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Putative contributors to the secular increase in obesity:
exploring the roads less traveled

SW Keith'?, DT Redden?, PT Katzmarzyk®*, MM Boggiano®, EC Hanlon®, RM Benca®, D Ruden’,
A Pietrobelli®, JL Barger®'°, KR Fontaine'', C Wang'?, LJ Aronne'?, SM Wright'3, M Baskin'*,
NV Dhurandhar'®, MC Lijoi'®, CM Grilo'’, M DeLuca’, AO Westfall*> and DB Allison'*>

Section on Statistical Genetics, University of Alabama at Birmingham, Birmingham, AL, USA; 2Department of Biostatistics,
University of Alabama at Birmingham, Birmingham, AL, USA; °Department of Community Health and Epidemiology,
Queen’s University, Kingston, Ontario, Canada; 4School of Physical and Health Education, Queen’s University, Kingston,
Ontario, Canada; *Formerly MM Hagan, Department of Psychology, Behavioral Neuroscience Division, University

of Alabama at Birmingham, Birmingham, AL, USA; ®Department of Psychiatry, University of Wisconsin-Madison,
Madison, WI, USA; 7Department of Nutrition Sciences, University of Alabama at Birmingham, Birmingham, AL, USA;
8Paediatric Unit, Verona University Medical School, Verona, Italy; Wisconsin Primate Research Center, University of
Wisconsin-Madison, Madison, WI, USA; 10Department of Medicine, University of Wisconsin Medical School, Madison,
WI, USA; ‘' Division of Rheumatology, Johns Hopkins University, Baltimore, MD, USA; 12Department of Epidemiology
and Clinical Investigation Sciences, University of Louisville, Louisville, KY, USA; 5C0mprehensive Weight Control Program
Weill Medical College of Cornell University, New York, NY, USA; '*Department of Health Behavior, University of Alabama
at Birmingham, Birmingiham, AL, USA; “Pennington Biomedical Research Center, Louisiana State University System,
Baton Rouge, LA, USA; 6Delzaartment of Nutrition and Food Science, Wayne State University, Detroit, MI, USA and

Y Department of Psychiatry, Yale University School of Medicine, New Haven, CT, USA

Objective: To investigate plausible contributors to the obesity epidemic beyond the two most commonly suggested factors,
reduced physical activity and food marketing practices.

Design: A narrative review of data and published materials that provide evidence of the role of additional putative factors in
contributing to the increasing prevalence of obesity.

Data: Information was drawn from ecological and epidemiological studies of humans, animal studies and studies addressing
physiological mechanisms, when available.

Results: For at least 10 putative additional explanations for the increased prevalence of obesity over the recent decades, we
found supportive (although not conclusive) evidence that in many cases is as compelling as the evidence for more commonly
discussed putative explanations.

Conclusion: Undue attention has been devoted to reduced physical activity and food marketing practices as postulated causes
for increases in the prevalence of obesity, leading to neglect of other plausible mechanisms and well-intentioned, but potentially
ill-founded proposals for reducing obesity rates.
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Introduction that environmental changes are almost certainly responsible
and focus overwhelmingly on food marketing practices and
technology and on institution-driven reductions in physical
activity (the ‘Big Two’), eschewing the importance of other
influences. This has created a hegemony whereby the

importance of the Big Two is accepted as established and

The prevalence of obesity has increased substantially since
1970.! Although the causes are uncertain, many contend
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other putative factors are not seriously explored. The result
may be well-intentioned but ill-founded proposals for
reducing obesity rates.

We begin by reviewing key facts about the secular increase
in obesity (‘the epidemic’). We then highlight evidence
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showing that the obesogenic influence of the Big Two is
largely ‘circumstantial’, relying heavily on ecological corre-
lations rather than individual-level epidemiologic data or
randomized experiments. Subsequently, we delineate the
evidence for 10 other putative factors for which the evidence
is also circumstantial but in many cases, at least equally
compelling. We conclude that undue attention has been
devoted to reduced physical activity and food marketing
practices as postulated causes for the epidemic, yielding
neglect of other plausible mechanisms.

The epidemic

Obesity prevalence in the United States has been increasing
for at least 100 years> with an apparent acceleration in the
past 3 decades. The distribution of body mass index (BMI;
kg/m?) has increased modestly in median and moderately in
mean. What has increased far more dramatically is the
positive (right-tailed) skewness of the distribution, such that
the most obese segments of the distribution are far more
obese than in years past. Obesity has increased in every age,
sex, race and smoking-status stratum of the population,
which has correctly been taken to indicate that changes
in the distribution of age, race, sex and smoking status
cannot completely account for the epidemic. However, as
we show later, this finding does not indicate that changes
in the distribution of these variables are not contributing
to the epidemic.

Evidence for the Big Two

Reduced physical activity,® particularly from reduced school-
based physical education,* and specific food manufacturing
and marketing practices (e.g., vending machines in schools,>
increased portion size,® increased availability of fast-
food,*”"® use of high-fructose corn syrup (HFCS)®) comprise
the Big Two explanations proffered for the obesity epidemic
and are frequently cited as targets of potential public health
interventions. We do not intend to imply that the Big
Two are not salient contributors to the epidemic. Rather, we
offer that the evidence of their role as primary players in
producing the epidemic (as well as the evidence supporting
their potential ability to reverse the trend if manipulated) is
both equivocal and largely circumstantial — that is, the
hypothesized effects are underdetermined by the data. Data
rarely, if ever, stem from randomized controlled trials of the
effects in population settings and in many cases do not even
include a consistently supportive body of individual-level
epidemiologic studies. The arguments for the effects of each
subcomponent tend to rely heavily (although not exclu-
sively) on presumed mechanisms of action and ecological
studies'® in which associations between the putative factor
and obesity rates are shown at the aggregate population level
across times or geographic locations. According to the Food
and Drug Administration,'! because ecological ‘studies do
not examine the relationship between exposure and disease

International Journal of Obesity

among individuals, the studies have been traditionally
regarded as useful for generating, rather than definitively
testing, a scientific hypothesis.” Consider several examples.
Regarding physical education classes, Pathways, a large,
expensive and expertly designed childhood obesity preven-
tion program emphasized increasing frequency and quality
of physical education classes and found no effect on BMI.!?
Regarding vending machines, a thorough evidence-based
review (MS Faith et al.,, unpublished, 2005) found no
published randomized trials, quasi-experiments or observa-
tional epidemiologic studies evaluating their effects on
obesity. Regarding fast-food availability, although some
studies showed associations with obesity, Burdette and
Whitaker'® found no association between being overweight
and proximity to fast-food restaurants in over 7000 children.
Regarding HFCS, the leading source (in the United States) is
sweetened beverages and three out of four studies conducted
in children have found no association between soft drink
consumption and BMI when controlling for total energy
intake,'*"!” raising the issue that there is no independent
effect of HFCS calories on body weight, other than its
pleasant taste possibly leading to the potential increase in
total caloric intake as would any food.

Regarding TV viewing, a recent meta-analysis concluded ‘A
statistically significant relationship exists between TV view-
ing and body fatness among children and youth although it
is likely to be too small to be of substantial clinical relevance.
...media-based (TV-based) inactivity may be unfairly
implicated in recent epidemiologic trends of overweight
and obesity among children and youth.’'® Regarding portion
size, Rolls has presented considerable evidence that portion
size may increase daily food intake. Nevertheless, Rolls"’
wrote, ‘... that adults who are obese eat bigger portions of
energy-dense foods do[es] not prove that portion size plays a
role in the etiology of obesity. Indeed, at this time we know
of no data showing such a causal relationship.’

Again, these data and quotations do not disprove the
importance of those factors listed but highlight their less-
than-unequivocal evidential basis. Realizing this should
serve as an impetus for more vigorous consideration of
additional factors.

Additional explanations for the increase in obesity

We do not review all plausible contributors to the epidemic
but select those that are most interesting and for which the
totality of current evidence is strongest. Figure 1 portrays
the secular increase in a number of key indicators of these
putative causal influences. For most Additional Explana-
tions, we offer the conclusion that a factor (e.g., X) that
has contributed to the epidemic will logically follow
acceptance of two propositions: (1) X has a causal influence
on human adiposity and (2) during the past several decades,
the frequency distribution of X has changed such that the
relative frequency of values of X leading to higher adiposity
levels has increased. In the absence of countervailing forces,
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Figure 1 Secular changes in a number of key indicators of factors that may be related to the increase in obesity. These indicators include the following: mean age
of US mothers at first birth;”” antidepressant prescribing in the UK;''® prevalence of AC — the percentage of US households equipped with air-conditioning;*®
UK average internal home temperature — average internal home temperature;*® PDBE concentration—the concentration of polybrominated diphenyl ethers in
the breast milk of Swedish women from 1972 to 1978;*° proportion of US adult population that is Hispanic and/or between 35 and 55 years of age;”’ time

spent awake;>’%®

non-smoker prevalence (Data compiled by the Centers for Disease Control and Prevention, Office on Smoking and Health, from the Current

Population Survey, 1955, and the National Health Interview Surveys, 1965-1994, unpublished);>%>3 adult obesity prevalence, US adults only, BMI >30kg/m?

indicates obesity."

if both propositions are true, obesity levels will increase.
Therefore, for postulated factors supported by this line of
propositional argument (Additional Explanations 1-7), we
evaluate evidence addressing whether the factor can increase
fatness and whether the factor’s frequency distribution has
changed in the obesogenic direction. For the remaining
Additional Explanations, propositional arguments vary in
form and are outlined separately.

Additional Explanation 1: sleep debt

Evidence that less sleep can cause increased body weight

For children and adults, hours of sleep per night is inversely
related to BMI and obesity in cross-sectional studies
and incident obesity in longitudinal studies.>*?! In animals,
sleep deprivation produces hyperphagia, offering a mecha-
nism of action.?? Evidence for the physiologic mechanism
includes decreased leptin and thyroid-stimulating hor-
mone secretion, increased ghrelin levels and decreased
glucose tolerance, all endocrine changes that occur with
sleep deprivation.?*?5 Sleep restriction in humans has
recently been shown to produce similar effects, including

increased hunger and appetite.”® These changes are consis-
tent with chronic sleep deprivation leading to increased
risk of obesity.

Has average sleep debt increased?

Data clearly show that the average amount of sleep has
steadily decreased among US adults and children during the
past several decades.?’?® Average daily sleep has decreased
from over 9 to just over 7h among adults.

We note that future studies examining the association
between sleep debt on BMI or any cause—effect link between
them would benefit from utilizing more objective assess-
ments of sleep duration and sleep quality (vs self-reporting).
A good example is the measure of spontaneous physical
activity during sleep measured by microwave radar detector.
Bitz et al.?® used this technique in finding increased sleep
disruptions among diabetic subjects. Resta et al.>° found that
even in the absence of sleep apnea, obese subjects were
observed to suffer more sleep disruptions defined as higher
sleep latency, a lower percentage of REM sleep and a lower
sleep efficiency (a ratio between total sleep time and time
spent in the bed) than non-obese subjects. The effect of age
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should be controlled in such assessments, as it correlates
positively with sleep time activity.?’ Large-scale self-report
studies could also be improved with subjects’ use of
actigrophy watches to verify self-reported sleep times.

Additional Explanation 2: endocrine disruptors

Evidence that endocrine disruptors can increase adiposity
Endocrine disruptors (EDs) are lipophilic, environmentally
stable, industrially produced substances that can affect
endocrine function and include dichlorodiphenyltrichlor-
oethane, some polychlorinated biphenols and some alkyl-
phenols. By disturbing endogenous hormonal regulation,
EDs may fatten through multiple pathways. Consider
the effect of estrogen on white adipose tissue: in rodents,
white adipose is increased by ovariectomy and decreased by
estrogen replacement therapy.®' Similarly, postmenopausal
women have increased white adipose tissue, which is
reduced by estrogen replacement therapy.>?> The estrogen
receptor-o. knockout mouse has increased white adipose
tissue in mice of both sexes.>*> Some EDs directly bind to
nuclear receptors, including the peroxisome proliferator-
activated receptor y and the retinoic acid X receptor.
Kanayama et al.>* found that the organontin EDs are high-
affinity agonists for the peroxisome proliferator-activated
receptor y and retinoic acid X receptor and stimulate
adipocyte proliferation. Other EDs are antagonists of certain
nuclear receptors. For example, vinclozolin is a dicarbox-
imide fungicide and an androgen receptor antagonist.>®
Some EDs are antiandrogens®® and may thereby alter
nutrient partitioning toward a more fatty body composi-
tion. Endocrine disruptors can also inhibit aromatases®’
and the aromatase knockout mouse has increased
adiposity. In humans, body ED burden and BMI or fat mass
are positively correlated, even when normalized to total
body triglyceride.?®

Evidence that endocrine disruptors exposure has increased
Endocrine disruptors have increased in the food chain.
One example indicator is that polybrominated diphenyl
ether concentration in Swedish women’s breast milk almost
doubled every 5 years from 1972 to 1998.%°

39,40

Additional Explanation 3: reduction in variability
in ambient temperature

Evidence that remaining in the thermoneutral zone promotes
adiposity

The thermoneutral zone (TNZ) is the range of ambient
temperature in which energy expenditure is not required for
homeothermy. Exposure to ambient temperatures above or
below the TNZ increases energy expenditure, which all other
things being equal, decreases energy stores (i.e., fat). This
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effect was shown in short-term controlled human experi-
ments*""*2 and the decreases in adiposity were evident in
controlled animal experiments; these effects are widely
exploited in livestock husbandry, where selecting the
environment to maximize weight gain is critical.*?

Animal** and human*® studies show that excursions above
the TNZ markedly reduce food intake. Herman*® cited a
consumer survey suggesting that after an air-conditioning
breakdown, restaurant sales drop dramatically.

Evidence that time in the thermoneutral zone has increased
Humans dwell more in the TNZ than they did 30 years ago.
For example, the average internal UK home temperature
increased from 13 to 18°C between 1970 and 2000.*° The
US thermal standard for winter comfort increased from 18°C
in 1923 to 24.6°C in 1986.%7*® The percentage of US homes
with central air-conditioning increased from 23 to 47%
between 1978 and 1997, whereas the percentage of homes
with no air-conditioning decreased from 44 to 28%. In the
Southern United States, where some of the highest obesity
rates are observed, the percentage of homes with central
air-conditioning increased from 37 to 70% between
1978 and 1997, and the percentage of homes without any
air-conditioning decreased from 26 to 7%.*

Additional Explanation 4: decreased smoking

Evidence that smoking reduces weight

Epidemiologic and clinical studies consistently show
that smokers tend to weigh less than non-smokers and
weight gain follows smoking cessation.’®*! Nicotine has
both thermogenic and appetite-suppressant effects and its
effects on appetite are enhanced by caffeine.>

Evidence that smoking rates have decreased

Rates of cigarette smoking among US adults steadily declined
during the past several decades.® Centers for Disease
Control and Prevention scientists estimated that between
1978 and 1990, smoking cessation was responsible for about
one-quarter (2.3 of 9.6 percentage points) of the increase in
the prevalence in overweight in men and for about one-sixth
(1.3 of 8.0 percentage points) of the increase in women.*°

Additional Explanation 5: pharmaceutical iatro-
genesis

Evidence that certain pharmaceuticals increase weight

Weight gain is induced by many psychotropic medications
(antipsychotics, antidepressants, mood stabilizers), anticon-
vulsants, antidiabetics, antihypertensives, steroid hormones
and contraceptives, antihistamines and protease inhibitors.
Selective serotonin reuptake inhibitors (antidepressants) may



also produce weight gain, but data are less consistent.>*>¢
Almost all atypical antipsychotics produce markedly more
weight gain than placebo or traditional antipsychotics. For
olanzapine and clozapine, mean weight gains were over 4 kg
at 10 weeks.>” These drugs are active at many receptors
involved in body weight regulation®® and these findings
were reproduced in animal models.>® Most antidiabetics,
including insulin, sulfonylureas and thiazolidinediones also
promote adiposity, especially the newer thiazolidinediones,
which promote adipocyte proliferation.®® Beta-blockers
induce a mean weight gain of approximately 1.2kg.®! Data
are less consistent for oral contraceptives, but one study
estimated a mean weight gain of approximately 5kg at 2
years.%? Antihistamines also appear to induce weight gain,
with more potent antihistamines producing greater weight
gain.®® Human immunodeficiency virus antiretroviral drugs
and protease inhibitors also produce weight gain and
increased abdominal adiposity.®*

Evidence that use of such pharmaceuticals has increased

Most pharmaceuticals described above were introduced
or had their use dramatically increased in the past three
decades. In the past 30 years, outpatient prescriptions
for atypical antipsychotic medications have increased
from essentially zero to be nearly 70% of the prescriptions
to this large patient population.®>% Oral antidiabetic
prescriptions increased more than twofold from 1990 to
2001.%7 Similar increases were also observed for use of anti-
convulsants®® and antihypertensives.® Human immuno-
deficiency virus therapies were only introduced in the past
couple of decades.

Additional Explanation 6: changes in distribution
of ethnicity and age

Evidence that some age and ethnic groups have higher
prevalence of obesity than others

Compared with young European Americans, middle-aged
adults, African Americans (when comparing women only)
and Hispanic Americans have a markedly higher obesity
prevalence.’

Evidence that those age and ethnic groups have increased in
relative frequency

As a proportion of US adults, the Hispanic-American
population increased from less than 5% in 1970 to approxi-
mately 13% in 2000.”%7! Similarly, from 1970 to 2000, the
proportion of the total US adult population aged 35-44 and
45-54 years increased by 43 and 18%, respectively.”! Given
that these groups have higher than average obesity rates,
it is likely that these demographic changes in the population
are contributing to the increased prevalence of obesity in at
least a small way.
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Additional Explanation 7: increasing gravida age

Evidence that greater gravida age increases risk of offspring
obesity

Wilkinson et al.”? studied obese British children and found
that a common risk factor was having an elderly mother.
Patterson et al.”® studied girls aged 9-10 years and found
that the odds of obesity increased 14.4% for every S-year
increment in maternal age. Biological data support these
findings. Symonds et al.”* observed a correlation between
maternal age and fat deposition in sheep, in part related to
uncoupling protein levels. This is in part related to an
accelerated loss of the brown adipose uncoupling protein 1
levels in the offspring of adult primiparous mothers after
birth, which may act to increase white adipose tissue
deposition in later life.”*

Evidence that gravida age is increasing

Gravida age is increasing globally,”>7® rising in mean by 1.4
years in the United Kingdom between 1984 and 19947° and
in median by 2 years in Canada from 1981 to 1987.7° Mean
age at first birth has increased by 2.6 years among US
mothers since 1970.”7 Given Patterson et al.’s”® finding
above, these increases in maternal age might produce a
clinically meaningful ~7% increase in the odds of obesity.

Additional Explanation 8: intrauterine and
intergenerational effects

Some influences on obesity may occur in utero or even two
generations back when oocytes are formed in the grand-
mother.”® These may occur partly through epigenetic (e.g.,
methylation) events as evidenced by the fact that cloned
mice tend to be obese yet do not pass on this obesity to their
offspring.”? Thus, the increases in obesity we see today may
well be due, in part, to environmental changes that affected
prior generations. Obesity, which began increasing at
least a century ago,2 may perpetuate its own increase
through a fetally driven positive feedback loop. Specifically,
maternal obesity and resulting diabetes during gesta-
tion and lactation may promote the same conditions in
subsequent generations.®°

Animal studies testing the fetal origin hypothesis provide
support.®1®3 In one study, offspring from parent rats fed
high- and low-fat diets were fed a high-fat diet. Not only
were body weight and abdominal adiposity increased in the
offspring of high-fat-fed parents but also the effect remained
significant over three generations.3%* Similarly, over-
feeding first-generation female pups produced heavier pups
as compared with a control group and effects persisted
for two subsequent generations.®* In humans, birth weight
positively correlates with adult BMI. However, as Allison
et al.®% showed, barring extreme variations, this association
seems to reflect common genetic influences on birth weight
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and adult BMI rather than an intrauterine environment that
affects both birth weight and adult obesity. Nevertheless,
there may be intrauterine effects on adult BMI that are not
manifested in high birth weight. New evidence suggests
that low birth weight and/or the rapid catch-up growth that
often follows, may be a risk factor for later obesity and
its life-shortening sequelae.®® It is then noteworthy that the
incidence of low birth weight in the United States has
increased. According to Hamilton et al.,®” low birth weight
increased to 7.8% for 2002, the highest in more than three
decades; the rate of low birth weight had declined in
the 1970s and early 1980s, but has increased since the
mid-1980s. Furthermore, mothers who were themselves
low-birth weight infants are at increased risk for gesta-
tional diabetes,®® which, in turn, places their offspring at
increased obesity risk.%°

Thus, it is possible that the extremes of energy imbalance
in utero (overfeeding and low birth weight) may contribute
to obesity. We may now be seeing the transgenerational
obesogenic effects of environmental changes initiated
one or more generations ago. Forebodingly, obesity’s pre-
valence could increase further if children of the current
generation’s overweight or obese parents are thereby
predisposed further still.

Additional Explanation 9: greater BMI is associated
with greater reproductive fitness yielding selection
for obesity-predisposing genotypes

Reproductive fitness can be defined as one’s capacity to pass
on one’s DNA. Body mass index-associated reproductive
fitness (viz. natural selection) would increase obesity pre-
valence if BMI has a genetic component (i.e., is heritable)
and if individuals genetically predisposed toward higher
BMIs reproduce at a higher rate than do individuals
genetically predisposed toward lower BMIs.

Proposition A: BMI has a genetic component

That BMI (or adiposity) has a heritable component is well
supported by animal breeding studies and human twin,
family and adoption studies”® with an estimated heritability
of approximately 65%.%!

Proposition B: individuals with genetic predisposition toward
greater adiposity are reproducing at a higher rate than are
individuals with a predisposition toward lesser adiposity

Number of offspring is positively correlated with BMI among
women.’?> One might assume that this is because child-
bearing or child rearing leads to weight gain. Although this is
plausible, other mechanisms may be contributing to this
correlation. Specifically, mild-to-moderate (but not severe)
phenotypic obesity and/or a genotypic predisposition to
obesity may increase fecundity relative to phenotypic
thinness and/or a genetic predisposition to thinness because
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(1) obesity (at least in women) leads to socioeconomic
falling®® which, in turn, is associated with producing more
offspring;®* (2) leanness beyond a certain point impairs
fertility in women®® and (3) other biological, social or
economic factors may induce a positive correlation between
genetic predisposition to obesity and fecundity. Indeed,
evidence shows that the direction of causation may also be
from obesity predisposition to fecundity, and not only the
reverse. First, although true that high BMI (>25kg/m?) is
associated with reduced sperm concentration and total sperm
count, so too is low BMI (<20kg/m?) and the reduction is
greater among men with low BMI,?® there is an association
between parent adiposity and number of offspring for both
fathers and mothers.’” Although this does not rule out that
child rearing leads to obesity, the correlation among fathers
obviously cannot be ascribed to the effects of childbearing.
Second, at least one study showed that higher BMI among
parents before producing offspring is associated with subse-
quent offspring number.”” Finally, animal studies are suppor-
tive: in cattle, calving rate and adiposity have a positive
genetic correlation”® and in male rhesus monkeys, adiposity is
positively correlated with siring rate.”

Additional Explanation 10: assortative mating
and floor effects

Assortative mating is a pattern of non-random mating that
we will use to refer to positive assortment in which the
probability that two individuals mate is positively related to
their degree of phenotypic similarity. Assortative mating
increases genetic variance in a population, even though it
does not affect allele frequencies (it does affect genotype
frequencies). Three propositions imply that assortative
mating is contributing to increased obesity prevalence: %% 10!
(1) human adiposity variations have a genetic component;
(2) the adiposity threshold for defining obesity was histori-
cally above the population median and (3) humans assorta-
tively mate for adiposity. Moreover, if factors are present that
prevent most people from becoming extremely thin (i.e.,
floor effects), then the population distribution of adiposity
will become increasingly positively skewed, further increas-
ing the population mean. The extent of assortative mating
does not need to have increased over time, for it to have
contributed to increasing prevalence of obesity over time.

Evidence that human adiposity variations have a genetic
component

This was discussed in the context of Additional Explanation 9.

The threshold for defining obesity was historically above the
population median

The threshold for defining obesity is currently a BMI of
30kg/m?. This is above the present and historical median
BML'



Humans assortatively mate for adiposity

Extensive research shows that for BMI and other adiposity
indicators, the spousal correlation is small (~0.15) but
clearly statistically significant and cannot be attributed to
the effects of cohabitation.'”® This combined evidence
strongly suggests that assortative mating has contributed to
the epidemic.!%%1%! Finally, there are clear floor effects on
BMI'® that have likely accentuated these effects.

Putting it all together: interconnections

Having laid out several of these possible contributing factors,
it is interesting to consider what their relative importance
may be and whether there are interconnections among these
putative causal variables. With respect to their relative
importance, importance can be judged in multiple ways.
For example, one could judge importance in terms of the
amount of variance in BMI explained, the magnitude of
the mean increase in BMI, a population attributable fraction
or some other measure of effect. Unfortunately, we do not
believe we are currently at the point where we can confi-
dently say what the effect size metrics are for each of these
putatively causal variables and therefore cannot confidently
evaluate their relative importance on these metrics. Another
way to consider the importance of variables is their potential
modifiability. It is unlikely that anyone would suggest that
we should have more people take up smoking as a way of
controlling body weight. Therefore, further consideration
of the effects of smoking cessation on population increases
on BMI may be less important than consideration of other
factors that we might be more willing or able to modify. In
this regard, factors such as sleep reduction and increased
use of heating and air-conditioning might be things that are
easily modifiable and for which modifications in the
direction that would hypothetically reduce obesity levels
would also have added benefits (e.g., a more healthy and
alert population and less use of fossil fuels). Thus, these types
of putative contributing factors may be more important in
terms of meriting more attention.

It is also noteworthy that there may be interconnections
among these putative contributing factors. For example,
Additional Explanation 6 specifies that the average age of the
US adult population has increased relative to the average
age of that population several decades ago. Even if the rates
of reproduction within an age category remain constant, this
would not only result in an older adult population who are
more likely to be obese solely by virtue of their own age but
would also result in increasing gravida age on average
(Additional Explanation 7), which may lead to more obesity
among offspring. Moreover, the greater obesity among the
parental generation, owing in part to increasing age, may
also predispose to greater obesity among the offspring
generation as articulated in Additional Explanation 8.
Similarly, it is possible that the effects of assortative mating,
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as discussed in Additional Explanation 10, may be accen-
tuated by all other factors. That is, it is possible that the
influence of assortative mating is quite modest when most
people lie within some intermediate range of BMI with very
few people being severely obese. However, as larger propor-
tions of the population become severely obese as a result of
the influence of other factors, it may be that there is a greater
pattern of intermating among these severely obese indivi-
duals, which may then further accelerate the increase in
obesity levels in subsequent generations. There may yet be
additional connections among these factors that remain to
be explored.

Discussion

The evidence for the putative roles of the 10 Additional
Explanations in the epidemic is compelling and in most
cases consists of the concurrence of ecological correlations,
epidemiologic study results, model organism studies, and
strong theoretical or plausible mechanisms of action models.
Nevertheless, we do not claim that all of the Additional
Explanations definitively are contributors, but only that they
are as plausibly so as are the Big Two and deserve more
attention and study.

Although the effect of any one factor may be small,
the combined effects may be consequential. Moreover, the
Additional Explanations we consider do not exhaust
the possibilities. Other factors potentially involved in the
epidemic with varying degrees of evidential support include
an epidemic of adenovirus-36,'°* increases in childhood
depression,'®® less calcium (or dairy) consumption'®® and
hormones in agricultural species.!®” In trying to reduce
obesity levels, we consider only factors that have changed
over time and potentially contributed to the epidemic. Other
factors such as shift work!%®1%? and not breastfeeding!'® can
contribute to obesity; decreasing them may alleviate the
epidemic, even though they may not have contributed
to it, because their rates have not increased in the past 30
years.''"112 Of course, as we consider any environmental
factor, it is important to remain cognizant that such factors
act in concert with individual genetic susceptibilities.''*

Bray and Champagne'!* have recently published a review
of five environmental agents that they found disturb energy
balance and cause obesity in susceptible hosts. Although
they offer three available strategies for combating the
epidemic (nutrition education, regulation of serving size
and food labels, and modification to the food system), their
suggested measures target the Big Two and not the drugs,
chemicals, viruses or toxins that they have implicated as
contributing factors. If the Additional Explanations we
have offered are probable contributors to the epidemic as
we believe, then additional research is warranted to evaluate
how much they actually contribute, their mechanisms
of action, their interaction effects and how they may be
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countermanded. Although we are not suggesting in this
paper that one discount the potential effects of the Big
Two, if Additional Explanations are veracious, the expecta-
tions for the likely public health impact of programs
that only target the Big Two might be tempered. Public
health practitioners and clinicians may need to address a
broader range of influential factors to more adequately
address the epidemic.
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