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ABSTRACT

Currently, there is an obesity epidemic in the developed world, with both adults and child-
ren being affected. The consequences of this epidemic on health and health outcomes have
impact at multiple levels, and it is increasing. The basis for this epidemic, which appears to
have emerged with significance ~40 - 50 years ago, is unknown but is believed by many to
have much of its basis in poor diets and inactivity/sedentary behaviour. Analysis of the
human genome has revealed >100 loci which exhibit risk for development of obesity. Why
there are so many loci, and how they benefited humans evolutionarily are unknown. In spite
of these limitations, there are urgent needs for effective short-term interventions to assist
those with obesity, as well as longer-term needs to effectively prevent development of obes-
ity. For the former, personalized exercise programs, use of prebiotics, optimal nutrition and
surgical interventions can be effective for some individuals but more interventions that ad-
dress cause are also needed. For longer term solutions more detailed genetic and epigenetic
understanding of risk will be required. An attractive speculation is that the genomic risk
factors for obesity (>100 identified) have been retained evolutionarily to address acute me-
tabolic needs and current conditions have converted such risks to a chronic state, making
reversal more difficult and with more consequences, including possible epigenetic modifi-
cations of risk genes. Other contributing factors to chronic obesity could also relate to
chemical disruptors in the environment over the past 50+ years which may impact meta-
bolic regulation via the established risk genomic risk factors or new variants. Therefore, to
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effectively control this high impact epidemic of obesity likely requires a more detailed ge-
netic and epigenetic analysis of families with obesity and analysis of isolated populations, as
well as a more thorough investigation of chemicals capable of being metabolic disruptors in
this regard. Thus, the long-term solution(s) to the obesity epidemic will require a concerted
multidisciplinary approach that may be more complex than just becoming more active and
avoiding sedentary behavior.

1. INTRODUCTION
1.1. The Current Situation

Currently, obesity is considered an epidemic in the developed world, with the United States a country
with >30% of the population obese based on body mass index (BMI) (discussed in [1, 2]), and an epidemic
further impacted by the current pandemic [3, 4]. Unfortunately, other parts of the world are rapidly
catching up to these disturbing statistics. Even more disturbing is the fact that childhood obesity is also
rising rapidly (discussed in [5-7]), findings that portend early development of severe health risks in young
populations. Some organizations have supported the designation of obesity as a disease, but whether it is a
disease or a condition that has consequences for subsequent increased risk for diseases such as type 2 di-
abetes, cardiovascular disease, cognitive decline, and development and progression of musculoskeletal
diseases such as osteoarthritis, sarcopenia, and bone diseases, remains to be clarified.

Much research over the past few decades has focused on how this epidemic has happened. The gener-
al conclusion is that much of the epidemic is blamed on poor nutrition (reliance on diets containing too
much unhealthy fat and sugar) and sedentary behavior. This interpretation is complicated by the large
number (>100) of genetic risk factors for obesity that have been reported [8-10], and epigenetic influences
also appear to be drivers, even across generations via inheritance of risk or within generations [11, 12].
However, it is likely that many if not most of the genetic factors constitute risk, but not cause. As such, the
risk may not be manifested unless other contributing variables such as diet and sedentary behavior are en-
gaged, but it remains to be determined whether other factors in modern civilizations/societies are also
contributing variables.

It should be noted that it is not just obesity in adults that is concerning, but also obesity in childhood
and adolescence which is also of epidemic proportions [6, 7]. Certainly dealing with food deprivation
during growth can have long term consequences regarding height, weight, the musculoskeletal system (Z.e.
bone, muscles, joint tissues), and the brain. However, the effect of continual food excess on growth and
maturation is likely a newer phenomenon for the general population of the Earth and Western societies,
and thus, could have unintended consequences for health and function across the lifespan.

In addition, it should be noted that many individuals who lose large amounts of weight while on diets
then go on to often regain the weight, even when trying to slow down the process. This lack of success has
frustrated both the medical community focused on obesity and its consequences, and obese individuals,
many of whom would prefer a “quick fix” from the pharma industry rather than the perhaps tougher be-
havior and lifestyle modification route which may not yield long term benefit. In addition, it remains to be
confirmed that behavior and lifestyle are the only variables at play.

1.2. Background

As mentioned above, it is reported that there are >100 genetic risk factors for obesity (discussed in
[10, 13]). In addition, it is likely that epigenetic factors can also figure into multigenerational risk for obes-
ity and related conditions (discussed in [14, 15]), as well as other factors (discussed in [16]). The presence
of such a large number of genetic and epigenetic risk factors for obesity has led some health care providers,
and likely some patients to “throw up their hands in frustration” and attempt to deal with the issues in
other ways (discussed in more detail below).
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On the other hand, the large number of potential genetic and epigenetic risk factors is very telling re-
garding the evolutionary processes that led to what we now call Homo sapiens, or modern humans. The
large number of potential risk factors is likely the accumulation of such variants which have contributed to
the survival of individuals within specific subsets of populations, or accumulated in part from previous
iterations of humanoids in the lineage of Homo sapiens. However, even within Homo sapiens, distinct
subpopulations that have been isolated for thousands of years could have evolved unique risk signatures
that were dependent on specific dietary factors and food insecurity.

It is likely that many of the genetic risk factors were related to food insecurity during evolution, and
were associated with the diets involved (high protein meat, high starch plants and tubers), as well as a
combination of the above after domestication of animals and development of farming. Thus, one may ex-
pect that the range of genetic risk factors may be different in different subsets of survivalist societies or
cultures. Thus, after ~10,000 years those genetic risk factors in the Inuit of Canada may be different from
those in survivalist cultures in Central and South America. Similarly, the profile of risk phenotype in those
of European or Asian descent may also be different from those of isolated survivalist cultures. In addition
to pure survival, it is also likely that some of the risk was associated with those undergoing growth and
maturation, while others were associated with reproductive success in the post-puberty age from adoles-
cence and skeletal maturity.

Given the above discussion, one could ask whether all of the genetic risk factors identified are relevant
to all people with obesity, or only some of them in the modern context, and are some directly linked or
indirectly linked via the consequences of obesity in the modern context? This remains to be determined.

However, there may be one important point regarding the >100 genetic risk factors reported that is
different from why they arose, and their impact on the obesity “epidemic” of today’s Western/Developed
societies. That is, they may have arisen to address acute bouts of food insecurity that occur due to seasonal
variation in food shortages, shortages in some foods due to over hunting or poor crop yields some years
with a need for rationing, or even migrating to new locations to improve food security. Thus, having ge-
netic/epigenetic tools to enhance food storage and retain the energy content of foods to successfully get
through shortages may be a very different scenario from development of chronic obesity which may con-
vert the multitude of genetic risk factors into the chronic form with associated acute-to-chronic modifica-
tions which make turning back either difficult or not possible! In other chronic diseases, the development
of a chronic disease or state is often accompanied by epigenetic alterations that can change the landscape
dramatically [17-19].

2. POSSIBLE SOLUTIONS TO THE PROBLEMS ASSOCIATED WITH OBESITY

Many patients consider bariatric surgery to address their obesity [20-23]. Variation in the type of ba-
riatric surgery that is used can depend on the surgeon and the site that the surgery is performed. While the
numbers of patients that qualify for such surgery appears to vary with the country, who pays, and likely in
Canada, the Province of residence. In Alberta, access to bariatric surgery is somewhat limited with esti-
mates of only 1 in 300 potential patients actually receiving the surgery after a prolonged screening period.
Therefore, for patients considering this option, demand likely out paces the resources allocated in the
health care system to make this a readily available option in Canada. This is also a drastic option because
as a consequence it leads to significant alterations in food intake, and the physiologic dynamic and regula-
tory networks regarding food, the gut and the brain.

The good news is that with proper motivation, good nutrition, combined with an appropriate exercise
program (tailored to the individual as not all people will respond to the same protocols; discussed in [24]),
a subset of individuals can both lose weight and keep it off for an extended period of time. This can be very
challenging for most individuals who have chronic obesity, and many finally give up and suffer the conse-
quences. However, the benefits of such an integrated program can be very beneficial for mitigating insulin
resistance and enhancing cardiovascular function, as well as slowing the rate of cognitive decline [25-27].
Combining diet modifications with exercise can not only enhance weight loss, but also contribute to re-

https://doi.org/10.4236/jbise.2021.145017 205 J. Biomedical Science and Engineering


https://doi.org/10.4236/jbise.2021.145017

gaining physiological fitness. In fact, some authors advocate exercise and good nutrition to inhibit the
consequences of obesity even if large losses in weight are not achieved [28]. While “fit but fat” is certainly
not the preferred outcome, it is likely better than not being fit!

In the case of patients with both obesity and knee osteoarthritis (OA), a diet and exercise program
resulting in a 10% weight loss can lead to inhibition of OA progression and a decline in pain, with the lat-
ter also leading to lower use of pain medications. In this era of concern about opioid addiction, this latter
point is an important outcome. Even for those with OA, exercise programs such as the GLA:D program
[29] can provide beneficial results for improving function, lessening pain, and reducing the need for
strong medications (~35% decline in opioid medications and a more than 50% in use in general [30]).
However, not everyone responds to programs such as GLA: D, so individual response patterns may dictate
the need for further assessment of individual-specific exercise programs.

A key component of the success of diet and exercise programs that is often overlooked is the behavior
modifications that are required to maintain the success and contribute to compliance. Thus, telling a pa-
tient with knee or hip osteoarthritis to go away and lose 100 pounds before they can be considered for
surgery without access to the resources required to accomplish such a task is likely futile in many cases.
For some, an acute intervention such as bariatric surgery is the only option. However, while such surgery
is an option for people with insurance and available resources, it is not always an option for many indi-
viduals who may benefit from such surgery.

From the above discussion, it is clear that much effort to date has gone into the “how” to treat indi-
viduals with obesity with the goal of losing weight to prevent development or progression of disease con-
sequences of the obesity. It is also clear that many people are in need of assistance to stem the advance of
this “modern epidemic” and its impact on the health of these people and the ability of health care systems
to deal with it. However, as discussed above, there are several critical questions that need to be addressed if
we are to actually make inroads in this quest to stem the advance of this epidemic. The first subset of ques-
tions relates to how we can: 1) prevent it from continuing; and 2) how to prevent it from occurring in the
first place.

Prevention of obesity development likely can build on and use the knowledge that appropriate exer-
cise protocols and good nutrition can be an effective intervention scheme for a subset of those who have
obesity. However, implementing prevention programs at an early age, such as in elementary schools, youth
athletic programs, and via education vehicles for children and parents may be the most effective integrated
approach. Implementation at an early age should and could promote healthy lifestyles across the lifespan,
likely with continued reinforcement from the education system, governments, and NGOs.

Evidence in support of this perspective has come from some preclinical models. Thus, in an adult rat
diet-induced obesity model (reviewed in [31]), providing a very moderate exercise protocol at the time of
exposure to the high fat, high sucrose (HFS diet) completely prevents the onset of joint damage, and other
sequelae of the diet on muscle changes, insulin resistance, and gut microbiome alterations [32, 33]. Inte-
restingly, providing a prebiotic (oligofructose, inulin) which targets both the gut microbiome and also re-
sults in short chain fatty acids being released from gut microbiota which can subsequently exert a positive
impact on the brain (discussed in [31]), was equally effective as exercise [32, 33]. In contrast, providing the
exercise protocol or the prebiotic after the diet-induced obesity has been established, was only partially
effective in reversing aspects of the metabolic disturbances induced by the diet [33]. Recently, a pilot study
designed to assess the effectiveness of the prebiotic on patients with both knee OA and obesity was in-
itiated, and found to exert effectiveness in some patients [34]. Thus, while prevention is likely the best op-
tion, exercise, nutrition and prebiotics can exert significant impact after the fact.

3. THE CRITICAL ISSUE OF WHY THE OBESITY EPIDEMIC IS HAPPENING

A second subset of critical questions that need solving is related to asking “why” obesity has become
such an epidemic, particularly over the past several decades? Without some serious thought as to the why
so many people are at risk to develop obesity, and the acknowledgement that obesity is a “modern epi-
demic”, the development of rational approaches to identifying solutions to the problem will be a daunting
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task. Certainly, having >100 genetic risk factors plus inheritance of epigenetic modifications leading to
enhanced risk complicates finding a single solution that applies to all.

Furthermore, while obese children/adolescents and adults both appear to respond to fibre diet inter-
ventions similarly (discussed in [34, 35]), it is also likely that becoming obese during maturation and onset
of puberty may impart unique aspects to obesity compared to adults, but details in this regard are still un-
clear [5]. While some obesity-risk may be inherited via epigenetic mechanisms from either parent (dis-
cussed in [15, 36]), whether unique epigenetic mechanisms arise with childhood obesity prior to puberty
or skeletal and physiological maturity, whether there are sex-specific epigenetic changes occurring, and
whether the epigenetic changes occurring as a consequence of childhood obesity differ from those arising
during adult obesity, largely remain the subject of current research.

A key to perhaps better understanding regarding the WHY of the obesity epidemic is to examine the
differences between the modern situation and those that likely contributed to the risks that were acquired
during evolution. As discussed above, this may relate to the survival advantage of having the ability to ad-
dress ACUTE needs for energy storage versus the modern day scenario of CHRONIC or inappropriate
excess food intake (high fat, high sugar, prepared foods) coupled with sedentary behaviour. Therefore, in
preclinical models it could provide insights if one put animals on a high fat-high sugar diet (HFHS) for
various periods of time to assess whether there is a temporal transition point for the conversion from acute
over nutrition to a chronic condition leading to a difficult to reverse obesity. Starting on an HFHS diet for
varying periods of time and then reverting back to a more optimal diet may also allow identification of
associated genetic contributors to the conversion from an acute response to a chronic obesity outcome.

An additional possibility related to the WHY of the modern obesity epidemic is that new chemicals in
the modern environment (Ze. food additives, air pollution, water supplies, synthetic compounds in cloth-
ing, rugs, furniture) are contributing to the increased sensitivity to ancient obesity risk factors via disrup-
tion of metabolic control locally or via brain circuitry, making some individuals more responsive to energy
imbalances and types of food leading to obesity. Certainly, hormone disruptors are known to occur in the
environment [reviewed in 37], and obesity/overweight can also be a consequence of menopause [38]. An
additional recent example from Crillio ef al. [39] who reported that exposure to the environmental chemi-
cal DDT decades prior can lead to multi-generational higher risk for cancer and obesity also supports this
concept of environmental disruptors of metabolism contributing to obesity risk. Thus, it is not beyond the
realm of possibility that a combination of genetic risk and exposure to a metabolic disruptor at a specific
stage of life could accelerate the development of chronic obesity, and potentially impede the non-surgical
responses to address the obesity.

4. THE PATH FORWARD AND CONCLUSIONS

However, a major question still remaining is “why do humans have so many genetic risk factors, and
what is the advantage to the species to invoke epigenetic modifications associated with risk for obesity that
can be passed down to subsequent generations”? What is the purpose of so many genetic variations or risk
factors versus only a few? Certainly, not all individuals have all of these risk factors, so while they are risk
factors in the current context, humans are very heterogeneous in this regard, Thus, the retention of such
genetic risk in the human genome likely means that such risk in today’s environment was not necessarily a
detrimental risk in the past, and actually imparted survival advantage to individuals, possibly due to food
insecurity [40] as discussed above, and for women, an ability to carry offspring to term and supply it with
milk, or other such variables that preceded the dawn of the industrial revolution with its regimented
“breakfast-lunch-dinner” eating, the advent of food security, and a decline in the requirement for physical
labor in the performance of many occupations. The spectrum of genetic factors that we consider obesity
risk factors may have arisen from living in different locations, arisen in different populations with different
diets, and may have arisen longitudinally throughout the evolutionary process over eons and accumulated
as long as they served a purpose. Thus, the holdover of genetic factors and epigenetic mechanisms that
contribute to risk for development of obesity in our changing environment may have contributed to our
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survival during the evolution of Homo sapiens and their predecessors have been retained in modern hu-
mans.

Therefore, the obesity epidemic may be an epidemic of our own making, and rather than medicaliz-
ing it, we should focus on improving our understanding of its fundamental basis. Better understanding of
the why we still have this risk may lead to development of better strategies to mitigate these risks. In this
regard, it is also apparent that not all individuals have all of the genes contributing to risk, and thus, preci-
sion or individualized health analysis may lead to individualized solutions. However, this complexity is
also an opportunity to develop new understanding regarding where humans came from in order to then
translate the information into more healthy individuals, and individuals who will require less reliance on
health care systems.

Thus, it is likely that more detailed investigation of the genetics and epigenetics of multi-generational
families with obesity could provide further clues regarding the molecular basis for obesity. In addition,
such studies should also include representatives from diverse societies (i.e. Asian, African, European, Sur-
vivalist societies from around the world) who have different evolutionary histories, very different diets (Ze.
starch-based, native meat, prepared food), geography (urban, rural, isolated/remote) and activity levels.

Until such long-term goals are achieved, combinations of effective exercise programs, optimized nu-
trition, and prebiotics to address gut microbiome issues are likely the best options for the treatment of
those with early or established obesity and for prevention of obesity development in developed countries.
Even if the optimized nutrition component requires some “trial and error” for specific individuals or those
with specific societal backgrounds, the programs should all contain exercise programs that serve as the
fundamental component of any program as exercise/mobility is central to who we are as a species [24].
However, we should not be content with that short term approach and continue to address the fundamen-
tal basis for the problems using multidisciplinary research efforts. We do not have to know every detail
about a condition in order to problem solve, but in the long run, such detail will be beneficial to develop-
ing precision-focused evidence-based protocols to stem this obesity epidemic and rationally prevent its
continuing. In the interim, prevention is the best strategy, and implementation of exercise programs, pro-
tection of “physical education” in schools, and nutritional education are critical for success. Thus, building
on the success of school-based programs such as Action Schools! BC in British Columbia [41, 42], and
others elsewhere, it should be possible to mount a concerted and effective effort to prevent obesity starting
at an early age. Clearly, mitigating risk is a better approach than trying to reverse risk that has been elabo-
rated as such expression of risk likely changes the “ground rules” for an individual due to the impact of
obesity on multiple physiologic systems.

Finally, in the future it may be possible to reverse some epigenetically modified states using targeted
drug approaches. Thus, being able to eliminate or reverse many such changes associated with the chronic
state of obesity could make the approaches outlined above more effective for those with established obesi-
ty, improve their quality of life, and diminish their risk for other co-morbidities later in life.
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