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It has been hypothesized and criticized that vitamin D may have co-evolved under 

selective cultural practices resulting in lactose tolerance (DeLuca, 2008; Flatz and 

Rotthauwe, 1973). Being able to tolerate greater dairy intake may be advantageous in 

environments with poor solar or nutritional vitamin D supply. Such environmental settings 

include high altitudes, high latitudes, or ecological contexts poor vitamin D production or 

sources. While sufficient vitamin D cannot be produced at higher latitudes, this would not 

have been a challenge for pre-Neolithic European hunter-gatherers, with a robust marine 

diet, while agriculturalists may have suffered (Gerbault et al., 2011; Richards et al., 2003). 

The evolutionary gambit of vitamin D in humans remains understudied and unclear at best. 

 
Vitamin D Synthesis and Production 

Vitamin D is the only nutrient that is made by the body and obtained through food. 

The evolutionary diet, or publicly perceived natural diet, of humans contains little vitamin 

D (Naeem, 2010). Some food sources of vitamin D include egg yolk, fatty fish, and 

fortified products (Heldenberg et al., 1992; Ovesen et al., 2003). While plants are also able 

to produce a form of vitamin D (D2), it does not satisfy the same optima in human health 

and does not achieve the same health benefits as D3 which is produced by animals (Armas 

et al., 2004; Houghton and Vieth, 2006). In its traditionally known roles as a regulator in 

calcium and phosphorus absorption and homeostasis, vitamin D is a central controller in 

making new bone and maintaining bone health. Once obtained, vitamin D must pass 

through several organs before activation and requires a lipid rich environment when 

obtained through diet. Vitamin D has a high bonding affinity with fat molecules called 

chylomicrons and other classes of lipid-proteins (Brannon and Fleet, 2011; Haddad et al., 

1993). This is why vitamin D is sometimes described as a lipid soluble micronutrient in 
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nutrition and medicine. For optimal efficacy and benefit the most reliable form of vitamin 

D for humans to obtain is D3 (Trang et al., 1998; Heaney et al., 2010). For every 100 

international units (IU) of vitamin D ingested, blood levels D increases by 1 ng/ml (Holick, 

2010). While D3 is more appropriate for human health, additional research is needed to 

examine the metabolics of vitamin D and the effects across age, sex, and nationality 

(Calberg, 2014; Tripkovic et al., 2012). Regardless of how vitamin D is acquired it must 

pass through both the liver and kidney in order to have any biological effect (Christakos et 

al., 2010).  

The body’s conversion of cholesterol into vitamin D from UV light is not a linear 

relationship. It is determined by doses of light, frequency of light and the presence of other 

compounds in the skin (Olds, et al., 2008). This means directly increasing exposure to 

sunlight does not result in a proportional increase in available vitamin D. Excessive 

exposure to UV radiation results in the formation of many cancers, particularly cancer of 

the skin and retina (Grant, 2003; Narayanan et al., 2010). Vitamin D is made in the skin by 

reacting a form of cholesterol with UV radiation while nutritional sources are consumed or 

supplemented (Chen et al., 2007; Holick, 2011). In skin cells, UV-B light (290-320 nm) 

help convert cholesterol to pre-vitamin D, becomes vitamin D and then bind to a 

chylomicron and transported to the liver for its first step in activation (Brannon and Fleet, 

2011). The body’s conversion of cholesterol into vitamin D from light however is not a 

linear relationship. It is determined by doses of light, frequency of light and the presence of 

other compounds in the skin (Olds, et al., 2008). Prepared in the skin, previtamin D3 is 

rapidly converted to vitamin D3 by a temperature dependent process. It undergoes a 
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temperature-dependent thermal isomerization that takes at least 3 days to complete 

(Holick, 1980).    

 
Variation in Vitamin D  

Despite the clear importance in human health, differences in vitamin D levels and 

their impacts are enigmatic (Bidulescu et al., 2014; Kaneko et al., 2015; Tripkovic et al., 

2012). In determining individual vitamin D levels it is important to note geographic 

location as levels respond to the natural UV exposure and seasonal periodicity of the sun 

(Heidari and Mirghassemi, 2012; Kimlin, 2008). While 50 to 90 percent of vitamin D 

requirements are satisfied by sun exposure there still persists an overwhelming presence of 

global deficiency (Heidari and Mirghassemi, 2012; Naeem, 2010; Smith et al., 2010). 

Populations in the greater Pacific Northwest region of the U.S. experience intense 

ecological vitamin D deprivation (Johnson, 2010). Producing vitamin D from sunlight is 

initiated by UV-B rays with a wavelength of 295-315 nanometers (nm), but production 

occurs optimally at 297 nm (Stinson, Bogin and O’Rourke, 2012). 

 Dimorphic and ethnic differences exist in vitamin D levels with women being 

more likely to be deficient or in states of hypovitaminosis (Bidulescu et al., 2014; Smith, 

2010; Zadshir et al., 2005). Sex-specific variations in vitamin D also appear to be 

influenced by age (Dam et al., 2009; Jungert and Neuhäuser-Berthold, 2015). In general, 

young people have higher levels of vitamin D than older people and males have higher 

levels than females and leaner individuals have greater vitamin D levels than heavier 

individuals (Yetley, 2008). The strong sex and age specific factors must be considered 

when designing interventional or therapy responses (Nesby-O’Dell et al., 2002). Prison 

populations also suffer from chronically low levels of vitamin D with severity of 
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incarceration as a dramatic determinant (Nwosu et al., 2014). Alcohol consumption and 

smoking tobacco also effect vitamin D levels and the extent to which is sex-specific (Brot 

et al., 1999; Lee, 2012). 

The observed lifestyles, diets and livelihoods in most Western countries often place 

groups in natural or artificial context that are not sufficient for maintaining a safe vitamin 

D status or its associated benefits. Time of day, season of the year, latitude, aging, lotions 

and sunscreens and melanin concentration can all have a dramatic influence on the 

cutaneous production of vitamin D (Heidari and Mirghassemi, 2012; Holick, 2011; Kimlin, 

2008; Webb and Holick, 1988). Vitamin D production does not occur before 9 AM and 

ceases after 4 PM, even in the summer (Holick, 2011). Exposure to sunlight through glass 

will not produce any vitamin D because glass absorbs UV radiation (Holick, 2011; 

Reichrath and Nürnberg, 2009). Vitamin D concentrations are affected by high fat diets as 

well (Lee, 2012; Park et al., 2015; Pinto and Cooper, 2014).  

 
Vitamin D Physiology and Metabolism 

Vitamin D is critically important for the development, growth, and maintenance of 

a healthy skeleton from birth until death (Gennari, 2001; Weaver, 2007). A central function 

of vitamin D is to maintain calcium and phosphorous levels homeostasis by increasing 

intestinal absorption of both (Bouillon and Suda, 2014; DeLuca, 1980). Vitamin D 

communicates to bone cells to dissolve calcium from their stores when there is inadequate 

calcium to satisfy bodily requirements (Holick, 2003b). Vitamin D’s effects go far beyond 

just bone and nutrition health though.  

Vitamin D it is more accurately classified as an active steroid-hormone or 

prohormone (Cutolo et al., 2014; DeLuca, 2004; Verstuyf et al., 2010; Wang et al., 2005). 
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Steroid hormones exert a wide range of physiological responses, including functions in the 

immune system, protein and carbohydrate metabolism, water and salt balance, 

reproductive system and development of sexual characteristics (Lundqvist, 2014). Vitamin 

D as a steroid-hormone has demonstrated many important pleiotropic effects in the body 

(Pike et al., 2014; van de Peppel and van Leeuwen, 2014; Verstuyf et al., 2010). As a 

steroid-hormone itself vitamin D modifies production and function of other hormones in 

the body including sex hormones and steroids (Lundqvist, 2014).  Regulating many gene 

networks, behavior-mediating hormones and other environmental signals, vitamin D 

appears to have heavy behavioral implications; in form, acquisition and function. 

Vitamin D is transported in the circulatory system and throughout the body using 

vitamin D binding proteins (VDBP) (Christakos et al., 2010; Haddad et al., 1993). Relative 

to albumin, one of the most abundant blood proteins, VDBPs are only slightly smaller 

(Holick, 2010). Once vitamin D is made in the skin or ingested from diet, it is transported 

to the liver and kidney to complete the final activation steps. First, removal of a hydroxyl 

group by enzyme CYP27A1 in the liver and removal of a second hydroxyl by CYP27B1 in 

the kidney produces hormonally active vitamin D (Bochud, 2011; Holick, 2007a). 

Activated vitamin D can also be produced outside of the kidneys and can act locally in the 

tissues which produce it (Dusso and Slatopolsky, 1994). While some of vitamin D’s effects 

can occur in the cellular membrane it predominately acts by binding to the vitamin D 

receptor (VDR) and other receptors inside of the cell (Khanal and Nemere, 2007; Mizwicki 

and Norman, 2009). Vitamin D dissociates from the VDBP, enters the cell and then binds 

to and activates the VDR. The vitamin D-VDR complex enters the nucleus joining with 

retinoid x receptor (RXR), to form vitamin D response elements (VDRE). The VDRE 
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complex binds to select DNA sequences in genes and modulates their genetic expression 

(Carlberg, 2014; Mizwicki and Norman, 2009). 

 
Vitamin D and its Nuclear Receptor  

Vitamin D is pleiotropic in its function. It adjusts and modifies genetic activity and 

many gene networks (Pike et al., 2014; van de Peppel and van Leeuwen, 2014; Verstuyf et 

al., 2010). Vitamin D works in a lock-and-key manner and binds to the vitamin D receptor 

(VDR). This nuclear receptor is found widespread throughout the body. Variation in the 

VDR gene are associated with inflammation and obesity (Al-Daghri et al., 2014). The 

vitamin D-VDR complex then enters the nucleus, sometimes binding with additional 

proteins, influencing genetic activity and regulation (Davis and Milner, 2011; Haussler et 

al., 1998l; Kamen and Tangpricha, 2010; Wood, 2008). Vitamin D is known to regulate 

more than 1,000 different genes (Calberg, 2014; Ramagopalan et al., 2010). Gene networks 

influenced by vitamin D are involved in chronic, inflammatory, immunological and 

metabolic diseases. These nutrigenetic capacities influence and possibly enhance 

individual abilities to manage ones genetic health (Chattopadhyay et al., 2003; Davis and 

Milner, 2011). This means dietary intake of vitamin D may be shaping the expression of 

human genetic traits and ultimately phenotypes (Fenech et al., 2011).  

 
Vitamin D: Deficiency, Insufficiency and Disease 

Malnutrition exist in both excess and deficiency (Westerterp, 2013). Clinical 

practice roughly defines 3 forms of malnutrition: starvation related, acute disease related, 

injury related, and chronic disease related (Mauldin and O’Leary-Kelley, 2015). 

Malnutrition is a common symptom of obesity which results in in deficiencies of critical 

micronutrients connected to MetS, especially vitamin D deficiency (Foss, 2009; Via, 
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2012). Some estimates place the global prevalence of vitamin D deficiency for all adults 

and children between 30 and 50% (Gordon et al., 2004; Holick, 2008; Marwaha et al., 

2005; McGrath et al., 2001; Tangpricha et al., 2002). More than 50% of the greater U.S. 

population is living with chronic vitamin D deficiency as well as populations in Canada, 

Mexico, Europe, Asia, New Zealand and Australia (Holick, 2007a). Other risk factors of 

vitamin D deficiency include premature birth, melanin expression, low sun exposure, 

sedentary behaviors, obesity, malabsorption from diet and old age (Holick, 2007b; Lips et 

al., 2006). The general window of acceptable vitamin D is minimally between 20-29 

ng/mL with levels ≥30 ng/mL being optimal (Sadat-Ali and Allq, 2006). Blood levels of 

~150-200 ng/ml approach toxic levels (Holick, 2011). 

UV exposure is insufficient to produce the required quantities of vitamin D in 

people living at extreme latitudes for much of the year (Gerbault et al., 2011). It is 

expected that dietary sources satisfy bodily demands for vitamin D when light proves 

insufficient due to seasonality, geography, or lifestyle. The greatest source of vitamin D in 

the US is fortified foods, however, consumption of both conventional and fortified vitamin 

D food sources have declined (Del Valle et al., 2011). It is generally observed that men 

have higher vitamin D intake than females (Yetley, 2008).  

Where food and sun fail, supplements most commonly employed in treating 

vitamin D inadequacy (Cianferotti et al., 2012). But, in 2008, Qato et al. estimated the 

prevalence and use of over-the-counter medications and dietary supplements in a sample of 

adults 57-85 yrs (n = 3,005). Findings showed only 4.5% of participants used vitamin D 

supplements (Qato et al., 2008). The U.S. and Canadian populations are largely dependent 

on fortified foods and dietary supplements to meet their vitamin D needs. Fortified milks 
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and cereals are the greatest source of vitamin D in the U.S. and fortified milk and 

margarine in Canada (Calvo et al., 2004). Vitamin D deficiency has been linked to obesity, 

as dysfunctional vitamin D levels are directly associated with many chronic and metabolic 

diseases found in obesity as well (Edita et al., 2014; Foss, 2009; Pereira-Santos et al., 

2015; Vanlint, 2013).  

 
Vitamin D in Adipose Tissue and Adipogenesis  

Central to this thesis are the direct interactions vitamin D has with adipose tissue. 

Through its genetic or steroid-hormone abilities, vitamin D is able to changes the 

expression of fat genes, effect adipose tissue communication and adipose cell health (Mutt 

et al., 2014; Ding et al., 2012; Shi et al., 2001) Inflammation caused by adipose tissue is 

the key component to metabolic and chronic disease which vitamin D may potentially 

mediate (Cheng et al., 2010; Ding et al., 2010; Mutt et al., 2014). Vitamin D is frequently 

observed as a reliable predictor of adipose variation even after considering the effects of 

physical activity, smoking, drinking, sex and age (Cheng et al., 2010; Jamal- Allial et al., 

2014; Snijder et al., 2005). Direct relationships between vitamin D and adipose health are 

also observed in healthy individuals otherwise not considered deficient in vitamin D 

(Cheng et al., 2010). Vitamin D deficiency has since been linked to obesity, possible 

causing extreme adipose phenotypes (Edita et al., 2014; Foss, 2009; Pereira-Santos et al., 

2015). In the context of adipogenesis, vitamin D and its nuclear receptor directly affects 

the production of new fat cells (Ji and Hill, 2015; Ricciardi et al., 2014; Wood, 2008). 
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Adipose Tissue 
 

Humans are born with the greatest volumes of body fat or adipose than other 

mammals, believed to support normal and healthy brain development as well as protect 

against times of low or deficient energy in the environment (Leonard et al., 2003). 

Evolution of the large human brain has critical implications for the nutritional biology of 

our species; brain tissue is very energetically and metabolically expensive (Leonard et al., 

2007). For decades it was believed that body fat was just a passive and inert storage space 

for excess calories. It is now recognized as an active component of the endocrine system, 

releasing hormone signals which regulate energy homeostasis (Kershaw and Flier, 2004). 

Decreased physical activity and greater nutritional consumption results in the pathological 

accumulation of adipose tissue, thus disturbing normal hormone balance and energy 

regulation.  

 
Evolution of Adipose 
 The anatomical complexity of adipose tissue morphology and function is not 

frequently explored from an evolutionary stand point (Ottaviani et al., 2011). Far more 

complex within an inclusive context of all organisms, isolated to mammals, adipose tissue 

serves as a central organ in reproduction, survival and health. While some mammals have 

developed tolerances or adaptations for excessive adipose tissue similar observations in 

humans and other primates are neither simple nor linear (Leonard et al., 2003; Pond, 

2012). Conclusions rest now at the interface between brain and adipose tissue as they 

appear to be evolutionarily connected to each other (Grabowski, 2016; McGill, 2014; 

Navarrete and Isler, 2011). While adipose genes are clearly implicated in many bio-

medically relevant pathways, the ultimate expression of adipose phenotypes varies 
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dramatically by age, sex, nationality, social status, environmental endocrine blockers, 

nutritional deficiencies and poor food diversity (Grün and Blumberg, 2009; Karastergiou et 

al., 2012; Schug et al., 2011; Wells, 2012).  

Hypotheses for the evolution and persistence of obesity include the thrifty gene or 

‘genetic mismatch’ hypothesis stating chronic conditions like obesity and MetS result from 

our hunter-gatherer genetics being at odds with modern nutrition and food production 

(Neel, 1962). Alternatively, the drifty gene hypothesis postulates that after humans 

removed themselves from predation, we unintentionally removed the upper limits of our 

body sizes (Prentice et al., 2005; Speakman, 2008). Both hypotheses are likely acting in 

tandem and not alone. The explanatory mechanisms behind obesity are likely epigenetic, 

where genes and their networks are changed according to environmental signals 

(Chakravarthy and Booth, 2004; Herrera et al., 2011; Youngson and Morris, 2013). The 

entirety of the obesity crisis cannot be explained through genetics alone. Nutritional 

deficiencies such as vitamin D deficiency are identified as causative in obesity and 

metabolic disease (Edita et al., 2014; Foss, 2009; Pereira-Santos et al., 2015). Managing 

adipose tissue and the precarious balance between health and disease is a function of both 

culture and biology. Changes in energy balance, including energy availability, storage and 

expenditure over the course of life history, are central to the development of obesity. 
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Figure 2. The major physiological and metabolic processes adipose tissue is active in. 
These processes are guided by adipose derived hormones known as adipokines, including 

adiponectin and leptin.  
 

Adipose Tissue  
Adipose tissue should be more accurately conceived as a hormone organ rather than 

an inert storage tissue (Adamczak and Więcek, 2013; Scherer, 2006; Siiteri, 1987; Więcek 

et al., 2002). It has been discovered to perform complex functions influencing numerous 

physiological systems, even considered a significant organ in maintaining immunological 

health (Grant and Dixit, 2015; Kershaw and Flier, 2004). Finding the “obese gene” and its 

product, leptin, was one of the first empirical observations of a fat cell derived pleiotropic 

molecule, helping establish an important role for adipose tissue among the other endocrine 

organs (Galic et al., 2010; Gorden and Gavrilova, 2003). Placement of adipose tissue in the 

endocrine system requires reexamining the relationships between adipose and other major 

organ systems (Scherer, 2006). While many clinical and epidemiological studies of adipose 

have focused on the suffering induced by excess adipose, disease may arise with zero body 

fat as well (Handelsman et al., 2013; Herranz et al., 2008; Moitra et al., 1998). Given the 

existing abundance, frequent cosmetic removal and natural plasticity of adipose tissue, it 
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has garnered interest among tissue engineers and stem cell scientists (Cawthorn et al., 

2012; Francis et al., 2010; Zuk et al., 2001; Zuk et al., 2002). A greater understanding of 

adipose variation will be beneficial when reevaluating preexisting knowledges of hormone 

biology and adipose related pathologies.  

The relationships between this endocrine organ and the human environment are 

complex. Adipose tissue exists in different forms in order to meet select environmental and 

bodily demand (Giralt and Villorroya, 2013). White adipose tissue is the form most studies 

for its implications in the pathophysiology of many chronic and lifestyle diseases (Chudek 

et al., 2006; Trayhurn and Wood, 2004). Brown adipose tissue has been identified and is 

distinct from white adipose in anatomical location, morphological structure, function, and 

regulation (Cypess et al., 2009; Park et al., 2014). This form of adipose possesses chemical 

properties distinct from white adipose which make it an exciting target for novel metabolic 

therapies. Brown adipose tissue is both more abundant in females than males and is an 

appealing in chronic and metabolic disease research for its ability to increase energy 

expenditure by transforming chemical energy into heat energy (Cypess et al., 2009; Wu et 

al., 2013). Beige adipose as the third form of adipose tissue is relatively new in discovery 

(Lidell et al., 2013). Both brown and beige adipose tissue can suppress weight gain and 

metabolic disease through the action of their specialized, heat-producing adipocytes 

(Harms and Seale, 2013). Distinction of beige adipose from adipose is its formation within 

white adipose itself, earning the technical nickname of brite (brown-like-in-white) adipose 

(Giralt and Villorroya, 2013; Sanchez-Gurmaches et al., 2016). The variety of forms of 

adipose tissue increases the complexity between environmental stress and ultimately 
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phenotypic expression. Variation in individual adiposity appears to be a function of genetic 

and non-genetic factors (Grundberg et al., 2013).   

 
Adipocytes 
 Adipocytes are fat cells. These cells are the primary constituent within the milieu of 

adipose tissue producing adiponectin and leptin. There are many different kinds of fat cells 

found local to the specific variety of fat tissue in the body (Giralt and Villorroya, 2013). 

Adipose tissue may contain few large adipocytes (hypertrophy) or many small adipocytes 

(hyperplasia) (Arner et al., 2010; Rutkowski et al., 2015). Individual contributions of these 

two responses varies depending upon genetic background, modifying behavior, diet, 

biological factors and adiposity pattern (Berry et al., 2013).  Size of fat cells have shown to 

directly influence the levels of secreted adipokines (Skurk et al., 2007). In case of obesity it 

is the expression of adipose genes responsible for a rapid production of new adipocytes 

(Drolet et al., 2007; Jo et al., 2009; Lönnqvist et al., 1995; Lundgren et al., 2007).  

 
Adipose Tissue Signaling and Biochemistry 

Adipose heath is managed similarly to any other organ which means cellular 

communication to and from adipose is very important. Adipose cells and their signaling 

molecules commonly fulfill endocrine, autocrine, paracrine and juxtacrine roles (Dozio et 

al., 2011; Kim and Moustaid-Moussa, 2000; Sweeney, 2011). The adipose gene leptin 

produces an exemplary adipose signaler or adipokine which takes advantage of both 

endocrine and nervous systems to communicate to the body (Mainardi et al., 2013; Nalini 

et al., 2015; Trayhurn and Wood, 2004). Adipose signals are active in monitoring 

processes and behaviors as nutritional intake, blood glucose regulation, and inflammation. 

Integrating the dynamic functions of adipose tissue is aided by the several different tissue 
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types found within adipose tissue (Coelho et al., 2012; Moschen et al., 2011). Collectively 

adipokines directly and indirectly mediate homeostasis and normal function in all major 

organ systems. 

 
Adipokines: Signaling Molecules from Adipose 
 Adipose secretes many adipokines, notably leptin and adiponectin, and a diverse 

range of other signaling factors. The term 'adipokine' is used to describe a protein that is 

secreted from and synthesized by adipocytes (Trayhurn and Wood, 2004). Interestingly a 

positive correlation has been observed between adipocyte size and secretion of adipokines 

with greater adiponectin and leptin production with increasing cell size (Skurk et al., 

2007). Adipokine proteins are active in lipid metabolism, insulin and vascular hemostasis 

as well as regulation of blood and fluid pressure. Production of these proteins by adipose 

tissue is increased in obesity such that irregular levels of adipokines like adiponectin and 

leptin are characteristic of many chronic diseases (Deng and Schere, 2010; Fontana et al., 

2007; Trayhurn and Wood, 2004). Declared as novel markers in chronic disease research, 

adipokines are critical in the enhancement of MetS diagnostics as well as enriching 

individualized health (Deng and Sherer, 2010; Tilg and Moschen, 2006; Van de Voorde et 

al., 2013). Adipokines are implicated in the pathogenesis of obesity and MetS and 

associated cancers (Booth et al., 2015). Applying understanding of adipokines to chronic 

diseases typically associated with Western Civilization may prove beneficial.  

While maintaining high potential in designing novel therapeutic strategies and 

biomedical interventions, standardizing individual adipokines levels is tricky due to 

multifactorial mediators in genetic expression of these proteins but also in population level 

studies (Lee et al., 2007). Several factors influencing individual levels of these hormones 
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Figure 4. The role of vitamin D in the genetic expression of the adipose phenotype (Wood, 
2008 pg. 41, reproduced with permission).  

 
Obesity 

Obesity is a multifactorial chronic disease resulting from complications in energy 

use created by genetic and environmental factors (Koszowska et al., 2014). In 2010 

overweight and obesity were responsible for over 3.4 million deaths worldwide (Ng et al., 

2014). Apart from bariatric surgery, which is costly and not without risk, there are 

currently no successful long-term treatment options for obesity (Tam et al., 2011). Chronic 

disease management of dysfunctional adipose tissue is estimated to cost the U.S. upwards 

of 140 billion dollars annually (Zamosky, 2013). Clinical obesity and surgical bariatric 

procedures also drive reproductively significant epigenetic variation in men (Donkin et al., 

2016). In spite of its several limitations, body mass index (BMI), a measure of individual 

adiposity or body fat, is the most widely used and accepted means for classifying 

overweight and obesity status (Bennasar-Veny et al., 2013; Freedman and Sherry, 2009; 

Oud, 2013; Wright et al., 2015).  
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While obesity is clinically defined as the pathological accumulation of adipose 

tissue, individuals vary significantly in body fat patterning. By the turn of the century, 

obesity replaced undernutrition and infectious diseases as leading contributor to ill health 

(Kopelman, 2000). Within U.S. populations, an association exists between obesity status 

and cancer mortalities, with rates of obesity doubling since 1980 (Calle et al., 2003; 

Belardi et al., 2013; WHO, 2014). This June, Flegal and colleagues (2016) found obesity, 

the single greatest risk factor for MetS, to be over 35% 40% in U.S. males and females 

respectively (2016). Despite community, political and medical interventions and research, 

chronic and metabolic disease prevalence soars.  

Adiposity patterns may determine which comorbidities one experiences from 

excess adipose including cardiovascular disease and MetS (Bennasar-Veny et al., 2013). 

MetS is characterized by the simultaneous presence of multiple chronic and age related 

conditions with obesity as the leading risk factor (Rogers et al., 2003; Scaglione et al., 

2010). Methods attentive to cohort variation in obesity prevalence and age variation in 

obesity's effect on mortality risk suggest that obesity significantly shapes US mortality 

levels, placing it at the forefront of concern for public health action (Masters et al., 2013). 

Based on comparable risk assessment methods, poor health behavior such as lifestyle-

related risk factors are the foremost causes of death and disability in the United States and 

in the world (Go et al., 2014). 

 
 Vitamin D, Obesity and MetS 

Vitamin D deficiency and obesity are both major public health problems 

worldwide, and there is mounting evidence and data that they are connected (Earthman et 

al., 2012). Global obesity has more than doubled since 1980, with more than 600 million 
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adults and 42 million children under the age of 5 obese (WHO, 2014). The US and global 

levels of vitamin D have been declining and obesity rates continuously escalating (Del 

Valle et al., 2011; WHO, 2014). Obesity-associated vitamin D insufficiency is likely due to 

the decreased bioavailability of vitamin D3 from cutaneous and dietary sources because of 

its deposition in body fat compartments (Worstman et al., 2000). Hypotheses of vitamin D 

deficiency have suggested the rates of vitamin D deficiency that are observed in obese 

patients is also a question of sequestration in adipose tissue due and a dilution of 

concentrations by mass (Drincic et al., 2012).  

The shared pathways of vitamin D deficiency and dysfunctional adipose tissue lead 

to the development of many cardiometabolic risks chronic diseases. Edita and colleagues 

(2014) suggest a negative correlation between vitamin D levels and leptin while finding an 

intensive positive correlation between adiponectin and vitamin D. Some studies show an 

inverse association between vitamin D levels and insulin resistance and diabetes while 

improving vitamin D status shows a positive correlation with insulin sensitivity (Ford et 

al., 2005; Scragg et al., 2004). Vitamin D deficiencies have also been shown to reduce 

insulin secretion in a population of East London Asians with 95% of at-risk persons were 

vitamin D deficient (Boucher et al., 1995). The gene considered to be central in developing 

new fat cells (PPARδ) is directly targets and influenced by vitamin D, potentially swaying 

the associations between vitamin D and adipose tissue (Dunlop et al., 2005; Matsuda and 

Kitagishi, 2013; Pike and Meyer, 2010). These data suggest a possible connection between 

vitamin D to the prevelence and risk of MetS. 
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Adipokines 
 

The hormones leptin and adiponectin are two examples of adipokines which play 

central roles in managing the energy acquisition and use within the human body. Larger 

implications of adiponectin and leptin include novel roles in modulating lipid phenotypes, 

metabolism and treating chronic disease (Deng and Scherer, 2010; Lago et al., 2009). 

Single nucleotide polymorphisms (SNPs) of the adiponectin or leptin gene may explain 

variation in health and lifespan (Arai et al., 2006; Khabour et al., 2010; Kolovou et al., 

2011). It should be noted that in both men and women, adiponectin and leptin are 

susceptible to environmental silencing in adipose tissue and blood cells depending on 

individual BMI, waist measures and LDL lipids (Houde et al., 2015). These two 

adipokines will be the focus of this chapter. 

Adiponectin and leptin are present at significant concentrations in developing 

tissues during embryogenesis and fetal development (Kiess et al., 2008). Adiponectin and 

leptin are both made within fat cells (Cammisotto et al., 2006; Chandran et al., 2003; Koh 

et al., 2007). The genes for adiponectin and leptin can sometimes be turned off by 

environmental signals (Fasshauer et al., 2002; Stöger, 2006). These hormones help control 

bodily use of energy and body composition (Havel, 2002; Schoppen et al., 2010; Smith et 

al., 2006; Sweeney, 2011). Complications from having high or low levels of these hormone 

often requires clinical intervention and eventually leads to chronic and metabolic disease if 

left unaddressed or undiagnosed (Meirer and Gressner, 2004). There is significant variation 

between individuals in these two hormones which is heavily determined by sex (Ahmed et 

al., 1999; Bidulescu et al., 2014; Lee et al., 2007; Ronconi et al., 2009). Adiponectin and 
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leptin levels are also influenced by nutritional intake (Edita et al., 2014; Spreadbury et al., 

2012).  

 
Adiponectin 

  Discovered in 1995, the adipokine adiponectin is directly implicated in many 

chronic and metabolic diseases in both adults and young children (Kardas et al., 2013; 

Trujillo and Scherer, 2005; Wiecek et al., 2007 Yamauchi and Kadowaki, 2013). 

Adiponectin functions as a hormone in bodily energy homeostasis as well as mediates 

inflammation signaling pathways as an anti-inflammatory (Ouchi and Walsh, 2007; 

Shehzad et al., 2012; Sweeney, 2011). Adiponectin’s additional role as an anti-

inflammatory may explain some of its large implications within MetS and other major 

chronic illnesses (Cai et al., 2015; Matsuzawa et al., 2004; Ohashi et al., 2004). Chan and 

colleagues (2012) report finding adiponectin to be a potential therapy in treating the 

neurotoxicity of Alzheimer’s disease. Possessing many active roles, adiponectin has 

become an important part of many metabolic therapies and chronic disease treatments.  

  As adiponectin is most actively produced by adipocytes it quickly enters the blood 

stream and to then onto the local organ and cells of interest. Tissues requiring regular 

adiponectin homeostasis possess several endothelial cells and layer, requiring specialized 

active transport Predicated upon oligomer size adiponectin requires differential trans-

endothelial transport. (Rutkowski et al., 2014). The pathological accumulation of adipose 

tissue characteristic of metabolic phenotypes is directly due growth and development of 

new adipocytes rather than simply the expansion of existing ones (Jo et al., 2009). When 

circulating in the body adiponectin operates as a globular protein, binding to other 

adiponectin hormones forming larger adiponectin molecules. Decreased levels of 
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adipokines like adiponectin may be pathological and can be caused by interactions with 

specific alleles or environment factors like sleep or even a high-fat diet (Hara et al., 2005; 

Nakagawa et al., 2008).  

Many metabolic pathways of adiponectin interact or utilize vitamin D in order to 

change and regulate many physiological processes, complicated by age, sex and individual 

adiposity (Bidulescu et al., 2014; Kardas et al., 2013). A mutual site of interest in 

adiponectin and vitamin D metabolism is the adipocyte. While adiponectin is synthesized 

within adipocytes, vitamin D is stored in them and aids in adipocyte energy homeostasis 

(Ding et al., 2012; Edita et al., 2014; Mutt et al., 2014). Enhancing understanding of 

adipokines and nutritional intake may prove beneficial in designing individualized and 

economically open interventions to MetS using diet and adipokines like adiponectin.   

 
Leptin 

Leptin’s name is derived from the Greek word “leptos” generally meaning thin 

(Kelesidis et al., 2010). With the discovery of leptin and its production by adipose helped 

pioneer the concept that adipose tissue was not just an inert storage organ but rather an 

active component to the endocrine organ system. Leptin is another important adipokine 

made in adipose and other tissues including placenta, ovaries, mammary epithelium, bone 

marrow, and lymphoid tissues (Cammisotto et al., 2006; Margetic et al., 2002). This 

implies leptin’s involvement in other physiological system, including reproductive, 

immunological, and cellular growth (Fantuzzi, 2006; Gat-Yablonski and Phillip, 2008; Hill 

et al., 2008). Leptin is important in maintaining many health systems particularly in 

regulating and maintaining adipose tissue, weight and energy balance (Chehab, 2000; 

Friedman and Halaas, 1998l Mantzoros et al., 2011; Nalini et al., 2015; Frühbeck and 
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Pentice, 1998). Identified in 1994, leptin was believed to be the treatment to many chronic 

and metabolic diseases; especially obesity (Gautron and Elmquist, 2011). Leptin is capable 

of indicating nutritional and energy deficits as well as predict future feeding and food 

intake (Chin-Chance et al., 2000; Margetic et al., 2002; Vinyard et al., 2012). 

Total leptin in the body includes free floating and protein bound leptin (Brabant et 

al., 2000). The leptin receptor and its concentrations are dependent upon individual sex 

hormones, adiposity, sleep cycle and present levels of leptin (Chan et al., 2002). Unlike the 

manner in which adiponectin moves through body, leptin uses receptor-mediated 

transcytosis (Cammisotto et al., 2010). Unique to the leptin hormone is its ability to also 

function as a neurotransmitter, fulfilling roles in maintaining healthy neural development 

and plasticity (Mainardi et al., 2013; Paz-Filho et al., 2008). Since leptin communicates to 

the body using both nervous and endocrine systems it may be more accurately described as 

a neuro-hormone (Ahima et al., 2000; Wauters et al., 2000). One of the sources of interest 

in leptin is its ability to directly control feeding behavior using neural circuits (Bouret et 

al., 2004; Crespi and Unkefer, 2014). Highlighting its nervous and metabolic roles, leptin 

is responsible in regulating where adipose tissue is stored on the body (Schoppen et al., 

2010; Smith et al., 2006).   

Minocci et al. (2000) find that an individual’s leptin concentrations are heavily 

dependent upon not just amount of adipose but also its distribution on the body. Between 

visceral and subcutaneous adipose, leptin production and secretion appears to be anywhere 

from two to four times greater in subcutaneous adipose in women, both lean and obese 

(Van Harmelen et al., 1998). Exogenous leptin administration in normal weight samples, 

leptin responsive inhibits food intake and reduces the size of body fat (Harris, 2014). When 
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fat mass falls, plasma leptin concentrations fall too, stimulating appetite and suppressing 

energy expenditure until fat mass is restored while an increase in fat mass results in an 

increase in leptin levels, suppressing appetite until weight is lost (Friedman, 2010). Leptin 

is thereby conveying nutritional information to the brain, which in turn regulates most, 

perhaps all, other physiological systems. The homeostatic functions of maintaining energy 

use, acquisition and individual adiposity are central to leptin’s role as a neuro-hormone 

(Blundell et al., 2015; Schoppen et al., 2010; Smith et al., 2006; Wynee et al., 2005). 

Leptin is a powerful environmental signaler provided its importance in navigating 

both nervous and endocrine systems. Leptin is understood to be protective against periods 

of ecological famine and feast by signaling the periods of environmental stress to the body 

(Crespi and Unkefer, 2014; Unger, 2005). This neurohormone enables humans and other 

animals to maintain levels of stored energy under many different environmental 

conditions. Due to its large role as an environmental signaling molecule, leptin is 

susceptible to environmental silencing, meaning the leptin gene may be tuned off or not 

expressed (Stöger, 2006). Leptin’s modulation of eating behavior, satiety and adipose 

tissue are arguably the leading considerations for its novel applications in aging and 

metabolic disease discussions (Pelleymounter et al., 1995; Tam et al., 2011).  
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Figure 5. Illustration of the adipose-leptin-neural circuit. The principle effects of 
leptin are on feeding behavior, metabolism and fat mass (adapted from Friedman et al., 

2010 pg. 1103). 
 
Clinical Significance of Adipokines 

Adiponectin dysfunction is a functional means to diagnose chronic illnesses like 

MetS and obesity (Hu et al., 1996; Kohara et al., 2014; Goldstein and Scalia, 2004). For 

this reason, concentrations of adipokines like adiponectin and leptin have been used in 

diagnosing and management of many different forms of metabolic disease in humans 

(Deng and Schere, 2010). Adipokines execute mediating homeostatic functions in 

maintaining adipose tissue health and communication to other tissue systems (Lago et al., 

2007; Tilg and Moschen, 2006; Xu and Vanhoutte, 2012). Adipokines leptin and 

adiponectin have demonstrated novel pharmacological potentials in treating and 

diagnosing chronic disease (Deng and Scherer, 2010; Van de Voorde et al., 2013). In fact, 

collection of biological samples or “biomarkers” along with nutritional information should 

become routine (Bingham, 2002; Jenab et al., 2009; Ocké and Kaas, 1997). 
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Methods 
 

Nutritional and epidemiological investigations must go to great lengths in 

identifying ideal sample populations, gaining access, and establishing well defined 

parameters prior to data collection. While prevalence of vitamin D deficiency in the 

general population is alarmingly high, action is warranted and should be focused upon the 

population level rather the risk group level (Hyppönen and Power, 2007). The Kansas 

Mennonite are socio-culturally distinct in religious practice, migration history and cultural 

origins. Because of this relative isolation working with the Anabaptist communities is an 

opportunity to conduct a comparative and population level study on nutrition and markers 

of disease risk. Details and rationale of data collection methodologies are documented in 

Mosher et al. 2016. The objective of this research was to determine any sex-specific 

relationships between nutritional intake and concentrations of adiponectin and leptin in this 

Mennonite population.  

 
Population and Participants Studied 

The Anabaptist faith goes back to the Protestant Reformation in 1517 started by 

Martin Luther in present-day Wittenberg, Germany (Collinson, 2007; MacCulloch, 2004). 

Around 1525 formal Anabaptist sects were recognized in Germany, Switzerland and the 

Netherlands (Rogers and Rogers, 2000). Under the larger religion of Protestantism, 

Anabaptism divides into three primary denominations: Mennonite, Amish and Hutterite. 

Anabaptist populations have experienced many migratory occasions which have 

contributed to their social and biological isolation (see figure 7) (Crawford et al., 1989; 

McKusick, 1973; Pichler et al., 2010; Puffenberger, 2003). Upon the crumbling of Polish 

royal power in the 17th century, Poland was partitioned among Russia, Prussia and Austria. 
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Because of this, much of the Mennonite population came under Prussian rule. The 

Mennonite way of life and religion that developed under Polish rule was now threatened 

and in danger. This cultural persecution and change in politics paired with the propositions 

of free land provided significant motivation for Mennonite families to move to Russia 

beginning in 1788 (Friesen, 1989). 

The Kansas population in this study has undergone several migrations as a result of 

social and religious persecution, figure 8 illustrates the fusion and splitting along 

congressional lines and the sharing of common migration histories (Crawford, 2000). The 

act of immigrating is an instance of forsaking cultural and linguistic heritage for the 

purpose of adapting to entirely different environments, surroundings and people (Buchheit, 

2009). Moving to locations with differences in climate, food chain, social and economic 

factors can have consequences for individual health and wellbeing (Mosher, 2012). 

Coming into contact with intricate cultural strategies in managing environmental change 

can lead non-assimilation after migrating, instead forming religious, cultural and linguistic 

isolate communities to maintain cultural homogeneity and identity preservation. The 

settling of the Kansas Mennonite in the 19th century, along with other Anabaptist groups, 

are such cases (Buchheit, 2009). 

 



41 
 

 
 

Figure 6. Map illustrating several Mennonite migrations across Central and East 
European countries from Germany, city of Danzig, Poland (contemporary Gdańsk), 

Ukraine and Sweden (Crawford, 2000 pg. 39; reproduced with permission).  
 
The Mennonite successfully established autonomous peoplehood characterized by 

nonconformity enforced by the exclusive use of German and spatial isolation (Engbrecht, 

1985). As religious and economic refugees, Mennonite groups emigrated across Europe 

and into parts of the U.S. in 1874, Canada in the 1870’s as well and Mexico in the 1920’s 

(Allen, 1988; Keel, 2012; Rogers and Rogers, 2000; Stevenson and Everson, 2000). 

Immigration to the U.S. in 1874 is a demonstration of efforts to retain ethno-religious 

distinctiveness and rights. The Mennonite sought complete society autonomy in the U.S. 

but instead were offered individual self-sufficiency (Engbrecht, 1985). Upon arrival to the 
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U.S., the Mennonite became two separate groups with one group settling in Lincoln, 

Nebraska and the second near Wichita, Kansas.  

 

 
Figure 7. Map of Kansas, surrounding states and geographic distribution of some 

Mennonite congregations (from Melton, 2010 pg. 270). 
 
While Amish and Hutterite communities have received considerable interest from 

researchers and scholars, Allen and Redekop (1967) were the first to conduct a study that 

focused specifically on non-Amish Mennonite. Collaboration with the Anabaptist 

Mennonite communities of Kansas and parts of the Midwest has been extensive (Crawford, 

2000; Demarchi et al., 2005; Melton, 2012; Stevenson, Everson, and Crawford, 1989). 

While each Anabaptist religion has its own distinct cultural history, the Mennonite have 

settled across the U.S. several times in recent history. In 1858 John Halderman founded the 

Church of God in Christ Mennonite in Ohio (Melton, 2010). This particular group is 

considered a mix of Pennsylvanian Dutch, Germans and Mennonite immigrant populations 

from Russia (Crawford, 1989). The Halderman congregation soon split into the Meridian, 

Garden View and Lone Tree of Kansas. The most recent Mennonite immigrants to Kansas 
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are the Old Colony Mennonites in the 1990s to Garden City. This particular group traces 

its history to a group of Mennonite who originally immigrated to West Canada, then 

Cuauhtémoc, Chihuahua Mexico in the 1920’s and finally to Kansas (Allen, 1988; Allen 

and Redekop, 1967). In this thesis participants come from several Kansas Mennonite 

congregations. Specifically; Meridian, Garden View, Lone Tree and Gossel.   

 

 
 

Figure 8. Ethnohistorical dendrogram of the Anabaptist Mennonite congregations (Martin 
et al., 1996 pg. 49, reproduced with permission). 

 
 Previous work has established the relatedness between some Anabaptist Mennonite 

congregations and families of the Midwest (Demarchi et al., 2005; Melton, 2010; Martin et 

al., 1996). Within the last 250 years the Mennonite of the Midwest have lived in three 

different locations and with distinct demographic contexts in each place (Rogers and 

Rogers, 2000; Stevenson and Everson, 2000; Stevenson, Everson and Grimes, 2004). The 

Kansas Mennonite practice largely traditional agricultural lifestyles, do not smoke or drink, 
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maintained extensive genealogical records and may share similar nutrition histories among 

them (Crawford, 2000; Rogers and Rogers, 2000). These cultural features of the 

Mennonite provide more reliable context in which to ask questions about nutrition and 

human health. Exclusion of smoking and drinking behaviors enhances data interpretations 

as these effect hormone and nutrient levels. Analogues to the greater U.S., the greatest 

cause of mortality among some Mennonite communities is chronic disease including heart 

disease, cancer and stroke (Melton, 2006). For these reasons the Mennonite of Kansas 

serve as an ideal population for studying the relationships between nutrition and 

phenotypes associated with disease.  

This thesis uses previously collected data from the Kansas Nutrition Project (KNP) 

designed by Dr. M.J. Mosher and Dr. Michael Crawford at the University Kansas. The 

KNP sought to provide nutritional knowledge and context of Mennonite farming 

communities, examining relationships between nutrition, genes and chronic health and 

check for nutrition and health patterns within families. Researchers met with each 

congregation in their respective churches and explained the nature of the work. Samples of 

volunteers attended clinics that were held the week after community meetings. Particularly, 

data collected and analyzed occurred between 2003 and 2005. Sample collection included 

nutritional data in the form of three nonconsecutive days of food diary entries, fasting 

blood draws for hormone and lipid profiles and standard anthropometric and skinfold 

measures for body composition. Funds for the original project come from the State of 

Kansas Attorney General’s Settlement Fund. This thesis is covered by IRB clearance under 

Secondary Use of Data. 
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Diet and Adipokines in Non-Human Studies 
 Adipokine concentrations are used in diagnosing and treating metabolic conditions 

in non-human primates including Rhesus monkeys and Cynomolgus macaques (Bauer et 

al., 2011; Wagner et al., 2006; Hansen, 2001; Hotta et al., 2001). The effects of vitamin D 

on markers of metabolic health are also observed in non-human animals including murine 

and porcine models. Past work has shown a high fat diet resistant lean phenotype in 

vitamin D receptor null mutant mice suggesting a role for vitamin D in energy metabolism 

(Wong et al., 2011). Zeitz et al. (2003) report increased glucose levels in mice with 

functionally inactive vitamin D receptors while comparing diets enriched with calcium, 

phosphorus and lactose to both wild-type and mutant mice. Vitamin D deficiency often 

coexists with non-alcoholic fatty liver disease resulting in the dysfunction of this tissue 

central in vitamin D metabolism and activation (Eliades and Spyrou, 2015). Mice fed diets 

high in both vitamin D and calcium demonstrate activation of calcium mediate apoptotic 

protease pathways within mature adipocytes (Sergeev and Song, 2014). Vitamin D 

receptor null mice display a reduction in adipose mass, reduced plasma triglycerides and 

reduced cholesterol under normal calcemic conditions relative to wild-type counterparts 

(vinh quốc Lương and Hoàng Nguyễn, 2013). It has been shown that mice treated with 

vitamin D have increased adiponectin concentrations and mice without the vitamin D 

receptor have reduced leptin levels (Narvaez et al., 2009; Suarez-Martinez et al., 2014). 

Vitamin D is also found to increase leptin expression in mice (Kong et al., 2013). 

Adipokines like adiponectin appear to be intimately linked to obesity and 

inflammation in pigs and humans (Eliades and Spyrou, 2015). Ontogenetically, the 

expression of adiponectin and leptin increase over time in pigs (Ramsay and Caperna, 

2009). Comparative dietary studies suggest nutritional regulation of adipokines 
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adiponectin and leptin in mini-pigs (Yang et al., 2013). Vitamin D deficiency in groups of 

pigs results significant changes in key metabolic and cardiac health markers including 

decreases in adiponectin within epicardial adipose (Gupta et al., 2012). Leptin 

concentrations are increased by high-energy diets as well as post-transcriptional 

mechanisms in pigs (Chen et al., 2006). Observed effects in non-human animals may be 

complicated by the recruitment of many molecular cascades within many tissue types 

(Suarez-Matinez et al., 2014). 

 
Diet and Adipokines in Humans  

Nutrients and their receptors interact with genes coding for hormones, particularly 

adipokines, which are central to chronic disease and aging biology (Krawczynska et al., 

2014; Nimitphong et al., 2009; Xiong et al., 2014). Vitamin D may directly or indirectly 

influence normal levels of adipokines adiponectin and leptin (Bidulescu et al., 2014; 

Ghavamzadeh et al., 2014; Kong et al., 2013; Maetani et al., 2009; Menendez et al., 2001; 

Vaidya et al., 2012). While vitamin D has been shown to regulate the expression of some 

adipokines, these relationships are sensitive to age, sex, smoking, drinking, nationality and 

BMI (Bidulescu et al., 2014; Lee et al., 2007; Menendez et al., 2001; Sun and Zemel, 

2008). Pischon et al. (2005) report modest alcohol consumption increasing adiponectin 

concentrations while a diet high in carbohydrates reduces concentrations, further 

supporting diet-adipokine interactions. Bidulescu et al. (2014) assert that associations 

between vitamin D and adiponectin to be strongest in females, any associations are 

dependent upon age, BMI and ancestry (Bidulescu et al., 2014). Cheng and colleagues 

(2015) find that variations in vitamin D enzyme genes are significant in determine ratios of 

adiponectin and leptin in a representative male Taiwanese sample. The effects of vitamin D 
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on adipokine phenotype is observed in both health and sick populations (Kim et al., 2013; 

Vilarrasa et al., 2010). The associations between vitamin D and adipokines have been 

examined in relation to cancer, bone protection in diabetic patients and MetS research 

(Cheng et al., 2015; Gannagé-Yared et al., 2009; Kasiappan et al., 2014; Lara-Castro et al., 

2007; Maggi et al., 2013). Correlations between vitamin D and adipokines however may 

not be significant in those with additional endocrine complications such as thyroid 

disorders (de Luis et al., 2012). Vitamin D’s influence on adipokine concentrations is also 

partially determined by intake of other nutrients such as calcium, vitamin A or vitamin E 

(Mendez et al., 2001; Tabesh et al., 2012; Xiong et al., 2014). Jamal-Allial et al. (2014) 

noted that levels of vitamin D predict adiposity phenotype. Effects of vitamin D on 

adipokine levels are observed in healthy and sick populations (Kim et al., 2013; Vilarrasa 

et al., 2010). 

Some investigations are criticized for producing conflicting results and suffering 

from poor research design.  A critical look at Bidulescu’s experimental design reveals 

insufficient understanding of subpopulation characteristics, suboptimal sampling methods, 

small sample sizes and use of highly heterogeneous populations (Kuo, 2014; Lee et al., 

2007). The Kansas Mennonite provide a unique opportunity to examine such gene-

environment hypotheses with insulation resulting from the shared migratory histories, 

agricultural traditions, cultural and religious isolation of the Mennonite within greater 

America. Investigations in this study include the relationships of vitamin D intake with 

adipose and adipokine phenotypes. Adiponectin and leptin both possess high potential for 

treating and preventing chronic and metabolic disease (Deng and Scherer, 2010; Mattu and 

Randeva, 2013; Patel et al., 2008). Vitamin D is an active deciding factor in adipogenic 



48 
 

processes, interacting with circulating levels of adipokines and modifying genetic 

production of adiponectin and leptin (Bidulescu et al., 2014; Lee et al., 2007; Menendez et 

al., 2001; Sun and Zemel, 2008). I predict any correlations to operate within a dimorphic 

model with sex-specific associations between vitamin D and adipokine phenotype. 

 
Nutritional Data 
 Nutrition is determined by many factors including evolution, food allergies and 

local ecosystems, individual preferences and bodily growth and development 

(Amarasekera et al., 2013; Oshaug, 2006; Patel et al., 2013). Diet, the manifestation of 

individual food preferences, is partially determined socially and psychologically 

(Johansson et al., 1999; Shepard, 1999). Many social variables greatly influence nutrition, 

individual diet as well as effecting knowledge and decision making processes about food. 

Food choices must be made multiple times a day and may exist between options that are 

realistic, preferred, sustainable and economic and geographically accessible. 

Socioeconomic standing, political ecology and local production-sustainability models are 

all major deciding factors in shaping and determining a person’s diet (Contento, 2007; 

Patrick and Nicklas, 2005). In nutritional studies there are three methods that can be used 

to determine an individual nutritional status; questionnaires, diet recalls and biomarkers 

(Ocké and Kaas, 1997; Willett, 2014). KNP participants were asked to keep food diaries, 

the gold standard and ideal method at the time for collecting individual nutritional habits 

and dietary patterns. Nutritional data were later entered into NutriBase™ processing 

software to analyze macro and micronutrient values of foods consumed. This permitted the 

construction of individual nutritional intake profiles of each participating Mennonite, 
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recoding their macro and micronutrient intake from their own described foods, recipes and 

conception of nutritional environments.  

 
                                                                A 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
                         
                     C                                                                       B 
 
 

 
Figure 9. Comparison of the three ways individual nutrition status can be measured in 

epidemiological investigation: (A) questionnaires, (B) dietary recalls and (C) molecular 
techniques, where p is the validity coefficient, r is sample correlation and T is true intake 

value. When statistically compared, differences between these methods are negligible (see 
Appendix A) (adapted from Ocké and Kaas, 1997 pg. 1241 and Willett, 2014 pg. 123). 

 
In most epidemiological applications, long-term diet is the most rationale level of 

exposure, with studies focusing on physiological intermediates or changes interested in 

smaller time windows (Willett, 2014). Measuring and quantifying individual nutrition and 

dietary intake with high precision is challenging however (see figure 10) (Jl, 1993; Kipnis, 

2002). In a contrast, a smoker can tell you how many and how frequently they smoke 

within an accurate average whereas asking most individuals what, how much and how 

often results in inaccurate or inconclusive answers. Understanding the nature of day-to-day 
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forces influencing variation in diet is essential in choosing an appropriate method to assess 

diet and to interpret data collected using various methods (Willett, 2014).   

 

 
Figure 10. The process of determining the strength, weaknesses, common sources of error 
and objective and subjective limitations in dietary assessment. Picking the ideal method to 
measure or determine individual diet pattern requires navigating the different stages and 

levels people may construct or perceive their nutrition environment (adapted from 
MacIntyre, 2009 pg. 8). 

 
Serological Samples 

Central to the KNP objectives, nutritional and genetic interactions can be studied if 

biological samples are obtained (Bingham, 2002). Designed by researchers at the 

Laboratory of Biological Anthropology at the University of Kansas, the KNP included 

fasting blood draws for serological data including circulating blood lipid levels, serum 

hormone concentrations and extraction of DNA. Blood samples were collected by 

venipuncture from participants of each congregation. These samples were centrifuged in 

order to isolate important blood components such as plasma which was frozen on site 

(Demarchi, 2005). Centrifugation also provided DNA extraction from the buffy coat, the 
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layer of separated blood with the greatest number of leukocytes and platelets, using a 

Quick Gene Kit (Analytical Genetic Testing Center, Denver, CO). Fasting blood draws 

also provided accurate levels of adiponectin, leptin and circulating lipids including 

triglycerides, high density and low density cholesterol. LDL cholesterol was calculated 

using Friedewald’s calculation (Friedewald et al., 1972; Mora et al., 2009).  

 
Anthropometrics 

Quantifying adipose tissue with considerable accuracy is not simple (Deurenberg et 

al., 2001). Calculated by taking one’s weight divided by their height squared, variation in 

BMI scores is predicated on whether weight and height measures are self-reported or 

empirically measured such as using a scale (Stommel and Schoenborn, 2009; WHO, 2014). 

BMI limitations are many as it has no means to account for the different forms of adipose 

one has, fails to discriminate between weight from muscle, bone or fat and BMI has little 

to no diagnostic power (Romero-Corral et al., 2008). Despite inherent shortcomings, body 

mass index (BMI) is the most widely used and accepted method in determining individual 

adipose tissue (Bennasar-Veny et al., 2013; Freedman and Sherry, 2009; Oud, 2013; 

Wright et al., 2015). Individuals differ not only in the amount of adipose they store, but 

also in bodily distribution of it (WHO, 2015). The distribution of fat induced by weight 

gain affects the risks associated with obesity and the kinds of diseases that result from it 

(Canoy et al., 2007; Després et al., 1990; WHO, 2015). KNP participants had their BMI’s 

calculated by taking scaled measures of weight and height as well as skinfold taken over 

thin or light clothing around the triceps, subscapular, waist, wrist and hip regions. No thigh 

measures were taken out of deference for the participants. Adipose measures can become 

more accurate in capturing the differences in fat pattern by including measures of skinfolds 
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from specific body regions (Bl, 1990; Moreno, 20002; Wells, 2007). Interestingly it is also 

believed that measures of the leptin hormone directly reflect body mass as well (Brabant et 

al., 2000).  

 
 Statistical Tests 

All statistical analyses were completed using SPSS® version 23. Univariate 

analyses were conducted to assess normality; any non-normally distributed data were 

natural log transformed including nutritional intake values, blood lipids and adipokine 

concentrations. All tests were run sex-stratified and adjusted for age. One-way ANOVA 

tests were performed to determine and statistically significant differences in average 

measures of each variable between males and females. Hypotheses and assumptions were 

checked using tests of coorelation and constructing multiple linear regression models with 

a selected significance of p < 0.05. These models evaluate the relationships between leptin 

and adiponectin and nutritional, anthropometric and biological variables (blood lipids).  

 
 Limitations 
  Limitations to the study include exclusions of important metabolic information 

such as blood glucose and insulin and narratives of food preparation practices. Future 

research could include collection of these biomarkers ethnographic surveys on nutritional 

knowledge, attitudes and practices. Epigenetic information relevant to adiponectin, leptin 

or the vitamin D receptor would provide valuable insight to gene-environment and gene-

nutrient interactions.  
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Results 
 
Characterization of sample 
 
N=160 (84 females; 76 males) 

Population age range: 20 to 90  

Average age for females: 57 (± 17.13) 

Average age for males: 52 (± 16.09) 

 
Anthropometrics 
 Anthropometric measures include weight, height and BMI score as well as body 

region skin folds for the measure of individual adiposity and dimorphic patterns in adipose 

phenotype. In males, height and weight were 178.3 cm (± 6.4) and 186.3 lbs. (± 31) 

respectively. The average BMI score was 26.5 (± 3.7), average hip measure 106.8 (± 7.5), 

waist measure 97.6 mm (± 8.7) and average wait-to-hip ratio 0.91 (± 0.91). Comparatively, 

the average score for every anthropometric measure was greater in males than females 

except in average triceps measure at 16.6 mm (± 5.8) in males and 26.4 mm ± 6.3 in 

females. In females, height and weight were 164.9 cm (± 7.8) and 151 lbs. (± 25.8) 

respectively. The average BMI score was 25.3 (± 4.3), average hip measure 105.6 (± 9.3), 

waist measure 79.9 mm (± 9.3) and average wait-to-hip ratio 0.7 (± 0.04).  

 
Nutritional Intake 
 All micronutrient intake values were natural log transformed for normality of 

distribution. Individual nutrients selected for analyses were determined by solubility rules 

and isomerization in light. The greatest average nutrient intake was vitamin A at 8.5 IUs (± 

0.6) of vitamin A and the lowest was vitamin E at 1.8 IUs (± 0.7). Average vitamin D 

intake scored at 3.7 IUs (± 1.2), average calcium 6.7 IUs (± 0.4) and average folate at 5.6 
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IUs (± 0.4). In females, the greatest average intake was vitamin A at 8.5 IUs (± 0.6) and 

the lowest average intake score was vitamin E at 1.7 IUs (± 0.7). Average vitamin D intake 

in females was 3.2 IUs (± 1.5), average calcium 6.7 IUs (± 0.4). Overall, males had the 

greatest average intake of every nutrient except for average intake of vitamin A which was 

the same in both sexes however with different standard deviations of ± 0.6 in males and ± 

0.7 in females. 

 
Blood Lipids 
 Blood lipid levels are useful phenotypes in understanding changes and sex-specific 

variation in the nutritional environment and overall bodily health. In males, the average 

levels of HDL cholesterol levels of 42.2 mg/dl (± 10.3), average LDL cholesterol 111.8 

mg/dl (± 29.8), average triglycerides 120.6 mg/dl (± 63.8) and total cholesterol 178.2 

mg/dl (± 34.3). In females, average HDL cholesterol was 56.3 mg/dl (± 15), average LDL 

cholesterol was 110.8 mg/dl (± 34.5), triglycerides 123.1 (± 72.2) and total cholesterol 

191.7 mg/dl (± 38.1). On average, males had lower HDL cholesterol, triglycerides and total 

cholesterol than females but greater average LDL cholesterol.  

 
Adipokines 
 In males, average adiponectin levels were 2.1 ug/ml (± 0.5) and average leptin 

levels were 1.6 (± 0.6). In females, average adiponectin was at 2.5 ng/ml (± 0.5) and 

average leptin levels were 2.6 ng/ml (± 0.6). Both adipokines were found to be in higher 

concentrations on average than what was observed in males.  
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Table 10. Sex-stratified summary of the calculated averages and standard deviations for 
anthropometrics, nutrient intake, blood lipid and adipokine levels for females (n=84) and 

males (n=76). 
 

Female Average Std. Dev. Anthropometric Male Average Std. Dev. 
164.9 7.8 Height (cm)* 178.3 6.4 
151.1 25.8 Weight (lbs.)* 186.3 31 
105.6 9.3 Hip (mm) 106.8 7.5 
79.9 9.3 Waist (mm)* 97.6 8.7 
16.1 .8 Wrist (mm)* 18.6 0.96 
26.4 6.3 Triceps (mm)* 16.5 5.8 
21.6 7 Subscapular  (mm) 22.5 6.8 
25.3 4.3 BMI* 26.5 3.7 
0.7 0.04 WHR* 0.91 0.03 

     
Female Average Std. Dev. Nutrient (IUs) Male Average Std. Dev. 

3.2 1.5 Vitamin D* 3.7 1.2 
8.5 0.7 Vitamin A 8.5 0.6 
1.7 0.9 Vitamin E 1.8 0.7 
6.3 0.4 Calcium* 6.7 0.4 
5.3 0.4 Folate* 5.6 0.4 

     
Female Average Std. Dev. Lipid (mg/dl) Male Average Std. Dev. 

56.3 15 HDL* 42.2 10.3 
110.8 34.5 LDL 111.8 29.8 
123.1 72.2 Triglycerides 120.6 63.8 
191.7 38.1 Total cholesterol* 178.2 34.3 

     
Female Average Std. Dev. Adipokine Male Average Std. Dev. 

2.5 0.5 Adiponectin (ug/ml)* 2.1 0.5 
2.6 0.6 Leptin (ng/ml)* 1.6 0.6 

*Statistically significant differences between females and males (p<0.05).  
 
The Vitamin D and Adipokine Study 

Using data previously collected for the KNP, I investigated hypotheses about the 

interactions between adipokine phenotypes and nutritional intake in a semi-isolate group of 

Kansas Mennonite. Anthropometric, nutritional and serological variables were highly 

intercoorelated and proved to be significant predictors of both adiponectin and leptin levels 

in males and females. Initial tests of adipokine concentrations against vitamin D intake 
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exclusively were not strong or reliable. Inclusion of anthropometric and biological traits 

increased the strength and clarity of linear relationships between vitamin D and adipokines. 

 
Adiponectin in Women 

Variation in average adiponectin between females was statistically significant (p = 

0.001). The adiponectin model in females shows age, wrist, hip and subscapular measures 

and HDL cholesterol were significant predictors, explaining up to 35.8% of adiponectin 

variation (F = (5, 77) = 8.57) (p < 0.001). In females, the strongest variables determining 

adiponectin levels were HDL cholesterol (β = 0.344, p < 0.001), wrist circumference (β = -

0.309, p = 0.002 and age2 (β = 0.237, p = 0.017) with hip adiposity possibly contributing 

to the observed trend as well (β = 0.218, p = 0.067). 

 
Model R R 

squared 
Adj R 
Squared 

Std. 
Error of 
Estimate 

Change Statistics 
R 
Square 
Change 

F 
Change 

Df1 Df2 Sig F 
Change 

1 0.598 0.358 0.316 0.4473 0.358 8.578 5 77 0.000 
 
Adiponectin in Men 

Variation in average adiponectin between males was statistically significant (p = 

0.001). In males, the regression model suggest age, subscapular measures, triceps folds, 

LDL cholesterol, triglycerides, leptin levels and vitamin D intake appear to be the strongest 

predictors in leptin variation. This model suggests approximately 26.5% of adiponectin 

variation could be explained by these variables (F = (7, 61) = 3.14) (p = 0.007). Leptin 

variation in men was most significantly influenced by BMI (β = 0.314, p = 0.058), waist 

adiposity (β = 0.292, p = 0.166), subscapular adiposity (β = 0.219, p = 0.029) and 

triglyceride lipids (β = 0.196, p = 0.009).  
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Model R R 
squared 

Adj R 
Squared 

Std. 
Error of 
Estimate 

Change Statistics 
R 
Square 
Change 

F 
Change 

Df1 Df2 Sig F 
Change 

1 0.515 0.265 0.181 0.4932 0.265 3.148 7 61 0.007 
 
Leptin in Women 

Variation in average leptin between females was statistically significant (p = 

0.001). Result indicate age, subscapular, triceps, hip, waist and BMI measures, 

triglycerides and folate intake were the most significant variables in predicting leptin 

variation at 52.6% (F = (8, 73) = 10.1) (p < 0.001) in females. Female leptin variation was 

most significantly influenced by subscapular adiposity (β = 0.384, p = 0.011). 

 
Model R R 

squared 
Adj R 
Squared 

Std. 
Error of 
Estimate 

Change Statistics 
R 
Square 
Change 

F 
Change 

Df1 Df2 Sig F 
Change 

1 0.725 0.526 0.474 0.4489 0.526 10.122 8 73 0.000 
 
Leptin in Men 

Variation in average leptin between males was statistically significant (p = 0.007).  

Using multiple linear regression, age, subscapular, triceps, hip, waist, wrist measures, 

BMI, adiponectin levels and vitamin D intake proved to be the strongest predictors of 

leptin, explaining 78.2% of its variation (F = (10, 58) = 20.8) (p < 0.001). Scaled to the 

same level, the variables with the greatest effect on adiponectin phenotypes in men were 

age2 (β = 0.326, p = 0.013), vitamin D (β = 0.018, p = 0.018), triglyceride lipids (β = -

0.308, p = 0.018) and subscapular adiposity (β = -0.358, p = 0.037). 

 
 
Model R R 

squared 
Adj R 
Squared 

Std. 
Error of 
Estimate 

Change Statistics 
R 
Square 
Change 

F 
Change 

Df1 Df2 Sig F 
Change 

1 0.885 0.782 0.745 0.3484 0.782 20.856 10 58 0.000 
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Discussion 
 

 There are relatively few studies examining dietary intake and adiponectin and 

leptin hormone levels. The goal here was to investigate the associations between 

nutritional intake values and measures of hormone levels relative to adipose within a 

representative Mennonite sample population. This study suggests a complex relationship 

between dietary vitamin D and adipokine concentrations in a representative sample 

population of Kansas Mennonite. Findings are nutrient-specific and sex-specific. Vitamin 

D intake was statistically significant in predicting adiponectin and leptin variation in men 

but not women. Folate is also a UV sensitive nutrient and its intake was statistically 

significant in determining leptin levels in women but not in men. Adiponectin influences 

leptin variation and leptin influences adiponectin variation in men but not women. 

Findings validate existing works supporting a hypothesis of vitamin D as a determinant of 

biomarkers relevant to chronic disease risk (Bidulescu et al., 2014; Lee et al., 2007; 

Yannakoulia et al., 2003). 

Mennonite communities have traditionally observed largely agricultural lifestyles 

and practices of endogamy, marrying within their church groups as means to maintain 

degrees of cultural and political isolation. These features of the Mennonite communities 

increase the probability and duration of time in UV light and suggests a holistic nutritional 

context distinct from the nutritional and dietary habits and beliefs of the greater U.S. 

Through practice of endogamy, genealogical records and general isolation the communities 

have greater similarities on a population level than a random heterogeneous U.S. sample. 

Previous research on nutrition and chronic disease risk has not controlled for 

heterogeneous sampling, limiting the ability to make population level conclusions and 
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implement operational change. The communities represented here still observe strict non-

smoking and non-alcohol drinking practices, both of which influence the biological 

variables collected for this study. These cultural features remove both confounders which 

are otherwise frequently seen in the general U.S. population. The church groups in this 

thesis are believed to have lost a degree of genetic isolation as a result of increase gene 

flow into these populations (Melton, 2010; Crawford, 2000). 

The relationships between nutritional intake on adiponectin and leptin levels 

provide enhanced means to study the interactions between human health and changes in 

the nutritional environment. This study may highlight a need for refined nutritional 

quantification methodologies for epidemiological studies as well as ideal population 

dynamics in which to test nutritional epidemiological questions regarding intake and 

markers of metabolic disease risk.  
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Conclusions 
   

Chronic diseases are the leading cause of death and all-cause mortality in the world 

(WHO, 2014). Their increasing prevalence has resulted in the decrease in overall healthy 

life-years experienced within developed and developing countries (Farder, 2014). Chronic 

diseases are often lifelong once they develop, becoming more common and persistent with 

time. Age-related diseases are believed to be evolutionary trade-offs of the human lifespan; 

the longest of all primates. These extraordinary lifespans are the results of the conscious 

improvement of the human environment (Finch, 2010). Through the cultural enhancement 

of group behaviors, food quality and production, antibiotic and viral medicines, we saw 

reduction and ultimate removal of many sources of early life mortality. Unique to humans 

is also the ubiquitous lifespan advantage of one sex, with women on average living longer 

than men. Instances of focused environmental stress or insult however, such as nutritional 

deficiencies, accelerate and cause the developmental manifestation of chronic disease. 

A superficial digital survey of US medical schools’ curricula makes apparent the 

absence of certain topics. Evolutionary theory and its relevance for clinicians are usually 

not discussed.  There is also little education about diet, sex-specific phenotypic diversity 

and how both impact pathological trajectories and health outcomes (Adams et al., 2006; 

Adams et al., 2010a; Adams et al., 2010b; Winick, 1993). Most unfortunate is the 

ignorance of the importance of diet. U.S. doctors unfortunately receive little to no 

nutritional training in their formative years of medical school; traditional allopathic 

training focuses on anatomy and physiology.  (Frantz et al., 2011; Lenders et al., 2013). 

Doctors and health practitioners are often incapable of counselling or advising on personal 

health complications or management strategies in nutritional contexts, forcing patients to 
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seek out alternative health expertise that are otherwise socio-politically and bio-medically 

stigmatized. Unfortunately, physicians are overwhelmed with many demands on their time 

starting in medical school. There is also much emphasis on ethics, health care system 

navigation, being culturally competent and thinking critically during diagnosis. These 

curricular shortcomings are not likely to be remedied.  

Despite evidence illustrating nutrition’s direct role modulating chronic disease 

phenotypes, proximate explanations and mechanisms lack clarity (Gibney et al., 2014). 

Research in nutritional management of chronic disease risk and MetS is confounded by 

subpopulation factors and high bio-social heterogeneity within populations (Bidulescu et 

al., 2014; Kuo, 2015; Liu et al., 2009). As pharmaceutical industries continue to expect 

leveraging information from the Human Genome Project in novel drug development, the 

food industry is equally able to position nutrition and functional foods to promote health 

and prevent disease (Gillies, 2003). It should be noted however that epigenetic and 

nutrigenetic responses to chronic disease and individual health are not without public and 

scholarly critique (Heijmans and Mill, 2012; Saukko et al., 2010).  

 

Nutrition in Disease Risk Management 
Most the world is malnourished, either due to overconsumption of calories or as a 

function of ignorance or poverty regarding nutritional deficits (Foss, 2009; Via, 2012; 

Westerterp, 2013). Another challenge for allopathic physicians is the shift from infectious 

disease to rapidly escalating rates of chronic diseases and the pathologies associated with 

MetS. Understanding that nutrition directly impacts one’s wellbeing and genetics it is 

vexing to see many U.S. doctors and healthcare professionals receive little to no nutritional 

education and training in their formative years of schooling (Frantz et al., 2011; Lenders et 
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al., 2013). This is likely a product of the social movement among physicians and doctors in 

resisting evidence based medicine; the medical practice of applying research evidence to 

medical practice (Pope, 2003). An analysis of this phenomena within a critical social or 

medical anthropological framework may prove beneficial in designing nutritional 

interventions and treatments to chronic disease at both the population and individual levels 

separately.  

Nutritional counselling and therapy strategies are foreign to allopatric and Western 

physicians. This is likely a product of the social movement among physicians and doctors 

in resisting evidence based medicine; the medical practice of applying research evidence to 

medical practice (Pope, 2003). The neglect of nutrition is unfortunate and frustrating 

considering most the world is malnourished, either due to overconsumption of too many 

calories or as a function of either ignorance or poverty regarding nutritional deficits (Foss, 

2009; Via, 2012; Westerterp, 2013). Additionally, there is a shift in disease patterns of the 

US with infectious disease having been replaced by chronic conditions. Poor diet and 

physical health lead to obesity and associated comorbidities as hypertension, 

cardiovascular disease, diabetes and obesity. Successful application of nutrition in health 

and disease management may be possible with the concept of personalized nutrition; using 

individual genetics to help determine individual nutritional recommendations 

(Konstantinidou et al., 2014; Matthys et al., 2014). Additionally, changes in behavioral 

routines and lifestyle have been shown to improve adipokine levels in obese and diabetic 

patients (Monzillo et al., 2003). 

The obvious dimorphism of chronic health and individual variation in health traits 

make it a necessity to examine fundamental social and biological elements (Goldman et al., 
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2004). Investigating disease where genes and environment interact to create them requires 

consideration of both the social and environmental contexts in which they persist as well as 

the biomedical mechanisms underlying them (Chakravarthy et al., 2008; Naukkarinen et 

al., 2012; Neel, 1962; Odling-Smee, 2003; Prentice et al., 2005; Speakman, 2008). Gene-

environment interactions between nutrition and lifestyle contribute to the differences and 

variations in human health outcomes and physiology (Kaput, 2016). Developing risk-

benefit factors must be completed within the individual contexts of food complexity, 

genetic diversity, life-history experience, cultural narratives and lifestyle and variety of 

metabolic processes that drive health and disease (Kaput, 2016). 
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Glossary 
 

Adipocyte: A fat cell, adipocytes are the cells which make up adipose tissue. There are 
several different kinds of adipocytes which determine what kind of adipose tissue is being 
expressed. There are white, brown and beige or brite adipocytes and therefore adipose 
tissue as well. 
 
Adipogenesis: The biological process that produces new fat cells. This processes is either 
promoted or inhibited by internal and external environmental signals, lifestyle, nutritional 
status and genetics.  
 
Adipokine: A specific class of hormone that is primarily but not necessarily exclusively by 
adipose tissue. Adipokines are powerful signaling molecules that communicate with and 
respond to changes in the body. Some adipokines require both nervous and endocrine 
systems to work, adiponectin and leptin are two examples of these.   
 
Adiponectin: A hormone that is secreted by adipose tissue which is anti-inflammatory, 
insulin sensitizing and neuroprotective. A person’s adiponectin levels are often lower than 
average in some chronic disease states. 
 
Adipose Tissue: One of the organs in the endocrine system. Adipose tissue helps maintain 
the all other bodily systems. Adipose tissue is highly responsive to environmental stress, 
helping maintain energy homeostasis throughout the life. Humans, relative to all other 
animals, have a lot of adipose tissue 
 
Adiposity: The individual body fat content and body fat pattern made by adipose tissue 
expression and deposition. An individual’s adiposity determines the chronic diseases that 
follow after development of obesity. Adiposity works under influence from age, sex, 
nutrition and environmental exigencies.   
 
C/EBP: Short for CCAAT enhancing binding protein. C/EBP is a specialized protein 
referred to as a transcription factor which regulates genetic expression and proliferation of 
new adipocytes.  
 
Chronic disease: Chronic diseases – i.e. heart disease, stroke, obesity, diabetes, cancer- 
are the most common, costly and preventable of all health problems. Yet, chronic diseases 
are also greatest cause of death worldwide.  
 
Dimorphism: Dimorphism or sexual dimorphism refers to the distinction between a male 
and female members of the same species. The differences in traits can include variations in 
size, color, shape or even structures. These differences are from the inheritance sexual 
pattern from one’s genetic.  
 
Epidemiology: The field of medicine that is concerned with the spread, prevalence and 
control of disease.  
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Epigenetics: The study of how genes are turned on or off by environmental signals. These 
gene-envrionment interactions can influence health and wellbeing. Contributing factors in 
individual epigenetic variation includes nutrition, age, chemical that interrupt or block 
biological processes, climate, geography, migration, culture and language. The magnitude 
of influence these forces have on a person’s epigenetics is spatiotemporally relative.  
 
Gene: A stretch of DNA molecule that codes for important proteins and enzymes. Some 
genes are larger than others and can be present in different forms (polymorphism).  
 
Genetic expression: When the product of a genetic code is produced.  
 
Genetic Epidemiology: The field of epidemiology that takes advantage of genetic 
information and methods in understanding disease risk and incidence. Particularly useful 
and applicable when examining complex traits and chronic disease.  
 
Hormone: A molecule that carry chemical signals throughout the body which 
communicate stimuli from changes in internal and external environments. Organs which 
play significant roles in hormone homeostasis, such as adipose, are part of the endocrine 
system. 
 
Integumentary: The one of the many body’s organ systems, is comprised of the skin and 
all of its adjuncts. This system includes hair, nails, hooves, feathers and scales in general 
biology.  
 
Isomerization: A chemical process that occurs when one molecule transforms into another 
by rearranging the order of its elements, not by adding or removing additional ones. When 
vitamin D is produced in the skin, the compound that becomes vitamin D3 undergoes an 
isomerization processes before being transported out of the skin cell.  
 
Lipophilic: A term used to describe something that binds to or dissolves in lipids. Vitamin 
D is lipophilic, meaning it bind to lipids when it is complete and dissolves in them when 
active.  
 
Metabolic syndrome: Described as a constellation like pathology, the metabolic syndrome 
is the combined occurrence of several chronic diseases typically associated to energy 
homeostasis and metabolism. Obesity is the greatest risk factor.  
 
Nutrigenetics: A field of epigenetics that studies how diet and genetics interact. Gene-
nutrient interactions may silence or express individual genes, modify cellular behavior and 
homeostasis and impact bodily health and wellbeing.  
 
PPAR: Short for peroxisome proliferator-activated receptor. PPAR, like C/EBP, is an 
important protein that regulates genetic expression and proliferation of new adipocytes. 
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Appendix and Supplementary 
 
Notations used in construction of the triad in nutritional methodologies (methods chapter): 
 
r = Sample correlation 
p = Validity coefficient 
A = Intake measured using questionnaire answers 
B = Intake measured using 24-dietary memory recall 
C = Intake measured using laboratory biochemical methods 
T = Estimation of true intake of nutrient  
 

rAB = pat · pBT                  pAT = √ ((rAB · rCA) / (rBC)) 
rBC = pBT · pCT                   pBT = √ ((rAB · rBC) / (rCA)) 
rCA = pAT · pCT                            pCT = √ ((rCA · rBC) / (rCA)) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



67 
 

Works Cited 
 

Adamczak, Marcin, and Andrzej Wiecek. “The Adipose Tissue as an Endocrine Organ.” 
Seminars in Nephrology 33, no. 1 (January 2013): 2–13. 
doi:10.1016/j.semnephrol.2012.12.008. 

Adams, Kelly M., Karen C. Lindell, Martin Kohlmeier, and Steven H. Zeisel. “Status of 
Nutrition Education in Medical Schools.” The American Journal of Clinical Nutrition 83, 
no. 4 (April 1, 2006): 941S–944S. 

Adams, Kelly M., Martin Kohlmeier, and Steven H. Zeisel. “Nutrition Education in U.S. 
Medical Schools: Latest Update of a National Survey.” Academic Medicine : Journal of 
the Association of American Medical Colleges 85, no. 9 (September 2010): 1537–42. 
doi:10.1097/ACM.0b013e3181eab71b. 

Adams, Kelly M., Martin Kohlmeier, Margo Powell, and Steven H. Zeisel. “Nutrition in 
Medicine Nutrition Education for Medical Students and Residents.” Nutrition in Clinical 
Practice 25, no. 5 (October 1, 2010): 471–80. doi:10.1177/0884533610379606. 

Ahima, Rexford S., Clifford B. Saper, Jeffrey S. Flier, and Joel K. Elmquist. “Leptin Regulation 
of Neuroendocrine Systems.” Frontiers in Neuroendocrinology 21, no. 3 (July 2000): 263–
307. doi:10.1006/frne.2000.0197. 

Ahmed, Marion Lynn, Ken K. L. Ong, David J. Morrell, Les Cox, Nick Drayer, Leslie Perry, 
Michael A. Preece, and David B. Dunger. “Longitudinal Study of Leptin Concentrations 
during Puberty: Sex Differences and Relationship to Changes in Body Composition.” The 
Journal of Clinical Endocrinology & Metabolism 84, no. 3 (March 1, 1999): 899–905. 
doi:10.1210/jcem.84.3.5559. 

Al Mutairi, Sana S., Olusegun A. Mojiminiyi, Aida A. Shihab-Eldeen, Ahmad Al Sharafi, and 
Nabila Abdella. “Effect of Smoking Habit on Circulating Adipokines in Diabetic and Non-
Diabetic Subjects.” Annals of Nutrition and Metabolism 52, no. 4 (2008): 329–34. 
doi:10.1159/000151487. 

Alam, Mohammad Tauqeer, Aleksej Zelezniak, Michael Mülleder, Pavel Shliaha, Roland 
Schwarz, Floriana Capuano, Jakob Vowinckel, et al. “The Metabolic Background Is a 
Global Player in Saccharomyces Gene Expression Epistasis.” Nature Microbiology, 
February 1, 2016, 15030. doi:10.1038/nmicrobiol.2015.30. 

Al-Daghri, Nasser M., Franca R. Guerini, Omar S. Al-Attas, Majed S. Alokail, Khalid M. 
Alkharfy, Hossam M. Draz, Cristina Agliardi, et al. “Vitamin D Receptor Gene 
Polymorphisms Are Associated with Obesity and Inflammosome Activity.” PLoS ONE 9, 
no. 7 (July 14, 2014): e102141. doi:10.1371/journal.pone.0102141. 

Al-Daghri, Nasser M., Franca R. Guerini, Omar S. Al-Attas, Majed S. Alokail, Khalid M. 
Alkharfy, Hossam M. Draz, Cristina Agliardi, et al. “Vitamin D Receptor Gene 
Polymorphisms Are Associated with Obesity and Inflammosome Activity.” PLoS ONE 9, 
no. 7 (July 14, 2014): e102141. doi:10.1371/journal.pone.0102141. 

Allen, Gordon, and Calvin Redekop. “Individual Differences in Survival and Reproduction 
among Old Colony Mennonites in Mexico: Progress to October 1966.” Eugenics Quarterly 
14, no. 2 (June 1, 1967): 103–11. doi:10.1080/19485565.1967.9987709. 

Allen, Gordon. “Random Genetic Drift Inferred From Surnames in Old Colony Mennonites.” 
Human Biology 60, no. 4 (1988): 639–53. 

Alvarez-Llamas, Gloria, Ewa Szalowska, Marcel P. de Vries, Desiree Weening, Karloes 
Landman, Annemieke Hoek, Bruce H. R. Wolffenbuttel, Han Roelofsen, and Roel J. 



68 
 

Vonk. “Characterization of the Human Visceral Adipose Tissue Secretome.” Molecular & 
Cellular Proteomics 6, no. 4 (April 1, 2007): 589–600. doi:10.1074/mcp.M600265-
MCP200. 

Aly, Ezzeldin R. “The DIfferences in Obesity Rating Between BMI and Skin Fold Testing.” 
European Scientific Journal, ESJ 10, no. 10 (September 19, 2014). 
http://www.eujournal.org/index.php/esj/article/view/4200. 

Amarasekera, Manori, Susan L. Prescott, and Debra J. Palmer. “Nutrition in Early Life, 
Immune-Programming and Allergies: The Role of Epigenetics.” Asian Pacific Journal of 
Allergy and Immunology / Launched by the Allergy and Immunology Society of Thailand 
31, no. 3 (September 2013): 175–82. 

Arai, Yasumichi, Susumu Nakazawa, Toshio Kojima, Michiyo Takayama, Yoshinori Ebihara, 
Ken-ichirou Shimizu, Ken Yamamura, et al. “High Adiponectin Concentration and Its 
Role for Longevity in Female Centenarians.” Geriatrics & Gerontology International 6, 
no. 1 (March 1, 2006): 32–39. doi:10.1111/j.1447-0594.2006.00304.x. 

Armas, Laura A. G., Bruce W. Hollis, and Robert P. Heaney. “Vitamin D2 Is Much Less 
Effective than Vitamin D3 in Humans.” The Journal of Clinical Endocrinology & 
Metabolism 89, no. 11 (November 1, 2004): 5387–91. doi:10.1210/jc.2004-0360. 

Arner, Erik, Pål O. Westermark, Kirsty L. Spalding, Tom Britton, Mikael Rydén, Jonas Frisén, 
Samuel Bernard, and Peter Arner. “Adipocyte Turnover: Relevance to Human Adipose 
Tissue Morphology.” Diabetes 59, no. 1 (January 1, 2010): 105–9. doi:10.2337/db09-0942. 

Ayeni, Olubukunola. “Epidemiology and Culture.” McGill Journal of Medicine : MJM 11, no. 1 
(January 2008): 87–89. 

Bansal, Shweta, Bryan T. Grenfell, and Lauren Ancel Meyers. “When Individual Behaviour 
Matters: Homogeneous and Network Models in Epidemiology.” Journal of The Royal 
Society Interface 4, no. 16 (October 22, 2007): 879–91. doi:10.1098/rsif.2007.1100. 

Barish, Grant D., Vihang A. Narkar, and Ronald M. Evans. “PPAR Delta: A Dagger in the 
Heart of the Metabolic Syndrome.” The Journal of Clinical Investigation 116, no. 3 
(March 2006): 590–97. doi:10.1172/JCI27955. 

Baron, Jeremy Hugh. “Sailors’ Scurvy before and after James Lind – a Reassessment.” 
Nutrition Reviews 67, no. 6 (June 1, 2009): 315–32. doi:10.1111/j.1753-
4887.2009.00205.x. 

Bartholomew, M. “James Lind’s Treatise of the Scurvy (1753).” Postgraduate Medical Journal 
78, no. 925 (November 2002): 695–96. doi:10.1136/pmj.78.925.695. 

Bauer, Sharon A, Tara P Arndt, Ken E Leslie, David L Pearl, and Patricia V Turner. “Obesity in 
Rhesus and Cynomolgus Macaques: A Comparative Review of the Condition and Its 
Implications for Research.” Comparative Medicine 61, no. 6 (December 2011): 514–26. 

Béhague, Dominique Pareja, Helen Gonçalves, and Cesar Gomes Victora. “Anthropology and 
Epidemiology: Learning Epistemological Lessons through a Collaborative Venture.” 
Ciencia & Saude Coletiva 13, no. 6 (2008): 1701–10. 

Belardi, Valentina, Emily J. Gallagher, Ruslan Novosyadlyy, and Derek LeRoith. “Insulin and 
IGFs in Obesity-Related Breast Cancer.” Journal of Mammary Gland Biology and 
Neoplasia 18, no. 3–4 (December 2013): 277–89. doi:10.1007/s10911-013-9303-7. 

Belenchia, Anthony M., Aneesh K. Tosh, Laura S. Hillman, and Catherine A. Peterson. 
“Correcting Vitamin D Insufficiency Improves Insulin Sensitivity in Obese Adolescents: A 
Randomized Controlled Trial.” The American Journal of Clinical Nutrition 97, no. 4 (April 
1, 2013): 774–81. doi:10.3945/ajcn.112.050013. 



69 
 

Belenchia, Anthony M., Aneesh K. Tosh, Laura S. Hillman, and Catherine A. Peterson. 
“Correcting Vitamin D Insufficiency Improves Insulin Sensitivity in Obese Adolescents: A 
Randomized Controlled Trial.” The American Journal of Clinical Nutrition 97, no. 4 (April 
1, 2013): 774–81. doi:10.3945/ajcn.112.050013. 

Bellia, A., E. Giardina, D. Lauro, M. Tesauro, G. Di Fede, G. Cusumano, M. Federici, et al. 
“‘The Linosa Study’: Epidemiological and Heritability Data of the Metabolic Syndrome in 
a Caucasian Genetic Isolate.” Nutrition, Metabolism, and Cardiovascular Diseases: 
NMCD 19, no. 7 (September 2009): 455–61. doi:10.1016/j.numecd.2008.11.002. 

Beltrán-Sánchez, Hiram, Michael O. Harhay, Meera M. Harhay, and Sean McElligott. 
“Prevalence and Trends of Metabolic Syndrome in the Adult U.S. Population, 1999–
2010.” Journal of the American College of Cardiology 62, no. 8 (August 20, 2013): 697–
703. doi:10.1016/j.jacc.2013.05.064. 

Bennasar-Veny, Miquel, Angel A. Lopez-Gonzalez, Pedro Tauler, Mey L. Cespedes, Teofila 
Vicente-Herrero, Aina Yañez, Matias Tomas-Salva, and Antoni Aguilo. “Body Adiposity 
Index and Cardiovascular Health Risk Factors in Caucasians: A Comparison with the Body 
Mass Index and Others.” PLoS ONE 8, no. 5 (May 29, 2013): e63999. 
doi:10.1371/journal.pone.0063999.  

Benton, Miles C., Rodney A. Lea, Donia Macartney-Coxson, Michelle Hanna, David A. Eccles, 
Melanie A. Carless, Geoffrey K. Chambers, et al. “A Phenomic Scan of the Norfolk Island 
Genetic Isolate Identifies a Major Pleiotropic Effect Locus Associated with Metabolic and 
Renal Disorder Markers.” PLoS Genetics 11, no. 10 (October 16, 2015). 
doi:10.1371/journal.pgen.1005593. 

Berry, Daniel C., Drew Stenesen, Daniel Zeve, and Jonathan M. Graff. “The Developmental 
Origins of Adipose Tissue.” Development 140, no. 19 (October 1, 2013): 3939–49. 
doi:10.1242/dev.080549. 

Bidulescu, Aurelian, Alanna A. Morris, Neli Stoyanova, Yuan-Xiang Meng, Viola Vaccarino, 
Arshed A. Quyyumi, and Gary H. Gibbons. “Association between Vitamin D and 
Adiponectin and Its Relationship with Body Mass Index: The META-Health Study.” 
Frontiers in Public Health 2 (2014): 193. doi:10.3389/fpubh.2014.00193.  

Bidulescu, Aurelian, Alanna A. Morris, Neli Stoyanova, Yuan-Xiang Meng, Viola Vaccarino, 
Arshed A. Quyyumi, and Gary H. Gibbons. “Association between Vitamin D and 
Adiponectin and Its Relationship with Body Mass Index: The META-Health Study.” 
Frontiers in Public Health 2 (2014): 193. doi:10.3389/fpubh.2014.00193.  

Biino, Ginevra, Gianfranco Parati, Maria Pina Concas, Mauro Adamo, Andrea Angius, Simona 
Vaccargiu, and Mario Pirastu. “Environmental and Genetic Contribution to Hypertension 
Prevalence: Data from an Epidemiological Survey on Sardinian Genetic Isolates.” PloS 
One 8, no. 3 (2013): e59612. doi:10.1371/journal.pone.0059612. 

Biino, Ginevra, Maria Pina Concas, Hellas Cena, Debora Parracciani, Simona Vaccargiu, 
Massimiliano Cosso, Francesca Marras, Vittoria D’Esposito, Francesco Beguinot, and 
Mario Pirastu. “Dissecting Metabolic Syndrome Components: Data from an Epidemiologic 
Survey in a Genetic Isolate.” SpringerPlus 4 (July 7, 2015). doi:10.1186/s40064-015-
1049-9. 

Bingham, Sheila A. “Biomarkers in Nutritional Epidemiology.” Public Health Nutrition 5, no. 
6a (December 2002): 821–27. Doi:10.1079/PHN2002368. 



70 
 

Bl, Heitmann. “Evaluation of Body Fat Estimated from Body Mass Index, Skinfolds and 
Impedance. A Comparative Study.” European Journal of Clinical Nutrition 44, no. 11 
(November 1990): 831–37. 

Blumberg, Jeffrey M., Iphigenia Tzameli, Inna Astapova, Francis S. Lam, Jeffrey S. Flier, and 
Anthony N. Hollenberg. “Complex Role of the Vitamin D Receptor and Its Ligand in 
Adipogenesis in 3T3-L1 Cells.” The Journal of Biological Chemistry 281, no. 16 (April 
21, 2006): 11205–13. doi:10.1074/jbc.M510343200. 

Blundell, J. E., C. Gibbons, P. Caudwell, G. Finlayson, and M. Hopkins. “Appetite Control and 
Energy Balance: Impact of Exercise.” Obesity Reviews: An Official Journal of the 
International Association for the Study of Obesity 16 Suppl 1 (February 2015): 67–76. 
doi:10.1111/obr.12257. 

Bochud, Murielle, Michel Burnier, and Idris Guessous. “Top Three Pharmacogenomics and 
Personalized Medicine Applications at the Nexus of Renal Pathophysiology and 
Cardiovascular Medicine.” Current Pharmacogenomics and Personalized Medicine 9, no. 
4 (December 2011): 299–322. doi:10.2174/187569211798377135. 

Boomsma, Dorret, Andreas Busjahn, and Leena Peltonen. “Classical Twin Studies and 
beyond.” Nature Reviews Genetics 3, no. 11 (November 2002): 872–82. 
doi:10.1038/nrg932. 

Booth, Andrea, Aaron Magnuson, Josephine Fouts, and Michelle Foster. “Adipose Tissue, 
Obesity and Adipokines: Role in Cancer Promotion.” Hormone Molecular Biology and 
Clinical Investigation 21, no. 1 (January 1, 2015). doi:10.1515/hmbci-2014-0037. 

Boucher, B. J., N. Mannan, K. Noonan, C. N. Hales, and S. J. Evans. “Glucose Intolerance and 
Impairment of Insulin Secretion in Relation to Vitamin D Deficiency in East London 
Asians.” Diabetologia 38, no. 10 (October 1995): 1239–45. 

Bouillon, Roger, and Tatsuo Suda. “Vitamin D: Calcium and Bone Homeostasis during 
Evolution.” BoneKEy Reports 3 (January 8, 2014): 480. doi:10.1038/bonekey.2013.214. 

Bouret, Sebastien G., Shin J. Draper, and Richard B. Simerly. “Trophic Action of Leptin on 
Hypothalamic Neurons That Regulate Feeding.” Science 304, no. 5667 (April 2, 2004): 
108–10. doi:10.1126/science.1095004. 

Brabant, G., R. Horn, A. von zur Mühlen, B. Mayr, U. Wurster, F. Heidenreich, D. Schnabel, A. 
Grüters-Kieslich, T. Zimmermann-Belsing, and U. Feldt-Rasmussen. “Free and Protein 
Bound Leptin Are Distinct and Independently Controlled Factors in Energy Regulation.” 
Diabetologia 43, no. 4 (April 2000): 438–42. doi:10.1007/s001250051326. 

Brot, C., N. R. Jorgensen, and O. H. Sorensen. “The Influence of Smoking on Vitamin D Status 
and Calcium Metabolism.” European Journal of Clinical Nutrition 53, no. 12 (December 
1999): 920–26. 

Buchheit, Robert H. “Language Shift in the Concentrated Mennonite District of Kansas.” 
International Journal of the Sociology of Language 1988, no. 69 (2009): 5–18. 
doi:10.1515/ijsl.1988.69.5. 

Bulayeva, Kazima B. “Overview of Genetic-Epidemiological Studies in Ethnically and 
Demographically Diverse Isolates of Dagestan, Northern Caucasus, Russia.” Croatian 
Medical Journal 47, no. 4 (August 2006): 641–48. 

Burdge, Graham C., and Karen A. Lillycrop. “Nutrition, Epigenetics, and Developmental 
Plasticity: Implications for Understanding Human Disease.” Annual Review of Nutrition 
30, no. 1 (2010): 315–39. doi:10.1146/annurev.nutr.012809.104751. 



71 
 

Burkhauser, Richard V., and John Cawley. “Beyond BMI: The Value of More Accurate 
Measures of Fatness and Obesity in Social Science Research.” Journal of Health 
Economics 27, no. 2 (March 2008): 519–29. doi:10.1016/j.jhealeco.2007.05.005. 

Cai, Xiaojun, Xuan Li, Li Li, Xiao-Zhen Huang, Yu-Sheng Liu, Liang Chen, Ke Zhang, et al. 
“Adiponectin Reduces Carotid Atherosclerotic Plaque Formation in ApoE-/- Mice: Roles 
of Oxidative and Nitrosative Stress and Inducible Nitric Oxide Synthase.” Molecular 
Medicine Reports 11, no. 3 (March 2015): 1715–21. doi:10.3892/mmr.2014.2947. 

Calle, Eugenia E., Carmen Rodriguez, Kimberly Walker-Thurmond, and Michael J. Thun. 
“Overweight, Obesity, and Mortality from Cancer in a Prospectively Studied Cohort of 
U.S. Adults.” New England Journal of Medicine 348, no. 17 (April 24, 2003): 1625–38. 
doi:10.1056/NEJMoa021423. 

Calvo, Mona S., Susan J. Whiting, and Curtis N. Barton. “Vitamin D Fortification in the United 
States and Canada: Current Status and Data Needs.” The American Journal of Clinical 
Nutrition 80, no. 6 (December 1, 2004): 1710S–1716S. 

Cammisotto, Philippe G., Ludwik J. Bukowiecki, Yves Deshaies, and Moise Bendayan. “Leptin 
Biosynthetic Pathway in White Adipocytes.” Biochemistry and Cell Biology = Biochimie 
Et Biologie Cellulaire 84, no. 2 (April 2006): 207–14. doi:10.1139/o06-032. 

Cammisotto, Philippe G., Moise Bendayan, Alain Sané, Michel Dominguez, Carole Garofalo, 
Émile Levy, Philippe G. Cammisotto, et al. “Receptor-Mediated Transcytosis of Leptin 
through Human Intestinal Cells In Vitro, Receptor-Mediated Transcytosis of Leptin 
through Human Intestinal Cells In Vitro.” International Journal of Cell Biology, 
International Journal of Cell Biology 2010, 2010 (April 29, 2010): e928169. 
doi:10.1155/2010/928169, 10.1155/2010/928169. 

Canoy, Dexter, S. Matthijs Boekholdt, Nicholas Wareham, Robert Luben, Ailsa Welch, Sheila 
Bingham, Iain Buchan, Nicholas Day, and Kay-Tee Khaw. “Body Fat Distribution and 
Risk of Coronary Heart Disease in Men and Women in the European Prospective 
Investigation Into Cancer and Nutrition in Norfolk Cohort A Population-Based Prospective 
Study.” Circulation 116, no. 25 (December 18, 2007): 2933–43. 
doi:10.1161/CIRCULATIONAHA.106.673756. 

Carlberg, Carsten. “Genome-Wide (Over)view on the Actions of Vitamin D.” Frontiers in 
Physiology 5 (April 29, 2014). doi:10.3389/fphys.2014.00167. 

Cawthorn, William P., Erica L. Scheller, and Ormond A. MacDougald. “Adipose Tissue Stem 
Cells: The Great WAT Hope.” Trends in Endocrinology & Metabolism 23, no. 6 (June 
2012): 270–77. doi:10.1016/j.tem.2012.01.003. 

Chakravarthy, Manu V., and Frank W. Booth. “Eating, Exercise, and ‘Thrifty’ Genotypes: 
Connecting the Dots toward an Evolutionary Understanding of Modern Chronic Diseases.” 
Journal of Applied Physiology (Bethesda, Md.: 1985) 96, no. 1 (January 2004): 3–10. 
doi:10.1152/japplphysiol.00757.2003. 

Chan, Jean L., Susann Blüher, Nikos Yiannakouris, Marc A. Suchard, Jurgen Kratzsch, and 
Christos S. Mantzoros. “Regulation of Circulating Soluble Leptin Receptor Levels by 
Gender, Adiposity, Sex Steroids, and Leptin: Observational and Interventional Studies in 
Humans.” Diabetes 51, no. 7 (July 2002): 2105–12. 

Chan, Koon-Ho, Karen Siu-Ling Lam, On-Yin Cheng, Jason Shing-Cheong Kwan, Philip 
Wing-Lok Ho, Kenneth King-Yip Cheng, Sookja Kim Chung, Jessica Wing-Man Ho, 
Vivian Yawei Guo, and Almin Xu. “Adiponectin Is Protective against Oxidative Stress 



72 
 

Induced Cytotoxicity in Amyloid-Beta Neurotoxicity.” PLOS ONE 7, no. 12 (December 
27, 2012): e52354. doi:10.1371/journal.pone.0052354. 

Chandran, Manju, Susan A. Phillips, Theodore Ciaraldi, and Robert R. Henry. “Adiponectin: 
More than Just Another Fat Cell Hormone?” Diabetes Care 26, no. 8 (August 2003): 
2442–50. 

Chapin, R. B., P. S. Brady, R. A. Barke, and L. J. Brady. “Hepatic CCAAT/enhancer Binding 
Protein (C/EBP-Alpha and C/EBP-Beta) Expression Changes with Riboflavin Deficiency, 
Diet Restriction and Starvation in Rats.” The Journal of Nutrition 124, no. 12 (December 
1994): 2365–75. 

Chattopadhyay, Naibedya, R. J. MacLeod, Jacob Tfelt-Hansen, and Edward M. Brown. 
“1α,25(OH)2-Vitamin D3 Inhibits HGF Synthesis and Secretion from MG-63 Human 
Osteosarcoma Cells.” American Journal of Physiology - Endocrinology and Metabolism 
284, no. 1 (January 1, 2003): E219–27. doi:10.1152/ajpendo.00247.2002. 

Chehab, F. F. “Leptin as a Regulator of Adipose Mass and Reproduction.” Trends in 
Pharmacological Sciences 21, no. 8 (August 2000): 309–14. 

Chen, Tai C., Farhad Chimeh, Zhiren Lu, Jeffrey Mathieu, Kelly S. Person, Anqi Zhang, 
Nathan Kohn, Stephen Martinello, Roger Berkowitz, and Michael F. Holick. “Factors That 
Influence the Cutaneous Synthesis and Dietary Sources of Vitamin D.” Archives of 
Biochemistry and Biophysics, Highlight Issue: Vitamin D, 460, no. 2 (April 15, 2007): 
213–17. doi:10.1016/j.abb.2006.12.017. 

Chen, Xingjie, Defa Li, Jingdong Yin, Yuhua Ding, Heliang Zhang, Huawei Zhang, and 
Ganfeng Yi. “Regulation of Dietary Energy Level and Oil Source on Leptin and Its Long 
Form Receptor mRNA Expression of the Adipose Tissues in Growing Pigs.” Domestic 
Animal Endocrinology 31, no. 3 (October 2006): 269–83. 
doi:10.1016/j.domaniend.2005.11.003. 

Cheng, Kai-Hung, Edward Hsi, Chia-Chu Liu, Chun-Nung Huang, Yung-Chin Lee, Chih-Sheng 
Chu, Bo-Ying Bao, et al. “The Associations of Novel Vitamin D3 Metabolic Gene 
CYP27A1 Polymorphism, Adiponectin/Leptin Ratio, and Metabolic Syndrome in Middle-
Aged Taiwanese Males.” International Journal of Endocrinology 2015 (2015): 658151. 
doi:10.1155/2015/658151. 

Cheng, Kai-Hung, Edward Hsi, Chia-Chu Liu, Chun-Nung Huang, Yung-Chin Lee, Chih-Sheng 
Chu, Bo-Ying Bao, et al. “The Associations of Novel Vitamin D3 Metabolic Gene 
CYP27A1 Polymorphism, Adiponectin/Leptin Ratio, and Metabolic Syndrome in Middle-
Aged Taiwanese Males.” International Journal of Endocrinology 2015 (2015): 658151. 
doi:10.1155/2015/658151. 

Cheng, Susan, Joseph M. Massaro, Caroline S. Fox, Martin G. Larson, Michelle J. Keyes, 
Elizabeth L. McCabe, Sander J. Robins, et al. “Adiposity, Cardiometabolic Risk, and 
Vitamin D Status: The Framingham Heart Study.” Diabetes 59, no. 1 (January 1, 2010): 
242–48. doi:10.2337/db09-1011. 

Chin-Chance, C., K. S. Polonsky, and D. A. Schoeller. “Twenty-Four-Hour Leptin Levels 
Respond to Cumulative Short-Term Energy Imbalance and Predict Subsequent Intake.” 
The Journal of Clinical Endocrinology and Metabolism 85, no. 8 (August 2000): 2685–91. 
doi:10.1210/jcem.85.8.6755. 

Chiu, Ken C., Audrey Chu, Vay Liang W. Go, and Mohammed F. Saad. “Hypovitaminosis D Is 
Associated with Insulin Resistance and Beta Cell Dysfunction.” The American Journal of 
Clinical Nutrition 79, no. 5 (May 2004): 820–25. 



73 
 

Choi, Ji Won, Chang Won Lee, Jisun Lee, Doo Jin Choi, Jae Kyung Sohng, and Yong Il Park. 
“7,8-Dihydroxyflavone Inhibits Adipocyte Differentiation via Antioxidant Activity and 
Induces Apoptosis in 3T3-L1 Preadipocyte Cells.” Life Sciences 144 (January 1, 2016a): 
103–12. doi:10.1016/j.lfs.2015.11.028. 

Choi, Seung Kug, Sunmi Park, Subin Jang, Hun Hee Cho, Siwoo Lee, Seungkwon You, Sang-
Hyuk Kim, and Hyun-Seuk Moon. “Cascade Regulation of PPARγ2 and C/EBPα 
Signaling Pathways by Celastrol Impairs Adipocyte Differentiation and Stimulates 
Lipolysis in 3T3-L1 Adipocytes.” Metabolism 65, no. 5 (May 2016b): 646–54. 
doi:10.1016/j.metabol.2016.01.009. 

Christakos, Sylvia, Dare V. Ajibade, Puneet Dhawan, Adam J. Fechner, and Leila J. Mady. 
“Vitamin D: Metabolism.” Endocrinology and Metabolism Clinics of North America 39, 
no. 2 (June 2010): 243–53. doi:10.1016/j.ecl.2010.02.002. 

Cianferotti, Luisella, Claudio Cricelli, John A. Kanis, Ranuccio Nuti, Jean-Y. Reginster, Johann 
D. Ringe, Rene Rizzoli, and Maria Luisa Brandi. “The Clinical Use of Vitamin D 
Metabolites and Their Potential Developments: A Position Statement from the European 
Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis (ESCEO) 
and the International Osteoporosis Foundation (IOF).” Endocrine 50, no. 1 (May 1, 2015): 
12–26. doi:10.1007/s12020-015-0606-x. 

Coelho, Marisa, Teresa Oliveira, and Ruben Fernandes. “Biochemistry of Adipose Tissue: An 
Endocrine Organ.” Archives of Medical Science : AMS 9, no. 2 (April 20, 2013): 191–200. 
doi:10.5114/aoms.2013.33181. 

Collinson, Patrick. The Reformation: A History. Random House Publishing Group, 2007. 
Contento, Isobel R. Nutrition Education: Linking Research, Theory, and Practice. Jones & 

Bartlett Learning, 2007. 
Contreras, Alejandra V., Nimbe Torres, and Armando R. Tovar. “PPAR-α as a Key Nutritional 

and Environmental Sensor for Metabolic Adaptation.” Advances in Nutrition: An 
International Review Journal 4, no. 4 (July 1, 2013): 439–52. doi:10.3945/an.113.003798. 

Corella, Dolores, and Jose M. Ordovas. “The Metabolic Syndrome: A Crossroad for Genotype-
Phenotype Associations in Atherosclerosis.” Current Atherosclerosis Reports 6, no. 3 
(May 2004): 186–96. 

Crawford, M. H., D. D. Dykes, and H. F. Polesky. “Genetic Structure of Mennonite Populations 
of Kansas and Nebraska.” Human Biology 61, no. 4 (August 1989): 493–514. 

Crawford, Michael H. Different Seasons: Biological Aging Among the Mennonites of the 
Midwestern United States. Department of Anthropology, University of Kansas, 2000. 

Crespi, Erica J, and Margaret K Unkefer. “Development of Food Intake Controls: 
Neuroendocrine and Environmental Regulation of Food Intake during Early Life.” 
Hormones and Behavior, April 10, 2014. doi:10.1016/j.yhbeh.2014.04.004. 

Crespi, Erica J, and Margaret K Unkefer. “Development of Food Intake Controls: 
Neuroendocrine and Environmental Regulation of Food Intake during Early Life.” 
Hormones and Behavior, April 10, 2014. doi:10.1016/j.yhbeh.2014.04.004. 

Crews, Douglas E. “Biological Anthropology and Human Aging: Some Current Directions in 
Aging Research.” Annual Review of Anthropology 22, no. 1 (1993): 395–423. 
doi:10.1146/annurev.an.22.100193.002143. 

Crofts, L. A., M. S. Hancock, N. A. Morrison, and J. A. Eisman. “Multiple Promoters Direct the 
Tissue-Specific Expression of Novel N-Terminal Variant Human Vitamin D Receptor 



74 
 

Gene Transcripts.” Proceedings of the National Academy of Sciences of the United States 
of America 95, no. 18 (September 1, 1998): 10529–34. 

Cutolo, Maurizio, Sabrina Paolino, Alberto Sulli, Vanessa Smith, Carmen Pizzorni, and Bruno 
Seriolo. “Vitamin D, Steroid Hormones, and Autoimmunity.” Annals of the New York 
Academy of Sciences 1317 (May 2014): 39–46. doi:10.1111/nyas.12432. 

Cypess, Aaron M., Sanaz Lehman, Gethin Williams, Ilan Tal, Dean Rodman, Allison B. 
Goldfine, Frank C. Kuo, et al. “Identification and Importance of Brown Adipose Tissue in 
Adult Humans.” New England Journal of Medicine 360, no. 15 (April 9, 2009): 1509–17. 
doi:10.1056/NEJMoa0810780. 

Dam, Thuy-Tien L., Denise von Mühlen, and Elizabeth L. Barrett-Connor. “Sex Specific 
Association of Serum 25-Hydroxyvitamin D Levels with Physical Function in Older 
Adults.” Osteoporosis International : A Journal Established as Result of Cooperation 
between the European Foundation for Osteoporosis and the National Osteoporosis 
Foundation of the USA 20, no. 5 (May 2009): 751–60. doi:10.1007/s00198-008-0749-1. 

Davis, Cindy D., and John A. Milner. “Nutrigenomics, Vitamin D and Cancer Prevention.” 
Journal of Nutrigenetics and Nutrigenomics 4, no. 1 (May 2011): 1–11. 
doi:10.1159/000324175. 

de Lourdes Samaniego-Vaesken, Maria, Elena Alonso-Aperte, and Gregorio Varela-Moreiras. 
“Vitamin Food Fortification Today.” Food & Nutrition Research 56 (April 2, 2012). 
doi:10.3402/fnr.v56i0.5459. 

de Luis, Daniel Antonio, Gonzalo Diaz Soto, Rosa Conde, Olatz Izaola, and Beatriz de la 
Fuente. “Relation of Leptin and Adiponectin with Cardiovascular Risk Factors, Intact 
Parathormone, and Vitamin D Levels in Patients with Primary Hyperparathyroidism.” 
Journal of Clinical Laboratory Analysis 26, no. 5 (September 2012): 398–402. 
doi:10.1002/jcla.21541. 

Del Valle, H. B., Yaktine, A. L., Taylor, C. L., & Ross, A. C. (Eds.). (2011). Dietary reference 
intakes for calcium and vitamin D. National Academies Press. 

DeLuca, H. F. “The Control of Calcium and Phosphorus Metabolism by the Vitamin D 
Endocrine System.” Annals of the New York Academy of Sciences 355 (1980): 1–17. 

DeLuca, Hector F. “Evolution of Our Understanding of Vitamin D.” Nutrition Reviews 66, no. 
10 Suppl 2 (October 2008): S73-87. doi:10.1111/j.1753-4887.2008.00105.x. 

DeLuca, Hector F. “Overview of General Physiologic Features and Functions of Vitamin D.” 
The American Journal of Clinical Nutrition 80, no. 6 (December 1, 2004): 1689S–1696S. 

Demarchi, Darío A., M. J. Mosher, and Michael H. Crawford. “Apolipoproteins (apoproteins) 
and LPL Variation in Mennonite Populations of Kansas and Nebraska.” American Journal 
of Human Biology: The Official Journal of the Human Biology Council 17, no. 5 (October 
2005): 593–600. doi:10.1002/ajhb.20425. 

Deng, Yingfeng, and Philipp E. Scherer. “Adipokines as Novel Biomarkers and Regulators of 
the Metabolic Syndrome.” Annals of the New York Academy of Sciences 1212 (November 
2010): E1–19. doi:10.1111/j.1749-6632.2010.05875.x. 

Després, J. P., S. Moorjani, P. J. Lupien, A. Tremblay, A. Nadeau, and C. Bouchard. “Regional 
Distribution of Body Fat, Plasma Lipoproteins, and Cardiovascular Disease.” 
Arteriosclerosis, Thrombosis, and Vascular Biology 10, no. 4 (July 1, 1990): 497–511. 
doi:10.1161/01.ATV.10.4.497. 

Deurenberg, P, A Andreoli, P Borg, K Kukkonen-Harjula, A de Lorenzo, W D van Marken 
Lichtenbelt, G Testolin, R Vigano, and N Vollaard. “The Validity of Predicted Body Fat 



75 
 

Percentage from Body Mass Index and from Impedance in Samples of Five European 
Populations.” European Journal of Clinical Nutrition 55, no. 11 (November 2001): 973–
79. doi:10.1038/sj.ejcn.1601254. 

Devor, E. J., M. H. Crawford, and W. Osness. “Neuromuscular Performance in a Kansas 
Mennonite Community: Age and Sex Effects in Performance.” Human Biology 57, no. 2 
(May 1985): 197–211. 

DeWan, Andrew T. “Five Classic Articles in Genetic Epidemiology.” The Yale Journal of 
Biology and Medicine 83, no. 2 (June 2010): 87–90. 

Dhawan, Puneet, Xiaorong Peng, Amelia L. M. Sutton, Paul N. MacDonald, Colleen M. 
Croniger, Christian Trautwein, Michael Centrella, Thomas L. McCarthy, and Sylvia 
Christakos. “Functional Cooperation between CCAAT/Enhancer-Binding Proteins and the 
Vitamin D Receptor in Regulation of 25-Hydroxyvitamin D3 24-Hydroxylase.” Molecular 
and Cellular Biology 25, no. 1 (January 1, 2005): 472–87. doi:10.1128/MCB.25.1.472-
487.2005. 

Ding, C., V. Parameswaran, L. Blizzard, J. Burgess, and G. Jones. “Not a Simple Fat-Soluble 
Vitamin: Changes in Serum 25-(OH)D Levels Are Predicted by Adiposity and 
Adipocytokines in Older Adults.” Journal of Internal Medicine 268, no. 5 (November 
2010): 501–10. doi:10.1111/j.1365-2796.2010.02267.x. 

Ding, Cherlyn, Dan Gao, John Wilding, Paul Trayhurn, and Chen Bing. “Vitamin D Signalling 
in Adipose Tissue.” The British Journal of Nutrition 108, no. 11 (December 14, 2012): 
1915–23. doi:10.1017/S0007114512003285. 

Donkin, Ida, Soetkin Versteyhe, Lars R. Ingerslev, Kui Qian, Mie Mechta, Loa Nordkap, 
Brynjulf Mortensen, et al. “Obesity and Bariatric Surgery Drive Epigenetic Variation of 
Spermatozoa in Humans.” Cell Metabolism 23, no. 2 (February 9, 2016): 369–78. 
doi:10.1016/j.cmet.2015.11.004. 

Dozio, Elena, Massimiliano M. Corsi, Massimiliano Ruscica, Luca Passafaro, Liliana Steffani, 
Giuseppe Banfi, and Paolo Magni. “Adipokine Actions on Cartilage Homeostasis.” 
Advances in Clinical Chemistry 55 (2011): 61–79. 

Drincic, Andjela T., Laura A. G. Armas, Eileen E. Van Diest, and Robert P. Heaney. 
“Volumetric Dilution, rather than Sequestration Best Explains the Low Vitamin D Status 
of Obesity.” Obesity (Silver Spring, Md.) 20, no. 7 (July 2012): 1444–48. 
doi:10.1038/oby.2011.404. 

Drincic, Andjela T., Laura A.G. Armas, Eileen E. van Diest, and Robert P. Heaney. 
“Volumetric Dilution, Rather Than Sequestration Best Explains the Low Vitamin D Status 
of Obesity.” Obesity 20, no. 7 (July 1, 2012): 1444–48. doi:10.1038/oby.2011.404. 

Drolet, R., C. Richard, A. D. Sniderman, J. Mailloux, M. Fortier, C. Huot, C. Rhéaume, and A. 
Tchernof. “Hypertrophy and Hyperplasia of Abdominal Adipose Tissues in Women.” 
International Journal of Obesity 32, no. 2 (August 28, 2007): 283–91. 
doi:10.1038/sj.ijo.0803708. 

Duggirala, Ravindranath, Meredith Uttley, Ken Williams, Rector Arya, John Blangero, and 
Michael H. Crawford. “Genetic Determination of Biological Age in the Mennonites of the 
Midwestern United States.” Genetic Epidemiology 23, no. 2 (August 2002): 97–109. 
doi:10.1002/gepi.1126. 

Dunlop, Thomas W., Sami Väisänen, Christian Frank, Ferdinand Molnár, Lasse Sinkkonen, and 
Carsten Carlberg. “The Human Peroxisome Proliferator-Activated Receptor Delta Gene Is 



76 
 

a Primary Target of 1alpha,25-Dihydroxyvitamin D3 and Its Nuclear Receptor.” Journal of 
Molecular Biology 349, no. 2 (June 3, 2005): 248–60. doi:10.1016/j.jmb.2005.03.060. 

Dusso, A., A. Brown, and E. Slatopolsky. “Extrarenal Production of Calcitriol.” Seminars in 
Nephrology 14, no. 2 (March 1994): 144–55. 

Earthman, C. P., L. M. Beckman, K. Masodkar, and S. D. Sibley. “The Link between Obesity 
and Low Circulating 25-Hydroxyvitamin D Concentrations: Considerations and 
Implications.” International Journal of Obesity (2005) 36, no. 3 (March 2012): 387–96. 
doi:10.1038/ijo.2011.119. 

Edita, Stokić, Kupusinac Aleksandar, Tomic-Naglic Dragana, Smiljenic Dragana, Kovacev-
Zavisic Branka, Srdic-Galic Biljana, Soskic Sanja, and Isenovic R. Esma. “Vitamin D and 
Dysfunctional Adipose Tissue in Obesity.” Angiology, July 22, 2014. 
doi:10.1177/0003319714543512. 

Edita, Stokić, Kupusinac Aleksandar, Tomic-Naglic Dragana, Smiljenic Dragana, Kovacev-
Zavisic Branka, Srdic-Galic Biljana, Soskic Sanja, and Isenovic R. Esma. “Vitamin D and 
Dysfunctional Adipose Tissue in Obesity.” Angiology, July 22, 2014. 
doi:10.1177/0003319714543512. 

Edita, Stokić, Kupusinac Aleksandar, Tomic-Naglic Dragana, Smiljenic Dragana, Kovacev-
Zavisic Branka, Srdic-Galic Biljana, Soskic Sanja, and Isenovic R. Esma. “Vitamin D and 
Dysfunctional Adipose Tissue in Obesity.” Angiology, July 22, 2014. 
doi:10.1177/0003319714543512. 

Einstein, Francine H., Gil Atzmon, Xiao-man Yang, Xiao-Hui Ma, Marielisa Rincon, Eric 
Rudin, Radhika Muzumdar, and Nir Barzilai. “Differential Responses of Visceral and 
Subcutaneous Fat Depots to Nutrients.” Diabetes 54, no. 3 (March 1, 2005): 672–78. 
doi:10.2337/diabetes.54.3.672. 

Eliades, Myrto, and Elias Spyrou. “Vitamin D: A New Player in Non-Alcoholic Fatty Liver 
Disease?” World Journal of Gastroenterology : WJG 21, no. 6 (February 14, 2015): 1718–
27. doi:10.3748/wjg.v21.i6.1718. 

Eliades, Myrto, and Elias Spyrou. “Vitamin D: A New Player in Non-Alcoholic Fatty Liver 
Disease?” World Journal of Gastroenterology : WJG 21, no. 6 (February 14, 2015): 1718–
27. doi:10.3748/wjg.v21.i6.1718. 

Everson, P.M., J.C. Stevenson, and L. Rogers. “Mortality in a Migrating Mennonite Church 
Congregation.” Human Biology 67, no. 1 (1995): 69–86. 

Fadini, Gian Paolo, Giulio Ceolotto, Elisa Pagnin, Saula de Kreutzenberg, and Angelo Avogaro. 
“At the Crossroads of Longevity and Metabolism: The Metabolic Syndrome and Lifespan 
Determinant Pathways.” Aging Cell 10, no. 1 (February 2011): 10–17. doi:10.1111/j.1474-
9726.2010.00642.x. 

Fantuzzi, Giamila. “Leptin: Nourishment for the Immune System.” European Journal of 
Immunology 36, no. 12 (December 2006): 3101–4. doi:10.1002/eji.200636770. 
Fasshauer, Mathias, Johannes Klein, Susanne Neumann, Markus Eszlinger, and Ralf Paschke. 

“Hormonal Regulation of Adiponectin Gene Expression in 3T3-L1 Adipocytes.” 
Biochemical and Biophysical Research Communications 290, no. 3 (January 25, 2002): 
1084–89. doi:10.1006/bbrc.2001.6307. 

Fenech, Michael, Ahmed El-Sohemy, Leah Cahill, Lynnette R. Ferguson, Tapaeru-Ariki C. 
French, E. Shyong Tai, John Milner, et al. “Nutrigenetics and Nutrigenomics: Viewpoints 
on the Current Status and Applications in Nutrition Research and Practice.” Journal of 
Nutrigenetics and Nutrigenomics 4, no. 2 (July 2011): 69–89. doi:10.1159/000327772. 



77 
 

Ferguson, Bradley S., Heesun Nam, and Ron F. Morrison. “Curcumin Inhibits 3T3-L1 
Preadipocyte Proliferation by Mechanisms Involving Post-Transcriptional p27 
Regulation.” Biochemistry and Biophysics Reports 5 (March 2016): 16–21. 
doi:10.1016/j.bbrep.2015.11.014. 

Finch, Caleb E. “Evolution of the Human Lifespan and Diseases of Aging: Roles of Infection, 
Inflammation, and Nutrition.” Proceedings of the National Academy of Sciences 107, no. 
suppl 1 (January 26, 2010): 1718–24. doi:10.1073/pnas.0909606106. 

Fisman, Enrique Z., and Alexander Tenenbaum. “Adiponectin: A Manifold Therapeutic Target 
for Metabolic Syndrome, Diabetes, and Coronary Disease?” Cardiovascular Diabetology 
13 (2014): 103. doi:10.1186/1475-2840-13-103. 

Flatz, G., and H. W. Rotthauwe. “Lactose Nutrition and Natural Selection.” Lancet (London, 
England) 2, no. 7820 (July 14, 1973): 76–77. 

Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, and Ogden CL. “Trends in Obesity 
among Adults in the United States, 2005 to 2014.” JAMA 315, no. 21 (June 7, 2016): 
2284–91. doi:10.1001/jama.2016.6458. 

Fontana, Luigi, J. Christopher Eagon, Maria E. Trujillo, Philipp E. Scherer, and Samuel Klein. 
“Visceral Fat Adipokine Secretion Is Associated with Systemic Inflammation in Obese 
Humans.” Diabetes 56, no. 4 (April 2007): 1010–13. doi:10.2337/db06-1656. 

Ford, Earl S., Umed A. Ajani, Lisa C. McGuire, and Simin Liu. “Concentrations of Serum 
Vitamin D and the Metabolic Syndrome Among U.S. Adults.” Diabetes Care 28, no. 5 
(May 1, 2005): 1228–30. doi:10.2337/diacare.28.5.1228. 

Foss, Y. J. “Vitamin D Deficiency Is the Cause of Common Obesity.” Medical Hypotheses 72, 
no. 3 (March 2009): 314–21. doi:10.1016/j.mehy.2008.10.005. 

Francis, Michael P, Patrick C Sachs, Lynne W Elmore, and Shawn E. Holt. “Isolating Adipose-
Derived Mesenchymal Stem Cells from Lipoaspirate Blood and Saline Fraction.” 
Organogenesis 6, no. 1 (2010): 11–14. 

Frantz, David J., Craig Munroe, Stephen A. McClave, and Robert Martindale. “Current 
Perception of Nutrition Education in U.S. Medical Schools.” Current Gastroenterology 
Reports 13, no. 4 (August 2011): 376–79. doi:10.1007/s11894-011-0202-z. 

Freedman, David S., and Bettylou Sherry. “The Validity of BMI as an Indicator of Body 
Fatness and Risk Among Children.” Pediatrics 124, no. Supplement 1 (September 1, 
2009): S23–34. doi:10.1542/peds.2008-3586E. 

Friedewald, William T., Robert I. Levy, and Donald S. Fredrickson. “Estimation of the 
Concentration of Low-Density Lipoprotein Cholesterol in Plasma, Without Use of the 
Preparative Ultracentrifuge.” Clinical Chemistry 18, no. 6 (June 1, 1972): 499–502. 

Friedman, Jeffrey M. “A Tale of Two Hormones.” Nature Medicine 16, no. 10 (October 2010): 
1100–1106. doi:10.1038/nm1010-1100. 

Friedman, Jeffrey M., and Jeffrey L. Halaas. “Leptin and the Regulation of Body Weight in 
Mammals.” Nature 395, no. 6704 (October 22, 1998): 763–70. doi:10.1038/27376. 

Friesen, J., & Lohrenz, G. (1989). Mennonites in Russia, 1788-1988: Essays in Honour of 
Gerhard Lohrenz. CMBC Publications. 

Frühbeck, G., S. A. Jebb, and A. M. Prentice. “Leptin: Physiology and Pathophysiology.” 
Clinical Physiology 18, no. 5 (October 1, 1998): 399–419. doi:10.1046/j.1365-
2281.1998.00129.x. 



78 
 

Fu, Mingui, Tingwan Sun, Angie L. Bookout, Michael Downes, Ruth T. Yu, Ronald M. Evans, 
and David J. Mangelsdorf. “A Nuclear Receptor Atlas: 3T3-L1 Adipogenesis.” Molecular 
Endocrinology 19, no. 10 (October 1, 2005): 2437–50. doi:10.1210/me.2004-0539. 

Fuente-Martín, Esther, Cristina García-Cáceres, Miriam Granado, María L. de Ceballos, Miguel 
Ángel Sánchez-Garrido, Beatrix Sarman, Zhong-Wu Liu, et al. “Leptin Regulates 
Glutamate and Glucose Transporters in Hypothalamic Astrocytes.” Journal of Clinical 
Investigation 122, no. 11 (November 1, 2012): 3900–3913. doi:10.1172/JCI64102. 

Galic, Sandra, Jon S. Oakhill, and Gregory R. Steinberg. “Adipose Tissue as an Endocrine 
Organ.” Molecular and Cellular Endocrinology, Endocrine Aspects of Obesity, 316, no. 2 
(March 25, 2010): 129–39. doi:10.1016/j.mce.2009.08.018. 

Gannagé-Yared, Marie-Hélène, Rima Chedid, Simon Khalife, Emmanuel Azzi, Fernand 
Zoghbi, and Georges Halaby. “Vitamin D in Relation to Metabolic Risk Factors, Insulin 
Sensitivity and Adiponectin in a Young Middle-Eastern Population.” European Journal of 
Endocrinology / European Federation of Endocrine Societies 160, no. 6 (June 2009): 965–
71. doi:10.1530/EJE-08-0952. 

Gat-Yablonski, Galia, and Moshe Phillip. “Leptin and Regulation of Linear Growth.” Current 
Opinion in Clinical Nutrition and Metabolic Care 11, no. 3 (May 2008): 303–8. 
doi:10.1097/MCO.0b013e3282f795cf. 

Gautron, Laurent, and Joel K. Elmquist. “Sixteen Years and Counting: An Update on Leptin in 
Energy Balance.” Journal of Clinical Investigation 121, no. 6 (June 1, 2011): 2087–93. 
doi:10.1172/JCI45888. 

Gennari, C. “Calcium and Vitamin D Nutrition and Bone Disease of the Elderly.” Public Health 
Nutrition 4, no. 2B (April 2001): 547–59. 

Gerbault, Pascale, Anke Liebert, Yuval Itan, Adam Powell, Mathias Currat, Joachim Burger, 
Dallas M. Swallow, and Mark G. Thomas. “Evolution of Lactase Persistence: An Example 
of Human Niche Construction.” Philosophical Transactions of the Royal Society B: 
Biological Sciences 366, no. 1566 (March 27, 2011): 863–77. doi:10.1098/rstb.2010.0268. 

Ghavamzadeh, Saeid, Majid Mobasseri, and Reza Mahdavi. “The Effect of Vitamin D 
Supplementation on Adiposity, Blood Glycated Hemoglobin, Serum Leptin and Tumor 
Necrosis Factor-α in Type 2 Diabetic Patients.” International Journal of Preventive 
Medicine 5, no. 9 (September 2014): 1091–98. 

Gibney, Michael J., Breige A. McNulty, Miriam F. Ryan, and Marianne C. Walsh. “Nutritional 
Phenotype Databases and Integrated Nutrition: From Molecules to Populations.” Advances 
in Nutrition: An International Review Journal 5, no. 3 (May 1, 2014): 352S–357S. 
doi:10.3945/an.113.005496. 

Gillies, Peter J. “Nutrigenomics: The Rubicon of Molecular Nutrition.” Journal of the American 
Dietetic Association 103, no. 12, Supplement (December 2003): 50–55. 
doi:10.1016/j.jada.2003.09.037. 

Ginsburg, Geoffrey S., and Huntington F. Willard. “Genomic and Personalized Medicine: 
Foundations and Applications.” Translational Research, Special Issue on Personalized 
Medicine, 154, no. 6 (December 2009): 277–87. doi:10.1016/j.trsl.2009.09.005. 

Giralt, Marta, and Francesc Villarroya. “White, Brown, Beige/brite: Different Adipose Cells for 
Different Functions?” Endocrinology 154, no. 9 (September 2013): 2992–3000. 
doi:10.1210/en.2013-1403. 



79 
 

Glanz, Karen. “Measuring Food Environments: A Historical Perspective.” American Journal of 
Preventive Medicine 36, no. 4 Suppl (April 2009): S93–98. 
doi:10.1016/j.amepre.2009.01.010. 

Go, Alan S., Dariush Mozaffarian, Véronique L. Roger, Emelia J. Benjamin, Jarett D. Berry, 
Michael J. Blaha, Shifan Dai, et al. “Executive Summary: Heart Disease and Stroke 
Statistics—2014 Update A Report From the American Heart Association.” Circulation 
129, no. 3 (January 21, 2014): 399–410. doi:10.1161/01.cir.0000442015.53336.12. 

Go, Vay Liang W., Christine T. H. Nguyen, Diane M. Harris, and Wai-Nang Paul Lee. 
“Nutrient-Gene Interaction: Metabolic Genotype-Phenotype Relationship.” The Journal of 
Nutrition 135, no. 12 (December 1, 2005): 3016S – 3020S. 

Goldman, Noreen, Maxine Weinstein, Jennifer Cornman, Burton Singer, Teresa Seeman, 
Noreen Goldman, and Ming-Cheng Chang. “Sex Differentials in Biological Risk Factors 
for Chronic Disease: Estimates from Population-Based Surveys.” Journal of Women’s 
Health 13, no. 4 (May 1, 2004): 393–403. doi:10.1089/154099904323087088. 

Goldstein, Barry J., and Rosario Scalia. “Adiponectin: A Novel Adipokine Linking Adipocytes 
and Vascular Function.” The Journal of Clinical Endocrinology and Metabolism 89, no. 6 
(June 2004): 2563–68. doi:10.1210/jc.2004-0518. 

Gorden, Phillip, and Oksana Gavrilova. “The Clinical Uses of Leptin.” Current Opinion in 
Pharmacology 3, no. 6 (December 2003): 655–59. 

Gordon, Catherine M., Kerrin C. DePeter, Henry A. Feldman, Estherann Grace, and S. Jean 
Emans. “Prevalence of Vitamin D Deficiency among Healthy Adolescents.” Archives of 
Pediatrics & Adolescent Medicine 158, no. 6 (June 2004): 531–37. 
doi:10.1001/archpedi.158.6.531. 

Grabowski, Mark. “Bigger Brains Led to Bigger Bodies?: The Correlated Evolution of Human 
Brain and Body Size.” Current Anthropology 57, no. 2 (March 29, 2016): 174–96. 
doi:10.1086/685655. 

Grant, Ryan W., and Vishwa Deep Dixit. “Adipose Tissue as an Immunological Organ.” 
Obesity (Silver Spring, Md.) 23, no. 3 (March 2015): 512–18. doi:10.1002/oby.21003. 

Grant, William B. “Ecologic Studies of Solar UV-B Radiation and Cancer Mortality Rates.” In 
Vitamin D Analogs in Cancer Prevention and Therapy, edited by Dr Jörg Reichrath, Prof 
Dr Wolfgang Tilgen, and Dr Michael Friedrich, 371–77. Recent Results in Cancer 
Research 164. Springer Berlin Heidelberg, 2003. 
http://link.springer.com/chapter/10.1007/978-3-642-55580-0_27. 

Grant, William B., and Micael F. Holick. “Benefits and Requirements of Vitamin D for Optimal 
Health: A Review.” Alternative Medicine Review: A Journal of Clinical Therapeutic 10, 
no. 2 (June 2005): 94–111. 

Green, Sarah H., and Karen Glanz. “Development of the Perceived Nutrition Environment 
Measures Survey.” American Journal of Preventive Medicine 49, no. 1 (July 2015): 50–61. 
doi:10.1016/j.amepre.2015.02.004. 

Grün, Felix, and Bruce Blumberg. “Endocrine Disrupters as Obesogens.” Molecular and 
Cellular Endocrinology 304, no. 1–2 (May 25, 2009): 19–29. 
doi:10.1016/j.mce.2009.02.018. 

Grundberg, Elin, Eshwar Meduri, Johanna K. Sandling, Åsa K. Hedman, Sarah Keildson, 
Alfonso Buil, Stephan Busche, et al. “Global Analysis of DNA Methylation Variation in 
Adipose Tissue from Twins Reveals Links to Disease-Associated Variants in Distal 



80 
 

Regulatory Elements.” American Journal of Human Genetics 93, no. 5 (November 7, 
2013): 876–90. doi:10.1016/j.ajhg.2013.10.004. 

Grundy, Scott M. “Metabolic Syndrome Pandemic.” Arteriosclerosis, Thrombosis, and 
Vascular Biology 28, no. 4 (April 1, 2008): 629–36. doi:10.1161/ATVBAHA.107.151092. 

Guerra, Borja, Teresa Fuentes, Safira Delgado-Guerra, Amelia Guadalupe-Grau, Hugo 
Olmedillas, Alfredo Santana, Jesus Gustavo Ponce-Gonzalez, Cecilia Dorado, and José A. 
L. Calbet. “Gender Dimorphism in Skeletal Muscle Leptin Receptors, Serum Leptin and 
Insulin Sensitivity.” PLoS ONE 3, no. 10 (October 21, 2008). 
doi:10.1371/journal.pone.0003466. 

Gupta, Gaurav K., Tanupriya Agrawal, Michael G. DelCore, Syed M. Mohiuddin, and 
Devendra K. Agrawal. “Vitamin D Deficiency Induces Cardiac Hypertrophy and 
Inflammation in Epicardial Adipose Tissue in Hypercholesterolemic Swine.” Experimental 
and Molecular Pathology 93, no. 1 (August 2012): 82–90. 
doi:10.1016/j.yexmp.2012.04.006. 

Gysemans, Conny A., Alessandra K. Cardozo, Hanne Callewaert, Annapaula Giulietti, Leen 
Hulshagen, Roger Bouillon, Décio L. Eizirik, and Chantal Mathieu. “1,25-
Dihydroxyvitamin D3 Modulates Expression of Chemokines and Cytokines in Pancreatic 
Islets: Implications for Prevention of Diabetes in Nonobese Diabetic Mice.” Endocrinology 
146, no. 4 (April 1, 2005): 1956–64. doi:10.1210/en.2004-1322. 

Haddad, J. G., L. Y. Matsuoka, B. W. Hollis, Y. Z. Hu, and J. Wortsman. “Human Plasma 
Transport of Vitamin D after Its Endogenous Synthesis.” The Journal of Clinical 
Investigation 91, no. 6 (June 1993): 2552–55. doi:10.1172/JCI116492. 

Handelsman, Yehuda, Elif A. Oral, Zachary T. Bloomgarden, Rebecca J. Brown, Jean L. Chan, 
Daniel Einhorn, Alan J. Garber, et al. “THE CLINICAL APPROACH TO THE 
DETECTION OF LIPODYSTROPHY – AN AACE CONSENSUS STATEMENT.” 
Endocrine Practice : Official Journal of the American College of Endocrinology and the 
American Association of Clinical Endocrinologists 19, no. 1 (2013): 107–16. 

Hansen, Barbara C. “Causes of Obesity and Consequences of Obesity Prevention in Non-
Human Primates and Other Animal Models.” In International Textbook of Obesity, edited 
by Per Björntorp, 181–201. Chichester, UK: John Wiley & Sons, Ltd, 2001. 
http://doi.wiley.com/10.1002/0470846739.ch14. 

Hara, Kazuo, Toshimasa Yamauchi, and Takashi Kadowaki. “Adiponectin: An Adipokine 
Linking Adipocytes and Type 2 Diabetes in Humans.” Current Diabetes Reports 5, no. 2 
(March 2005): 136–40. doi:10.1007/s11892-005-0041-0. 

Harms, Matthew, and Patrick Seale. “Brown and Beige Fat: Development, Function and 
Therapeutic Potential.” Nature Medicine 19, no. 10 (October 2013): 1252–63. 
doi:10.1038/nm.3361. 

Harris, Ruth B. S. “Direct and Indirect Effects of Leptin on Adipocyte Metabolism.” 
Biochimica Et Biophysica Acta 1842, no. 3 (March 2014): 414–23. 
doi:10.1016/j.bbadis.2013.05.009. 

Hatzikotoulas, Konstantinos, Arthur Gilly, and Eleftheria Zeggini. “Using Population Isolates in 
Genetic Association Studies.” Briefings in Functional Genomics, July 9, 2014, elu022. 
doi:10.1093/bfgp/elu022. 

Haussler, Mark R., G. Kerr Whitfield, Carol A. Haussler, Jui-Cheng Hsieh, Paul D. Thompson, 
Sanford H. Selznick, Carlos Encinas Dominguez, and Peter W. Jurutka. “The Nuclear 
Vitamin D Receptor: Biological and Molecular Regulatory Properties Revealed.” Journal 



81 
 

of Bone and Mineral Research 13, no. 3 (March 1, 1998): 325–49. 
doi:10.1359/jbmr.1998.13.3.325. 

Havel, Peter J. “Control of Energy Homeostasis and Insulin Action by Adipocyte Hormones: 
Leptin, Acylation Stimulating Protein, and Adiponectin.” Current Opinion in Lipidology 
13, no. 1 (February 2002): 51–59. 

Hawkes, C. H. “Twin Studies in Medicine--What Do They Tell Us?” QJM: Monthly Journal of 
the Association of Physicians 90, no. 5 (May 1997): 311–21. 

Heaney, Robert P., Robert R. Recker, James Grote, Ronald L. Horst, and Laura A. G. Armas. 
“Vitamin D3 Is More Potent Than Vitamin D2 in Humans.” The Journal of Clinical 
Endocrinology & Metabolism 96, no. 3 (December 22, 2010): E447–52. 
doi:10.1210/jc.2010-2230. 

Heidari, Behzad, and Maryam Beygom Haji Mirghassemi. “Seasonal Variations in Serum 
Vitamin D according to Age and Sex.” Caspian Journal of Internal Medicine 3, no. 4 
(2012): 535–40. 

Heijmans, Bastiaan T, and Jonathan Mill. “Commentary: The Seven Plagues of Epigenetic 
Epidemiology.” International Journal of Epidemiology 41, no. 1 (February 2012): 74–78. 
doi:10.1093/ije/dyr225. 

Heldenberg, D., G. Tenenbaum, and Y. Weisman. “Effect of Iron on Serum 25-Hydroxyvitamin 
D and 24,25-Dihydroxyvitamin D Concentrations.” The American Journal of Clinical 
Nutrition 56, no. 3 (September 1992): 533–36. 

Herranz, Pedro, Raul de Lucas, Luis Pérez-España, and Matias Mayor. “Lipodystrophy 
Syndromes.” Dermatologic Clinics 26, no. 4 (October 2008): 569–578, ix. 
doi:10.1016/j.det.2008.05.004. 

Herrera, Blanca M., Sarah Keildson, and Cecilia M. Lindgren. “Genetics and Epigenetics of 
Obesity.” Maturitas 69, no. 1 (May 2011): 41–49. doi:10.1016/j.maturitas.2011.02.018. 

Higgins, Paul B., Raul A. Bastarrachea, Juan Carlos Lopez-Alvarenga, Maggie Garcia-Forey, J. 
Michael Proffitt, V. Saroja Voruganti, M. Elizabeth Tejero, et al. “Eight Week Exposure to 
a High Sugar High Fat Diet Results in Adiposity Gain and Alterations in Metabolic 
Biomarkers in Baboons (Papio Hamadryas Sp.).” Cardiovascular Diabetology 9 (2010): 
71. doi:10.1186/1475-2840-9-71. 

Hill, Jennifer W., Joel K. Elmquist, and Carol F. Elias. “Hypothalamic Pathways Linking 
Energy Balance and Reproduction.” American Journal of Physiology. Endocrinology and 
Metabolism 294, no. 5 (May 2008): E827-832. doi:10.1152/ajpendo.00670.2007. 

Holick, M. F., J. A. MacLaughlin, M. B. Clark, S. A. Holick, J. T. Potts, R. R. Anderson, I. H. 
Blank, J. A. Parrish, and P. Elias. “Photosynthesis of Previtamin D3 in Human Skin and 
the Physiologic Consequences.” Science (New York, N.Y.) 210, no. 4466 (October 10, 
1980): 203–5. 

Holick, Michael F. “Evolution and Function of Vitamin D.” Recent Results in Cancer Research. 
Fortschritte Der Krebsforschung. Progrès Dans Les Recherches Sur Le Cancer 164 
(2003a): 3–28. 

Holick, Michael F. “Vitamin D: A Millenium Perspective.” Journal of Cellular Biochemistry 
88, no. 2 (February 1, 2003b): 296–307. doi:10.1002/jcb.10338. 

Holick, Michael F., Tai C. Chen, Zhiren Lu, and Edward Sauter. “Vitamin D and Skin 
Physiology: A D-Lightful Story.” Journal of Bone and Mineral Research: The Official 
Journal of the American Society for Bone and Mineral Research 22 Suppl 2 (December 
2007a): V28-33. doi:10.1359/jbmr.07s211. 



82 
 

Holick, Michael F. “Vitamin D Deficiency.” The New England Journal of Medicine 357, no. 3 
(July 19, 2007b): 266–81. doi:10.1056/NEJMra070553. 

Holick, Michael F., and Tai C. Chen. “Vitamin D Deficiency: A Worldwide Problem with 
Health Consequences.” The American Journal of Clinical Nutrition 87, no. 4 (April 1, 
2008): 1080S–1086S. 

Holick, Michael F. “Vitamin D and Health: Evolution, Biologic Functions, and Recommended 
Dietary Intakes for Vitamin D.” In Vitamin D, edited by Michael F. Holick, 3–33. 
Nutrition and Health. Humana Press, 2010. http://link.springer.com/chapter/10.1007/978-
1-60327-303-9_1. 

Holick, Michael F. “Vitamin D: A D-Lightful Solution for Health.” Journal of Investigative 
Medicine: The Official Publication of the American Federation for Clinical Research 59, 
no. 6 (August 2011): 872–80. doi:10.231/JIM.0b013e318214ea2d. 

Holick, Michael F., Neil C. Binkley, Heike A. Bischoff-Ferrari, Catherine M. Gordon, David A. 
Hanley, Robert P. Heaney, M. Hassan Murad, and Connie M. Weaver. “Evaluation, 
Treatment, and Prevention of Vitamin D Deficiency: An Endocrine Society Clinical 
Practice Guideline.” The Journal of Clinical Endocrinology & Metabolism 96, no. 7 (June 
6, 2011): 1911–30. doi:10.1210/jc.2011-0385. 

Hotta, Kikuko, Tohru Funahashi, Noni L. Bodkin, Heidi K. Ortmeyer, Yukio Arita, Barbara C. 
Hansen, and Yuji Matsuzawa. “Circulating Concentrations of the Adipocyte Protein 
Adiponectin Are Decreased in Parallel With Reduced Insulin Sensitivity During the 
Progression to Type 2 Diabetes in Rhesus Monkeys.” Diabetes 50, no. 5 (May 1, 2001): 
1126–33. doi:10.2337/diabetes.50.5.1126. 

Houde, Andrée-Anne, Cécilia Légaré, Simon Biron, Odette Lescelleur, Laurent Biertho, Simon 
Marceau, André Tchernof, Marie-Claude Vohl, Marie-France Hivert, and Luigi Bouchard. 
“Leptin and Adiponectin DNA Methylation Levels in Adipose Tissues and Blood Cells 
Are Associated with BMI, Waist Girth and LDL-Cholesterol Levels in Severely Obese 
Men and Women.” BMC Medical Genetics 16 (2015): 29. doi:10.1186/s12881-015-0174-
1. 

Houghton, Lisa A., and Reinhold Vieth. “The Case against Ergocalciferol (Vitamin D2) as a 
Vitamin Supplement.” The American Journal of Clinical Nutrition 84, no. 4 (October 1, 
2006): 694–97. 

Hu, E., P. Liang, and B. M. Spiegelman. “AdipoQ Is a Novel Adipose-Specific Gene 
Dysregulated in Obesity.” The Journal of Biological Chemistry 271, no. 18 (May 3, 1996): 
10697–703. 

Hyppönen, Elina, and Chris Power. “Hypovitaminosis D in British Adults at Age 45 Y: 
Nationwide Cohort Study of Dietary and Lifestyle Predictors.” The American Journal of 
Clinical Nutrition 85, no. 3 (March 2007): 860–68. 

Ice, Gillian H. “Biological Anthropology and Aging.” Journal of Cross-Cultural Gerontology 
20, no. 2 (June 1, 2005): 87–90. doi:10.1007/s10823-005-9084-6. 

Institute of Medicine (US) Committee to Review Dietary Reference Intakes for Vitamin D and 
Calcium. Dietary Reference Intakes for Calcium and Vitamin D. Edited by A. Catharine 
Ross, Christine L. Taylor, Ann L. Yaktine, and Heather B. Del Valle. The National 
Academies Collection: Reports Funded by National Institutes of Health. Washington (DC): 
National Academies Press (US), 2011. http://www.ncbi.nlm.nih.gov/books/NBK56070/. 



83 
 

Ishida, Y., H. Taniguchi, and S. Baba. “Possible Involvement of 1 alpha,25-Dihydroxyvitamin 
D3 in Proliferation and Differentiation of 3T3-L1 Cells.” Biochemical and Biophysical 
Research Communications 151, no. 3 (March 30, 1988): 1122–27. 

Jamal-Allial, Aziza, John L. Griffith, and Katherine L. Tucker. “The Longitudinal Association 
of Vitamin D Serum Concentrations & Adiposity Phenotype.” The Journal of Steroid 
Biochemistry and Molecular Biology 144 Pt A (October 2014): 185–88. 
doi:10.1016/j.jsbmb.2013.12.004. 

Janes, Craig R., Ron Stall, and Sandra M. Gifford, eds. Anthropology and Epidemiology. 
Dordrecht: Springer Netherlands, 1987. http://link.springer.com/10.1007/978-94-009-
3723-9. 

Jenab, Mazda, Nadia Slimani, Magda Bictash, Pietro Ferrari, and Sheila A. Bingham. 
“Biomarkers in Nutritional Epidemiology: Applications, Needs and New Horizons.” 
Human Genetics 125, no. 5–6 (April 9, 2009): 507–25. Doi:10.1007/s00439-009-0662-5. 

Ji, Shuhan, Matthew E. Doumit, and Rodney A. Hill. “Regulation of Adipogenesis and Key 
Adipogenic Gene Expression by 1, 25-Dihydroxyvitamin D in 3T3-L1 Cells.” PloS One 
10, no. 6 (2015): e0126142. doi:10.1371/journal.pone.0126142. 

Jin, Hongbin, and Daniel C. Benyshek. “The ‘metabolic Syndrome Index’: A Novel, 
Comprehensive Method for Evaluating the Efficacy of Diabetes Prevention Programs.” 
Journal of Diabetes Mellitus 3, no. 2 (2013): 96–99. doi:10.4236/jdm.2013.32014. 

Jl, Freudenheim. “A Review of Study Designs and Methods of Dietary Assessment in 
Nutritional Epidemiology of Chronic Disease.” The Journal of Nutrition 123, no. 2 Suppl 
(February 1993): 401–5. 

Jo, Junghyo, Oksana Gavrilova, Stephanie Pack, William Jou, Shawn Mullen, Anne E. Sumner, 
Samuel W. Cushman, and Vipul Periwal. “Hypertrophy And/or Hyperplasia: Dynamics of 
Adipose Tissue Growth.” PLoS Computational Biology 5, no. 3 (March 2009). 
doi:10.1371/journal.pcbi.1000324. 

Johansson, L., D. S. Thelle, K. Solvoll, G. E. Bjørneboe, and C. A. Drevon. “Healthy Dietary 
Habits in Relation to Social Determinants and Lifestyle Factors.” The British Journal of 
Nutrition 81, no. 3 (March 1999): 211–20. 

Johnson, I. T., and N. J. Belshaw. “Nutrition and Epigenetics: An Emerging Field.” Nutrition 
Bulletin 39, no. 4 (December 1, 2014): 313–21. doi:10.1111/nbu.12120. 

Johnson, Lana R. “Vitamin D Insufficiency Due to Insufficient Exposure to Sunlight and 
Related Pathology.” Student Pulse 2, no. 12 (2010). 
http://www.studentpulse.com/articles/346/vitamin-d-insufficiency-due-to-insufficient-
exposure-to-sunlight-and-related-pathology. 

Jones, Dean P., Youngja Park, and Thomas R. Ziegler. “Nutritional Metabolomics: Progress in 
Addressing Complexity in Diet and Health.” Annual Review of Nutrition 32 (August 21, 
2012): 183–202. doi:10.1146/annurev-nutr-072610-145159. 

Jump, Donald B., and Steven D. Clarke. “Regulation of Gene Expression by Dietary Fat.” 
Annual Review of Nutrition 19, no. 1 (1999): 63–90. doi:10.1146/annurev.nutr.19.1.63. 

Jungert, Alexandra, and Monika Neuhäuser-Berthold. “Sex-Specific Determinants of Serum 25-
Hydroxyvitamin D3 Concentrations in an Elderly German Cohort: A Cross-Sectional 
Study.” Nutrition & Metabolism 12, no. 1 (January 14, 2015): 2. doi:10.1186/1743-7075-
12-2. 

Jungert, Alexandra, and Monika Neuhäuser-Berthold. “Sex-Specific Determinants of Serum 25-
Hydroxyvitamin D3 Concentrations in an Elderly German Cohort: A Cross-Sectional 



84 
 

Study.” Nutrition & Metabolism 12, no. 1 (January 14, 2015): 2. doi:10.1186/1743-7075-
12-2. 

Kamen, Diane L., and Vin Tangpricha. “Vitamin D and Molecular Actions on the Immune 
System: Modulation of Innate and Autoimmunity.” Journal of Molecular Medicine 
(Berlin, Germany) 88, no. 5 (May 2010): 441–50. doi:10.1007/s00109-010-0590-9. 

Kaneko, Ichiro, Marya S. Sabir, Christopher M. Dussik, G. Kerr Whitfield, Amitis Karrys, Jui-
Cheng Hsieh, Mark R. Haussler, Mark B. Meyer, J. Wesley Pike, and Peter W. Jurutka. 
“1,25-Dihydroxyvitamin D Regulates Expression of the Tryptophan Hydroxylase 2 and 
Leptin Genes: Implication for Behavioral Influences of Vitamin D.” FASEB Journal: 
Official Publication of the Federation of American Societies for Experimental Biology 29, 
no. 9 (September 2015): 4023–35. doi:10.1096/fj.14-269811. 

Kao, Erl-Shyh, Mon-Yuan Yang, Chia-Hung Hung, Chien-Ning Huang, and Chau-Jong Wang. 
“Polyphenolic Extract from Hibiscus Sabdariffa Reduces Body Fat by Inhibiting Hepatic 
Lipogenesis and Preadipocyte Adipogenesis.” Food Funct. 7, no. 1 (2016): 171–82. 
doi:10.1039/C5FO00714C. 

Kaput, Jim, and Raymond L. Rodriguez. “Nutritional Genomics: The next Frontier in the 
Postgenomic Era.” Physiological Genomics 16, no. 2 (January 15, 2004): 166–77. 
doi:10.1152/physiolgenomics.00107.2003. 

Kaput, Jim. “Systems-Level Nutrition Approaches to Define Phenotypes Resulting from 
Complex Gene-Environment Interactions.” Nestlé Nutrition Institute Workshop Series 84 
(2016): 1–13. doi:10.1159/000436947. 

Karastergiou, Kalypso, Steven R. Smith, Andrew S. Greenberg, and Susan K. Fried. “Sex 
Differences in Human Adipose Tissues - the Biology of Pear Shape.” Biology of Sex 
Differences 3, no. 1 (2012): 13. doi:10.1186/2042-6410-3-13. 

Kardas, Fatih, Mustafa Kendirci, and Selim Kurtoglu. “Cardiometabolic Risk Factors Related to 
Vitamin D and Adiponectin in Obese Children and Adolescents.” International Journal of 
Endocrinology 2013 (July 24, 2013): e503270. doi:10.1155/2013/503270. 

Kasiappan, Ravi, Yuefeng Sun, Panida Lungchukiet, Waise Quarni, Xiaohong Zhang, and 
Wenlong Bai. “Vitamin D Suppresses Leptin Stimulation of Cancer Growth through 
microRNA.” Cancer Research 74, no. 21 (November 1, 2014): 6194–6204. 
doi:10.1158/0008-5472.CAN-14-1702. 

Keel, William D. “From the Netherlands to Kansas: Mennonite Low German.,” March 23, 
2012. https://esirc.emporia.edu/handle/123456789/632.  

Kelesidis, Theodore, Iosif Kelesidis, Sharon Chou, and Christos S. Mantzoros. “Narrative 
Review: The Role of Leptin in Human Physiology: Emerging Clinical Applications.” 
Annals of Internal Medicine 152, no. 2 (January 19, 2010): 93–100. doi:10.1059/0003-
4819-152-2-201001190-00008. 

Kershaw, Erin E., and Jeffrey S. Flier. “Adipose Tissue as an Endocrine Organ.” The Journal of 
Clinical Endocrinology and Metabolism 89, no. 6 (June 2004): 2548–56. 
doi:10.1210/jc.2004-0395. 

Khabour, Omar F., Fahmi S. Mesmar, Mohammad A. Alatoum, Mohammad Y. Gharaibeh, and 
Karem H. Alzoubi. “Associations of Polymorphisms in Adiponectin and Leptin Genes 
with Men’s Longevity.” The Aging Male: The Official Journal of the International Society 
for the Study of the Aging Male 13, no. 3 (September 2010): 188–93. 
doi:10.3109/13685531003657800. 



85 
 

Khanal, R., and Ilka Nemere. “Membrane Receptors for Vitamin D Metabolites.” Critical 
Reviews in Eukaryotic Gene Expression 17, no. 1 (2007): 31–47. 

Khoury, Muin J., Terri H. Beaty, and Bernice H. Cohen. Fundamentals of Genetic 
Epidemiology. Oxford University Press, 1993. 

Kiess, Wieland, Stephanie Petzold, Madlen Töpfer, Antje Garten, Susann Blüher, Thomas 
Kapellen, Antje Körner, and Jürgen Kratzsch. “Adipocytes and Adipose Tissue.” Best 
Practice & Research Clinical Endocrinology & Metabolism, Fetal and Neonatal 
Endocrinology, 22, no. 1 (February 2008): 135–53. doi:10.1016/j.beem.2007.10.002. 

Kim, Eun Ju, Yeon Kyung Kim, Min-Kyoung Kim, Sungsoo Kim, Jin Yong Kim, Dong Hun 
Lee, and Jin Ho Chung. “UV-Induced Inhibition of Adipokine Production in Subcutaneous 
Fat Aggravates Dermal Matrix Degradation in Human Skin.” Scientific Reports 6 (2016): 
25616. doi:10.1038/srep25616. 

Kim, Misung, Woori Na, and Cheongmin Sohn. “Correlation between Vitamin D and 
Cardiovascular Disease Predictors in Overweight and Obese Koreans.” Journal of Clinical 
Biochemistry and Nutrition 52, no. 2 (March 2013): 167–71. doi:10.3164/jcbn.12-81. 

Kim, Misung, Woori Na, and Cheongmin Sohn. “Correlation between Vitamin D and 
Cardiovascular Disease Predictors in Overweight and Obese Koreans.” Journal of Clinical 
Biochemistry and Nutrition 52, no. 2 (March 2013): 167–71. doi:10.3164/jcbn.12-81. 

Kim, Suyeon, and Naima Moustaid-Moussa. “Secretory, Endocrine and Autocrine/Paracrine 
Function of the Adipocyte.” The Journal of Nutrition 130, no. 12 (December 1, 2000): 
3110S–3115S. 

Kipnis, Victor, Douglas Midthune, Laurence Freedman, Sheila Bingham, Nicholas E Day, Elio 
Riboli, Pietro Ferrari, and Raymond J Carroll. “Bias in Dietary-Report Instruments and Its 
Implications for Nutritional Epidemiology.” Public Health Nutrition 5, no. 6a (December 
2002): 915–23. Doi:10.1079/PHN2002383. 

Kirkland, James L., Tamara Tchkonia, Tamar Pirtskhalava, Jianrong Han, and Iordanes 
Karagiannides. “Adipogenesis and Aging: Does Aging Make Fat Go MAD?” Experimental 
Gerontology 37, no. 6 (June 2002): 757–67. 

Koh, Eun Hee, Joong-Yeol Park, Hye-Sun Park, Min Jae Jeon, Je Won Ryu, Mina Kim, Sun 
Young Kim, et al. “Essential Role of Mitochondrial Function in Adiponectin Synthesis in 
Adipocytes.” Diabetes 56, no. 12 (December 2007): 2973–81. doi:10.2337/db07-0510. 

Kohara, Katsuhiko, Masayuki Ochi, Yoko Okada, Taiji Yamashita, Maya Ohara, Takeaki Kato, 
Tokihisa Nagai, Yasuharu Tabara, Michiya Igase, and Tetsuro Miki. “Clinical 
Characteristics of High Plasma Adiponectin and High Plasma Leptin as Risk Factors for 
Arterial Stiffness and Related End-Organ Damage.” Atherosclerosis 235, no. 2 (August 
2014): 424–29. doi:10.1016/j.atherosclerosis.2014.05.940. 

Kolčić, Ivana, Ariana Vorko-Jović, Branka Salzer, Mladen Smoljanović, Josipa Kern, and 
Silvije Vuletić. “Metabolic Syndrome in a Metapopulation of Croatian Island Isolates.” 
Croatian Medical Journal 47, no. 4 (August 2006): 585–92. 

Kolovou, Genovefa, Vana Kolovou, Ioannis Vasiliadis, Anthony S Wierzbicki, and Dimitri P 
Mikhailidis. “Ideal Lipid Profile and Genes for an Extended Life Span:” Current Opinion 
in Cardiology 26, no. 4 (July 2011): 348–55. doi:10.1097/HCO.0b013e32834659d4. 

Kong, Juan, Yunzi Chen, Guojun Zhu, Qun Zhao, and Yan Chun Li. “1,25-Dihydroxyvitamin 
D3 Upregulates Leptin Expression in Mouse Adipose Tissue.” The Journal of 
Endocrinology 216, no. 2 (February 2013): 265–71. doi:10.1530/JOE-12-0344. 



86 
 

Kong, Juan, Yunzi Chen, Guojun Zhu, Qun Zhao, and Yan Chun Li. “1,25-Dihydroxyvitamin 
D3 Upregulates Leptin Expression in Mouse Adipose Tissue.” The Journal of 
Endocrinology 216, no. 2 (February 2013): 265–71. doi:10.1530/JOE-12-0344. 

Konstantinidou, Valentini, Lidia Angeles Daimiel Ruiz, and Jose M. Ordovás. “Personalized 
Nutrition and Cardiovascular Disease Prevention: From Framingham to PREDIMED.” 
Advances in Nutrition (Bethesda, Md.) 5, no. 3 (May 2014): 368S–71S. 
doi:10.3945/an.113.005686. 

Kopelman, Peter G. “Obesity as a Medical Problem.” Nature 404, no. 6778 (April 6, 2000): 
635–43. doi:10.1038/35007508. 

Koszowska, Aneta U., Justyna Nowak, Anna Dittfeld, Anna Brończyk-Puzoń, Agata Kulpok, 
and Barbara Zubelewicz-Szkodzińska. “Obesity, Adipose Tissue Function and the Role of 
Vitamin D.” Central-European Journal of Immunology 39, no. 2 (2014): 260–64. 
doi:10.5114/ceji.2014.43732. 

Koszowska, Aneta U., Justyna Nowak, Anna Dittfeld, Anna Brończyk-Puzoń, Agata Kulpok, 
and Barbara Zubelewicz-Szkodzińska. “Obesity, Adipose Tissue Function and the Role of 
Vitamin D.” Central-European Journal of Immunology 39, no. 2 (2014): 260–64. 
doi:10.5114/ceji.2014.43732. 

Krawczynska, A., E. Olczak, A. Rembiszewska, A. P. Herman, and J. Gromadzka-Ostrowska. 
“Time-Dependent Supplementation of Vitamin E Influences Leptin Expression in the 
Aortic Layers of Rats Fed Atherogenic Diet.” Journal of Physiology and Pharmacology: 
An Official Journal of the Polish Physiological Society 65, no. 1 (February 2014): 33–39. 

Kristensen, K., S. B. Pedersen, and B. Richelsen. “Interactions between Sex Steroid Hormones 
and Leptin in Women. Studies in Vivo and in Vitro.” International Journal of Obesity and 
Related Metabolic Disorders: Journal of the International Association for the Study of 
Obesity 24, no. 11 (November 2000): 1438–44. 

Kristiansson, Kati, Jussi Naukkarinen, and Leena Peltonen. “Isolated Populations and Complex 
Disease Gene Identification.” Genome Biology 9, no. 8 (August 26, 2008): 109. 
doi:10.1186/gb-2008-9-8-109. 

Kristiansson, Kati, Jussi Naukkarinen, and Leena Peltonen. “Isolated Populations and Complex 
Disease Gene Identification.” Genome Biology 9, no. 8 (August 26, 2008): 109. 
doi:10.1186/gb-2008-9-8-109. 

Kuo, Tony. “Results of the META-Health Study Suggest Pathways by Which Vitamin D Affect 
Obesity and Cardiovascular Risk through Adiponectin Levels May Require Further 
Characterization in Subgroups.” Frontiers in Public Health 2 (December 8, 2014). 
doi:10.3389/fpubh.2014.00269. 

Kuo, Tony. “Results of the META-Health Study Suggest Pathways by Which Vitamin D Affect 
Obesity and Cardiovascular Risk through Adiponectin Levels May Require Further 
Characterization in Subgroups.” Epidemiology 2 (2014): 269. 
doi:10.3389/fpubh.2014.00269. 

Kuo, Tony. “Results of the META-Health Study Suggest Pathways by Which Vitamin D Affect 
Obesity and Cardiovascular Risk through Adiponectin Levels May Require Further 
Characterization in Subgroups.” Epidemiology 2 (2014): 269. 
doi:10.3389/fpubh.2014.00269. 

Lago, Francisca, Carlos Dieguez, Juan Gómez-Reino, and Oreste Gualillo. “Adipokines as 
Emerging Mediators of Immune Response and Inflammation.” Nature Clinical Practice 
Rheumatology 3, no. 12 (2007): 716–24. doi:10.1038/ncprheum0674. 



87 
 

Lago, Francisca, Rodolfo Gómez, Juan J. Gómez-Reino, Carlos Dieguez, and Oreste Gualillo. 
“Adipokines as Novel Modulators of Lipid Metabolism.” Trends in Biochemical Sciences 
34, no. 10 (October 2009): 500–510. doi:10.1016/j.tibs.2009.06.008. 

Landrier, Jean-François, Julie Marcotorchino, and Franck Tourniaire. “Lipophilic 
Micronutrients and Adipose Tissue Biology.” Nutrients 4, no. 11 (November 6, 2012): 
1622–49. doi:10.3390/nu4111622. 

Lara-Castro, Cristina, Yuchang Fu, B. Hong Chung, and W. Timothy Garvey. “Adiponectin and 
the Metabolic Syndrome: Mechanisms Mediating Risk for Metabolic and Cardiovascular 
Disease.” Current Opinion in Lipidology 18, no. 3 (June 2007): 263–70. 
doi:10.1097/MOL.0b013e32814a645f. 

Lee, Kayoung. “Sex-Specific Relationships between Alcohol Consumption and Vitamin D 
Levels: The Korea National Health and Nutrition Examination Survey 2009.” Nutrition 
Research and Practice 6, no. 1 (February 2012): 86–90. doi:10.4162/nrp.2012.6.1.86. 

Lee, Kayoung. “Sex-Specific Relationships between Alcohol Consumption and Vitamin D 
Levels: The Korea National Health and Nutrition Examination Survey 2009.” Nutrition 
Research and Practice 6, no. 1 (February 2012): 86–90. doi:10.4162/nrp.2012.6.1.86. 

Lee, Sang-Ah, Asha Kallianpur, Yong-Bing Xiang, Wanqing Wen, Qiuyin Cai, Dake Liu, 
Sergio Fazio, MacRae F. Linton, Wei Zheng, and Xiao Ou Shu. “Intra-Individual Variation 
of Plasma Adipokine Levels and Utility of Single Measurement of These Biomarkers in 
Population-Based Studies.” Cancer Epidemiology, Biomarkers & Prevention: A 
Publication of the American Association for Cancer Research, Cosponsored by the 
American Society of Preventive Oncology 16, no. 11 (November 2007): 2464–70. 
doi:10.1158/1055-9965.EPI-07-0374. 

Lee, Sang-Ah, Asha Kallianpur, Yong-Bing Xiang, Wanqing Wen, Qiuyin Cai, Dake Liu, 
Sergio Fazio, MacRae F. Linton, Wei Zheng, and Xiao Ou Shu. “Intra-Individual Variation 
of Plasma Adipokine Levels and Utility of Single Measurement of These Biomarkers in 
Population-Based Studies.” Cancer Epidemiology, Biomarkers & Prevention: A 
Publication of the American Association for Cancer Research, Cosponsored by the 
American Society of Preventive Oncology 16, no. 11 (November 2007): 2464–70. 
doi:10.1158/1055-9965.EPI-07-0374. 

Lefterova, Martina I., Yong Zhang, David J. Steger, Michael Schupp, Jonathan Schug, Ana 
Cristancho, Dan Feng, et al. “PPARγ and C/EBP Factors Orchestrate Adipocyte Biology 
via Adjacent Binding on a Genome-Wide Scale.” Genes & Development 22, no. 21 
(November 1, 2008): 2941–52. doi:10.1101/gad.1709008. 

Lenders, Carine, Kathy Gorman, Hannah Milch, Ashley Decker, Nanette Harvey, Lorraine 
Stanfield, Aimee Lim-Miller, Joan Salge-Blake, Laura Judd, and Sharon Levine. “A Novel 
Nutrition Medicine Education Model: The Boston University Experience.” Advances in 
Nutrition: An International Review Journal 4, no. 1 (January 1, 2013): 1–7. 
doi:10.3945/an.112.002766. 

Leonard, William R, Marcia L Robertson, J. Josh Snodgrass, and Christopher W Kuzawa. 
“Metabolic Correlates of Hominid Brain Evolution.” Comparative Biochemistry and 
Physiology Part A: Molecular & Integrative Physiology 136, no. 1 (September 2003): 5–
15. doi:10.1016/S1095-6433(03)00132-6. 

Leonard, William R., J. Josh Snodgrass, and Marcia L. Robertson. “Effects of Brain Evolution 
on Human Nutrition and Metabolism.” Annual Review of Nutrition 27, no. 1 (2007): 311–
27. doi:10.1146/annurev.nutr.27.061406.093659. 



88 
 

Li, Kai Kai, Chuek Lun Liu, Hoi Ting Shiu, Hing Lok Wong, Wing Sum Siu, Cheng Zhang, 
Xiao Qiang Han, Chuang Xing Ye, Ping Chung Leung, and Chun Hay Ko. “Cocoa Tea 
(Camellia Ptilophylla) Water Extract Inhibits Adipocyte Differentiation in Mouse 3T3-L1 
Preadipocytes.” Scientific Reports 6 (February 1, 2016). doi:10.1038/srep20172. 

Lidell, Martin E., Matthias J. Betz, Olof Dahlqvist Leinhard, Mikael Heglind, Louise Elander, 
Marc Slawik, Thomas Mussack, et al. “Evidence for Two Types of Brown Adipose Tissue 
in Humans.” Nature Medicine 19, no. 5 (May 2013): 631–34. doi:10.1038/nm.3017. 

Lind, James. A Treatise on the Scurvy. S. Crowder, 1772. 
Lind, Pernille L., Pernille V. Jensen, Charlotte Glümer, and Ulla Toft. “The Association 

between Accessibility of Local Convenience Stores and Unhealthy Diet.” The European 
Journal of Public Health, February 5, 2016, ckv242. doi:10.1093/eurpub/ckv242. 

Lips, P. “Vitamin D Physiology.” Progress in Biophysics and Molecular Biology, UV exposure 
guidance: A balanced approach between health risks and health benefits of UV and 
Vitamin D. Proceedings of an International Workshop, International Commission on Non-
ionizing Radiation Protection, Munich, Germany, 17-18 October, 2005UV exposure 
guidance: A balanced approach between health risks and health benefits of UV and 
Vitamin D. Proceedings of an International Workshop, International Commission on Non-
ionizing Radiation Protection, Munich, Germany, 17-18 October, 2005, 92, no. 1 
(September 2006): 4–8. doi:10.1016/j.pbiomolbio.2006.02.016. 

Liu, Enju, James B. Meigs, Anastassios G. Pittas, Nicola M. McKeown, Christina D. 
Economos, Sarah L. Booth, and Paul F. Jacques. “Plasma 25-Hydroxyvitamin D Is 
Associated with Markers of the Insulin Resistant Phenotype in Nondiabetic Adults.” The 
Journal of Nutrition 139, no. 2 (February 2009): 329–34. doi:10.3945/jn.108.093831. 

Lönnqvist, F, L Nordfors, M Jansson, A Thörne, M Schalling, and P Arner. “Leptin Secretion 
from Adipose Tissue in Women. Relationship to Plasma Levels and Gene Expression.” 
Journal of Clinical Investigation 99, no. 10 (May 15, 1997): 2398–2404. 

Lönnqvist, Fredrik, Peter Arner, Louise Nordfors, and Martin Schalling. “Overexpression of the 
Obese (Ob) Gene in Adipose Tissue of Human Obese Subjects.” Nature Medicine 1, no. 9 
(September 1995): 950–53. doi:10.1038/nm0995-950. 

Lundgren, M., M. Svensson, S. Lindmark, F. Renström, T. Ruge, and J. W. Eriksson. “Fat Cell 
Enlargement Is an Independent Marker of Insulin Resistance and ‘hyperleptinaemia.’” 
Diabetologia 50, no. 3 (January 10, 2007): 625–33. doi:10.1007/s00125-006-0572-1. 

Lundqvist, Johan. “Vitamin D as a Regulator of Steroidogenic Enzymes.” F1000Research, July 
8, 2014. doi:10.12688/f1000research.4714.1. 

MacCulloch, Diarmaid. Reformation: Europe’s House Divided 1490-1700. Penguin UK, 2004. 
Maetani, Micah, Gertraud Maskarinec, Adrian A. Franke, and Robert V. Cooney. “Association 

of Leptin, 25-Hydroxyvitamin D, and Parathyroid Hormone in Women.” Nutrition and 
Cancer 61, no. 2 (2009): 225–31. doi:10.1080/01635580802455149. 

Maggi, Stefania, Paola Siviero, Enrico Brocco, Massimo Albertin, Giovanna Romanato, and 
Gaetano Crepaldi. “Vitamin D Deficiency, Serum Leptin and Osteoprotegerin Levels in 
Older Diabetic Patients: An Input to New Research Avenues.” Acta Diabetologica 51, no. 
3 (December 20, 2013): 461–69. doi:10.1007/s00592-013-0540-4. 

Mainardi, Marco, Tommaso Pizzorusso, and Margherita Maffei. “Environment, Leptin 
Sensitivity, and Hypothalamic Plasticity.” Neural Plasticity 2013 (July 18, 2013): 
e438072. doi:10.1155/2013/438072. 



89 
 

Makita, Shinji, Akihiko Abiko, Mizuyoshi Nagai, Shinetsu Yonezawa, Makoto Koshiyama, 
Mutsuko Ohta, and Motoyuki Nakamura. “Influence of Daily Alcohol Consumption on 
Serum Adiponectin Levels in Men.” Metabolism - Clinical and Experimental 62, no. 3 
(March 1, 2013): 411–16. doi:10.1016/j.metabol.2012.09.003. 

Mantzoros, Christos S., Faidon Magkos, Mary Brinkoetter, Elizabeth Sienkiewicz, Tina A. 
Dardeno, Sang-Yong Kim, Ole-Petter R. Hamnvik, and Anastasia Koniaris. “Leptin in 
Human Physiology and Pathophysiology.” American Journal of Physiology. 
Endocrinology and Metabolism 301, no. 4 (October 2011): E567-584. 
doi:10.1152/ajpendo.00315.2011. 

Margetic, S., C. Gazzola, G. G. Pegg, and R. A. Hill. “Leptin: A Review of Its Peripheral 
Actions and Interactions.” International Journal of Obesity and Related Metabolic 
Disorders: Journal of the International Association for the Study of Obesity 26, no. 11 
(November 2002): 1407–33. doi:10.1038/sj.ijo.0802142. 

Margetic, S., C. Gazzola, G. G. Pegg, and R. A. Hill. “Leptin: A Review of Its Peripheral 
Actions and Interactions.” International Journal of Obesity and Related Metabolic 
Disorders: Journal of the International Association for the Study of Obesity 26, no. 11 
(November 2002): 1407–33. doi:10.1038/sj.ijo.0802142. 

Mariman, Edwin C. M., and Ping Wang. “Adipocyte Extracellular Matrix Composition, 
Dynamics and Role in Obesity.” Cellular and Molecular Life Sciences 67, no. 8 (April 
2010): 1277–92. doi:10.1007/s00018-010-0263-4. 

Martin, K., J. C. Stevenson, M. H. Crawford, P. M. Everson, and M. S. Schanfield. 
“Immunoglobulin Haplotype Frequencies in Anabaptist Population Samples: Kansas and 
Nebraska Mennonites and Indiana Amish.” Human Biology 68, no. 1 (February 1996): 45–
62. 

Marwaha, Raman K., Nikhil Tandon, Devi Reddy H. K. Reddy, Rashmi Aggarwal, Rajvir 
Singh, Ramesh C. Sawhney, Bobbin Saluja, M. Ashraf Ganie, and Satveer Singh. “Vitamin 
D and Bone Mineral Density Status of Healthy Schoolchildren in Northern India.” The 
American Journal of Clinical Nutrition 82, no. 2 (August 2005): 477–82. 

Masters, Ryan K., Eric N. Reither, Daniel A. Powers, Y. Claire Yang, Andrew E. Burger, and 
Bruce G. Link. “The Impact of Obesity on US Mortality Levels: The Importance of Age 
and Cohort Factors in Population Estimates.” American Journal of Public Health 103, no. 
10 (October 2013): 1895–1901. doi:10.2105/AJPH.2013.301379. 

Matsuda, Satoru, and Yasuko Kitagishi. “Peroxisome Proliferator-Activated Receptor and 
Vitamin D Receptor Signaling Pathways in Cancer Cells.” Cancers 5, no. 4 (October 21, 
2013): 1261–70. doi:10.3390/cancers5041261. 

Matsuzawa, Yuji, Tohru Funahashi, Shinji Kihara, and Iichiro Shimomura. “Adiponectin and 
Metabolic Syndrome.” Arteriosclerosis, Thrombosis, and Vascular Biology 24, no. 1 
(January 2004): 29–33. doi:10.1161/01.ATV.0000099786.99623.EF. 

Matthys, Christophe, Stefaan De Henauw, Patrick Kolsteren, Carl Lachat, John Van Camp, 
Kristin Verbeke, and Nathalie Delzenne. “Genes and Nutrition, Is Personalised Nutrition 
the next Realistic Step.” Archives of Public Health 72, no. Suppl 1 (June 6, 2014): I1. 
doi:10.1186/2049-3258-72-S1-I1. 

Mattu, Harman S., and Harpal S. Randeva. “Role of Adipokines in Cardiovascular Disease.” 
Journal of Endocrinology 216, no. 1 (January 1, 2013): T17–36. doi:10.1530/JOE-12-
0232. 



90 
 

Mauldin, Kasuen, and Colleen O’Leary-Kelley. “New Guidelines for Assessment of 
Malnutrition in Adults: Obese Critically Ill Patients.” Critical Care Nurse 35, no. 4 
(August 1, 2015): 24–30. doi:10.4037/ccn2015886. 

McCurdy, Carrie E., Jacalyn M. Bishop, Sarah M. Williams, Bernadette E. Grayson, M. Susan 
Smith, Jacob E. Friedman, and Kevin L. Grove. “Maternal High-Fat Diet Triggers 
Lipotoxicity in the Fetal Livers of Nonhuman Primates.” The Journal of Clinical 
Investigation 119, no. 2 (February 2009): 323–35. doi:10.1172/JCI32661. 

McEwen, Bruce S. “Brain on Stress: How the Social Environment Gets under the Skin.” 
Proceedings of the National Academy of Sciences of the United States of America 109, no. 
Suppl 2 (October 16, 2012): 17180–85. doi:10.1073/pnas.1121254109. 

McGill, Anne-Thea. “Causes of Metabolic Syndrome and Obesity-Related Co-Morbidities Part 
1: A Composite Unifying Theory Review of Human-Specific Co-Adaptations to Brain 
Energy Consumption.” Archives of Public Health 72, no. 1 (September 1, 2014): 30. 
doi:10.1186/2049-3258-72-30. 

McGrath, J. J., M. G. Kimlin, S. Saha, D. W. Eyles, and A. V. Parisi. “Vitamin D Insufficiency 
in South-East Queensland.” The Medical Journal of Australia 174, no. 3 (February 5, 
2001): 150–51. 

McKusick, V. A. “Genetic Studies in American Inbred Populations with Particular Reference to 
the Old Order Amish.” Israel Journal of Medical Sciences 9, no. 9 (October 1973): 1276–
84. 

Mead, M. Nathaniel. “Nutrigenomics: The Genome–Food Interface.” Environmental Health 
Perspectives 115, no. 12 (December 2007): A582–89. 

Meier, Ursula, and Axel M. Gressner. “Endocrine Regulation of Energy Metabolism: Review of 
Pathobiochemical and Clinical Chemical Aspects of Leptin, Ghrelin, Adiponectin, and 
Resistin.” Clinical Chemistry 50, no. 9 (September 1, 2004): 1511–25. 
doi:10.1373/clinchem.2004.032482. 

Melnik, Bodo C., Swen Malte John, and Gerd Schmitz. “Over-Stimulation of insulin/IGF-1 
Signaling by Western Diet May Promote Diseases of Civilization: Lessons Learnt from 
Laron Syndrome.” Nutrition & Metabolism 8 (2011): 41. doi:10.1186/1743-7075-8-41. 

Melton, P. E. (2012). Mennonite migrations: genetic and demographic consequences. Causes 
and Consequences of Human Migration: An Evolutionary Perspective, 299. 

Melton, P. E., M. J. Mosher, R. Rubicz, M. Zlojutro, and M. H. Crawford. “Mitochondrial DNA 
Diversity in Mennonite Communities from the Midwestern United States.” Human 
Biology 82, no. 3 (June 2010): 267–89. doi:10.3378/027.082.0302. 

Melton, Phillip E., M. Zlojutro, K. Kimminau, and M. H. Crawford. “Biological Aging and Cox 
Hazard Analysis of Mortality Trends in a Mennonite Community from South-Central 
Kansas.” American Journal of Human Biology: The Official Journal of the Human Biology 
Council 18, no. 3 (June 2006): 387–401. doi:10.1002/ajhb.20514. 

Menendez, C., M. Lage, R. Peino, R. Baldelli, P. Concheiro, C. Dieguez, and F. F. Casanueva. 
“Retinoic Acid and Vitamin D(3) Powerfully Inhibit in Vitro Leptin Secretion by Human 
Adipose Tissue.” Journal of Endocrinology 170, no. 2 (August 1, 2001): 425–31. 
doi:10.1677/joe.0.1700425. 

Menendez, C., M. Lage, R. Peino, R. Baldelli, P. Concheiro, C. Dieguez, and F. F. Casanueva. 
“Retinoic Acid and Vitamin D(3) Powerfully Inhibit in Vitro Leptin Secretion by Human 
Adipose Tissue.” Journal of Endocrinology 170, no. 2 (August 1, 2001): 425–31. 
doi:10.1677/joe.0.1700425. 



91 
 

Michael, O. Thorner. “Endocrinology of Aging: The Convergence of Reductionist Science with 
Systems Biology and Integrative Medicine.” Frontiers in Endocrinology 1 (October 14, 
2010). doi:10.3389/fendo.2010.00002. 

Michalakis, K., D. G. Goulis, A. Vazaiou, G. Mintziori, A. Polymeris, and A. Abrahamian-
Michalakis. “Obesity in the Ageing Man.” Metabolism: Clinical and Experimental 62, no. 
10 (October 2013): 1341–49. doi:10.1016/j.metabol.2013.05.019. 

Minocci, A., G. Savia, R. Lucantoni, M. E. Berselli, M. Tagliaferri, G. Calò, M. L. Petroni, C. 
de Medici, G. C. Viberti, and A. Liuzzi. “Leptin Plasma Concentrations Are Dependent on 
Body Fat Distribution in Obese Patients.” International Journal of Obesity and Related 
Metabolic Disorders: Journal of the International Association for the Study of Obesity 24, 
no. 9 (September 2000): 1139–44. 

Mintz, Sidney W., and Christine M. Du Bois. “The Anthropology of Food and Eating.” Annual 
Review of Anthropology 31, no. 1 (2002): 99–119. 
doi:10.1146/annurev.anthro.32.032702.131011. 

Missoni, Sasa. “Metabolic Syndrome among the Inhabitants of the Island of Vis.” Collegium 
Antropologicum 33, no. 4 (December 2009): 1281–87. 

Mizwicki, Mathew T., and Anthony W. Norman. “The Vitamin D Sterol-Vitamin D Receptor 
Ensemble Model Offers Unique Insights into Both Genomic and Rapid-Response 
Signaling.” Science Signaling 2, no. 75 (2009): re4. doi:10.1126/scisignal.275re4. 

Moitra, J., M. M. Mason, M. Olive, D. Krylov, O. Gavrilova, B. Marcus-Samuels, L. 
Feigenbaum, et al. “Life without White Fat: A Transgenic Mouse.” Genes & Development 
12, no. 20 (October 15, 1998): 3168–81. 

Monzillo, Lais U., Osama Hamdy, Edward S. Horton, Sarah Ledbury, Cathy Mullooly, 
Catherine Jarema, Satoko Porter, Kerry Ovalle, Amr Moussa, and Christos S. Mantzoros. 
“Effect of Lifestyle Modification on Adipokine Levels in Obese Subjects with Insulin 
Resistance.” Obesity Research 11, no. 9 (September 2003): 1048–54. 
doi:10.1038/oby.2003.144. 

Moore, Carolyn, Mary M. Murphy, Debra R. Keast, and Michael F. Holick. “Vitamin D Intake 
in the United States.” Journal of the American Dietetic Association 104, no. 6 (June 2004): 
980–83. doi:10.1016/j.jada.2004.03.028. 

Mora, Samia, Nader Rifai, Julie E. Buring, and Paul M. Ridker. “Comparison of LDL 
Cholesterol Concentrations by Friedewald Calculation and Direct Measurement in Relation 
to Cardiovascular Events in 27 331 Women.” Clinical Chemistry 55, no. 5 (May 1, 2009): 
888–94. doi:10.1373/clinchem.2008.117929. 

Moreno, L. A., G. Rodríguez, J. Guillén, M. J. Rabanaque, J. F. León, and A. Ariño. 
“Anthropometric Measurements in Both Sides of the Body in the Assessment of 
Nutritional Status in Prepubertal Children.” European Journal of Clinical Nutrition 56, no. 
12 (December 2002): 1208–15. doi:10.1038/sj.ejcn.1601493. 

Morton, Newton Ennis, Chin Sik Chung, and Ming-pi Mi. Genetics of Interracial Crosses in 
Hawaii. Karger, 1967. 

Mosher MJ, Melton P, Stapleton P, Crawford MH. “Patterns of DNA Methylation in the Leptin 
Core Promoter and their Phenotypic Significance in Two Diverse Populations: The 
Siberian Western Buryat and the Central Kansas Mennonite. (Submitted to Human 
Biology 2016, in Press). 

Mosher, M. J. “The Role of Diet and Epigenetics in Migration: Molecular Mechanisms 
Underlying the Consequences of Change.” In Causes and Consequences of Human 



92 
 

Migration. Cambridge University Press, 2012. 
http://dx.doi.org/10.1017/CBO9781139003308.009. 

Mozumdar, Arupendra, and Gary Liguori. “Persistent Increase of Prevalence of Metabolic 
Syndrome Among U.S. Adults: NHANES III to NHANES 1999–2006.” Diabetes Care 34, 
no. 1 (January 1, 2011): 216–19. doi:10.2337/dc10-0879. 

Mutt, Shivaprakash J., Elina Hyppönen, Juha Saarnio, Marjo-Riitta Järvelin, and Karl-Heinz 
Herzig. “Vitamin D and Adipose Tissue-More than Storage.” Frontiers in Physiology 5 
(2014): 228. doi:10.3389/fphys.2014.00228. 

Naeem, Zahid. “Vitamin D Deficiency- An Ignored Epidemic.” International Journal of Health 
Sciences 4, no. 1 (January 2010): V–VI. 

Nakagawa, Yasuhiko, Ken Kishida, Shinji Kihara, Mina Sonoda, Ayumu Hirata, Atsutaka 
Yasui, Hitoshi Nishizawa, et al. “Nocturnal Reduction in Circulating Adiponectin 
Concentrations Related to Hypoxic Stress in Severe Obstructive Sleep Apnea-Hypopnea 
Syndrome.” American Journal of Physiology. Endocrinology and Metabolism 294, no. 4 
(April 2008): E778-784. doi:10.1152/ajpendo.00709.2007. 

Nalini, Devarajan, Rajendran Karthick, Vijay Shirin, Ganesan Manohar, and Raghunathan 
Malathi. “Role of the Adipocyte Hormone Leptin in Cardiovascular Diseases – a Study 
from Chennai Based Population.” Thrombosis Journal 13, no. 1 (March 4, 2015): 12. 
doi:10.1186/s12959-015-0042-4. 

Namwanje, Maria, JuanC. Bournat, and ChesterW. Brown. “Isolation and Manipulation of 
Adipogenic Cells to Assess TGF-β Superfamily Functions.” In TGF-β Signaling, edited by 
Xin-Hua Feng, Pinglong Xu, and Xia Lin, 205–17. Methods in Molecular Biology 1344. 
Springer New York, 2016. http://dx.doi.org/10.1007/978-1-4939-2966-5_12. 

Narayanan, Deevya L., Rao N. Saladi, and Joshua L. Fox. “Ultraviolet Radiation and Skin 
Cancer.” International Journal of Dermatology 49, no. 9 (September 2010): 978–86. 
doi:10.1111/j.1365-4632.2010.04474.x. 

Narvaez, Carmen J., Donald Matthews, Emily Broun, Michelle Chan, and JoEllen Welsh. “Lean 
Phenotype and Resistance to Diet-Induced Obesity in Vitamin D Receptor Knockout Mice 
Correlates with Induction of Uncoupling Protein-1 in White Adipose Tissue.” 
Endocrinology 150, no. 2 (February 2009): 651–61. doi:10.1210/en.2008-1118. 

Naukkarinen, J., A. Rissanen, J. Kaprio, and K. H. Pietiläinen. “Causes and Consequences of 
Obesity: The Contribution of Recent Twin Studies.” International Journal of Obesity 
(2005) 36, no. 8 (August 2012): 1017–24. doi:10.1038/ijo.2011.192. 

Navarrete, Ana, Carel P. van Schaik, and Karin Isler. “Energetics and the Evolution of Human 
Brain Size.” Nature 480, no. 7375 (December 1, 2011): 91–93. doi:10.1038/nature10629. 

Neel, James V. “Diabetes Mellitus: A ‘Thrifty’ Genotype Rendered Detrimental by 
‘Progress’?.” American Journal of Human Genetics 14, no. 4 (December 1962): 353–62. 

Ness, Andy. “Diet, Nutrition and the Prevention of Chronic Diseases. WHO Technical Report 
Series 916. Report of a Joint WHO/FSA Expert Consultation.” International Journal of 
Epidemiology 33, no. 4 (August 1, 2004): 914–15. doi:10.1093/ije/dyh209. 

Ng, Marie, Tom Fleming, Margaret Robinson, Blake Thomson, Nicholas Graetz, Christopher 
Margono, Erin C Mullany, et al. “Global, Regional, and National Prevalence of 
Overweight and Obesity in Children and Adults during 1980–2013: A Systematic Analysis 
for the Global Burden of Disease Study 2013.” The Lancet 384, no. 9945 (August 2014): 
766–81. doi:10.1016/S0140-6736(14)60460-8.  



93 
 

Nimitphong, Hataikarn, Suwannee Chanprasertyothin, Wallaya Jongjaroenprasert, and 
Boonsong Ongphiphadhanakul. “The Association between Vitamin D Status and 
Circulating Adiponectin Independent of Adiposity in Subjects with Abnormal Glucose 
Tolerance.” Endocrine 36, no. 2 (October 1, 2009): 205–10. doi:10.1007/s12020-009-
9216-9. 

Nwosu, Benjamin Udoka, Louise Maranda, Rosalie Berry, Barbara Colocino, Carlos D. Flores 
Sr, Kerry Folkman, Thomas Groblewski, and Patricia Ruze. “The Vitamin D Status of 
Prison Inmates.” PLOS ONE 9, no. 3 (March 5, 2014): e90623. 
doi:10.1371/journal.pone.0090623. 

Ocké, M. C., and R. J. Kaaks. “Biochemical Markers as Additional Measurements in Dietary 
Validity Studies: Application of the Method of Triads with Examples from the European 
Prospective Investigation into Cancer and Nutrition.” The American Journal of Clinical 
Nutrition 65, no. 4 Suppl (April 1997): 1240S–1245S. 

Odling-Smee, F. John, Kevin N. Laland, and Marcus W. Feldman. Niche Construction: The 
Neglected Process in Evolution. Princeton University Press, 2003.  

Ohashi, Koji, Noriyuki Ouchi, Shinji Kihara, Tohru Funahashi, Tadashi Nakamura, Satoru 
Sumitsuji, Toshiharu Kawamoto, et al. “Adiponectin I164T Mutation Is Associated with 
the Metabolic Syndrome and Coronary Artery Disease.” Journal of the American College 
of Cardiology 43, no. 7 (April 7, 2004): 1195–1200. doi:10.1016/j.jacc.2003.10.049. 

Olds, William J., Alex R. McKinley, Michael R. Moore, and Michael G. Kimlin. “In Vitro 
Model of Vitamin D3 (Cholecalciferol) Synthesis by UV Radiation: Dose-Response 
Relationships.” Journal of Photochemistry and Photobiology. B, Biology 93, no. 2 
(November 13, 2008): 88–93. doi:10.1016/j.jphotobiol.2008.07.004. 

Olofsson, Louise E., Marju Orho-Melander, Lena William-Olsson, Kajsa Sjöholm, Lars 
Sjöström, Leif Groop, Björn Carlsson, Lena M. S. Carlsson, and Bob Olsson. 
“CCAAT/enhancer Binding Protein Alpha (C/EBPalpha) in Adipose Tissue Regulates 
Genes in Lipid and Glucose Metabolism and a Genetic Variation in C/EBPalpha Is 
Associated with Serum Levels of Triglycerides.” The Journal of Clinical Endocrinology 
and Metabolism 93, no. 12 (December 2008): 4880–86. doi:10.1210/jc.2008-0574. 

Ordovas, Jose M. “Genotype-Phenotype Associations: Modulation by Diet and Obesity.” 
Obesity (Silver Spring, Md.) 16, no. Suppl 3 (December 2008): S40–46. 
doi:10.1038/oby.2008.515. 

Oshaug, Arne. “Nutrition and Evolution.” Public Health Nutrition 9, no. 1 (February 2006): 96–
98. doi:10.1079/PHN2005905. 

Otaka, Michiro, Noriaki Konishi, Masaru Odashima, Mario Jin, Isao Wada, Tamotsu 
Matsuhashi, Reina Ohba, and Sumio Watanabe. “Effect of Alcohol Consumption on 
Leptin Level in Serum, Adipose Tissue, and Gastric Mucosa.” Digestive Diseases and 
Sciences 52, no. 11 (November 2007): 3066–69. doi:10.1007/s10620-006-9635-x. 

Ottaviani, Enzo, Davide Malagoli, and Claudio Franceschi. “The Evolution of the Adipose 
Tissue: A Neglected Enigma.” General and Comparative Endocrinology 174, no. 1 
(October 1, 2011): 1–4. doi:10.1016/j.ygcen.2011.06.018. 

Ouchi, Noriyuki, and Kenneth Walsh. “Adiponectin as an Anti-Inflammatory Factor.” Clinica 
Chimica Acta; International Journal of Clinical Chemistry 380, no. 1–2 (May 1, 2007): 
24–30. doi:10.1016/j.cca.2007.01.026. 



94 
 

Oud, Lavi. “Reporting the Methodology of Height and Weight Acquisition in Studies of Body 
Mass Index-Based Prognosis in Critically Ill Patients.” Journal of Critical Care 28, no. 5 
(October 2013): 640–46. doi:10.1016/j.jcrc.2013.02.006. 

Ovesen, Lars, Christine Brot, and Jette Jakobsen. “Food Contents and Biological Activity of 25-
Hydroxyvitamin D: A Vitamin D Metabolite to Be Reckoned With?” Annals of Nutrition 
& Metabolism 47, no. 3–4 (2003): 107–13. doi:70031. 

Palmer, Lyle, George Davey Smith, and Paul R. Burton. An Introduction to Genetic 
Epidemiology. Policy Press, 2011. 

Pardo, Maria, Arturo Roca-Rivada, Luisa Maria Seoane, and Felipe F. Casanueva. 
“Obesidomics: Contribution of Adipose Tissue Secretome Analysis to Obesity Research.” 
Endocrine 41, no. 3 (June 2012): 374–83. doi:10.1007/s12020-012-9617-z. 

Park, Anna, Won Kon Kim, and Kwang-Hee Bae. “Distinction of White, Beige and Brown 
Adipocytes Derived from Mesenchymal Stem Cells.” World Journal of Stem Cells 6, no. 1 
(January 26, 2014): 33–42. doi:10.4252/wjsc.v6.i1.33. 

Park, Jeong Min, Chan Yoon Park, and Sung Nim Han. “High Fat Diet-Induced Obesity Alters 
Vitamin D Metabolizing Enzyme Expression in Mice.” BioFactors (Oxford, England) 41, 
no. 3 (May 6, 2015): 175–82. doi:10.1002/biof.1211. 

Park, Yong-Woo, Shankuan Zhu, Latha Palaniappan, Stanley Heshka, Mercedes R. Carnethon, 
and Steven B. Heymsfield. “The Metabolic Syndrome.” Archives of Internal Medicine 163, 
no. 4 (February 24, 2003): 427–36. 

Patel, Kriti A, Sanjivani D Langare, J. D. Naik, and S. S. Rajderkar. “Gender Inequality and 
Bio-Social Factors in Nutritional Status among under Five Children Attending 
Anganwadis in an Urban Slum of a Town in Western Maharashtra, India.” Journal of 
Research in Medical Sciences : The Official Journal of Isfahan University of Medical 
Sciences 18, no. 4 (April 2013): 341–45. 

Patel, Sanjeev B., Garry P. Reams, Robert M. Spear, Ronald H. Freeman, and Daniel Villarreal. 
“Leptin: Linking Obesity, the Metabolic Syndrome, and Cardiovascular Disease.” Current 
Hypertension Reports 10, no. 2 (April 2008): 131–37. 

Patrick, Heather, and Theresa A. Nicklas. “A Review of Family and Social Determinants of 
Children’s Eating Patterns and Diet Quality.” Journal of the American College of Nutrition 
24, no. 2 (April 2005): 83–92. 

Paz, Harold L., M.D., and M.S. “Precision Medicine: Right Treatment, Right Person.” The 
Health Section, April 13, 2015. https://news.aetna.com/2015/04/precision-medicine-right-
treatment-right-person/. 

Paz-Filho, Gilberto J., Talin Babikian, Robert Asarnow, Karin Esposito, Halil K. Erol, Ma-Li 
Wong, and Julio Licinio. “Leptin Replacement Improves Cognitive Development.” PLOS 
ONE 3, no. 8 (August 29, 2008): e3098. doi:10.1371/journal.pone.0003098. 

Peake, Philip W., Adamandia D. Kriketos, Lesley V. Campbell, Yvonne Shen, and John A. 
Charlesworth. “The Metabolism of Isoforms of Human Adiponectin: Studies in Human 
Subjects and in Experimental Animals.” European Journal of Endocrinology / European 
Federation of Endocrine Societies 153, no. 3 (September 2005): 409–17. 
doi:10.1530/eje.1.01978. 

Pelleymounter, M. A., M. J. Cullen, M. B. Baker, R. Hecht, D. Winters, T. Boone, and F. 
Collins. “Effects of the Obese Gene Product on Body Weight Regulation in Ob/ob Mice.” 
Science (New York, N.Y.) 269, no. 5223 (July 28, 1995): 540–43. 



95 
 

Peltonen, Leena, Aarno Palotie, and Kenneth Lange. “Use of Population Isolates for Mapping 
Complex Traits.” Nature Reviews Genetics 1, no. 3 (December 2000): 182–90. 
doi:10.1038/35042049. 

Pereira-Santos, M., P. R. F. Costa, A. M. O. Assis, C. a. S. T. Santos, and D. B. Santos. 
“Obesity and Vitamin D Deficiency: A Systematic Review and Meta-Analysis.” Obesity 
Reviews: An Official Journal of the International Association for the Study of Obesity 16, 
no. 4 (April 2015): 341–49. doi:10.1111/obr.12239. 

Pereira-Santos, M., P. R. F. Costa, A. M. O. Assis, C. a. S. T. Santos, and D. B. Santos. 
“Obesity and Vitamin D Deficiency: A Systematic Review and Meta-Analysis.” Obesity 
Reviews: An Official Journal of the International Association for the Study of Obesity 16, 
no. 4 (April 2015): 341–49. doi:10.1111/obr.12239. 

Pichler, Irene, Christian Fuchsberger, Christa Platzer, Minal Calişkan, Fabio Marroni, Peter P. 
Pramstaller, and Carole Ober. “Drawing the History of the Hutterite Population on a 
Genetic Landscape: Inference from Y-Chromosome and mtDNA Genotypes.” European 
Journal of Human Genetics: EJHG 18, no. 4 (April 2010): 463–70. 
doi:10.1038/ejhg.2009.172. 

Pike, J. Wesley, and Mark B. Meyer. “The Vitamin D Receptor: New Paradigms for the 
Regulation of Gene Expression by 1,25-Dihydroxyvitamin D3.” Endocrinology and 
Metabolism Clinics of North America 39, no. 2 (June 2010): 255–69. 
doi:10.1016/j.ecl.2010.02.007. 

Pike, J. Wesley, Seong Min Lee, and Mark B. Meyer. “Regulation of Gene Expression by 1,25-
Dihydroxyvitamin D3 in Bone Cells: Exploiting New Approaches and Defining New 
Mechanisms.” BoneKEy Reports 3 (January 8, 2014): 482. doi:10.1038/bonekey.2013.216. 

Pinto, John T., and Arthur J. L. Cooper. “From Cholesterogenesis to Steroidogenesis: Role of 
Riboflavin and Flavoenzymes in the Biosynthesis of Vitamin D.” Advances in Nutrition: 
An International Review Journal 5, no. 2 (March 1, 2014): 144–63. 
doi:10.3945/an.113.005181. 

Pischon, Tobias, Cynthia J. Girman, Nader Rifai, Gokhan S. Hotamisligil, and Eric B. Rimm. 
“Association between Dietary Factors and Plasma Adiponectin Concentrations in Men.” 
The American Journal of Clinical Nutrition 81, no. 4 (April 1, 2005): 780–86. 

Poissonnet, Claude Michéle, Alphonse R. Burdi, and Stanley M. Garn. “The Chronology of 
Adipose Tissue Appearance and Distribution in the Human Fetus.” Early Human 
Development 10, no. 1 (September 1, 1984): 1–11. doi:10.1016/0378-3782(84)90106-3. 

Polasek, Ozren. “Investigating the Role of Human Genomewide Heterozygosity as a Health 
Risk Factor,” 2009. https://www.era.lib.ed.ac.uk/handle/1842/4799. 

Pond, Caroline M. “The Evolution of Mammalian Adipose Tissue.” In Adipose Tissue Biology, 
edited by Michael E. Symonds, 227–69. Springer New York, 2012. 
http://link.springer.com/chapter/10.1007/978-1-4614-0965-6_8. 

Pope, Catherine. “Resisting Evidence: The Study of Evidence-Based Medicine as a 
Contemporary Social Movement.” Health: 7, no. 3 (July 1, 2003): 267–82. 
doi:10.1177/1363459303007003002. 

Pories, Walter J., Lynis G. Dohm, and Christopher J. Mansfield. “Beyond the BMI: The Search 
for Better Guidelines for Bariatric Surgery.” Obesity 18, no. 5 (May 1, 2010): 865–71. 
doi:10.1038/oby.2010.8. 

Poulos, Sylvia P., Dorothy B. Hausman, and Gary J. Hausman. “The Development and 
Endocrine Functions of Adipose Tissue.” Molecular and Cellular Endocrinology, Special 



96 
 

Issue: Development Production of Endocrine Organs, 323, no. 1 (July 8, 2010): 20–34. 
doi:10.1016/j.mce.2009.12.011. 

Prentice, Andrew M., Pura Rayco-Solon, and Sophie E. Moore. “Insights from the Developing 
World: Thrifty Genotypes and Thrifty Phenotypes.” The Proceedings of the Nutrition 
Society 64, no. 2 (May 2005): 153–61. 

Puffenberger, E.g. “Genetic Heritage of the Old Order Mennonites of Southeastern 
Pennsylvania.” American Journal of Medical Genetics Part C: Seminars in Medical 
Genetics 121C, no. 1 (August 15, 2003): 18–31. doi:10.1002/ajmg.c.20003. 

Qato, Dima M., G. Caleb Alexander, Rena M. Conti, Michael Johnson, Phil Schumm, and Stacy 
Tessler Lindau. “Use of Prescription and over-the-Counter Medications and Dietary 
Supplements among Older Adults in the United States.” JAMA 300, no. 24 (December 24, 
2008): 2867–78. doi:10.1001/jama.2008.892. 

Ramagopalan, Sreeram V., Andreas Heger, Antonio J. Berlanga, Narelle J. Maugeri, Matthew 
R. Lincoln, Amy Burrell, Lahiru Handunnetthi, et al. “A ChIP-Seq Defined Genome-Wide 
Map of Vitamin D Receptor Binding: Associations with Disease and Evolution.” Genome 
Research 20, no. 10 (October 1, 2010): 1352–60. doi:10.1101/gr.107920.110. 

Ramsay, T. G., and T. J. Caperna. “Ontogeny of Adipokine Expression in Neonatal Pig Adipose 
Tissue.” Comparative Biochemistry and Physiology Part B: Biochemistry and Molecular 
Biology 152, no. 1 (January 2009): 72–78. doi:10.1016/j.cbpb.2008.09.088. 

Randall, Joshua C., Thomas W. Winkler, Zoltán Kutalik, Sonja I. Berndt, Anne U. Jackson, 
Keri L. Monda, Tuomas O. Kilpeläinen, et al. “Sex-Stratified Genome-Wide Association 
Studies Including 270,000 Individuals Show Sexual Dimorphism in Genetic Loci for 
Anthropometric Traits.” PLoS Genet 9, no. 6 (June 6, 2013): e1003500. 
doi:10.1371/journal.pgen.1003500. 

Rao, D. C. “Outline of Genetic Epidemiology.” American Journal of Human Genetics 35, no. 6 
(November 1983): 1322–24. 

Rasouli, Neda, and Philip A. Kern. “Adipocytokines and the Metabolic Complications of 
Obesity.” The Journal of Clinical Endocrinology & Metabolism 93, no. 11_supplement_1 
(November 1, 2008): s64–73. doi:10.1210/jc.2008-1613. 

Reichrath, Jörg, and Bernd Nürnberg. “Cutaneous Vitamin D Synthesis versus Skin Cancer 
Development.” Dermato-Endocrinology 1, no. 5 (2009): 253–61. 

Ricciardi, Carolyn J., Jiyoung Bae, Debora Esposito, Slavko Komarnytsky, Pan Hu, Jiangang 
Chen, and Ling Zhao. “1,25-Dihydroxyvitamin D3/vitamin D Receptor Suppresses Brown 
Adipocyte Differentiation and Mitochondrial Respiration.” European Journal of Nutrition, 
October 9, 2014. doi:10.1007/s00394-014-0778-9. 

Richards, Michael P., Rick J. Schulting, and Robert E. M. Hedges. “Archaeology: Sharp Shift 
in Diet at Onset of Neolithic.” Nature 425, no. 6956 (September 25, 2003): 366–366. 
doi:10.1038/425366a. 

Robinson, Eric, Jason Thomas, Paul Aveyard, and Suzanne Higgs. “What Everyone Else Is 
Eating: A Systematic Review and Meta-Analysis of the Effect of Informational Eating 
Norms on Eating Behavior.” Journal of the Academy of Nutrition and Dietetics 114, no. 3 
(March 2014): 414–29. doi:10.1016/j.jand.2013.11.009. 

Robitaille, Julie, Charles Brouillette, Alain Houde, Simone Lemieux, Louis Pérusse, André 
Tchernof, Daniel Gaudet, and Marie-Claude Vohl. “Association between the PPARα-
L162V Polymorphism and Components of the Metabolic Syndrome.” Journal of Human 
Genetics 49, no. 9 (August 10, 2004): 482–89. doi:10.1007/s10038-004-0177-9. 



97 
 

Roesler, W. J. “The Role of C/EBP in Nutrient and Hormonal Regulation of Gene Expression.” 
Annual Review of Nutrition 21 (2001): 141–65. doi:10.1146/annurev.nutr.21.1.141. 

Rogers, Laurine, and Richard A. Rogers. "Mennonite history with special reference to 
Alexanderwohl and related congregations in Kansas and Nebraska." Different Seasons: 
Biological Aging Among the Mennonites of the Midwestern United States 21 (2000): 7-18.  

Rogers, Richard G., Robert A. Hummer, and Patrick M. Krueger. “The Effect of Obesity on 
Overall, Circulatory Disease- and Diabetes-Specific Mortality.” Journal of Biosocial 
Science 35, no. 1 (January 2003): 107–29. 

Romero-Corral, Abel, Virend K. Somers, Justo Sierra-Johnson, Randal J. Thomas, Kent R. 
Bailey, Maria L Collazo-Clavell, Thomas G. Allison, Josef Korinek, John A. Batsis, and 
Francisco Lopez-Jimenez. “Accuracy of Body Mass Index to Diagnose Obesity In the US 
Adult Population.” International Journal of Obesity (2005) 32, no. 6 (June 2008): 959–66. 
doi:10.1038/ijo.2008.11. 

Ronconi Vasques, C. A., T. A. Pollo, S. Rossetto, M. S. Poblador-Fernández, and J. L. Lancho-
Alonso. “Relationships between adipokine levels and anthropometric and metabolic 
variables in overweight and obese women.” Revista Andaluza de Medicina del Deporte 02, 
no. 03 (September 1, 2009): 77–81. 

Rosen, Evan D. “The Transcriptional Basis of Adipocyte Development.” Prostaglandins, 
Leukotrienes and Essential Fatty Acids, 3rd Throne Holst Foundation Symposium3rd 
Throne Holst Foundation Symposium, 73, no. 1 (July 2005): 31–34. 
doi:10.1016/j.plefa.2005.04.004. 

Rosen, Evan D., and Bruce M. Spiegelman. “Molecular Regulation of Adipogenesis.” Annual 
Review of Cell and Developmental Biology 16, no. 1 (2000): 145–71. 
doi:10.1146/annurev.cellbio.16.1.145. 

Rosen, Evan D., Chung-Hsin Hsu, Xinzhong Wang, Shuichi Sakai, Mason W. Freeman, Frank 
J. Gonzalez, and Bruce M. Spiegelman. “C/EBPalpha Induces Adipogenesis through 
PPARgamma: A Unified Pathway.” Genes & Development 16, no. 1 (January 1, 2002): 
22–26. doi:10.1101/gad.948702. 

Rothman, K. J. “BMI-Related Errors in the Measurement of Obesity.” International Journal of 
Obesity 32, no. S3 (2008): S56–59. doi:10.1038/ijo.2008.87. 

Rühl, R., and J. F. Landrier. “Dietary Regulation of Adiponectin by Direct and Indirect Lipid 
Activators of Nuclear Hormone Receptors.” Molecular Nutrition & Food Research 60, no. 
1 (January 2016): 175–84. doi:10.1002/mnfr.201500619. 

Rutkowski, Joseph M., Jennifer H. Stern, and Philipp E. Scherer. “The Cell Biology of Fat 
Expansion.” The Journal of Cell Biology 208, no. 5 (March 2, 2015): 501–12. 
doi:10.1083/jcb.201409063. 

Rutkowski, Joseph M., Nils Halberg, Qiong A. Wang, William L. Holland, Jonathan Y. Xia, 
and Philipp E. Scherer. “Differential Transendothelial Transport of Adiponectin 
Complexes.” Cardiovascular Diabetology 13 (2014): 47. doi:10.1186/1475-2840-13-47. 

Sadat-Ali, Mir, and AbdulMohsen AlElq. “Osteoporosis among Male Saudi Arabs: A Pilot 
Study.” Annals of Saudi Medicine 26, no. 6 (December 2006): 450–54. 

Sanchez-Gurmaches, Joan, Chien-Min Hung, and David A. Guertin. “Emerging Complexities in 
Adipocyte Origins and Identity.” Trends in Cell Biology. Accessed February 25, 2016. 
doi:10.1016/j.tcb.2016.01.004. 

Saukko, Paula M., Matthew Reed, Nicky Britten, and Stuart Hogarth. “Negotiating the 
Boundary between Medicine and Consumer Culture: Online Marketing of Nutrigenetic 



98 
 

Tests.” Social Science & Medicine 70, no. 5 (March 2010): 744–53. 
doi:10.1016/j.socscimed.2009.10.066. 

Scaglione, Rosario, Tiziana Di Chiara, Tiziana Cariello, and Giuseppe Licata. “Visceral Obesity 
and Metabolic Syndrome: Two Faces of the Same Medal?” Internal and Emergency 
Medicine 5, no. 2 (April 2010): 111–19. doi:10.1007/s11739-009-0332-6. 

Schafer, Markus H., and Kenneth F. Ferraro. “The Stigma of Obesity Does Perceived Weight 
Discrimination Affect Identity and Physical Health?” Social Psychology Quarterly 74, no. 
1 (March 1, 2011): 76–97. doi:10.1177/0190272511398197. 

Scherer, Philipp E. “Adipose Tissue: From Lipid Storage Compartment to Endocrine Organ.” 
Diabetes 55, no. 6 (June 2006): 1537–45. doi:10.2337/db06-0263. 

Schoppen, Stefanie, Pía Riestra, Alicia García-Anguita, Laura López-Simón, Beatriz Cano, Iria 
de Oya, Manuel de Oya, and Carmen Garcés. “Leptin and Adiponectin Levels in Pubertal 
Children: Relationship with Anthropometric Variables and Body Composition.” Clinical 
Chemistry and Laboratory Medicine: CCLM / FESCC 48, no. 5 (May 2010): 707–11. 
doi:10.1515/CCLM.2010.142. 

Schork, Nicholas J. “Personalized Medicine: Time for One-Person Trials.” Nature 520, no. 
7549 (April 30, 2015): 609–11. doi:10.1038/520609a. 

Schug, Thaddeus T., Amanda Janesick, Bruce Blumberg, and Jerrold J. Heindel. “Endocrine 
Disrupting Chemicals and Disease Susceptibility.” The Journal of Steroid Biochemistry 
and Molecular Biology 127, no. 3–5 (November 2011): 204–15. 
doi:10.1016/j.jsbmb.2011.08.007. 

Schwarz, E. J., M. J. Reginato, D. Shao, S. L. Krakow, and M. A. Lazar. “Retinoic Acid Blocks 
Adipogenesis by Inhibiting C/EBPbeta-Mediated Transcription.” Molecular and Cellular 
Biology 17, no. 3 (March 1, 1997): 1552–61. doi:10.1128/MCB.17.3.1552. 

Scragg, Robert, MaryFran Sowers, Colin Bell, and Third National Health and Nutrition 
Examination Survey. “Serum 25-Hydroxyvitamin D, Diabetes, and Ethnicity in the Third 
National Health and Nutrition Examination Survey.” Diabetes Care 27, no. 12 (December 
2004): 2813–18. 

Sergeev, Igor N., and Qingming Song. “High Vitamin D and Calcium Intakes Reduce Diet-
Induced Obesity in Mice by Increasing Adipose Tissue Apoptosis.” Molecular Nutrition & 
Food Research 58, no. 6 (June 2014): 1342–48. doi:10.1002/mnfr.201300503. 

Sertznig, Pit, Markus Seifert, Wolfgang Tilgen, and Jörg Reichrath. “Activation of Vitamin D 
Receptor (VDR)- and Peroxisome Proliferator-Activated Receptor (PPAR)-Signaling 
Pathways through 1,25(OH)2D3 in Melanoma Cell Lines and Other Skin-Derived Cell 
Lines.” Dermato-Endocrinology 1, no. 4 (2009): 232–38. 

Sertznig, Pit, Tom Dunlop, Markus Seifert, Wolfgang Tilgen, and Jörg Reichrath. “Cross-Talk 
between Vitamin D Receptor (VDR)- and Peroxisome Proliferator-Activated Receptor 
(PPAR)-Signaling in Melanoma Cells.” Anticancer Research 29, no. 9 (September 2009): 
3647–58. 

Shehzad, Adeeb, Waqas Iqbal, Omer Shehzad, and Young Sup Lee. “Adiponectin: Regulation 
of Its Production and Its Role in Human Diseases.” Hormones (Athens, Greece) 11, no. 1 
(March 2012): 8–20. 

Shepherd, R. “Social Determinants of Food Choice.” The Proceedings of the Nutrition Society 
58, no. 4 (November 1999): 807–12. 

Shi, Hang, Anthony W. Norman, William H. Okamura, Anindita Sen, and Michael B. Zemel. 
“1α,25-Dihydroxyvitamin D3 Modulates Human Adipocyte Metabolism via Nongenomic 



99 
 

Action.” The FASEB Journal 15, no. 14 (December 1, 2001): 2751–53. doi:10.1096/fj.01-
0584fje. 

Siiteri, P. K. “Adipose Tissue as a Source of Hormones.” The American Journal of Clinical 
Nutrition 45, no. 1 Suppl (January 1987): 277–82. 

Simmons, R. K., K. G. M. M. Alberti, E. a. M. Gale, S. Colagiuri, J. Tuomilehto, Q. Qiao, A. 
Ramachandran, et al. “The Metabolic Syndrome: Useful Concept or Clinical Tool? Report 
of a WHO Expert Consultation.” Diabetologia 53, no. 4 (December 11, 2009): 600–605. 
doi:10.1007/s00125-009-1620-4. 

Smith, Jessica, Maha Al-Amri, Allan Sniderman, and Katherine Cianflone. “Leptin and 
Adiponectin in Relation to Body Fat Percentage, Waist to Hip Ratio and the apoB/apoA1 
Ratio in Asian Indian and Caucasian Men and Women.” Nutrition & Metabolism 3 (April 
10, 2006): 18. doi:10.1186/1743-7075-3-18.  

Smith, Matthew. “Seasonal, Ethnic and Gender Variations in Serum Vitamin D3 Levels in the 
Local Population of Peterborough.” Bioscience Horizons 3, no. 2 (June 1, 2010): 124–31. 
doi:10.1093/biohorizons/hzq016.  

Snellman, Greta, Håkan Melhus, Rolf Gedeborg, Sylvia Olofsson, Alicja Wolk, Nancy L. 
Pedersen, and Karl Michaëlsson. “Seasonal Genetic Influence on Serum 25-
Hydroxyvitamin D Levels: A Twin Study.” PLOS ONE 4, no. 11 (November 13, 2009): 
e7747. doi:10.1371/journal.pone.0007747. 

Snijder, Marieke B., Rob M. van Dam, Marjolein Visser, Dorly J. H. Deeg, Jacqueline M. 
Dekker, Lex M. Bouter, Jaap C. Seidell, and Paul Lips. “Adiposity in Relation to Vitamin 
D Status and Parathyroid Hormone Levels: A Population-Based Study in Older Men and 
Women.” The Journal of Clinical Endocrinology & Metabolism 90, no. 7 (July 1, 2005): 
4119–23. doi:10.1210/jc.2005-0216. 

Song, Chung S., Ibtissam Echchgadda, Young-Kyo Seo, Taesung Oh, Soyoung Kim, Sung-A. 
Kim, Sunghwan Cho, Liheng Shi, and Bandana Chatterjee. “An Essential Role of the 
CAAT/enhancer Binding Protein-Alpha in the Vitamin D-Induced Expression of the 
Human Steroid/bile Acid-Sulfotransferase (SULT2A1).” Molecular Endocrinology 
(Baltimore, Md.) 20, no. 4 (April 2006): 795–808. doi:10.1210/me.2005-0428. 

Speakman, J. R. “Thrifty Genes for Obesity, an Attractive but Flawed Idea, and an Alternative 
Perspective: The ‘Drifty Gene’ Hypothesis.” International Journal of Obesity (2005) 32, 
no. 11 (November 2008): 1611–17. doi:10.1038/ijo.2008.161. 

Spreadbury, Ian. “Comparison with Ancestral Diets Suggests Dense Acellular Carbohydrates 
Promote an Inflammatory Microbiota, and May Be the Primary Dietary Cause of Leptin 
Resistance and Obesity.” Diabetes, Metabolic Syndrome and Obesity: Targets and 
Therapy 5 (July 6, 2012): 175–89. doi:10.2147/DMSO.S33473. 

Stevenson, J. C., Everson, P. M., & Grimes, M. (2004). “Reproductive measures, fitness, and 
migrating Mennonites: an evolutionary analysis”. Human biology, 667-687. 

Stevenson, J. C., P. M. Everson, and M. H. Crawford. “Changes in Completed Family Size and 
Reproductive Span in Anabaptist Populations.” Human Biology 61, no. 1 (February 1989): 
100–115. 

Stevenson, J.C., M.S. Schanfield, M.H. Crawford, and P.M. Everson. “Immunoglobulin 
Haplotypes: Markers of Reproductive Success?” Human Biology 62, no. 4 (1990): 479–89. 

Stevenson, Joan C., Phillip M. Everson, and Michael Grimes. “Reproductive Measures, Fitness, 
and Migrating Mennonites: An Evolutionary Analysis.” Human Biology 76, no. 5 (2004): 
667–87. 



100 
 

Stevenson, Joan, and Phillip Everson. "Historical demography of Mennonite populations." 
Different Seasons: Biological Aging Among the Mennonites of the Midwestern United 
States 21 (2000): 19-30. 

Stevenson, Joan, Phillip Everson, and Laurine Rogers. “Changes in Fertility Relative to 
Starting, Stopping, and Spacing Behaviors in a Migrating Mennonite Community, 1775–
1889.” Social Biology 41, no. 1–2 (March 1, 1994): 83–95. 
doi:10.1080/19485565.1994.9988861. 

Stinson, Sara, Barry Bogin, and Dennis O’Rourke. Human Biology: An Evolutionary and 
Biocultural Perspective. John Wiley & Sons, 2012. 

Stöger, Reinhard. “In Vivo Methylation Patterns of the Leptin Promoter in Human and Mouse.” 
Epigenetics: Official Journal of the DNA Methylation Society 1, no. 4 (December 2006): 
155–62. 

Stokić, Edita, Aleksandar Kupusinac, Dragana Tomic-Naglic, Dragana Smiljenic, Branka 
Kovacev-Zavisic, Biljana Srdic-Galic, Sanja Soskic, and Esma R. Isenovic. “Vitamin D 
and Dysfunctional Adipose Tissue in Obesity.” Angiology 66, no. 7 (August 2015): 613–
18. doi:10.1177/0003319714543512. 

Stommel, Manfred, and Charlotte A. Schoenborn. “Accuracy and Usefulness of BMI Measures 
Based on Self-Reported Weight and Height: Findings from the NHANES & NHIS 2001-
2006.” BMC Public Health 9 (2009): 421. doi:10.1186/1471-2458-9-421. 

Suarez-Martinez, Edu, Kazim Husain, and Leon Ferder. “Adiponectin Expression and the 
Cardioprotective Role of the Vitamin D Receptor Activator Paricalcitol and the 
Angiotensin Converting Enzyme Inhibitor Enalapril in ApoE-Deficient Mice.” Therapeutic 
Advances in Cardiovascular Disease 8, no. 6 (December 2014): 224–36. 
doi:10.1177/1753944714542593. 

Suarez-Martinez, Edu, Kazim Husain, and Leon Ferder. “Adiponectin Expression and the 
Cardioprotective Role of the Vitamin D Receptor Activator Paricalcitol and the 
Angiotensin Converting Enzyme Inhibitor Enalapril in ApoE-Deficient Mice.” Therapeutic 
Advances in Cardiovascular Disease 8, no. 6 (December 2014): 224–36. 
doi:10.1177/1753944714542593. 

Subar, Amy F., Victor Kipnis, Richard P. Troiano, Douglas Midthune, Dale A. Schoeller, 
Sheila Bingham, Carolyn O. Sharbaugh, et al. “Using Intake Biomarkers to Evaluate the 
Extent of Dietary Misreporting in a Large Sample of Adults: The OPEN Study.” American 
Journal of Epidemiology 158, no. 1 (July 1, 2003): 1–13. doi:10.1093/aje/kwg092. 

Sun, X., and M. B. Zemel. “1Alpha, 25-Dihydroxyvitamin D and Corticosteroid Regulate 
Adipocyte Nuclear Vitamin D Receptor.” International Journal of Obesity 32, no. 8 
(August 2008): 1305–11. doi:10.1038/ijo.2008.59. 

Sun, Xiaocun, and Michael B. Zemel. “Calcium and 1,25-Dihydroxyvitamin D3 Regulation of 
Adipokine Expression.” Obesity 15, no. 2 (2007): 340–48. doi:10.1038/oby.2007.540. 

Sweeney, Gary. “Adiponectin Action: A Combination of Endocrine and Autocrine/paracrine 
Effects.” Cellular Endocrinology 2 (2011): 62. doi:10.3389/fendo.2011.00062. 

Tabesh, Marjan, Leila Azadbakht, Elham Faghihimani, Maryam Tabesh, and Ahmad 
Esmaillzadeh. “Calcium-Vitamin D Co-Supplementation Influences Circulating 
Inflammatory Biomarkers and Adipocytokines in Vitamin D Insufficient Diabetics: A 
Randomized Controlled Clinical Trial.” The Journal of Clinical Endocrinology and 
Metabolism, September 12, 2014, jc20141977. doi:10.1210/jc.2014-1977. 



101 
 

Tam, Charmaine S., Virgile Lecoultre, and Eric Ravussin. “Novel Strategy for the Use of Leptin 
for Obesity Therapy.” Expert Opinion on Biological Therapy 11, no. 12 (December 1, 
2011): 1677–85. doi:10.1517/14712598.2011.619974. 

Tanaka, Toshiya, Joji Yamamoto, Satoshi Iwasaki, Hiroshi Asaba, Hiroki Hamura, Yukio 
Ikeda, Mitsuhiro Watanabe, et al. “Activation of Peroxisome Proliferator-Activated 
Receptor δ Induces Fatty Acid β-Oxidation in Skeletal Muscle and Attenuates Metabolic 
Syndrome.” Proceedings of the National Academy of Sciences of the United States of 
America 100, no. 26 (December 23, 2003): 15924–29. doi:10.1073/pnas.0306981100. 

Tangpricha, Vin, Elizabeth N. Pearce, Tai C. Chen, and Michael F. Holick. “Vitamin D 
Insufficiency among Free-Living Healthy Young Adults.” The American Journal of 
Medicine 112, no. 8 (June 1, 2002): 659–62. 

Tchkonia, Tamara, Dean E Morbeck, Thomas von Zglinicki, Jan van Deursen, Joseph 
Lustgarten, Heidi Scrable, Sundeep Khosla, Michael D Jensen, and James L Kirkland. “Fat 
Tissue, Aging, and Cellular Senescence.” Aging Cell 9, no. 5 (October 2010): 667–84. 
doi:10.1111/j.1474-9726.2010.00608.x. 

Tchkonia, Tamara, Tamar Pirtskhalava, Thomas Thomou, Mark J. Cartwright, Barton Wise, 
Iordanes Karagiannides, Alexander Shpilman, Timothy L. Lash, J. David Becherer, and 
James L. Kirkland. “Increased TNFalpha and CCAAT/enhancer-Binding Protein 
Homologous Protein with Aging Predispose Preadipocytes to Resist Adipogenesis.” 
American Journal of Physiology. Endocrinology and Metabolism 293, no. 6 (December 
2007): E1810-1819. doi:10.1152/ajpendo.00295.2007. 

Thacher, Tom D., and Bart L. Clarke. “Vitamin D Insufficiency.” Mayo Clinic Proceedings 86, 
no. 1 (January 2011): 50–60. doi:10.4065/mcp.2010.0567. 

Thio, Kwee. “Leptin As A Novel Neurohormonal Anticonvulsant.” Grantome. Accessed 
September 21, 2015. http://grantome.com/grant/NIH/R21-NS058597-01. 

Tilg, Herbert, and Alexander R. Moschen. “Adipocytokines: Mediators Linking Adipose 
Tissue, Inflammation and Immunity.” Nature Reviews Immunology 6, no. 10 (October 
2006): 772–83. doi:10.1038/nri1937. 

Trayhurn, Paul, and I. Stuart Wood. “Adipokines: Inflammation and the Pleiotropic Role of 
White Adipose Tissue.” British Journal of Nutrition 92, no. 03 (September 2004): 347–55. 
doi:10.1079/BJN20041213. 

Trayhurn, Paul. “Hypoxia and Adipose Tissue Function and Dysfunction in Obesity.” 
Physiological Reviews 93, no. 1 (January 1, 2013): 1–21. doi:10.1152/physrev.00017.2012. 

Trostle, James A. Epidemiology and Culture. Cambridge University Press, 2005. 
Trujillo, M. E., and P. E. Scherer. “Adiponectin--Journey from an Adipocyte Secretory Protein 

to Biomarker of the Metabolic Syndrome.” Journal of Internal Medicine 257, no. 2 
(February 2005): 167–75. doi:10.1111/j.1365-2796.2004.01426.x. 

Unger, Roger H. “Longevity, Lipotoxicity and Leptin: The Adipocyte Defense against Feasting 
and Famine.” Biochimie, New developments in metabolic syndrome, 87, no. 1 (January 
2005): 57–64. doi:10.1016/j.biochi.2004.11.014. 

Vaidya, Anand, Jonathan S. Williams, and John P. Forman. “The Independent Association 
between 25-Hydroxyvitamin D and Adiponectin and Its Relation with BMI in Two Large 
Cohorts: The NHS and the HPFS.” Obesity (Silver Spring, Md.) 20, no. 1 (January 2012): 
186–91. doi:10.1038/oby.2011.210. 



102 
 

van de Peppel, Jeroen, and Johannes P. T. M. van Leeuwen. “Vitamin D and Gene Networks in 
Human Osteoblasts.” Frontiers in Physiology 5 (April 9, 2014). 
doi:10.3389/fphys.2014.00137. 

Van de Voorde, Johan, Bart Pauwels, Charlotte Boydens, and Kelly Decaluwé. 
“Adipocytokines in Relation to Cardiovascular Disease.” Metabolism: Clinical and 
Experimental 62, no. 11 (November 2013): 1513–21. doi:10.1016/j.metabol.2013.06.004. 

Van de Voorde, Johan, Bart Pauwels, Charlotte Boydens, and Kelly Decaluwé. 
“Adipocytokines in Relation to Cardiovascular Disease.” Metabolism: Clinical and 
Experimental 62, no. 11 (November 2013): 1513–21. doi:10.1016/j.metabol.2013.06.004. 

Van Harmelen, V., S. Reynisdottir, P. Eriksson, A. Thörne, J. Hoffstedt, F. Lönnqvist, and P. 
Arner. “Leptin Secretion from Subcutaneous and Visceral Adipose Tissue in Women.” 
Diabetes 47, no. 6 (June 1998): 913–17. 

Vanlint, Simon. “Vitamin D and Obesity.” Nutrients 5, no. 3 (March 20, 2013): 949–56. 
doi:10.3390/nu5030949. 

Verstuyf, Annemieke, Geert Carmeliet, Roger Bouillon, and Chantal Mathieu. “Vitamin D: A 
Pleiotropic Hormone.” Kidney International 78, no. 2 (July 2010): 140–45. 
doi:10.1038/ki.2010.17. 

Via, Michael. “The Malnutrition of Obesity: Micronutrient Deficiencies That Promote 
Diabetes.” ISRN Endocrinology 2012 (March 15, 2012). doi:10.5402/2012/103472. 

Vidal-Puig, A, M Jimenez-Liñan, B B Lowell, A Hamann, E Hu, B Spiegelman, J S Flier, and 
D E Moller. “Regulation of PPAR Gamma Gene Expression by Nutrition and Obesity in 
Rodents.” Journal of Clinical Investigation 97, no. 11 (June 1, 1996): 2553–61. 

Vilarrasa, Núria, Joan Vendrell, Javier Maravall, Iñaki Elío, Esther Solano, Patricia San José, 
Isabel García, Núria Virgili, Juan Soler, and José Manuel Gómez. “Is Plasma 25(OH) D 
Related to Adipokines, Inflammatory Cytokines and Insulin Resistance in Both a Healthy 
and Morbidly Obese Population?” Endocrine 38, no. 2 (October 2010): 235–42. 
doi:10.1007/s12020-010-9379-4. 

vinh quốc Lương, Khanh, and Lan Thi Hoàng Nguyễn. “The Beneficial Role of Vitamin D in 
Obesity: Possible Genetic and Cell Signaling Mechanisms.” Nutrition Journal 12 (2013): 
89. doi:10.1186/1475-2891-12-89. 

Vinyard, Christopher J., Kenneth E. Glander, Mark F. Teaford, Cynthia L. Thompson, Max 
Deffenbaugh, and Susan H. Williams. “Methods for Studying the Ecological Physiology of 
Feeding in Free-Ranging Howlers (Alouatta Palliata.” International Journal of 
Primatology 33, no. 3 (March 2, 2012): 611–31. doi:10.1007/s10764-012-9579-2. 

Voruganti, Venkata S., Matthew J. Jorgensen, Jay R. Kaplan, Kylie Kavanagh, Larry L. Rudel, 
Ryan Temel, Lynn A. Fairbanks, and Anthony G. Comuzzie. “Significant Genotype by 
Diet (G × D) Interaction Effects on Cardiometabolic Responses to a Pedigree-Wide, 
Dietary Challenge in Vervet Monkeys (Chlorocebus Aethiops Sabaeus).” American 
Journal of Primatology 75, no. 5 (May 2013): 491–99. doi:10.1002/ajp.22125. 

Wagner, Janice D., Kylie Kavanagh, Gina M. Ward, Bruce J. Auerbach, H. James Harwood, 
and Jay R. Kaplan. “Old World Nonhuman Primate Models of Type 2 Diabetes Mellitus.” 
ILAR Journal 47, no. 3 (January 1, 2006): 259–71. doi:10.1093/ilar.47.3.259. 

Wang, Tian-Tian, Luz Elisa Tavera-Mendoza, David Laperriere, Eric Libby, Naomi Burton 
MacLeod, Yoshihiko Nagai, Veronique Bourdeau, et al. “Large-Scale in Silico and 
Microarray-Based Identification of Direct 1,25-Dihydroxyvitamin D3 Target Genes.” 



103 
 

Molecular Endocrinology (Baltimore, Md.) 19, no. 11 (November 2005): 2685–95. 
doi:10.1210/me.2005-0106. 

Wauters, M., R. V. Considine, and L. F. Van Gaal. “Human Leptin: From an Adipocyte 
Hormone to an Endocrine Mediator.” European Journal of Endocrinology / European 
Federation of Endocrine Societies 143, no. 3 (September 2000): 293–311. 

Weaver, Connie M. “Vitamin D, Calcium Homeostasis, and Skeleton Accretion in Children.” 
Journal of Bone and Mineral Research: The Official Journal of the American Society for 
Bone and Mineral Research 22 Suppl 2 (December 2007): V45–49. 
doi:10.1359/jbmr.07s201. 

Webb, A. R., L. Kline, and M. F. Holick. “Influence of Season and Latitude on the Cutaneous 
Synthesis of Vitamin D3: Exposure to Winter Sunlight in Boston and Edmonton Will Not 
Promote Vitamin D3 Synthesis in Human Skin.” The Journal of Clinical Endocrinology 
and Metabolism 67, no. 2 (August 1988): 373–78. doi:10.1210/jcem-67-2-373. 

Weisberg, Pamela, Kelley S. Scanlon, Ruowei Li, and Mary E. Cogswell. “Nutritional Rickets 
among Children in the United States: Review of Cases Reported between 1986 and 2003.” 
The American Journal of Clinical Nutrition 80, no. 6 (December 1, 2004): 1697S–1705S. 

Wells, Jonathan C. K. “Sexual Dimorphism of Body Composition.” Best Practice & Research. 
Clinical Endocrinology & Metabolism 21, no. 3 (September 2007): 415–30. 
doi:10.1016/j.beem.2007.04.007. 

Wells, Jonathan C. K. “Sexual Dimorphism of Body Composition.” Best Practice & Research. 
Clinical Endocrinology & Metabolism 21, no. 3 (September 2007): 415–30. 
doi:10.1016/j.beem.2007.04.007. 

Westerterp, K. R. “Metabolic Adaptations to over--and Underfeeding--Still a Matter of 
Debate?” European Journal of Clinical Nutrition 67, no. 5 (May 2013): 443–45. 
doi:10.1038/ejcn.2012.187. 

WHO | Global Status Report on Noncommunicable Diseases 2014.” WHO. Accessed February 
08, 2015. http://who.int/nmh/publications/ncd-status-report-2014/en/. 

WHO | Obesity: Preventing and Managing the Global Epidemic.” WHO. Accessed February 17, 
2015. http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/. 

Więcek, Andrzej, Franciszek Kokot, Jerzy Chudek, and Marcin Adamczak. “The Adipose 
Tissue—a Novel Endocrine Organ of Interest to the Nephrologist.” Nephrology Dialysis 
Transplantation 17, no. 2 (February 1, 2002): 191–95. 

Wiecek, Andrzej, Marcin Adamczak, and Jerzy Chudek. “Adiponectin--an Adipokine with 
Unique Metabolic Properties.” Nephrology, Dialysis, Transplantation: Official Publication 
of the European Dialysis and Transplant Association - European Renal Association 22, no. 
4 (April 2007): 981–88. doi:10.1093/ndt/gfl814. 

Wildman, Rachel P., Dan Wang, Ivonne Fernandez, Peter Mancuso, Nanette Santoro, Philipp E. 
Scherer, and MaryFran R. Sowers. “Associations of Testosterone and Sex Hormone 
Binding Globulin with Adipose Tissue Hormones in Midlife Women.” Obesity (Silver 
Spring, Md.) 21, no. 3 (March 2013): 629–36. doi:10.1002/oby.20256. 

Willett, Walter. Nutritional Epidemiology. Oxford University Press, 2014. 
Winick, M. “Nutrition Education in Medical Schools.” The American Journal of Clinical 

Nutrition 58, no. 6 (December 1, 1993): 825–27. 
Wong, Kari E., Frances L. Szeto, Wenshuo Zhang, Honggang Ye, Juan Kong, Zhongyi Zhang, 

Xiao Jian Sun, and Yan Chun Li. “Involvement of the Vitamin D Receptor in Energy 
Metabolism: Regulation of Uncoupling Proteins.” American Journal of Physiology. 



104 
 

Endocrinology and Metabolism 296, no. 4 (April 2009): E820-828. 
doi:10.1152/ajpendo.90763.2008. 

Wong, Kari E., Juan Kong, Wenshuo Zhang, Frances L. Szeto, Honggang Ye, Dilip K. Deb, 
Matthew J. Brady, and Yan Chun Li. “Targeted Expression of Human Vitamin D Receptor 
in Adipocytes Decreases Energy Expenditure and Induces Obesity in Mice.” Journal of 
Biological Chemistry 286, no. 39 (September 30, 2011): 33804–10. 
doi:10.1074/jbc.M111.257568. 

Wood, Richard J. “Vitamin D and Adipogenesis: New Molecular Insights.” Nutrition Reviews 
66, no. 1 (January 2008): 40–46. doi:10.1111/j.1753-4887.2007.00004.x. 

Wright, F. Lucy, Jane Green, Gillian Reeves, Valerie Beral, Benjamin J. Cairns, and Million 
Women Study collaborators. “Validity over Time of Self-Reported Anthropometric 
Variables during Follow-up of a Large Cohort of UK Women.” BMC Medical Research 
Methodology 15 (2015): 81. doi:10.1186/s12874-015-0075-1. 

Wright, F. Lucy, Jane Green, Gillian Reeves, Valerie Beral, Benjamin J. Cairns, and Million 
Women Study collaborators. “Validity over Time of Self-Reported Anthropometric 
Variables during Follow-up of a Large Cohort of UK Women.” BMC Medical Research 
Methodology 15 (2015): 81. doi:10.1186/s12874-015-0075-1. 

Wu, Jun, Paul Cohen, and Bruce M. Spiegelman. “Adaptive Thermogenesis in Adipocytes: Is 
Beige the New Brown?” Genes & Development 27, no. 3 (February 1, 2013): 234–50. 
doi:10.1101/gad.211649.112. 

Wu, Z., E. D. Rosen, R. Brun, S. Hauser, G. Adelmant, A. E. Troy, C. McKeon, G. J. 
Darlington, and B. M. Spiegelman. “Cross-Regulation of C/EBP Alpha and PPAR Gamma 
Controls the Transcriptional Pathway of Adipogenesis and Insulin Sensitivity.” Molecular 
Cell 3, no. 2 (February 1999): 151–58. 

Wynne, Katie, Sarah Stanley, Barbara McGowan, and Steve Bloom. “Appetite Control.” The 
Journal of Endocrinology 184, no. 2 (February 2005): 291–318. doi:10.1677/joe.1.05866. 

Xia, Charley, Carmen Amador, Jennifer Huffman, Holly Trochet, Archie Campbell, David 
Porteous, Generation Scotland, et al. “Pedigree- and SNP-Associated Genetics and Recent 
Environment Are the Major Contributors to Anthropometric and Cardiometabolic Trait 
Variation.” PLOS Genet 12, no. 2 (February 2, 2016): e1005804. 
doi:10.1371/journal.pgen.1005804. 

Xiong, Ri-Bo, Qing Li, Wei-Ren Wan, Jin-Qiang Guo, Bing-DE Luo, and Lu Gan. “Effects and 
Mechanisms of Vitamin A and Vitamin E on the Levels of Serum Leptin and Other 
Related Cytokines in Rats with Rheumatoid Arthritis.” Experimental and Therapeutic 
Medicine 8, no. 2 (August 2014): 499–504. doi:10.3892/etm.2014.1777. 

Xiong, Ri-Bo, Qing Li, Wei-Ren Wan, Jin-Qiang Guo, Bing-DE Luo, and Lu Gan. “Effects and 
Mechanisms of Vitamin A and Vitamin E on the Levels of Serum Leptin and Other 
Related Cytokines in Rats with Rheumatoid Arthritis.” Experimental and Therapeutic 
Medicine 8, no. 2 (August 2014): 499–504. doi:10.3892/etm.2014.1777. 

Xu, Aimin, and Paul M. Vanhoutte. “Adiponectin and Adipocyte Fatty Acid Binding Protein in 
the Pathogenesis of Cardiovascular Disease.” American Journal of Physiology - Heart and 
Circulatory Physiology 302, no. 6 (March 15, 2012): H1231–40. 
doi:10.1152/ajpheart.00765.2011. 

Yamauchi, Toshimasa, and Takashi Kadowaki. “Adiponectin Receptor as a Key Player in 
Healthy Longevity and Obesity-Related Diseases.” Cell Metabolism 17, no. 2 (February 5, 
2013): 185–96. doi:10.1016/j.cmet.2013.01.001. 



105 
 

Yang, Huansheng, Fengna Li, Xia Xiong, Xiangfeng Kong, Bin Zhang, Xiaoxue Yuan, Juexin 
Fan, et al. “Soy Isoflavones Modulate Adipokines and Myokines to Regulate Lipid 
Metabolism in Adipose Tissue, Skeletal Muscle and Liver of Male Huanjiang Mini-Pigs.” 
Molecular and Cellular Endocrinology 365, no. 1 (January 5, 2013): 44–51. 
doi:10.1016/j.mce.2012.09.002. 

Yannakoulia, Mary, Nikos Yiannakouris, Susann Blüher, Antonia-Leda Matalas, Dorothy 
Klimis-Zacas, and Christos S. Mantzoros. “Body Fat Mass and Macronutrient Intake in 
Relation to Circulating Soluble Leptin Receptor, Free Leptin Index, Adiponectin, and 
Resistin Concentrations in Healthy Humans.” The Journal of Clinical Endocrinology & 
Metabolism 88, no. 4 (April 1, 2003): 1730–36. doi:10.1210/jc.2002-021604. 

Yasmin, Nahid, SK Akhtar Ahmad, MH Salimullah Sayed, Manzurul Haque Khan, and Md 
Nazmul Karim. “Dietary Pattern of Rachitic Children at Selected Geographical Area.” 
Bangladesh Medical Journal 43, no. 3 (January 7, 2016): 151. 
doi:10.3329/bmj.v43i3.26299. 

Yetley, Elizabeth A. “Assessing the Vitamin D Status of the US Population.” The American 
Journal of Clinical Nutrition 88, no. 2 (August 1, 2008): 558S–564S. 

Youngson, Neil A., and Margaret J. Morris. “What Obesity Research Tells Us about Epigenetic 
Mechanisms.” Philosophical Transactions of the Royal Society of London. Series B, 
Biological Sciences 368, no. 1609 (January 5, 2013): 20110337. 
doi:10.1098/rstb.2011.0337. 

Zadshir, Ashraf, Naureen Tareen, Deyu Pan, Keith Norris, and David Martins. “The Prevalence 
of Hypovitaminosis D among US Adults: Data from the NHANES III.” Ethnicity & 
Disease 15, no. 4 Suppl 5 (2005): S5-97–101. 

Zamosky, Lisa. “The Obesity Epidemic. While America Swallows $147 Billion in Obesity-
Related Healthcare Costs, Physicians Called on to Confront the Crisis.” Medical 
Economics 90, no. 4 (February 25, 2013): 14–17. 

Zeisel, S. H., H. C. Freake, D. E. Bauman, D. M. Bier, D. G. Burrin, J. B. German, S. Klein, et 
al. “The Nutritional Phenotype in the Age of Metabolomics.” The Journal of Nutrition 135, 
no. 7 (July 2005): 1613–16. 

 Zeitz, Ute, Karin Weber, Desi W. Soegiarto, Eckhard Wolf, Rudi Balling, and Reinhold G. 
Erben. “Impaired Insulin Secretory Capacity in Mice Lacking a Functional Vitamin D 
Receptor.” FASEB Journal: Official Publication of the Federation of American Societies 
for Experimental Biology 17, no. 3 (March 2003): 509–11. doi:10.1096/fj.02-0424fje. 

Zhao, Xiao-Yi, Xiao-Yong Chen, Zi-Ji Zhang, Yan Kang, Wei-Ming Liao, Wei-Hua Yu, and 
Andy Peng Xiang. “Expression Patterns of Transcription Factor PPARγ and C/EBP Family 
Members during in Vitro Adipogenesis of Human Bone Marrow Mesenchymal Stem 
Cells.” Cell Biology International 39, no. 4 (April 1, 2015): 457–65. 
doi:10.1002/cbin.10415. 

Zuk, Patricia A., Min Zhu, Peter Ashjian, Daniel A. De Ugarte, Jerry I. Huang, Hiroshi Mizuno, 
Zeni C. Alfonso, John K. Fraser, Prosper Benhaim, and Marc H. Hedrick. “Human 
Adipose Tissue Is a Source of Multipotent Stem Cells.” Molecular Biology of the Cell 13, 
no. 12 (December 1, 2002): 4279–95. doi:10.1091/mbc.E02-02-0105. 

 
 


