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Statistics

According to the World Health 
Organization, more than 60% of the global 
disease burden will be attributed to chronic 
disorders associated with obesity by 2020. 
In the US, the prevalence of obesity has 
doubled in adults and tripled in children 
during the past three decades. 
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Obesity and Inflammation

Obesity is now recognized as a state of 
chronic low-grade inflammation, 
characterized by an increase in systemic 
acute phase proteins [C-reactive protein 
(CRP) and serum amyloid

 
A (SAA)] and 

obesity-related inflammatory markers 
such as interleukin (IL)-6 and IL-1. 

BJOG 2006



Origin of Inflammation

Part of the systemic inflammation 
originates from adipose tissue, in 
which inflammatory cells, mainly 
macrophages, accumulate and 
create local inflammation. 

J Clin
 

Invest 2003 & Diabetes 2005



Adipose-derived inflammatory factors

Produced by enlarged adipocytes
 

and/or by 
adipose tissue macrophages are elevated 
in the serum of obese subjects and are 
thought to contribute to metabolic and 
vascular complications, including insulin 
resistance, atherosclerosis, and liver 
diseases. 

Curr

 
Opin

 
Lipidol

 
2010



Gut integrity and Obesity

Obesity and its metabolic complications are 
major health problems in the United States 
and worldwide, and increasing evidence 
implicates the microbiota in these 
important health issues. 
It appears that the microbiota function 
much like a metabolic "organ," influencing 
nutrient acquisition, energy homeostasis, 
and, ultimately, the control of body weight.

JPEN J Parenter

 

Enteral

 

Nutr. 2011



Gut Peptides

Recently it has been shown that a gut 
microbiota-derived lipopolysaccharide (LPS) 
(and metabolic endotoxemia) as a factor 
involved in the onset and progression of 
inflammation and metabolic diseases.
It has been discovered that there is a link 
between the gut microbiota, endocannabinoid
system tone, leptin resistance, gut peptides 
(glucagon-like peptide-1 and -2), and 
metabolic features. Gut Microbes. 2012



Mast Cells and Obesity

Mast cells are critical effectors in the development of allergic
diseases and in many immunoglobulin E-mediated immune 
responses. 
These cells exert their physiological and pathological activities by 
releasing granules containing histamine, cytokines, chemokines, 
and proteases, including mast cell-specific chymase and tryptase.
Similar to macrophages and T lymphocytes, mast cells are 
inflammatory cells, and they participate in the pathogenesis of 
inflammatory diseases such as cardiovascular complications and 
metabolic disorders. 
Recent observations suggested that mast cells are involved in 
insulin resistance and type 2 diabetes. 

Biochim

 

Biophys

 

Acta. 2012



Cytokines and Chemokines

These products have been shown to be 
elevated in obese subjects and have been 
implicated in the pathogenesis of 
inflammatory diseases, such as asthma, 
inflammatory processes in the vascular 
wall, and an increased risk of coronary 
artery disease and/or tumor development. 
Trends Immunol

 
2004, Int

 
J Biochem

 
Cell Biol

 2004, Carcinogenesis 2009, Clin
 

Sci
 

2009, J Investig
 Allergol

 
Clin

 
Immunol

 
2008 & Arterioscler

 Thromb
 

Vasc
 

Biol
 

2008.



Gastric surgery

Is known to reduce serum VEGF and 
MCP-1 concentrations. 
Serum eotaxin

 
decreased after diet-

 induced weight reduction, whereas other 
factors, such as IL-10 or IL-8, were found 
to be less affected. 
J Clin

 
Endocrinol

 
Metab

 
2008, Int

 
J Obes

 
2005, Obes

 
Surg

 
2006, 

J Clin
 

Endocrinol
 

Metab
 

2006, J Clin
 

Endocrinol
 

Metab
 

2005 & 
Eur

 
J Endocrinol

 
2003.



Omega –
 

3 vs
 

Omega -
 

6

Modifications of polyunsaturated and 
unsaturated fats or ratios of ω-3 
(n−3) to ω-6 (n−6) essential fatty 
acids were proved to directly 
participate in systemic and adipose 
tissue inflammation. Biochem

 
Biophys

 
Res 

Commun
 

2007, Nat Rev Endocrinol
 

2010 & Diabetes 
2009.



Adipose Tissue and Immunity

It has been established that adipose tissue in 
obese subjects is infiltrated by immune cells 
able to produce cytokines. 
Increased secretion of several cytokines and 
chemokines, such as MCP-1, IL-10, 
RANTES, or IL-8, by human adipose tissue 
has been reported in obesity. 

Diabetes 2005, J Clin
 

Endocrinol
 

Metab
 

2005 & Obesity 2009



Gene Expression

Researchers have shown that 
decreased pro-inflammatory 
gene expression in adipose 
tissue is significantly associated 
with weight loss. FASEB J 2004, Am J 
Physiol

 
Endocrinol

 
Metab

 
2006 & Am J Clin

 
Nutr

 
2010.



Obesity and Diabetes Mellitus

As previously observed in 
populations of patients undergoing 
gastric surgery, 35% of the 
severely obese participants were 
categorized as having type 2 
diabetes. Obesity 2006



Insulin resistance and Cytokines

Research shows that markers of chronic 
inflammation, such as proinflammatory

 cytokines [interleukin 6 (IL-6) and tumor 
necrosis factor α (TNF-α)] and the 
acute-phase reactant C-reactive protein 
(CRP), play a direct role in the etiology 
of atherosclerosis and insulin resistance. 
Blood1993 & Ann N Y Acad

 
Sci

 
2001.



Insulin and Magnesium

Research results provide significant evidence 
that oral Mg supplementation improves 
insulin sensitivity even in 
normomagnesemic, overweight, non-

 diabetic subjects emphasizing the need for 
an early optimization of Mg status to 
prevent insulin resistance and subsequently 
type 2 diabetes.

Diabetes Obes Metab. 2011 March



Insulin and Vitamin D

Low vitamin D levels have been correlated with insulin 
resistance. J Pediatr Endocrinol Metab. 2011

Vitamin D not only facilitates the biosynthetic capacity of 
ß cells but also accelerates the conversion of proinsulin to 
insulin. J Endocrinol 1999

Vitamin D supplementation has been reported to improve 
insulin secretion in vitamin D–deficient and nondiabetic
subjects and in patients with type 2 diabetes. Diabetologia
1986 and Bone Miner 1986

Research suggests that vitamin D deficiency affects ß cell 
function and that vitamin D supplementation improves ß
cell function.



Vitamin D and Magnesium Relationship

Vitamin D may increase the gastrointestinal 
absorption of magnesium and increase the 
transport of magnesium from extra- to 
intracellular space. J. Nutrition

Magnesium is required for the hepatic 25-
hydroxylation of vitamin D.  AJCN



Exercise and Inflammation

In observational studies, persons who are 
more physically active have lower 
concentrations of IL-6 and CRP and other 
markers of inflammation (fibrinogen and white 
blood cells). 
Chronic exercise training may attenuate the 
inflammatory process, thereby reducing 
circulating concentrations of proinflammatory
cytokines. Am J Epidemiol 2001, J Gerontol A Biol Sci Med 
Sci 2000, JAMA1999 & Eur J Vasc Endovasc Surg 1997



Vitamin D and Inflammation

30 Adults with Cystic fibrosis (CF)
Double-blind, Placebo-controlled, Randomized 
Clinical trial
Researchers concluded that a large bolus dose of 
vitamin D (250,000IU) is associated with 
reductions in two inflammatory cytokines, IL-6 and 
TNF-α. 
In the vitamin D group, there was a 50.4% 
reduction in tumor necrosis factor-α (TNF-α) at 
12 weeks (P<0.01), and there was a trend for a 
64.5% reduction in interleukin-6 (IL-6) (P=0.09). Eur
J Clin Nutr. 2012 



MAPK phosphatase-1 (MKP-1)

In a study it was identified that the 
upregulation

 
of MKP-1 by vitamin 

D is a novel pathway by which 
vitamin D inhibits LPS-induced 
p38 activation and cytokine 
production in 
monocytes/macrophages.

J Immunol. 2012 Mar



IL-6 and Homocysteine

IL-6 has shown to increase the release of 
monocyte chemoattractant protein-1 from 
peripheral blood mononuclear cells, with 
particularly enhancing effects in cells from 
patients with hyperhomocysteinemia.
Data suggest that enhanced inflammation may 
be associated with homocysteine-related 
cardiovascular disease, possibly involving IL-6-
related mechanisms. Scand J Clin Lab Invest. 2006



Hypertension often coexists with 
obesity

Adipokines, ghrelin and insulin 
play important roles in the 
pathogenesis of both diseases. 
Insulin resistance and leptin may 
be important pathogenic factors 
in hypertensive patients with 
severe obesity. Arch Med Sci. 2012



Selenium and Obesity

Selenium has been shown to be  
significantly reduced among morbidly 
obese female patients (p < 0.0001).
Serum selenium level is significantly 
reduced among morbidly obese 
female patients seeking bariatric 
surgery. Obes Surg. 2011



Magnesium and Inflammation

About 60% of adults in the United 
States do not consume the 
estimated average requirement for 
magnesium. 
Low magnesium status has been 
associated with numerous 
pathological conditions 
characterized as having a chronic 
inflammatory stress component.



Antioxidant Enzymes

During the increase of adipose 
tissue, the activity of antioxidant 
enzymes such as superoxide 
dismutase (SOD), catalase

 (CAT), and glutathione 
peroxidase

 
(GPx), was found to 

be significantly diminished. 
Int J Mol Sci. 2011



Zinc and Obesity

A study revealed that there are alterations in 
biochemical parameters of zinc in obese women, 
with low zinc concentrations in erythrocytes.
Regression analysis demonstrates that the 
erythrocyte zinc and activity of superoxide 
dismutase enzyme is influenced by components of 
the metabolic syndrome, and the plasmatic glucose, 
body mass index, and waist circumference have a 
negative correlation with this enzyme.

Biol

 

Trace Elem Res. 2011



Selenium and Thyroid Function

There is recent evidence that the essential trace 
element selenium is incorporated as selenocysteine
in all three deiodinases and decisively confirms the 
clear-cut link between selenium and thyroid 
function. 
It has been established that the thyroid contains 
more selenium than any other tissue and that 
selenium deficiency aggravates the manifestation of 
endemic myxedematous cretinism and autoimmune 
thyroid disease.

J Clin
 

Endocrinol
 

Metab. 2010



Iron and Thyroid

In many developing countries, 
women are at high risk of goiter 
and iron deficiency anemia (IDA). 
Iron deficiency adversely affects 
thyroid metabolism and may 
decrease the efficiency of thyroid 
hormones in areas of endemic 
goiter. Biol Trace Elem Res. 2008



Iron and Obesity

Adequate iron availability is essential to human development 
and overall health. 
Iron is a key component of oxygen-carrying proteins, has a 
pivotal role in cellular metabolism, and is essential to cell 
growth and differentiation. 
Inadequate dietary iron intake, chronic and acute inflammatory 
conditions, and obesity are each associated with alterations in 
iron homeostasis. 
Tight regulation of iron is necessary because iron is highly toxic 
and human beings can only excrete small amounts through 
sweat, skin and enterocyte sloughing, and fecal and menstrual 
blood loss.



Hepcidin

A small peptide hormone produced mainly by the liver, acts as 
the key regulator of systemic iron homeostasis. 
Hepcidin controls movement of iron into plasma by regulating the 
activity of the sole known iron exporter ferroportin-1. 
Downregulation of the ferroportin-1 exporter results in 
sequestration of iron within intestinal enterocytes, hepatocytes, 
and iron-storing macrophages reducing iron bioavailability. 
Hepcidin expression is increased by higher body iron levels and 
inflammation and decreased by anemia and hypoxia.
Existing data illustrate that hepcidin may play a significant role in 
the development of several iron-related disorders, including the 
anemia of chronic disease and the iron dysregulation observed in 
obesity.



Bariatric Surgery



Weight Loss Surgery



Chemerin

A chemoattractant
 

protein 
associated with inflammatory 
processes, also decrease markedly 
in the serum after Roux-en-Y 
Gastric Bypass (RYGB)-induced 
weight loss. J Clin

 
Endocrinol

 
Metab

 
2010



Obesity and Micronutrient Status

Studies demonstrate a high prevalence of micronutrient deficiencies in 
morbidly obese women seeking obesity surgery.
Deficiencies were found in 6.1% of the subjects for albumin, 21.7% for 
prealbumin, 2.6% for hemoglobin, and 5.2% for ferritin. In the vitamin 
analysis, no deficiencies were found in the patients for vitamins A, E, or 
K, but 71.3% had a moderate deficiency of vitamin D and 26.1% a severe 
deficiency of vitamin D (<15 ng/mL). 
In concordance with the high prevalence of 25-OH vitamin D deficiency, 
22.6% of the patients had secondary hyperparathyroidism with intact 
parathyroid hormone levels >72 pg/mL. 
Deficiencies were found in 9.5% for vitamin B(12), 25.2% for folic acid, 
67.8% for copper, and 73.9% for zinc. Surg Obes Relat Dis. 2011



Nutritional Deficiencies Following 
Bariatric Surgery

Protein
Iron
Vitamin B12
Folate
Calcium

Vitamin A
Vitamin D
Vitamin E
Vitamin K

Obes
 

Surg. (2/2005)



Roux-en-Y Gastric Bypass

Nutrient Deficiencies
Vitamin A deficiency – 11%
Vitamin C – 34.6%
Vitamin D – 7%
Vitamin B1 – 18.3%
Vitamin B2 – 13.6%
Vitamin B6 – 17.6%
Vitamin B12 – 3.6%

Am Surg

 

–

 

Dec 2006

493 patients (318 –
 

1 yr follow-up & 141 –
 

2 yr follow-up)



Gender and Ethnicity

Black patients had higher number of 
deficiencies than white patients.

1 year – Vitamins A, D, B1
2 year – Vitamins B1 and B6

Women had higher number of deficiencies 
than men.

1 year – Vitamin C
Am Surg

 

–

 

Dec 2006



Vitamin D Deficiency

It was recently recognized that 42% of African 
American women aged 15-49 y throughout the 
United States were vitamin D deficient 
[25(OH)D < 40 nmol/L] at

 
the end of the winter.

Am J Clin
 

Nutr
 

2002

Obesity is often associated with vitamin D 
deficiency.

Am J Clin Nutr 2000



Zinc status is impaired after RYGBP

Zinc absorption capacity is 
significantly reduced soon 
after RYGBP, with no major 
changes until 18 mo after 
surgery. Am J Clin

 
Nutr. 2011



Alpha Lipoic
 

Acid

AMP-activated protein kinase (AMPK) functions as a fuel 
sensor in the cell and is activated when cellular energy is 
depleted. 
Alpha-lipoic acid (alpha-LA), a cofactor of mitochondrial 
enzymes, decreases hypothalamic AMPK activity and 
causes profound weight loss in rodents by reducing food 
intake and enhancing energy expenditure. 
Activation of hypothalamic AMPK reverses the effects of 
alpha-LA on food intake and energy expenditure. 



Alpha Lipoic
 

Acid continued 

Intracerebroventricular (i.c.v.) administration of glucose 
decreases hypothalamic AMPK activity, whereas inhibition of 
intracellular glucose utilization through the administration of 
2-deoxyglucose increases hypothalamic AMPK activity and 
food intake. 
The 2-deoxyglucose-induced hyperphagia is reversed by 
inhibiting hypothalamic AMPK. 
Findings indicate that hypothalamic AMPK is important in the 
central regulation of food intake and energy expenditure and 
that alpha-LA exerts anti-obesity effects by suppressing 
hypothalamic AMPK activity. Nat Med. 2004 Jul



Hydroxycitric
 

acid (HCA)

A natural extract isolated from the dried 
fruit rind of Garcinia cambogia.
HCA-supplementation has shown to alter 
the expression of genes involved in lipolytic
and adipogenic pathways in adipocytes from 
obese women and up-regulated the 
expression of serotonin receptor gene in 
the abdominal fat of rats. Curr Genomics. 2008 Jun



Niacin-Bound Chromium III(NBC)

NBC-supplementation up-regulated the 
expression of myogenic

 
genes while 

suppressed the expression of genes that 
are highly expressed in brown adipose 
tissue in diabetic obese mice. 

Curr

 

Genomics. 2008 Jun



Whey Protein

Different sources of dietary protein may 
differentially facilitate weight loss and affect 
body composition. J Nutr. 2011 Aug

High protein diet decreases the loss of lean 
body mass during weight loss. 



Case Study #1

34 year old female
Purpose for Consult: Fatigue and Weight 
loss
SpectraCell findings:

Deficient: B12, Carnitine, Zinc, Glucose insulin 
interaction, Chromium.
Marginal: Selenium, CoQ10 and Vitamin C



Case Study #2

41 year old female
Chief Complaint: Unable to lose weight
Medical History: Hypothyroidism
SpectraCell:

Deficient: Niacin, Biotin, Vitamin D, Calcium, 
Vitamin K, Zinc, Fructose sensitivity, Glucose 
insulin interaction and Spectrox
Marginal: Selenium and Vitamin E
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