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PERSPECTIVES

Of Girths and Brains
X M. Castillo, Editor-in-Chief

It is now official: We Americans are no longer the heaviest in the

Western World. This ignominious claim belongs south of the

border, to Mexico. The obesity rate of Mexicans (32.8%) has now

surpassed that of Americans (31.8%). However, that is just obe-

sity; if you take all of those who are overweight, the rate goes up to

70%. Mexican child obesity has tripled in the last 10 years, and

though a difficult concept to grasp, many obese individuals are

also malnourished. Eating junk food makes one fatter but does

not provide the necessary nutrients to be healthy. This weight gain

trend is reflected throughout Latin America and other parts of the

developing world. Lack of education and a desire to imitate the

United States have led to this global problem, and now, being

overweight far outstrips being underweight throughout the entire

world (a landmark change in humanity that occurred in 2000).1

In Nauru and the Cook and Marshall Islands, obesity rates have

reached 71%, 64%, and 46%, respectively, the highest rates world-

wide.2 High ingestion of fried foods is probably the main culinary

culprit, but Mexicans are also the highest consumers of sugary soft

drinks in our hemisphere: 43 gallons (163 L) per person per year.

Very soon, the world will have more than 900 million obese indi-

viduals. Obesity predominantly affects our 2 largest “minorities”:

Hispanics and African Americans; and despite what some reports

say, their obesity rates have not changed significantly in the last

few years.3 Because Hispanics and African Americans will soon

together account for most of our population, it is very disturbing

that by 2048, the entire US population will be obese if we do not

stop this trend!

Apart from probably being unable to fit these patients into our

MR imaging and CT units, neuroradiologists will become very

involved in their care. Two of the most common obesity-related

disorders are stroke and diabetes, with all of their neurologic com-

plications.4 The current rate of stroke in the general population is

about 0.5% per year, while in diabetics, it reaches 1.2% per year.

In patients with diabetes, the risk of stroke increases with age,

heart disease, previous stroke, smoking, and—not surprisingly—

waist circumference. Of course, even without diabetes, stroke is

more common in Hispanics and African Americans. Because the

older population in the United States will increase from 13% to

19% and Hispanics, from 14% to 19% by 2025, stroke will become

even more prevalent (the African American population will expe-

rience no significant growth and is expected to remain at the cur-

rent 13% until about 2050).5

The cost of caring for patients with obesity is staggering. Cur-

rently, more than US $190 billion is spent on it every year (21% of

all annual medical spending in the United States), and even if

obesity rates remained stable, that cost will increase to $550 bil-

lion by 2030. About $14 billion is spent every year caring for obese

children. Disease due to obesity costs businesses about $5 billion

in absenteeism every year. While Mexico is also a big country, its

gross national product is only 13% of ours, so it faces a consider-

able challenge dealing with its obesity problem.

Although the main impetus for eating is a negative energy

balance, many other nonhomeostatic factors, such as attractive-

ness of food, time and season (we tend to eat more during winter),

and emotion (we eat more when sad or depressed), all affect our

intake. An interesting observation is that these nonhomeostatic

factors are so strong that they generally override the homeostatic

ones.6 Different brain regions are involved for each of these mech-

anisms. The hypothalamus, parabrachial nucleus,* and the nu-

cleus of the tractus solitarius are all in charge of the homeostatic

mechanisms. Various cortical locations, the amygdalae, ventral

striata, hippocampi, and the substantia nigra, are in charge of the

nonhomeostatic mechanisms and have complex connections

with those in charge of homeostatic control. fMRI can identify

activity in all of these regions. In one experiment, levels of peptide

YY (PYY) in the bowel were manipulated and its effect was ob-

served by fMRI. PYY activates vagal nerve afferents that activate

homeostatic mechanisms and result in a reduction of food intake.

fMRI is capable of showing that the homeostatic circuit is acti-

vated when the levels of PYY are manipulated. Another substance,

leptin, a food-intake-reducing hormone, also results in brain

changes measurable with fMRI. In a leptin-deficient state, indi-

viduals show activation of parts of the nonhomeostatic circuit and

their desire for food increases, but when given leptin, the desire

for food goes away, meaning the homeostatic mechanisms return.

There are 2 types of thin individuals: those who do not gain

weight (obesity-resistant) and those who do (obesity-prone).6

Overfeeding significantly attenuates fMRI activation in the visual

cortex of obesity-resistant individuals compared with obesity-

prone ones, meaning that signals that operate to reduce food re-

wards and thus reduce intake in lean individuals are not present in

those prone to gain weight. The practical applications of these

observations are not certain, but manipulation of their function

by medications or even brain stimulation/ablation could be pos-

sible in the future as a means of curing obesity.

Can obesity be inherited? Those who argue against this notion

claim that altering our genes takes many generations and that the

obesity epidemic is a fairly recent phenomenon; therefore, not

enough time has gone by to change our genes. Those in favor state

that the development of “energy-thrifty genes” occurred when

humans had less food, and now that we have an abundance of it,

these genes favor the storage of fat and make us gain weight. Stud-

ies show that genetic factors may be responsible for 50%– 80% of

weight variations.7 About 5% of cases of obesity are monogenic—

that is, caused by single gene defects (11 different genes identified

http://dx.doi.org/10.3174/ajnr.A4156

* The parabrachial nucleus complex (unknown to many neuroradiologists) is lo-
cated at the junction of the midbrain and pons at the level of the superior cere-
bellar peduncle and is involved in the transmission of gustatory impulses.
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so far). In polygenic obesity, more than 100 candidate genes have

been identified. Genome-wide association studies have consis-

tently pointed to the FTO gene as being a main culprit in obesity,

and because it is a highly conserved gene, it is passed to subse-

quent generations. This gene leads to production of a protein that

is predominantly expressed in the hypothalamus, so its absence

may lead to the nonhomeostatic circuit overriding the homeo-

static one. FTO gene polymorphism results in increased food in-

take in children and loss of control over eating, and FTO poly-

morphism carriers do not respond well to diets. What is more,

FTO is also associated with diabetes independent of weight.

The second most common gene to be associated with obesity is

called transmembrane protein 18. The polymorphism of this gene

leads to weight gain and increased waist circumference and, even

when adjusted for weight, also carries a higher risk of diabetes.

Deletion of the SH2B adaptor protein (located in 16p11.2) leads to

resistance to leptin and obesity and, once more, insulin resistance.

Again, this gene is expressed in the hypothalamus and is capable of

overriding homeostatic mechanisms. Neuronal growth regulator 1

(1p31.1) is also highly expressed in the brain, and when absent,

weight gain, larger circumference, and diabetes ensue. Both of

these latter genes also modulate the growth of adipose cells. The

hypothalamus produces something called an agouti-related pep-

tide, which is an antagonist of the melanocortin-4 receptor, which,

if activated, decreases food intake. Homeostatic mechanisms in

the hypothalamus block these receptors, increasing food intake,

and if the gene that encodes for them is deficient and the receptors

absent, satiety does not occur, leading to extreme eating, decline

in energy use, and obesity.

Obese children may also have a genetic defect that makes them

eat more carbohydrates. Animal studies show that mothers fed a

long-standing high-fat diet produce offspring who demonstrate

increased adiposity, glucose intolerance, and altered brain appe-

tite regulators.8 Even in the face of only mild maternal overnutri-

tion, these traits persist. It is hoped that knowledge of these gene

defects will lead to personalized weight management and predic-

tion of obesity and even perhaps gene manipulation in individuals

at risk and that the effects of drugs may be monitored with fMRI.

However, as always, things are not that easy, and epigenetic fac-

tors may further alter the functions of these genes. Ingestion of

monounsaturated fats changes the way many of these genes act.

So, do these genes change us or do we change these genes? Maybe

both.

Once obesity is established, even in absence of diabetes, it in-

creases arterial disease such as atherosclerosis. In one study, chil-

dren with risk factors that included obesity had increased athero-

sclerosis progression in adulthood.9 Because 4%– 6% of all US

children are obese, the neurologic implications of these findings

are important. Unfortunately, there is no easy fix because lifestyle

modifications, behavior treatments, and even medications are

only minimally effective and most participants remain obese after

completion of these treatments.10 In obese children, the carotid

arteries become thicker and stiff, and plasma markers of endothe-

lial activation and injury are high. As the arteries stiffen, they

cannot dilate to accommodate increased flow and the brain may

not get enough blood when higher demand is in order.

Low back pain, the most common indication for lumbar spine

MR imaging studies, is also correlated with weight. In one study in

which participants were followed for 11 years, low back pain was

either present at the beginning or developed during the study

independent of other factors such as education, physical activity,

and smoking.11 Neurosurgeons know that physical therapy and

surgery commonly fail when the lumbar spine of obese patients is

operated on. Infections and re-operation rates are also higher in

the obese.

A newly recognized and significant risk factor for back pain in

the obese is metabolic syndrome. Metabolic syndrome is associ-

ated with a special type of weight: a large waistline (individuals

with excess fat in their abdomen but relatively little elsewhere).

Other conditions associated with it are diabetes, high blood pres-

sure, and high lipids. Overall, this syndrome is present in up to

20% of the adult US population and is highest in Hispanics. The

prevalence of the syndrome is about 5% in those with a normal

weight, nearly 60% in the obese, and nearly 39% in those with low

back pain.12,13 Tumor necrosis factor-� (TNF-�) is produced by

individuals with the metabolic syndrome and is known to cause

low back pain; when it is blocked, the pain disappears. Further-

more, aortic atherosclerosis associated with metabolic syndrome

has been linked to degenerative disk disease and low back pain.

The syndrome is also known to cause silent cerebral infarctions.

It is interesting that some investigators postulate that meta-

bolic syndrome originates in the brain due to alterations in our

circadian clocks. Normally, during sleep, our brain prepares our

body for the next day’s physical activity, but in modern life in

which physical activity is minimal, this mechanism has been dis-

rupted. The hypothalamus releases hormones and alters the func-

tion of the autonomic nervous system, resulting in changes in

blood pressure, insulin, abdominal fat breakdown, and glucose

uptake, but all of these activities are no longer needed as we sit at

our desks all day long. The more abdominal fat we have, the

greater the amount of adipokines we produce. Adipokines are

cell-signaling proteins secreted by fatty tissues that have immu-

nomodulating capacities, TNF-� being one of the most important

ones. Additionally, adipose tissues produce hormones (called ad-

ipose-derived hormones), and their production becomes abnor-

mal in patients with metabolic syndrome. One of these hormones

is leptin, which as we saw above, can affect food intake. Obese

individuals produce too much leptin, but instead of decreasing

hunger, their brains become resistant to leptin and they just eat

more.

There is a popular belief that up until the 1900s, fat was seen as

attractive, that in women it signified health and the ability to have

babies, while in men, it meant prosperity. Newer research shows

that most pre-Victorians and others before were thin, and their

diets, nutritious.14 They ate many fruits and vegetables (mostly

organic) and fiber, a diet akin to what we now call Mediterranean

eating. No, they were not malnourished characters from a Dick-

ens novel. They were actually healthy, and their physical activity is

said to have been 3– 4 times as much as ours.15 Recent evidence

suggests that back then, life expectancy was not much different

from now, the incidence of degenerative disease was 10% of ours,

and cancer was basically nonexistent (of course, infections were

rampant and childbirth fatalities and accidents were common).

By the mid-Victorian times, diet and health had deteriorated sig-
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nificantly (cheap sugar, salted meats, and vegetable oils are just 3

popular products from the Agricultural Revolution responsible

for obesity). The year 1900 was probably the last time we were a

lean human race. Coming back to where I started, obesity was

basically unknown in pre-Columbian Mesoamerica where the

diet was gluten-free, low-carb, nutrient attenuated, and high in

protein and fiber. Unfortunately, it is now in Mesoamerica where

obesity is more prominent.

NB: For those who are interested in this topic, this is a very nice

article: Caballero B. The global epidemic of obesity: an overview.
Epidemiol Rev 2007;29:1–5
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