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Obesity 

 The World Health Organization (WHO) estimated that in 2008, there were 1.5 

billion overweight adults aged 20 years or older in the world. Of these, approximately 

500 million were also considered to be obese. In a frightening projection, the WHO 

predicts that by 2015 the world population of overweight adults will climb to 2.3 billion, 

with 700 million being obese. This global obesity epidemic has implications in all 

socioeconomic environments, existing in some instances alongside malnutrition and 

poverty in developing nations.15 

 The Center for Disease Control and Prevention (CDC) defines weight classes 

using Body Mass Index (BMI), defined by the formula weight (kg)/ [height (m)2]. By this 

calculation, a person would be considered overweight if their BMI were between 25 and 

29, and obese with a BMI measurement of ≥ 30.15 Further, the World Health 

Organization (WHO) has specified three classes of obesity based on BMI: Obese Class I 

is a BMI measurement between 30 and 34, Class II is between 35 and 40, and Class III is 

≥40.8 As BMI is a raw measure of mass, it does not distinguish between lean mass and fat 

mass, therefore other measures to determine overall risk of obesity have been 

implemented. The CDC also suggests using waist circumference (WC).  Individuals have 

an increased risk for developing obesity-related conditions if they are male with a waist 

circumference ≥ 40 inches, or a female with a waist circumference ≥ 35 inches.6 Another 

measure is the Waist to Hip Ratio (WHR). A 2001 paper in the International Journal of 

Obesity has agreed with previous research on WHR cutoffs by sex. For males, the 

optimal cutoff point is 0.9 and for women 0.8.10 A more thorough measurement, though 

seldom used today, is hydrostatic or underwater weighing which is considered to be the 
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“gold-standard” for determining percent body fat. This form of measurement utilizes the 

Archimedes’ principle of buoyancy, namely by using the knowledge that fat is less dense 

than water and will increase one’s buoyancy, allowing a person to float, while fat-free 

mass has a greater density than water and will decrease one’s buoyancy, making that 

person sink. This method is considered too laborious and risky today, and there are much 

safer and more accurate forms of measurement. The more common and precise 

measurements which calculate percent fat and fat-free mass are Dual-energy X-ray 

absorptiometry (DXA), Bioelectrical Impedance Analysis (BIA), or X-ray computed 

tomography (CT), but these methods are not considered practical for all patients due to 

price and require trained personnel and specialized equipment. Most commonly, a 

patient’s primary care physician will monitor BMI, WC, and WHR as cost is negligible 

when compared to the advanced techniques. 

 Some physicians and scientists consider either WHR or simply WC as a better 

measure of obesity-related risk than BMI because it accounts for fat distribution. Women 

predominantly develop fat around their hips and buttocks forming the classic “pear-

shape” body, while men develop fat around their midsection forming an “apple-shape” 

body—although, there are exceptions and each body shape is by no means gender-

specific. Abdominal fat accumulation is associated with an increased WC or WHR, and 

in most cases abdominal fat can be a major predictor for disease. Those who carry the 

majority of their fat stores around the abdomen are at greater risk for developing 

overweight-related and obesity-related pathologies when compared to an individual with 

the same fat mass but a different distribution.25  
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 The distribution of adipose can also be categorized as either subcutaneous or 

visceral adipose tissue. Subcutaneous adipose, which lies in the hypodermis of the skin, is 

considered benign in terms of its activity because its use is mainly as a storage depot of 

energy in the form of fat. Visceral adipose, in contrast, is a metabolically active 

endocrine organ that has been shown to produce many inflammatory mediators and 

includes fat deposited around the organs, omental fat, and epicardial fat around the 

heart.18 

 Obesity-associated illnesses are severe and often seemingly unrelated, though a 

connection between them can be traced. The most common condition is heart disease, a 

condition that involves the narrowing of coronary blood vessels. A precursor for heart 

disease is typically atherosclerosis, or a buildup of fatty deposits along blood vessel walls 

that can become calcified and rigid from high serum cholesterol and fat levels. When 

calcified, there is a loss in vessel elasticity and an increased rigidity. The increased 

rigidity likely leads to hypertension (high blood pressure), a common condition seen in 

obese populations. Three characteristic metabolic serum markers in obese individuals 

include high levels of serum triglycerides, increased LDL cholesterol levels, and high 

insulin concentration, that together may lead to insulin resistance.  The development of 

insulin resistance is a characteristic symptom in the metabolic syndrome, and often this 

leads to Type 2 Diabetes Mellitus. Overweight and obese individuals may also have an 

increased risk for stroke and certain types of cancers,2 and there is emerging evidence for 

risk of neurodegenerative disorders in obese individuals, including Alzheimer’s disease.21 

 Adipose tissue exists in two classes in mammals: brown adipose tissue (BAT) and 

white adipose tissue (WAT). BAT is mostly found in newborn humans, and uses  
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thermogenesis to regulate body temperature. WAT is the predominant type seen in adults, 

and has traditionally has been thought of as the site of energy storage. The adipose tissue 

consists of adipocytes, macrophages, and various precursor and supportive cells. WAT, 

or more specifically adipocytes, are no longer regarded as simply storage sites but as sites 

of special cytokine manufacture and are thought to be involved in many 

pathophysiological conditions. These cytokines are termed adipocytokines and include 

leptin, adiptonectin, and resistin. The adipose-specific macrophages produce the 

cytokines interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factor (TNF), 

among others.3                                                                                           Figure 113 

 The endocrine activity of adipose tissue 

varies when compared between individuals of 

differing fat mass, allowing organization into 

either lean adipose tissue or obese adipose 

tissue. Figure 1 depicts obese adipose as more 

active in producing inflammatory cytokines 

and adipocytokines. The adipocytes generally 

do not undergo mitosis, but simply enlarge or 

hypertrophy. Under certain conditions, an 

adipocyte will become apoptotic, and the cell 

debris and signals will call in macrophages from the circulation, increasing the 

concentration of resident inflammatory macrophages. There is also a greater production 

of most adipocytokines and cytokines made by obese adipose tissue as compared to lean 

adipose.11 
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 Leptin, the most common adipocytokine, is increased in obese adipose, and is 

involved in the body’s natural satiety signaling pathway. The increase in serum leptin in 

an obese individual can induce a phenomenon known as leptin resistance, a state where 

there is a reduced delivery of leptin across the blood-brain barrier (BBB) to the 

cerebrospinal fluid (CSF) and brain extracellular fluid. Due to the reduction in leptin 

delivery across the BBB, the satiety signal is insufficient. High serum leptin is generally 

considered to be pro-inflammatory in many tissues, and may increase production of 

reactive oxygen species (ROS), interleukin-6 (IL-6), IL-12 by macrophages, as well as 

promote chemotaxis of monocytes which can later differentiate into macrophages. 

Adiponectin is the next most common adipocytokine, and it is downregulated with 

increasing adiposity. Its production is more closely paralleled with muscle mass, though 

it is produced by adipocytes. Adiponectin is considered anti-inflammatory, may decrease 

endothelial adhesion molecule expression, inhibit phagocytosis, and limit production of 

IL-6 among other actions.13 Resistin is made in small quantities in adipocytes, but can 

also be synthesized in muscle cells, the pancreas, and mononuclear cells like 

macrophages.19 It is considered pro-inflammatory and can increase the production of 

TNF, IL-1b, IL-6, IL-12, and NF-kB by macrophages as well as increase upregulation of 

adhesion molecules on vascular endothelial cells.13 

 Although there are several genetic predispositions to obesity, there are ways to 

reduce weight or prevent excessive weight gain. Among these, and often a first (and best) 

resort, is an increase in exercise and a decrease in consumed calories. This method is time 

tested for reducing weight to normal and limiting disease risk, though for a large 

proportion of the population this simply requires too much time and/or effort. Based on 
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the compliance of the patient to a diet plan, a primary care physician may recommend 

pharmacological treatment. Anti-obesity prescription drugs include orlistat, sibutramine, 

and most recently a combination drug phentermine/topiramate. These prescriptions are 

given with the expectation that the patient will also alter diet as to consume less calories, 

fats, and added sugars. A last resort treatment is surgery, although this approach is 

considered only for patients who have BMI’s >35. The surgery is typically done to either 

secure an adjustable band around the stomach, or to bypass certain parts of the small 

intestine. Whichever route a patient chooses to take, it’s the reduction in fat mass that 

will decrease the likelihood of developing the comorbidities of obesity.25 

 

Alzheimer’s Disease 

 Alzheimer’s disease (AD) is the most common of the neurodegenerative disorders 

and the leading cause of dementias in those older than 60, affecting an estimated 5 

million Americans4 and over 26 million people worldwide.5 The number of those affected 

is directly correlated with increasing age. Approximately 1-3% of those in their 60’s, 3-

12% of those from 70-84 years of age, and up to 35% of those 85 and older present at 

minimum the mild form of the disease.29 In a 2007 study led by the Johns Hopkins’ 

Bloomberg School of Public Health, researchers deduced that the global population of 

AD afflicted patients will expand to more than 106 million by year 2050. Accounting for 

population inflation, this equates to 1 in 85 persons developing AD. This trend can be 

attributed to the relatively substantial increase in life expectancy, though it is thought that 

other factors may be at play.4 Diagnosis of dementia, the central symptom of AD, begins 

with the identification of the early signs of dementia as classified by the Diagnostic and 
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Statistical Manual of Mental Disorders fourth edition text revision (DSM-IV-TR).11 AD 

is diagnosed by the criteria established by the National Institute of Neurological and 

Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders 

Association (NINCDS–ADRDA), indicating either a possible, probable, or definite 

presence of the disease based on the severity of dementia. Recently, Medicare has begun 

covering positron emission tomography (PET), a type of functional brain imaging, to rule 

out frontotemporal dementia. Structural imaging such as magnetic resonance imaging 

(MRI) and computed tomography (CT) as well as functional imaging like PET and 

functional MRI (fMRI) are often used to rule out other causes of symptoms associated 

with AD and dementia.24 

 The disease begins as seemingly minor impairments in short term memory, often 

involving small everyday tasks such as forgetfulness in remembering novel names or 

recalling recent discussions. These minor impairments, however, slowly advance to 

severe dementia impacting many cognitive and behavioral realms of the central nervous 

system (CNS). In mild to moderate forms of the disease, language deterioration becomes 

apparent, simple skills such as writing a check or using the toilet may require assistance, 

or the patient may become lost on a familiar route. In the later stages of the disease, 

patients cannot remember the current time and place, show a significant decline in 

language, and usually present with a slowed motor finesse. Once diagnosed by the 

standards established by the NINCDS–ADRDA, the patient has a life expectancy of 

approximately 9 years, after which respiratory complications such as infection ultimately 

claim the life.5 
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 Histologically, the signs of AD include neuronal cell death, intracellular 

neurofibrillary tangles, and extracellular massing of amyloid β (Aβ) fibrils called senile 

plaques. The neurofibrillary tangles and senile plaques are said to work in tandem 

because they both evoke an inflammatory response leading to neuronal cell or axonal 

death.23 The evidence for senile plaques as a critical component of the disease is 

reinforced with the Down’s Syndrome model. Trisomy 21, or Down’s Syndrome, is a 

condition in which a person has 3 copies of chromosome 21. Chromosome 21 carries 

genes that code for the amyloid precursor protein (APP), and it is common to see AD-like 

symptoms develop by mid-life. Mouse models expressing similar levels of senile plaques 

as seen in AD patients show comparable cognitive impairments, however it has long been 

known that amount of amyloid deposition does not solely predict the degree of dementia.4 

 Two proteases, β and γ secretase, liberate Aβ extracellularly from APP. β-

secretase cleaves off a β-APP fragment from the transmembrane APP protein, after which 

γ-secretase can cleave the remaining portion of the APP protein to yield one Aβ fibril. 

There are many forms of the Aβ protein, of which the 40-amino acid Aβ1-40 and the 42-

amino acid Aβ1-42 are the most common in AD and are considered neurotoxic. The Aβ 

protein is found in low concentrations as a normal element of the body’s fluids, and this 

common soluble form is often referred to as sAβ.28 Aβ1-42, the longer of the isoforms, is 

said to be more fibrillogenic, or more likely to deposit as plaques in the brain 

parenchyma. Amyloid deposits contain not only Aβ1-42, but also its precursor A17-42 as 

well as Aβ1-40. It is thought that Aβ can be derived from sAβ, and therefore it may 

exacerbate plaque formation.26 The intracellular neurofibrillary tangles are collections of 

free cytoplasmic helicoidal hyperphosphorylated Tau proteins. Tau is thought to bind to 
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microtubules in neurons to help stabilize their structures, and in AD Tau tagged with 

ubiquitin aggregates disallowing stabilization of the central architecture of the neurons.5 

 APP overexpression is only slightly correlated with a decrease in cognition, so the 

evidence for senile plaques and neurofibrillary tangles as causative elements in AD is 

weak. Apart from the neurotoxic consequence of Aβ1-40 and Aβ1-42, Aβ might induce 

inflammation by activating microglial cells and astrocytes. Once microglia are activated, 

they release into their immediate environment many potent inflammatory mediators. 

These mediators are most notably interleukin-1 (IL-1), interleukin-6 (IL-6), tumor 

necrosis factor alpha (TNF- α), reactive oxygen species (ROS), macrophage colony 

stimulating factor (M-CSF), transforming growth factor (TGF), free radical species, and 

nitric oxide (NO), all of which lead to neuronal dysfunction or death.5  

 Microglia form around 10% of the cells of the nervous system, and serve as 

supporter cells to neurons or neurites in both the gray matter containing neuronal cell 

bodies and the white matter containing the myelinated axons. These cells also serve as 

the brain’s first line of defense in the event of pathogenesis or injury. It is thought that in 

many neurodegenerative diseases, stroke, or traumatic brain injuries, microglia are 

activated and adopt a macrophage-like phenotype to remove debris of dead or dying 

tissues. An activated microglial cell will upregulate both complement receptors and major 

histocompatibility complex (MHC).5 The resting microglial cells in the grey matter 

typically do not express MHC-II until activated, whereas the resting microglial cells in 

the white matter constitutively express MHC-II. Of the Aβ deposits in the AD brain, 

activated microglia are seen where there are neuritic plaques with a dense Aβ core. Other 

plaques that lack a core do not show activated microglia in their vicinity.9 
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 The activation of microglia by senile plaques followed by the production of 

inflammatory mediators is truly a vicious circle. Once an adequate Aβ fibrillary plaque 

with a solid Aβ core is deposited, microglia become activated. The microglia then 

produce IL-1 among other factors in response, inducing formation of more Aβ by the 

neurons, which produces more APP. The IL-1 activates astrocytes, and the astrocytes 

both help aid in the production of more APP depending on the circulating apolipoprotein 

E4, or through unknown mechanisms help cleave more fibrillar Aβ.5 The migroglia, as 

well as the activated astrocytes, will produce many other factors which will induce 

neuronal cell death. 

 There are many pharmaceutical targets for treatments and therapies in AD. Using 

antiamyloid therapies in animals, researchers were able to reduce the pathological 

implications of the disease. However, human clinical trials using this treatment were 

halted when 6% of the patients developed encephalitis. Of the patients who developed 

antibodies to the neurotoxic Aβ, there was a slowing progression of the disease.23 The 

two enzymes which cleave the APP protein, β-secretase which exposes the cleavage site 

for Aβ, then β γ-secretase which cleaves Aβ from the membrane bound protein, are active 

drug targets. Memantine is a drug currently approved by the FDA for the treatment of 

moderate to severe AD. It is thought to intervene with glutamatergic  cytotoxicity or may 

increase functioning of hippocampal neurons. Cholinesterase inhibitors are considered a 

first line of treatment, and the four most commonly prescribed are donepezil, 

rivastigmine, galantamine, and tacrine, however tacrine is rarely used because of its 

hepatotoxic side-effects. Often the patient will develop psychological distress and may 

fall into psychosis, so often antipsychotics or mood-stabilizers are given in severe 
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dementia patients. Carbamezapine is considered to be the most commonly prescribed due 

to its price and availability.24  

 There is no cure for Alzheimer’s disease, but with treatment and palliative care 

there is the possibility of slowing the progression of the disease and lessening the 

symptoms. There is much research interest in the molecular basis of Alzheimer’s disease, 

and with such interest comes new drug targets and therapies. As research begins to 

understand more about this devastating disease, more promising and faster acting 

interventions may be anticipated.   

 

Obesity and Alzheimer’s Disease 

 There is recent data from various clinical studies and meta-analyses suggesting a 

negative correlation between adiposity and cognitive function, that is to say that an 

increase in adiposity will decrease cognitive function and vice versa.12 As evidenced by 

the vascular abnormalities seen in the coronary and peripheral vessels of an obese 

individual, it is plausible to consider that the central nervous system (CNS) vasculature 

will also develop abnormalities. Obesity precedes insulin resistance, a state where the 

body has a delayed or decreased response to insulin as well as an inability to transport 

sufficient insulin across the blood brain barrier (BBB) to maintain neuronal plasticity.20,17  

 Levels of the hormone leptin, an adipocyte-specific hormone, are directly 

correlated with fat mass. As seen with insulin, obese individuals develop leptin resistance 

where there is an inappropriate or lack of response to the hormone. Despite the 

hypersecretion of leptin in obese individuals, there are lower than normal levels of leptin 

in the cerebrospinal fluid (CSF) and the brain extracellular fluid. Leptin receptors are 
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present throughout the brain, including such areas as the hippocampus and the olfactory 

bulb. In a series of repeat experiments, researchers found that supplementing the CSF 

with leptin improved cognitive function in mice and decreases the accumulation of Aβ 

plaques.14 The mechanism is thought to include downstream effects on adenosine 

monophosphate-activated protein kinase (AMPK), which has a role in the balance of both 

anabolic and catabolic processes determining cell plasticity and fate under stress like 

increased inflammation.22 

 Aside from these hormone driven responses of the CNS, there is evidence of an 

inflammatory response with obesity. Microglial cells have various functions in the brain, 

one of which is to serve as the primary antigen presenting cell in the CNS. Microglia 

respond to tumor necrosis factor (TNF)-α by expressing major histocompatibility 

complex (MHC)-II and to interferon (IFN)- γ by expressing MHC-I. In both responses, 

the migroglia will also express costimulatory molecules. Astrocytes will also express 

these MHC molecules, though because they do not coexpress the costimulatory 

molecules, they can only present antigens to memory T cells and not naïve T cells. When 

a microglial cell becomes activated, it recruits astrocytes by releasing acute-phase 

proteins such as the complement system components and through cytokines like TNF- α. 

The responding astrocytes will release other complement proteins as well as cytokines 

including IL-6.16 

 Histologically, microglial cells associated with Aβ plaques display a 

tremendously increased expression of the inflammatory markers MHC-I and II, and also 

receptors for additional cytokines and compounds. An absence of immunoglobulins that 
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recognize the Aβ plaques and the absence of adhesion molecules on the endothelial cells 

of the brain blood vessels indicate that this is not the classic inflammatory process.16 

 Aβ plaque deposition is thought to be the primary instigator in the development of 

AD, with inflammation as a secondary response. The complement system has essentially 

the same roles in the brain as it does in the systemic body, including opsinization, 

chemotaxis, and cell lysis, though through a different mechanism. In the classical 

complement pathway, the proteins of C1q bind to immunoglobulins, however the 

immunoglobulin presence is essentially null in the brain. It is therefore crucial in the 

initiation of the complement pathway for C1q to bind to and activate from some other 

protein, and Aβ1-16 can do just this with high affinity for C1q. Many believe that this is 

the initiator in microglial activation in the AD brain.16 

 Glial cells also express many enzymes in response to an inflammatory insult; 

Cyclo-oxygenase (COX) enzymes 1 and 2 synthesize many inflammatory mediators such 

as prostaglandins. COX-1 is generally constitutively produced, while COX-2 is mitogen 

activated. COX-2 mRNA expression rises in response to many factors, namely IL-1 and 

TNF- α, so the enzyme is often thought of as the “pathological enzyme.” Many studies 

have found that COX-2 levels are rapidly increased in response to brain injury in neurons 

and neuroglia. COX-2 may synthesize, among the larger inflammatory mediators, 

reactive oxygen species that weaken membranes, proteins, and DNA.16  

 In patients with Alzheimer’s disease who are also obese, measures should be 

taken to challenge the weight and also alleviate the symptoms associated with AD. For 

weight, diet, exercise, medication, and in extreme cases surgery may all help to reduce 

the burden. For AD, palliative care and any number of medications may be used to 
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comfort the patient and treat symptoms. Based on the ideas presented, it is not 

unreasonable to believe that obesity may contribute to the development of AD, therefore 

steps should be taken to prevent the development. If indeed obesity is the instigator, 

maintaining or achieving a healthy weight through diet and exercise early in life is 

imperative to reduce one’s risks of developing the neurodegenerative disorder.  

Conclusions 

 Adipose tissue is no longer considered benign, or simply a storage site for energy. 

The endocrine reality of adipose is being realized, and many groups around the world are 

studying its effects in the body every day. The idea that obesity, a state of chronic 

inflammation, can exacerbate the development and response to the physiological 

characteristics of Alzheimer’s disease is beginning to carry heavy weight. This is in part 

due to the the hypothesis that there’s an inflammatory link between obesity and AD can 

incorporate the different ideas of initiation and propagation of AD and provides the 

inflammatory aspect needed to supply a more complete picture of the pathogenesis of 

AD. If indeed obesity can initiate the development of AD, we may be able to move 

beyond treatment of the disease and focus on prevention by promoting a healthy body 

weight and diet.  

 The data seem to hint that high fat mass is correlated to an increase in 

adipocytokine secretion, and the adipocytokines are crossing the blood-brain barrier 

where they are able to activate microglia near areas with dense Aβ plaques. Once 

microglia are activated, they recruit astrocytes and the two cell types begin a chronic 

inflammatory response in the brain. Leptin and insulin are both important in neuronal 

plasticity, and obesity seems to induce the development of resistance to these signals, 
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both in a body tissue response as well as transport into the cerebrospinal fluid. By 

decreasing fat mass, patients may be able to decrease their secretion of leptin, which 

could lead to renewed sensitivity again to insulin and leptin, which may be able to 

decrease the activity of adipose-associated macrophages or decrease their numbers 

altogether. By lowering fat mass, there would be a decrease in the incidence of obesity-

related conditions such as hypertension and dislipidemia, which could decrease the 

likelihood of activating microglia and causing an inflammatory process in the CNS. 

 In conclusion, there is evidence that both obesity and AD have inflammatory 

elements, which lead to some of the devastating effects associated with these conditions. 

It seems likely that there is some overlap associated with many inflammatory processes 

and that time and money should be invested toward some understanding of the link 

between these growing disease states. If, or likely when, an inflammatory link is 

discovered, this could lead to a greater understanding of the mechanisms underlying these 

disease processes as well as new preventative and therapeutic targets. 
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