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Abstract

What can be done to build effective weight loss solutions for the 1.5 billion people with obesity? It
is self-evident that no one good solution exists for people who are overweight or obese, otherwise it
would have been applied across the people who need it worldwide. There is, therefore, an urgent
need for approaches that will afford weight loss; what is more, such approaches need to be scalable.
For that reason, it is attractive to consider electronic platforms as an avenue for scalable weight loss
solutions. Such platforms often do not require substantial investments but rather the integration of
pre-existing off-the-shelf components. In this article we explore the concepts and design challenges
for electronic platforms that precipitate weight loss.
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The urgency to address the obesity epidemic is immediate not only because of the health and
physical costs associated with obesity, but also because of the unprecedented rates of obesity
in children [1].

It is clear that no one good solution exists for obesity [2], otherwise it would have been applied
worldwide across the 1.5 billion people who need it. There is, therefore, a pressing need for
scalable approaches that will afford weight loss. For that reason, electronic platforms are an
attractive avenue for scalable weight loss solutions [3].

This approach is particularly attractive as the last two decades have seen the ubiquitous
deployment of desk-based and hand-held electronic devices [4]. Although these electronic
devices provide opportunities for weight loss solutions, one needs to recognize that
concomitantly, their use has been associated with sedentariness, low energy expenditure and
obesity [5].
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The goal of this article is to explain how electronic platforms can be deployed for successful
weight loss.

Science-based foundation

When considering electronic platforms for weight loss, one needs to identify the conceptual
framework around which such platforms will perform; in this case based upon core
physiological concepts.

Weight loss cannot occur unless a person enters negative energy balance, whereby energy
stores are depleted as a result of energy intake being less than energy expenditure [6]. Thus,
there are three core areas that can be addressed with electronics namely energy intake, energy
expenditure and energy storage [7-9].

Bearing these core principles in mind, the application of electronic platforms for weight loss
can be simplified.

With respect to achieving negative energy balance, electronic devices can be used as sensing
technologies, behavior effectors and integration technologies.

Sensing technologies

A variety of sensing approaches can be used to assess and quantify energy intake, energy
expenditure and energy storage.

Food intake—Food intake can be assessed either prospectively or retrospectively; the former
techniques are more accurate and precise than the latter. However, prospective approaches are
more cumbersome, inconvenient and expensive.

Prospective data collection techniques include: the weighed inventory method, where subjects
weigh all of their food items for 7 days; the preweighed meal method, where a metabolic kitchen
provides subjects with preweighed foods (and measures uneaten food); the premixed liquid
formula method, where a subject receives their total energy needs using formulated feeds; the
duplicate meal technique, where the subject prepares duplicate meals and stores the duplicate
food for analysis; and the standard nonweighed method, where subjects describe the types and
quantities of food eaten, usually in notebooks [10,11].

Retrospective assessments are based upon subjects recalling the foods eaten and so the error
inherent in recalling the nature and quantity of all foods consumed over a specified period of
time is great. Retrospective assessments of dietary intake include: the dietary history method,
whereby subjects recall foods eaten, for example, ‘over the last week’; the 24-h recall method
where subjects recall, ideally with an interviewer, the food eaten on the previous day [12]; and
food frequency assessments, which are invariably conducted using questionnaires [13].
Overall, recall techniques are of limited accuracy and precision as people often cannot
accurately recollect either the types or the quantities of foods and beverages consumed [14,
15].

Finally, there is an additional source of error in assessing food intake because food tables
introduce assessment error compared with chemical analysis, which is the gold standard [16].

Overall, therefore, it can be understood that assessing food intake is problematic. Nonetheless,
novel technologies have been deployed/attempted to help assess food intake.

It was an obvious step to deploy such questionnaires to computers and personal digital assistant
(PDA) devices [17,18], but this does not overcome the inherent inaccuracies of the approach
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[19,20]. Other electronic approaches have been used to quantify food intake, for example, the
use of cell phones to photograph food intake and the use of automated computer-linked
weighing scales [19-21]. These approaches universally do not get over the major hurdles of
assessing food intake, which are correctly identifying the nature of the food, correctly
identifying the quantity consumed of that food, correctly analyzing the nutritional composition
of the food consumed and, finally, ensuring that the data-gathering modality does not interfere
with food intake itself.

Other electronic approaches could be used for food intake sensing, such as barcode-reading
refrigerators [22,23], self-sensing food vending machines [24], weight sensing and photograph-
capturing plates, devices inserted into the mouth to detect chewing and food bolus [25] and
systems for cataloging foods stored and removed from storage cupboards [26-28]. There are
other broader approaches, such as accessing credit cards to determine food purchase patterns
and monitoring a person while attending restaurants [26,29].

Although such new technologies are enticing, there is no evidence to suggest that accuracy and
precision improve. In fact, caution is recommended in deploying such approaches until
validation studies and an assessment of the sustainability of the methodology have been
completed.

Energy expenditure—A person's energy expenditure can be categorized as that associated
with either the basal state (basal metabolic rate), food intake consumption and digestion
(thermic affect of food), or activity (either exercise or nonexercise activity thermogenesis).
Technologies exist for measuring all three components [30], although the emphasis has been
on measuring basal metabolic rate and the energy expenditure of activity because the thermic
affect of food is small and does not vary greatly between different people [31].

Basal metabolic rate is almost invariably measured using indirect calorimetry, whereby either
oxygen intake or carbon dioxide production is measured [30]. The sophistication of the
calorimeters ranges from small, cheap, somewhat insensitive or inaccurate hand-held devices
through to elaborate, highly accurate and highly precise calorimeters. The former are applicable
for broad-based dissemination even to the public and possibly to gyms and offices, for example,
while the latter are generally only applicable to the research setting. Most often, basal metabolic
rate is predicted to within approximately 10% of the actual value using equations and these are
delivered in an electronic format [32].

In the past, daily physical activity has been poorly assessed using questionnaires. The wide
availability of accelerometers (ubiquitously micro—electro—mechanical systems [MEMS]
technology) [33] has enabled daily physical activity to be measured accurately many times per
second for many days [34]. Such devices are revolutionizing the ability of individuals to assess
their own daily activity, daily activity patterns and predicted daily activity energy expenditure.
Not only are these devices available to researchers but models have been built for broad-based
dissemination and self-monitoring. Furthermore, such devices have been integrated into
behavioral reminders and linked to computer-based systems for weight loss.

However, often overlooked are the limitations of deploying such technologies outside of the
laboratory setting. For example, in one study that included 21 people wearing an accelerometer,
443 h of data were lost from a belt-worn triaxial accelerometer due to technical fault, participant
forgetfulness, social stigmatism, unrecordable activity such as swimming, clip breakage,
discomfort and fear of damaging the devices [35]. There are also other important caveats: the
context of the activity is ill defined, attachment is critical, correct orientation is important,
individual validation data are often not obtained, the analysis equations are variable and often
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not validated (certainly in the free-living state) and many activities cannot theoretically be
captured, for example, a belt-worn accelerometer cannot detect arm movement.

Since the 1960s, the doubly labeled water technique has enabled researchers to validate such
approaches for measuring total daily energy expenditure [36,37]. This technique involves the
consumption of stable isotopes of water and the measurement of urine elimination rates.

As a consequence of reasonable predictive equations of basal metabolic rate and valid
equipment for measuring it, as well as the newfound availability of accelerometers plus the
capability of validating the approaches, it has become possible to assess energy expenditure
accurately, principally as basal metabolic rate predicted from an equation coupled to
accelerometer data.

Energy storage—Within the research environment, dual x-ray absorptiometry, MRI and
computed tomography (CT) have enabled body composition to be measured accurately and
precisely [38-40]. With the development of commercial systems for air displacement
plethysmography [41], it has been possible to measure body composition in gyms and offices
quite accurately and precisely. The technique of bioimpedance relies on the notion that body
fat does not contain water and so the electrical resistance of the body coupled to its weight can
enable a determination of fat-free mass-enhanced body composition [42]. Although such
devices are commercially available even for the home, bioimpedance does not provide accurate
and precise information in general for individuals but is an example of a broadly disseminated
technique for measuring body composition.

Finally, there is important literature on the variability associated with individuals self-
measuring their body weight [43,44]. This is not only because of the variable accuracy of
weighing scales but also because people often weigh themselves with different amounts of
clothing at different times of the day and, particularly for premenopausal women, at different
times of the month. Nonetheless, the worldwide availability of inexpensive weighing scales
that can be connected to computers, demonstrates that it is entirely possible to disseminate
worldwide techniques for assessing body composition.

Behavioral effector technologies

Although electronic sensors can be used to assess and measure components of energy balance,
electronic platforms can also be used to impact or change the components of energy balance.

Food intake—Simple electronic effectors of food intake include prompts, for example, to
change food selections and quantities. These can be delivered through electronic means,
namely computers, PDA-like devices and cell phones [22,23]. However, there has been little
evidence that these are effective at impacting food choices. Similar electronic platforms can
be used to prescribe nutritional intake, for example, as daily menus. Devices could potentially
be used to screen shopping [45,46] and make recommendations regarding eating practices as
the eater eats (e.g., using an eye camera either attached to a glasses frame or even implanted
in the skin or mouth) [47,48].

It would be possible to directly create behavioral cue systems, such as an individual receiving
an intra-oral or skin shock when consuming an ill-advised food, or a food container that closes
once a certain amount of food has been eaten [49,50]. However, such endeavors require
intensive ethical scrutiny, just as with electric shock therapy in psychiatric care and invasive
gastric bypass surgery. Although no such device or devices have been formally evaluated to
achieve sustained weight loss, their inclusion in a weight loss system is attractive.
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Similarly, novel approaches could be invented for positive reinforcement for improved food
intake and weight loss [51-53]. For example, an automated fridge detector system identifies
that a family has switched to skimmed milk and increased their fruit use by 20%. As a positive
reinforcer (i.e., reward), the family then receives coupons for a visit to a gym, for example. In
another example, patients were provided with financial incentives for weight loss [53]. Other
such positive reinforcement systems could be invented, tested and validated.

Energy expenditure—There has been tremendous interest and effort expended regarding
the promoting of physical activity. Accelerometers and step counters are widely available and
have been deployed, for example, in people's shoes and on their clothing, to not only measure
but also help modulate physical activity and, thus, energy expenditure [33,54,55]. Gaming has
been widely publicized and studied as a means for promoting activity, whereby the gaming
environment becomes an active one replacing a sedentary one [56]. Games such as Dance
Dance Revolution™ and the Wii™ are examples of activity-promoting gaming and games
associated with proven increases in energy expenditure compared with traditional sedentary
modes [57,58]. Interestingly and importantly, such approaches have yet to be proven to be
associated with sustained and long-term changes in weight loss, although for some individuals
this clearly does occur [59].

There are several other technologies that can be used to promote daily physical activity,
including global positioning system (GPS) activity-promoting systems [60], radiofrequency
tagging of physical spaces and self-sensing exercise machines and play equipment.
Interestingly, such technologies can be targeted for specific populations, such as the elderly
[61,62] or ethnic groups [63].

For example, there has recently been renewed interest in the potential association of brown fat
activation with negative energy balance and possibly with weight loss. Therefore, it would be
theoretically conceivable that an implantable pump, for example, might deliver either genetic
or pharmaceutical materials to activate brown fat (or even change white fat to brown fat), and
thus increase energy expenditure and potentially precipitate weight loss [64]. Such devices
could be integrated into a cell phone and could be activated by either the patient themselves
or their healthcare provider. Any such manipulations would need careful evaluation.

Energy stores—One might think that electronic platforms could not be used to directly
modulate energy stores. However, the aforementioned example argues against this. It is
conceivable that electronic pumps could be inserted into body fat stores to help deplete them
or deliver pharmaceuticals or genetic materials [65-67], impacting the capacity of the
adipocyte to store fat and potentially enhancing the release of stored lipid. Essentially, one
could contemplate portable real-time liposuction devices that directly impact energy stores.

Integration technologies

One of the greatest difficulties in developing and deploying mass-scalable weight loss solutions
— whether they are electronic or not — has been the issue of integration.

In order to design effective integration platforms a crucial physiological notion needs to be
born in mind. It is possible to impact body weight by affecting only a single component of the
energy balance equation. This is because the end variable (or the outcome) of a weight loss
electronic platform is body weight (or body fat). Thus, for example, energy intake could be
modulated using the electronic platform and activity neither sensed nor effected. In such a
scenario, if body weight remained unchanged, the behavioral effector technology could simply
continue to decrease energy intake until weight declined. A similar philosophy can be used
with those approaches focused on energy expenditure (especially physical activity). The issue
regarding increasing physical activity is slightly more complex because increasing physical
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activity is principally important at low levels for helping a patient maintain lost weight [68,
69]. However, when physical activity increases approximately 2000 kcal/week, this is
associated with active weight loss. Such technologies could incorporate this information.

However, the notion of impacting only a single component of the energy balance equation is
ill-advised. For example, a system devoted to decreased dietary intake alone will overlook
potential compensatory changes in energy expenditure. Similarly, a system focused entirely
on physical activity, whereby physical activity is continuously increased until weight loss
occurs, may overlook the fact that food intake could increase in response, so that weight loss
does not occur. Thus, it is recommended that electronic platforms for weight loss are based
upon sound physiological principles, and incorporate both food intake and energetic
modulators.

However, the integration element can be afforded greater complexity than only including
components of energy balance. For example, data suggest that social networking is important
in obesity and so such systems could be integrated into a comprehensive weight loss platform
[70]. Similarly, a broad-based electronic platform could integrate knowledge delivery either
as informationals (e.g., a video stream about cholesterol management or a real-time yoga lesson
streamed to the platform) [71]. Thus, an integrated and widespread electronic platform (Figure
1) affords opportunities beyond adjusting physiological elements to affect weight loss
successfully.

Another advantage of such platforms is that the collective human data can be sieved (e.g.,
favorite activities for a certain age group in a certain region) and also integrated with other
commercial entities, such as credit card database mining [29], in order to determine the type
of bicycle most popular for people with obesity. Another crucial near-term priority will be
integration of such a platform with the medical record [72—76], especially since so many health
variables are obesity-linked: diabetes, hyperlipidemia, cardiovascular disease, sleep disorders,
degenerative arthritis, cancer and hypertension [77]. Overall, the opportunities for integration
are broad once issues such as confidential data transfer and standardized protocols for
identification-protection have been devised and agreed upon.

Noting the variable complexity of integrating the electronic components for a mass-scalable

weight loss solution, a note of caution is important. Without evaluating such systems in both
short- and long-term efficacy trials the efforts will be of little consequence. It will be crucial

for national and international success that carefully conducted studies confirm the veracity of
the system.

Expert commentary & five-year view

The principal weakness in sensing energy balance is the energy intake component. It is now
possible to accurately assess energy expenditure in free living people, and the ability to measure
body weight has become a reasonable surrogate for body composition.

The notion of building electronic devices to precipitate weight loss seems attractive, especially
noting the scope of the problem and the wide availability of electronics. What is interesting is
that the opportunity afforded by the ubiquitous available electronics and a broadening
understanding of the social influences on obesity, electronic platforms will need to deliver
more than energy balance modulation alone. For example, it is entirely feasible, even today,
to incorporate social networking into an energy balance portable electronic device so that a
person trying to increase their physical activity can easily and immediately locate a partner for
tennis or a ‘walking buddy’. Similarly, a person trying to choose effective recipes to help them
reduce fat content can easily browse cookery options on a website streaming to their telephone.
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However, the opportunities for portable electronic platforms are far more sophisticated than
this. For example, a person can participate in remote yoga classes through the internet, can
receive confidential psychological counseling through an electronic webbased counseling
services and can even receive physician evaluation and treatment through electronic
consultation.

It is anticipated that in the near-term, comprehensive, integrated weight loss platforms can be
deployed that not only evaluate energy intake, energy expenditure and energy stores, but will
also be able to manipulate these variables, as well as integrate the user with other social,
educational and therapeutic opportunities.

As systems are developed, it will be necessary to apply stringent efficacy criteria to quantify
and compare success.

With the ubiquitous problem of overweight and obesity across the world, it is important to
consider the worldwide availability of portable electronics. Interestingly, such technologies
and approaches are potentially of value to the very poor. There has been wide-spread
recognition that cell phones, for example, can be used for health promotion in people of low
socioeconomic status, such as crop selling in sub-Saharan Africa [78,79]. It is hoped that
portable electronic devices can be developed, tested and deployed, and that carefully integrated
systems will help end obesity.

Key issues
e 1.5 billion people worldwide are overweight or obese.

e Weight loss cannot occur unless a person enters negative energy balance, whereby
energy stores are depleted as a result of energy intake being less than energy
expenditure.

e There are three core areas that can be addressed with electronics that would allow
for a change in energy balance, namely energy intake, energy expenditure and
energy storage.

e Electronic devices can be used as sensing technologies, behavioral effector
technologies and integration technologies to achieve negative energy balance.

e Itis recommended that all electronic platforms for weight loss are based upon
sound physiological principles and incorporate both food intake and energetic
modulators.

e Electronic platforms for weight loss cannot be the single solution to weight loss.
Assessing covariables, societal factors and other behavioral drivers is mandatory.

¢ Integrated electronic platforms are worthy of research and resource allocation
because it is likely that they may assist with weight loss in a scalable cost-effective
fashion.

¢ In light of the magnitude of the obesity epidemic and the economic climate, cost-
effective, mass—scalable integrated, electronic weight loss solutions must be
urgently developed and tested.
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Figure 1. Design of the technologies to precipitate weight loss
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