obesity�were�best�predicted�by�a�combination�of�risk�
factors.� In� this� cohort� of� adults,� short� sleep� duration,� high�
disinhi�bition�eating�behavior�and�low�dietary�calcium�intake�
appeared�to�have�a�greater�contribution�to�overweight�and�
obesity�than�high�dietary�lipid�intake�and�non-participation�
in�high-intensity�physical�exercise.�This�suggests�that�health�
practitioners�and�clinicians�may�need�to�consider�a�broader�
range�of� influential� factors� to�more�adequately�address� the�
obesity�epidemic.�

The�obesity�problem�is�multifaceted�and�requires�a�combi-
nation� of� measures� in� order� to� be� managed.� Epidemiologic�
research� suggests� that� the� ‘Big� Two’� leaves� a� considerable�
amount� of� the� total� variance� in� adiposity� phenotypes� unex-
plained� [6–8].�These�observations�combined�with� the� results�
of�this�study�suggest�that�the�focus�on�the�‘Big�Two’�factors�as�
cornerstones�of�obesity�prevention�and�treatment�may�repre-
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more�numerous�than�those�considered�in�this�study,�and�the�
network�of� interactions�between�behavior,�environment�and�
genes�in�an�ever-changing�environment�makes�it�difficult�for�
epidemiologic�studies�to�rule�out�reverse�causation.�

Conclusions

In�summary,�we�observed�that�both�the�prevalence�and�inci-
dence�of�overweight/obesity�was�best�predicted�by�a�combina-
tion� of� risk� factors.� Short� sleep� duration,� high� disinhibition�
eating� behavior� and� low� dietary� calcium� intake� seemed� to�
contribute�more� importantly�to�overweight�and�obesity�than�
high�dietary�lipid�intake�and�non-participation�in�high-inten-
sity� physical� exercise.� These� findings� suggest� that� we� have�
much� to� understand� before� effective� prevention� and� treat-
ment�strategies�can�be�firmly�grounded�in�science.�
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