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VANESSA BUNDY 
From adipokines to atherosclerosis: the role ·of adipose tissue in 
inflammation and etiology of vascular disease. 
(Under the direction of PAULE BARBEAU) 

The prevalence of overweight and obese ha.s ·steadily increased over the 

years among males and females of all ages, all racial and ethnic groups, and all 
. ;. 

educational levels. Recent . studies have established adipose tissue as a 

dynamic, endocrine organ with th_e capacity to secrete a number of adipokines 

which may act direct_ly upon the vasculature to stimulate adhesion molecule 

expression and·" exacerbate -vascular dis·ea:se. Our aim was to elucidate the 

associations of vasoactive pro- and anti- inflammatory factors, including adhesion 

molecules, with adiposity, blood pressure and endothelial function, and to 

distinguish race and sex variations in these relationships. To accomplish this, we 

expanded upon existing measurements within a Georgia Prevention Institute 

cross-sectional study entitled Lifestyle, Adiposity & Cardiovascular t-Jealth in 

Youths (LACHY) by adding two cardiovascular disease risk factor domains: 

inflammation and vascular adhesion. Our model included measurements of 

adiposity, adiponectin,. C-reactive protein, leptin, insulin, resistin, tumor necrosis 

factor-a, interleukin-6, intercellular adhesion molecule-1, vascular cell adhesion 

molecule-1, blood pressure and endothelial-dependent arterial dilation.·· Our 

findings include numerous race and sex differences in the concentration of 
\ 

circulating risk factors along with. significant interactions between them and 

measurements of adiposity. Howe er, we did not find circulating cardiovascular 
. I . 

disease risk factors or their c/ ncentration differences to be significantly 



fl 
I' 

I 
associated with blood pressure or endothelial function. We believe this to be 

largely due to the fact that our sJbjEicf. were young and apparently healthy at 

time of measurement. Overall, oJ fin ings provide insight i~to the relationships 

between adiposity, inflammation and cardiovascular outcomes· in black and· 

white, male and female adolesrnts. Future studies are needed to further 

elucidate these relationships and mow t ey may ch.ange. over time. 

INDEX WORDS: adhesion molecules, adipokines, adiposity, adolescents, blood 

pressure, endothelial function, gehder, inflammation, race 
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INTRODUCTION 

Research problem and specific aims 

The increasing prevalence of individuals who are overweight .or obese is 

creating a sizeable challenge to public health. Obesity is a significant 

predisposing factor for cardiovascular disease (CVD), although precise 

• I 

mechantsms are not fully understood. Although many health. problems 

associated with excess adiposity prisent in adulthood, they may originate early 

in life. Moreover, the timing and severity of CVD development and associated 

risk· factors vary widely with gender and ethnicity. Blacks are more likely to 

develop CVD than whites and male$ develop CVD at much younger ages than 
I 
I 

females(1 ). Therefore, it is impe~ative to understand the underlying linking 

mechanisms between adiposity and CVD risk factors in young persons. 

Recent studies establish adipose tissue as a dynamic, endocrine organ 

with the capacity to secrete a number of adipokines which may act directly upon 

the vasculature to stimulate adhesion molecule expression and exacerbate 

vascular disease. These adipokines, coupied with additional inflammatory 

factors, make significant cont~ibutions to the development of ·cvo. This project 
i ' 

centered on the vasoactive ~ro~inflarrimatory factors C-reactive protein· (CRP), 
.· . f . 

1 
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interleukin-6 (IL-6), tumor necrosib f~ctor-a. (TNF-a.), and resistin, as well as the 

vasoactive anti-inflammatory factor, ;adiponectin. CRP, IL-6, TN F-a, and resistin 

are released from a number of cell types, including adipose tissue, and contribute 

to the inflammatory cascade and processes leading to the development of 

CVD(2, 3). Adiponectin is released solely from adipose tissue, counters the 

inflammatory cascade, and improves vascular function(4). All these factors are 

upregulated with . increased adiposity except for adiponectin, which is 

paradoxically down-regulated(5). Additionally, a number of adhesion molecules, 

including vascular c~ll adhesion : molecule-1 (VCAM~1) and intracellular cell 

adhesion molecule-1 (ICAM-1 ), qontribute ta. the develop·ment of CVD by 

promoting leukocyte adhesion and· migration into the vascular intima. Therefore, 

this project also examined VCAM~1 and ICAM-1, both of which are regulated, in 

part, by several .of the aforementioned adipokines. ·· We also examined blood 

press.ure and endothelial function as outcome variables of these factors. 

Endothelial dysfunction is exacerbated in obese persons and contrit?utes to a 

number of diseases including essential hypertension and atherosclerosis(6). 

This project expanded upon existing measurements within a Georgia 

Prevention Institute cross-sectional study funded by the National Institutes of 

Health entitled Lifestyle, Adiposity & Cardiovascular Health in Youths 

(LACHY:HL64157). The primary aim of the LACHY project was to recruit 800 

African American (AA) and European American (EA) 14-18 year old boys and 

girls of varying socio-economic status (SES) to test a series of hypotheses 

related to diet, physical ~ctivity, adiposity, cardiovascular fitness, predisposing 
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demographics and CVD risk factor~/. This project enhanced the LACHY project 

by adding two CVD risk factor d~1an~: infla.mm~tion and vasc~lar adhesion. 

The focus was to assess the relatlo
1
n hlp of ad1pokmes and adhes1on molecules 

with adiposity, resting blood press~r, and endothelial function, and to evaluate 

whether these relationships differed:between gender and ethnicity subgroups. 

The hypothetical model onrwllich this project was based is presented 

in Figure 1. Adiposity is known I~ account for changes in inflammatory factors 

which, in turn, alter the· cardioValcular outcOmes of blOod pressure and 

endothelial function. However, ~et little is known about race and gender 

differenCes in the concentrations oi circulating anti- and pro-inflammatory factors 

and their relationships. with. bltor . pressure . and endothelial function in 

adolescents. To addr~ss the·se/ <jtuestions,. 'this project added adiponectin, 

resistin, TN F-a, IL-6, siCAM-1 an~ lvcAM-1 measurements (shaded boxes) to 

previous LACHY measurements (~1ite boxes). Our overall aim was to elucidate 

these relationships to provide I information for future CVD prevention or 
I 

. ; 
intervention studies. 
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' I i I I 
The following hypotheses w!· re 'nvestigated in a sub-sample of 413-460 

European American and Afri ·a~ 16-ferican adolescents (out of 798 original 

subjects} who had relevant biJd si1111ples and outcome mea~ures available and 

who were not related: 

Primary Aim: Inflammatory m;n j ~rs and adiposity - The primary aim of this 

project was to examine thJirela~ionship between plasma anti- and pro

inflammatory factors and adipdsiiy ud test the following hypotheses: 

1} Higher adiposity will bl Je~atively associated with levels of adiponectin 

and positively assoeiJte~ with levels of resistin, insulin, leptin, CRP, 

TNF-a, IL-6, ICAM-1 JmJ~CAM-1. 
2} AAs and boys will havl rrer levels of adiponectin and higher levels of 

resistin, insulin, lep in, <tRP, TNF- a, IL-6, ICAM-1 and VCAM-1 than 

EAs and girls ( respectiJil even after adjusting for %BF. 

3} Adiponectin will be h+Jtitly associated with levels of resistin, insulin, 

leptin, CRP, TNF- J, IL-l, ICAM-1 and VCAM-1. 
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Secondary Aim: lnflammafry 'markers, BP and EDAD function - The 

secondary aim of this project was to examine the relationship of anti- and pro-

inflammatory factors with BP and en<tfothelial-dependent arterial dilation (EDAD) 

function and test the following hypothises: . 

1) Lower levels of adipone.btin and higher levels of resistin, insulin, 

leptin, CRP, TNF- a IL-6, .ICAM-1 and VCAM-1 will be associated 

with higher resting blood pressure in all groups. 

2) Lower levels of adiponectin and higher levels of resistin, insulin, 

leptin, CRP, TNF-a, IL-~, ICAM-1 and VCAM-1 will be associated 
I 
I . 

with impaired ~ndothelial !function in all grou~s. 

3) AAs and boys will have higher BP compared to EAs and girls, 
' 

respectively. I 
4) AAs and boys will have i1paired endothelial function compared to EAs 

and girls, respectively. / 
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I 
Background and SignificancJ 

Adipose tissue i 

The prevalence of Americ . ns betoming overweight and obese has steadily 

I 

-increased over the years amo g mal:es and ·females of air ages, all racial/ethnic 
. :j . . 

groups, and all. educational lev ls(7). iAbout 34o/o of u.s~; .adults· are considered to 
, . . . I - .. 

·' 

be overweight and another 3 °/o are considered obese(8). Traditionally, the 

degree of adiposity for adults s meetsured using body mass index (BMI), which 

takes into account one's eight: and weight with the formula: weight 

(kilograms)/heighf (m~ters). · verw~ight and obeSe refer to an excess of weight 
! 

as compared to set standard . In a
1

dults, overweight is defined as a BMI = 25-

29.9 kg/m2 and obese is de ined ~s having a BMI ~ 30kg/m2(9). For each 

individual, body composition i the rbsult of a combination of genetic, metabolic, 
I -
I 

behavioral, environmental, c ltural, /and socioeconomic influences. Overweight 

and obesity often result f om ~n imbalance involving excessive calorie 
I 

consumption and/or inadequa e phy~ical activity. 

American youths are folio 

greater than 16°/o of persons 

a number three times higher t 

overweight children in min 

I 
I 

ing a/comparable pattern. It is now estimated that 
• I >' 

I 
ged 6-19 years of age are considered overweight, 

I -
I 

an t~enty years ago. Moreover, the prevalence of 
I . 

~opulations is greater than white· children, 
i 

including approximately 21 °/o f blaclk children(8, 1 0). However, it is important to 
I 

I 
note that the criterion and d, initiorls of overweight differ for children and adults. 

In children, percentiles of ab1sol~te ~MI are used because children are growing 
. I 

and appropriate BMI values vary with age. A child with a BMI between the 85th 
- I 

. I 
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and 95th percentile is said to be at-ri~k-for-overweight, and one with a BMI above 
I I · 

the 951h percentile for age is dJscrib~d as overweight. Overweight in childhood 

is a major risk factor for o~esityl in adulthood(11 ), making detection and 

·prevention imperative in the ea~ly de¢ades of life. . · 

Until fairly recently, adipoJe tissue was considered only a passive tissue, 

storing excess energy in the f,rm of ,fat. However, persons with excess body fat 

have a greater risk of developing a: number of cardiovascular-related diseases 

and disorders, suggesting a mLe ac~ive link. With new evidence, adipose tissue 

is now known to be a highli activ:~ endocrine organ, secreting a number of 

vasoactive factors in response to specific extracellular stimuli or changes in 
I 
I 

metabolic conditions. Among thes~; are resistin, leptin, CRP, TNF- a, and IL-6, 

which contribute directly to tie inflfmmatory processes. Therefore, individuals 

with excess adiposity, particularly [visceral adiposity, are often in a state of 

persistent, low-grade inflamlationi which may contribute to elevated blood 

pressure and enhanced risk jf cvD. Paradoxically, adipose tissue secretes an 

anti-inflammatory protein, adibonecfin, which serves tO protect the vasculature 

i 
and decrease inflammation. 1 

l 
I 

As the prevalence of pediatri~ obesity rises,· its health implications are 
I 
I . 

becoming more evident(12). Even! in the early decades of life, children exhibit 
I 

some of the same risk factqrs for. CVD seen in adults(13). Overweight children, 

as young as 8ight years of abe, oJen have an elevation in serum inflammatory 
I 
I 

markers, suggesting that . they I are in a state of low-grade, systemic. 

inflammation(14). The medical illn~sses associate~ with obesity usually occur in 
! 
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I 

adulthood, but atherosclerotic lesionJ have been found in children as young as 
I 
I 
I 
I 

six years of age(15). While it is normal for infants to gain a considerable amount 

I 
of adipose tissue during the first year of life, BMI actually declines to its lowest 

I . 

between 4 and 6 years of age. Afte~ this time, children experience an "adiposity 

rebound" and their BMI increases r~pidly during adolescence. Studies suggest 

that children who begin adiposity rebound at younger ages ar~ at greater risk for 

obesity and CVD as adults(16). 

Resistin 

Since its discovery in 2001 in brohchoalveolar fluid obtained from mice with 
I 

pulmonary inflammation(17-19), the ]precise physiological function of resistin has 
I 

I 
been under much debate. Resistini protein is expressed in a number of tissues 

including human adipose tissue(20)1 and is hypothesized to play a role in insulin 

resistance and damage to the vasqulature(21 ). The e~tent of resistin's role in 
I 

. I • 

obesity remains controversial.. Some studies 'report higher serum resistin levels 
- I . . . . . 

in obese subjects (22-24), while othlers found no correlation of circulating resistin 
. I . '. ; I , 

with adiposity(25, 26). However! -~hese studies were conducted in subjects of 
! 

different ages and races. It is also unclear if resistin is· a significant contributor to 
I . 

"· i . . . ' . 
the development of insulin resistance and·· t~e progression of type 2 diabetes 

mellitus (T2DM). Studies examinin;g the relationship between resistin and leptin, 
I 

I 

a satiety hormone known to regJiate appetite and energy balance, are also 
. I . 

inconsistent. Although some re~orts indicate a positive correlation between 
I 

I 
resistin ·and leptin(27, 28), 9- study administering physiological and 

! 



I 

I 

I 

i 10 
I 

. pharmacological doses of leptin to n~rmal and insulin resistant patients observed 
. • , I' 

no change in resistin levels with trtatment(25). For this reason, it has been 

suggested that resistin may act on l~piin, rather thanleptin on resistin, or it may 
/I 

be that the correlation between the t~o is spurious{21 ). Resistin is also believed 
,, 

to stimulate the inflammatory Qasc9de{29), directly damage blood vessel walls, 
I, 

stimulate adhesion molecule expression(30), and is higher in patients with clinical 
,, 

signs of severe inflammation(31 ) .. ;Moreover, resistiri protein has been .found in 
I' 

human atherosclerotic lesions and mRNA levels were high in aortas with 
j' 

i! 
developing atherosclerotic plaques(~2). 

. !J 

II 
!i 
il 
ir 

Adiponectin /1 

Among the adipokines, adipone:~tin is perhaps the most clinically interesting, 
) :i 
because low adiponectin serum lev~ls have been found in obese subjects and in 

;! . 

particular in insulin resistant subje'~ts(33). Adiponectin is only released from 
li 
·I 

adipocytes(34-36}, accounts for 0.01 °/o of total plasma protein{33, 37), and has 
. II 

I 

two known receptors, adiponectin receptor 1 (ADIPOR1) and adiponectin 
II 

receptor 2 (ADIPOR2)(38), both of:/which are eXpressed ubiquitously throughout 
. :1 ' . 

the body. Results of human studies examining relationships of adiponectin with 
. .I 

,, 

adipose tissue, leptin and insulin. have been more consistent ·than those of 

resistin. While other currently knoyyn adipose-derived hormones such as resistin 
. il 

,i 
are increased by adiposity, adiponectin production and circulating levels are 

I I ' 

lower in obese subjects(33, 39, 40{ Furthermore, weight loss has been found to 

enhance both circulating . adiponebtin protein levels(5,- 41' 42) and its soluble 
• . I 

i 
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. . i . . '.·· . ·. ' 
receptors(43). Plasma adiponectin l~vels have also beeri determined to be lower 

·. i ·· . 

. in various pathological conditions, in¢1uding insulin resistance and T2D.M(40, 42, 
. I . . 

44, 45). . However, associations o:f adiponectin . with leptin are n~t so well 

understood. Although studies report decreased adiponectin expression in leptin-
r 

deficient animal models(46) -~hich increased. with. leptin. treatment(47), the 

precise relationship of these two· adipokines in humans remains unclear. 

Moreover, adiponectin is believed t~ have anti-inflammatory and vasoprotective 

actions, both by itself and by inhibiti~g the pro-inflammatory effects of resistin{21, 
i' 
i 

48-50). Hypoadiponectemia is clbsely associated with increased levels of 
! . 

i 

circulating pro-inflammatory cytokines such as CRP(51 ). Moreover, adiponectin 
I . . 
I 

can directly inhibit the production of endothelial adhesion molecules, 
I 

I 
macrophage-to-foam cell transformation, and smooth muscle cell 

! 
I 

proliferation(52). There is also a link between low adiponectin levels and 
! 
I 

impaired nitric oxide generatio~ ~accompanying decreased brachial arterial 

endothelium-dependent vasodilatatipn(53). 

Leptin 

. Leptin is a 167 -amino acid prot~ in produced by the leptin gene, whose name 
I 

is derived from the Greek word .. leptos,.~ meaning .. thin ... As an important signal 

in the regulation of adipose tissue mass and body weight, ·1eptin is released from 
I 

adipose tissue and functions both; centra,lly and peripherally by inhibiting food 
' i . 

intake and stimulating energy· exp:enditure. Deficiency in, .or resistance to the 
I . 

leptin protein can result in obesity($4) by antagonizing. insulin action and glucose. 
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metabolism(55}. Furthermore, ~ransJenic mouse models with a mutation in the 

I 

leptin receptor (db/db) mimic the l~ptin-deficient pathologies including excess 
I 
I 

adiposity(56). Research has also demonstrated numerous physiological activities 

related to diabetes, blood pre

1

1ssurel bone mass, hematopoiesis, angiogenesis 

and reproduction. Leptin is also a modulator of various immune and 

inflammatory responses. For instance, leptin administration in murine models 

stimulates macrophages and Rro-infl'ammatory cytokines, specifically TNF- a and 

I 
IL-6(57). In humans, direct ini'ammatory influences are more difficult to dissect. 

While weight loss decreases1irCul11ing leptin concentrations, it also decreaSes 

inflammation(58). Moreov r, e~ogenous leptin administration does not 
! 

counteract these effects(59). 

Insulin 

An unprecedented- rise in the p~evalence of in-sulin resis!ance and T2DM is 

also emerging in overweight young: people(12). Characteristic progression from 

a healthy state of glucose tJieranbe to a diabetic one includes compensatory 

hyperinsulinemia in w~ich. lircul~ling levels of insulin are especially high, 

contributing to a heightened state ;of inflammation. In adults, hyperinsulinemia 

usually develops after an exrtended period of impaired glucose tolerance, but 

evidence $hows an acceler • tion of this process in young persons(60). It is 

therefore important to detei hyptrinsulinemia at an early ageto recommend 

appropriate changes in lifest~le or ~harmacologic interventions. · 
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. Recent evidence suggejts an interaction between adipokines and insulin 

resistance. Resistin was disc1vered and named due to its ability to increase a 

cell's resistance to glucose(19)j Moreover, adiponectin has the opposite effect of 

I 
increasing glucose tolerance by both direct actions and helping to block the 

I 
deleterious actions of resistin(21 ). Insulin resistance is measured with a variety 

of methods including a direct t.easurement of the amount of insulin in the blood. 

after a 12-hour fast or estimation of resistance by homeostatic model 

assessment (HOMA-IR}{61 ). Related studies here at the Georgia Prevention 

Institute found fasting insulin and HOMA-1 R. to be very closely correlated with 

each other, hence fasting insulin was used to assess the degree of insulin 

resistance in this project. 

CRP 

CRP is an acute phase protein believed to be elevated in those at high 

risk of myocardial infarctionj stroke, peripheral arterial disease and sudden 
. . .I . . . 

death. Sub-clinical inflammation is often assessed by CRP because it is a strong 

predictor of cardiovascular events(~2). CRP is produced primarily _in the liver, but 

is also released from human adipose tissue(51). It can act directly on vascular 

walls(63) and may be particularly increased in those persons with large amounts 

of abdominal obesity(64). Rjports also indicated that CRP is inversely related to 

adiponectin(51) and stimulatdd by IL-6·and TNF~ a (65). 
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levels( 58). 

·TNF-a 

TNF- q. is an adipokin. (69) which induces hepatic expression of acute 

phase proteins and the relear of adhesion molecules in endothelial cells(70). It 

was originally described asj an inducer of tumor necrosis during bacterial 

infection, but is now believrd to also participate in auto-immune diseases, 

tumorigenesis, metastasis, s~ptic ~hock, fever and inflammation(71 ). TNF- a is 

produced by a variety of cell, incl ufing adipose tissue, monocytes, lymphocytes, 

tumor cells, fibroblasts and smoot~ muscle cells. TNF- ~ production increases 
I 

with adiposity(72} and acts to iricrease circulating leptin concentrations(73), 
- I 

i 
providing an indirect mechan·'sm totattenuate appetite. 

I 
i 

I 
I 

I 
I 

.I 
j 

·.i 

I 
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I 
Adhesion Molecules / 

"· I . 
Cellular adhesion !Tlo'lecule,s _,are:. glycoproteins that play .key roles in a 

variety of processes including emb~onic development, organ maturation, host 

defense and maintenance of vascJiar integrity(74). Additionally, they recruit 

leukocytes to sites of inflammation!, including lesion-prone areas with altered 
i 
I 

hemodynamic flow to exacerbate deteloping atherosclerotic lesions (75, 76). For 
I 

this reason, there has been incre~sed interest in using circulating levels as 
. I .. 

clinical markers to predict and diagnose CVD. Two members of this family, 
I 

ICAM-1 and VCAM-1, are believed t6 have important roles in the development of 

cardiovascular disease and were in~estigated in this project. 
i 

ICAM-1 is a cell surface· g:lycoprotein, centrally involved in trafficking 
I 

leukocytes to ·endothelial and epith~lial barriers. Its primary function is believed 

I 
to be recruitment and direction of leukocytes via interaction with leukocyte-

expressed integri~s(77). During thi inflammatory process, ICAM-1 helps in the 
. I . 

capture, spread and transmigratiorl of leukocytes, triggering the atherosclerotic 
. I 

I 
cascade. When the ICAM-1 gene is disrupted in mice, a large subset of 

·I . . . 
adhesive interactions is disrupted(l78) and the. development of atherosclerosis 

slows substantially(79). Moreover,j several studies demonstrate an up regulation 

following exposure to pro-inflammltOry cytokines which may help regulate the 
I . 
I 

amount and type of leukocyte th~t is recruited(75, · 80). The soluble form of 
I . 

ICAM-1 is often measured in pat.i,e.nts with atherosclerosis, is raised in those 
. ;I 

persons with variant angina{81),. ~nd .is· correfated with· the . risk of myocardial 
I ... 

infarction(82). 
I . . 
j 

I 
I 
I 

.i 
I 
I 
j 
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VCAM-1 is a member ~f the !same immunoglobulin family as ICAM-1, is 

also involved in both diseasl path/ogenesis and normal processes, mediates 
. I 

leukocyte migration from bloot into rissues(83), and is induced by inflammatory 

cytokines(84). Additionally, i it is expressed on endothelial cells in areas 
! I 

predisposed to atherosclerot~c lesi:ons, suggesting an early role in disease 

progression. ICAM-1 and V~AM-1 jean act as co-stimulatory signals and have 

many analogous functions to ~aid th~ migration of circulating leukocytes into the 

tissue. However, VCAM-1 (bJt not lbAM-1) appears to be specifically stimulated 

in lesion-prone areas in mur~ne mbdels of hypercholesteremia(85). Although 
. : ; ,j . . 

ICAM-1 is expressed more .!ubiquitously, some animal studies suggest that 

VCAM-1 plaYsa dominant rol~ in le+ioninitiation(86). BothiCAM-1 and VCAM-1 
. ! I • . 

have been found to be positiyely. c.brrelated with blood pressure and negatively 

correlated with endotheliu~~depehdent FMD(87). Therefore, this project 

measured and evaluated slluble /levels of both ICAM-1 and VCAM-1 and 

examined their relationships !with tdiposity, infl~mmatory factors, resting blood 

pressure and endothelial func,tion. I 
I 

Endothelial Function 

The vascular endothel~ium isj a single layer of cells lining all blood vessels 

in the body. It preserves vascular n
1

· omeostasis by mainta,ining vascular tone with 
I . 

production of vasodilators / and [ vasoconstrictors,· promoting angiogenesis, . 
. I I 

controlling permeability of bl~od vdssels, balancing blood fluidity via coagulation 
·I' I .. 

factors, and controlling vascrar inrmmatory processes by producing cytokines 

i 

I 

I 

I 
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and adhesion molecules. End?trelial cells bring about Vasodilatation by 

releasing a number of dilating substances including nitric oxide (NO), the 

principal mediator of vasodilata~ioh. Generally, impaired vasodilatation is 

associated with reduc~d bioavaila~m~~y of nitric oxide. During normal homeostatic 

conditions, the endothelium maintain
1

s normal tone and there is little production of 
I 

pro-inflammatory cytokines. HoJever, CVD risk factors can initiate the 
I 

inflammatory process and co~trib.~te to the loss of vasodilatory and anti-

thrombotic products. 

Endothelial dysfunction refers to the .broad modification in endothelial 

phenotype. that contributes to the ievelopme~t of atherosclerosis .. Measuring 

. endothelial function is a useful tool fbr atherosclerosis research because it allows 

the identification of patients who ar~ at increased risk for future events such as 

cardiac death, myocardial irifarctioJ. unstilble a~gina ari~ Ischemic stroke. The 

most clinically significant vascular jiseases happen ii-. the coronary and carotid 

veSsels, but it is currently impossibll to measure the function of these endothelial 

cells using non-invasive methods. However, it is possible to non-invasively 

measure endothelial function in the brachial artery using endothelium-dependent 

arterial dilation. Studies examinling the relationship between endothelium~ 

mediated dilation in the brachial anp coronary arteries have shown that they are 
. ~ I 

significantly, positively correlated with one another(88; 89). Therefore, 

measurement of flow-mediated dilition (FMD - also referred to as endothelial-
.. / 

dependent arterial dilation or EDAID) in the brachial artery is commonly used to 

assess vascular function and anat~lical evidence of atherogenesis(90). · 
. : I . 
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. . I . 

Child. and adolescent ob!e,ity is associa.teid with early endothelial 

dysfunction and increased arteriaUstiffness(91 ). As stated before, the adipocyte 

is a dynamic endocrine organ, cabJbie of secreting a number o/pro- and anti

inflammatory factors. When ! exp,Jed to pro-inflammatory stimuli, endothelial 

cells express more adheSi~n }+lecules and ·additional pro-inflammatory 

cyt0kines(92}. Within this po~itive reedback loop, there is amplification of pro

inflammatory factors, monocyte . and T-cell adhesion, foam cell formation, 
i ' 

digestion of the extracellular .matrix and migration of the. smooth muscle cells, 

exacerbating atherosclerotic : plaque formation. Excess adiposity is also 

associated with hypoadiponebtinejia, which has been shown to impair nitric 

oxide generation(93}. MoreoJer, dlcreased adiponectin levels are associated 
i : 

with impaired FMD response~(53)'. This is due to the ·ability of adiponectin to 
! 
i 

increase ·endothelial nitric! o~ide synthase enzyme activity (through 

phosphorylation by AMP-actiJated Jrotein kinase) to stimulate the production of 
I , 

i 
I • 

nitric oxide(50}. Such an in9rease in NO synthesis in arterial tissue may then 

, I 
enhance the ~MD response. : 

! 

We measured endoth~lium-~epend~nt FMD of the brachial artery using a 

proximal cuff occlusion and vJscula~ ultrasound(94). Again, the FMD response is 

largely due to NO bioavailabi;~ity, wfich is essential in the vasodilatory response 

to shear-stress(95). NO bioayail~biility includes both the production of NO by the 

endothelium and its breakdo1n by· reacti~e oxygen species. When subjects are 

given a nitric oxide synthasl inhibitor to stop local NO production, the FMD 
I ! I . - · 

response is abolished(96). _Therefore, a small FMD response is interpreted as 
• i . 
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. . i 

low NO bioavailability and pos
1

ible! inf. creased risk of future CVD. This technique 

can be safely applied to large nd v: ried groups of patients and can be used to 

make repeated measuremen s 6v r time. Original studies conducted by 

Celermajer et al. report an esti atH coefficient of variation of 1.4% for repeated 

measurements and 2.3%. AltTratio1s ot vascular function in at-risk adolescents 

may indicate a greater risk of ftture <CVD development. We measured endothelial 

functi~n in t.his way t~ examinr po;t+tial relationships ~ith fa~ness, ~nfla~mation 
and c1rculat1ng adhes1on moleiules and how these relat1onsh1ps vaned w1th race 

and sex. The intra-rater an .. interlrater reliability of the FMD in the Georgia 

Prevention Institute lab are .9

1

5 aj~ .90, •. respectiVely. Cor~elations of measured 

diameters between two obse111ersl for both pre and post-occlusion diameters are 

.99 and .98, respectively. The lari~Jility of·our data is maintained below 1 0%. 
I 

Blood pressure 

i 
Weight gain is almost in~aliiably associated with in increase in blood 

I 

pressure, but the relationship ~e ween obesity and hypertension is highly 

convoluted. Current estimates st:tt' that between 75% of hypertensive cases in 

males and 65% in females ctn ~e; attributed to excess adiposity(97). There is 

general agreement that obefity-\in uced hypertension is primarily caused by 

excessive fluid r~tention(98). Ho1efer; the precise cause of that fluid retention is · 

debatable. Hypothesized factors /c<Dntributing to salt retention and fluid retention 

in obese subjects include ex ,es~ ~[bdium intake, insulin resistance and insulin's 

actions on renal tubules(99), strjct raJ changeS and tubular compression in the 

kidney(1 00), vascular abnormaliUs(1 01 ), alterations in the renin-angiotensin-

! 

I 

I , 
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1 . I : 

aldosterone system(1 02), chronic' activation . of the sympathetic nervous 

system( 1 03), and alterations in th~ hypothalamic-pituitary-adrenal axis( 1 04). 

Blood pressure has also been fol!lnr. to be positively correlated with CRP(105) 

and I L -6( 1 06} and negativel1 co1~related with adiponectin ( 1 07), suggesting a 

regulatory role for inflammatorY faetdrs. 
' I 

I 

In adolescents, it is nbrm~:ll for blood pressure to increase with age. 

Arterial hypertension is not cdmm!only found in youths, but it can be a clinically 
. . I I 

I I ' 

significant problem for some(1 OB)l Blood pressure that is markedly elevated in 

childhood is a predictor of i hyJ~rension later in life and accelerates the 
I I 
I I . 

development of coronary a1ery I dt1sease, heart failure, and kidney disease. 

Moreover, blood pressure-rel~ted j'; get organ damage b.egins in childhood. The 

National High Blood PressuJe E;d cation Program reCommends using blood 

pressure standards based on sexl jge ahd height to determine if blood pressure 

is elevated in children and adbles~Jnts. They define hypertension as systolic or 
I I • 

. I I . 
diastolic blood pressure persi~t~ntly above the 95th percentile. Numerous studies 

I I . . · . 

found higher biood pressure, anr/or prevalence of hypertension in overweight 

compared to lean children~1o91-1;11). Moreover, when pooling eight large 

pediatric studies, Rosner et. J1. rJpbrt that children with higher BMI had a higher 
i I :1 

incidence <?,f hypertension, r~gar~less of age, sex and race(112). A study by 

Sorof et. al. states that the sttondJt determinant of hypertension in school-aged 

children was BMI percentile. 
1

Th,vrlso showed a strong progressive increase in 

systolic blood pressure with eac ; increase in BMI percentile(113). Primary 

(essential) hypertension is the mJirj cause of elevated blood pressurB in pediatric 
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age populations an·d is becoming idrreqsingly common.· Moreover, adolescents 
. I . . 

with high blood pressure h ve / ~ significantly greater clustering effect of 

cardiovascular risk factors whJn cljpared to normotensive adolescents( 1 08). 

There exist a number of me~+ds to measure blood pressure in humans. 

Continuous blood pressure measurements are taken using ambulatory monitors 

these machines are very expensive. and analysis of results requires a great deal 

of complexity. Casual measle~e~ ts a·re taken at intermittent time points and 
. I i i 

are often used in doctor's orcef t assess both systolic and diastolic blood 

pressure. Within the categol}' of c

1

asual blood pressure assessment, there are 
I I 

several different techniques of mt~ urement. The two most Common practices 

today are the manual use of ! ~ sphygmomanometer and the use of an 
I 
I ; . 

oscillometric machine. The bene~it · of sphygmomanometry are vast and include 

portability and low experise, bft +Jquires a great deal Of training and carries the 

risk of observer bias. As such, bscillometric blood pressure measurement has 

widely replaced manual sphyJmol: nometery in medical centers .. The device for 
I I ' 

indirect noninvasive mean alrterirl, pressure measurement (Dinanlap) is most 

widely used. The benefits of usifilg a Dinamap include the potential to eliminate 
; I 

observer bias ·and the abilit~ to 
1

1eam the technique with ease. However, the 

machines are relatively expemsiv~ t.1d multiple measurements need to be taken 
;· i 

for accuracy. / i 

I . 

Because. measurements I were taken' by several different . research 

assistants and the. large nurlbe~ jf SUbjects in this study, we chose tO assess 
I . 

I 
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blood pressure using a. Dina~ap. ; Casual blood pressure measurements are 

often scrutinized . because thly lr~ intermittent- and there is a · tendency for 
· I ! I 

persons to have elevated bloo)d pr~ssure as a result of the exercise performed to 

t t th . I 't I . h . · ge 0 e screemng area r , ;ess upon see1ng a researc aSSistant or 

physician. To reduce these e~fects,, resting hemodynamic measures were made 
I , 

in a supine position after 1 0 niin of quiet rest. Five readings were made at 1-min 

inte!Vals and the last three we1re a\tJaged. 

Race 

; ' ' 

I 

I 
! 

I I ' 
I 1 l 

In the United States, minor.it 1fgroups are at higher risk for overweight and 

obesity than whites(114). T~ere.l ~- ists a higher prevalence of overweight and 
I : . 

obesity among blacks tha1 w~ites of the same age and sex(115, 116). 

Socioeconomic status is invers~IYj associated with pediatric. obesity, with the 

most disadvantaged groups ~einb' t the greatest risk(117). However, reasons 
I ' 

for these differences are cdmpl~ : and not very clear. Racial differences in 
: ; ' 

' I 
I I . 

obesity risk can not be entirejly e~p ained by differences in income and evidenc~ 
. I : 

now also supports a cultural) co1ponent to a high-risk of overweight lifestyle in 

blacks(118). i i ' 

I

I I : 
, I : 

Race and ethnicity di~crepancies begin early in life and play important 

roles in the prevalence rates iof +1ertension .and CVD. Blacks have the highest 

p~evalen~e of hypertension rnd l.!ortality ~ate from CVD in the United States, 

w1th a life expectancy appro~~~, ately SIX years· shorter than the general 
. I I ' ' 

. population(1). ~he elevated rate!1~ypertension in blacksjs greatest at yo~nger _· 

ages and declines progress11vely w1th age(1 08). Black women have a h1gher 
r . 
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mean diastolic blood pressuJ th~n, white women throughout life and black men 

have higher pressures than hitei ! en until approximately 60 years of age(119). 

higher for black women thai bl~c: men and white women below the age of 

55(120). Additionally, blacks havr a higher prevalence of diabetes, chron.ic 
I , . 
I . 

inflammation, stroke, and ·renal. 'dJisease than whites(121-124). These race 

differences result, in part, frdm a Jreater prevale~ce of obesity, poor diet, and 

lower levels of physical activit~ in blkcks(123}. 'Despite these findings, blacks are 
'' I I l ' ' - .' 

often underrepresented in ca~dio~ascular clinical research. 

Clinical studies in heait~y ·. adults .. report accentuated endothelial 

dysfunction in blacks. as comp;a~ed to whites (125, 126}. This heightened 

I 'j endothelial dysfunction may be ! a significant contributor to the increased 

prevalence of diseases incl+inQ 
1 

ssential hypertension and atherosclerosis in 

blacks compared to whites(S). jA: study conducted at the Georgia Prevention 

Institute in teens found I that . endothelin, a powerful smooth muscle 
I : 
' ' I 

vasoconstrictor, was higher in bl~cks than whites(127}. Moreover, there is 

evidence that endothelin recepnls are expressed differentially in these two 

ethnic groups, exacerbating va~o~l' onstriction ahd reducing ·dilation capacity in 
I . . 

blacks(128). · Small decreaseS r endothelial functiOn during adolescence 

potentially translate into mulh gi'eater risk for CVD later in life. Therefore, we 

examined potential race difflrenbJs in FMD in adolescent blacks and whites to 

explore possible disparate asstc!: ations with blood pressure, adipose tissue, 
I , 

circulating adipokines and a hesio' molecules. 
I 
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I I 

i 

Sex J; .. - _ 

Women live longer th n rr and develop CVD at an older age(129). 

Regional differences in fat arurr ation and hormones may help to account for 

this difference. Prem~rj,pausal women accumulate more . 

subcutaneous/peripheral obe~ity, while men and postmenopausal women are 

more prone to central obesity( 13J. Central adiposity, particularly visceral, is 

often found to be associated lith inrreased cardiovascular mortality because it is 

believed to produce large aJou~t, of pro-inflammatory factors. Across all race 

groups,. females have higher p,esity rates than males .. However, black 

adolescents have a higher drev~lence of obesity than black, white female and 

white male adolescents(1 0). 
I 

age-m:::::~f::::::(;:~~]. ::t; 0:r~ t~~::::~:i::::~~:~:~:l: ::l::nt::: 

related discrepancies in ele latec':t tood pressure are unclear. Blood pressure 

increases in both male and feT11e children with age,. but boys have higher 

systolic blood pressure than age-ratched girls after the onset of puberty(132). 

Diastolic blood pressure in~rrses progressively. throughout life until 

approximately the fifth deca e or l~fe and tends to be slightly higher in men than 

women, regardless of age(119). · 

Studies consistently [eport gender differences in endothelial function. 

Overal~, females have greatjr 1 ; ~ su~gesting enhanced endothelial function. 

Potential reasons to accouT for. his discrepancy are that most females have 

blood vessels of smaller di meter than males and have higher levels of the 

I I 
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I . 
potent vasodilator, nitric oxime th?n males(133). Visceral adiposity, typically 

higher in males than femaiJs, ~~f also been suggested to be more closely 

related to endothelial dysfun,tion; tran subcutaneous adiposity(134}. MOreover, 

this gender difference in FMD is .not observed when comparing age-matched 

males with females who hav, finis+d menopause(135), supporting an estrogen

dependent mechanism. Thi$ study examined potential differences in FMD in 
I 

adolescent males and fe4ales and explored possible associations with 

circulating pro- and anti-infla~matO adipokines and adhesion molecules. 
i ' 

i 
I 
I 

i' 
I. 

I 

I 

I 

i 
I. 
! 
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Adiponectin modifie~ the relatio;n~hip of adiposity with leptin and insulin in 

.. ~dllescents ·· . . . 

Vanessa Bundy, Maribetrn H. Johnson, and Paule Barbeau 

Abstract 

Objective: Obesity is a major coitrlbutor to the development of leptin resistance 

·and insulin resistance. However, lrtt1e is known about the precise contributions of 

the adipokines adiponectin and r~sistin to this process. The goals of this study 

were to determine the relationships of adiposity with insulin and leptin, whether 

these relationships differed by ra9~ or sex, and whether resistin or adiponectin 
I ' 

modified these relationships. 
l I 
: : 
' I 
I : 
I : 
: ' 

Research Methods and Procedf!~es: Subjects were 441 14-18 y-old black and 
I 

white adolescents. Fasting in~Jiin, leptin, resistin, and adiponectin were 

measured using immunoassay ,t,chniques. Percent body fat (%BF) was 

determined from dual-energy x-ray absorptiometry. 

Results.: Black girls had. higher ir~Lin tha~ whites (p<O.OS); whites had higher 

resistin than blacks (p<0.05); gi Is had higher leptin (p<O .. Q001 ), resistin 
. ; 

(p<0.001 ), and 0/oBF (p<0.001) thh, boys; and whi.te girls had higher adiponectin 

27 
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I 

than all other groups (p<0.05). IH"gher adiposity was associated with higher 

leptin (p<0.0001) and insulin I (p<lO: 001 ). There were Significant interactions 

between %BF and sex for lepti~ lp<0.0001) and between %BF and sex for 

insulin (p=O.OOOB) such that Jhe ~elationship between %BF and both outcome 

measures was attenuated in hirl~: : Moreover, adiponectin significantly modified. 

these relationships and the 1BF~Ieptin (p=0.0074) and %BF-insulin (p=0.024) 

relationships were attenuated lin thole with higher adiponeCtin. This relationship 
. 1 ' '' ... . 

was not different for boys and rirls: . . 

Discussion: Our findings Su09est strong %8~-insulin and %BF-Ieptin 

relationships in adolescents. · Joreover, adiponectin may modify these 

relationships to protect againlt· th:eb

1

evelopment of leptin and insulin resistance 
. I : : I 

at higher levels of %BF, even ln adqlescents as young as 14-18 years of age. 

Key Words: childre~,: percent body fat, adipokine 

i ! 

! I 
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Introduction 

The increasing prevalence !oJ individuals who are overweight or obese is 

creating a sizeable challenge to Pu]lic health. Obesity is a predisposing factor 

for insulin resistance, type 2 diel.betes mellitus (t2dm), and cardiovascular 

disease. However, precise mecha~isms by which obesity contributes to these 

diseases are not fully understood. is weight loss may improve insulin and leptin 

sensitivity and reduce risk factors f<;>r cardiovascular disease, a likely connection 

is the ·biological activity of chemilal messengers secreted from adipocytes. 

Resistin and adiponectin are two :such adipokines, with prfmary roles in the 
! 

regulation and maintenance of ener@y balance and metabolism. 

Since its discovery in 2001 ( r 7-19), the precise physiological function of 

resistin has been under much deba~e. Resistin protein is expressed in a number 
I 
I 

of tissues including human adipose! tissue(20) and is hypothesized to play a role 

in the progression of obesity and development of t2dm. . The extent of resitin's 

role in obesity remains controversiJ Some studies report higher serum resistin 

levels in obese subjects(22-24), wjile others found no correlation of circulating 

resistin with adiposity(25, 26). Mqreover, it is also unclear whether resistin is a 

significant contributor. to the ?telopment . of insulin resistance and the 

progression of t2dm. Although: $everal studies report a positive correlation 

b · · 1· · 'I . ( ) h f d etween resistJn and Jnsu 1n res1stance 27, 136, 137 , ot ers have oun no 

correlation(25, 26, 44). Studies e~lmining the relationship between resistin and 
I 'I 

leptin, a satiety hormone knowni t@ regulate appetite and energy balance, are 
. I II . . 

also inconsistent. Although som~ ~eports indicate a positive correlation between 
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I I 

resistin and leptin(27, 28), ial study administering physiological and 

pharmacological doses of leptin t~ ~~rmal and insulin resistant patients observed 

no change in resistin levels with trkJ~ment(25). 
Adiponectin is released only ~rom adipose tissue (34-36) and accounts for 

0.01% of total plasma protein(3~, :k7). Results of human studies examining 

relationships between adiponecti~ ~nd adipose tissue, leptin, and insulin have 
' : 

been more consistent than those/ of resistin. While othher currently known 
I 

adipose-derived hormones, suqhi as resistin, are increased by obesity, 

adiponectin production and cirJulating levels are decreased in obese 

, subjects(33, 39, 40). Furthermore, .lceight loss has been found to enhance both 

circulating adiponectin protein levels(5, 41, 42) and its soluble receptors(43). 

Plasma adiponectin levels have ,alfo been determined in various pathological 

conditions, including insulin resisJance and t2dm. Circulating levels of the 
II 

adiponectin protein correlate neg;a~~vely with both fasting insulin concentrations 

and positively with insulin sensititr40, . 42, 44, 45). However; associations of 

adiponectin with leptin are not s~ well understood. Although studies report 

decreased adiponectin expressiqnfl in leptin-deficient animal models(46) which 

increased with leptin treatmeni(ir), the precise relationship of these two 

adipokines in humans remains unCI:ear. 

To further explore the rela~iJnship of adiposity with insulin and leptin, we 

measured %BF, insulin, leptin, reSi~tin, and adiponectin in black and white 14-18 
I II 

y olds. We compared all varia~l~s for each subgroup of adolescents to one 
I Ji - - . -

another arid examined the correlations between them. Finally, we examined the 
. I 

I 
I 
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1 . .. 

%BF-Ieptin and %B.F-inWiin relatipnships using analysis of covariance with 

. t'' d.. d' t' I • I II. t t . b It t'' . . . h res1s 1n an . a 1ponec 1n as : cov.ama es o .o . serve any a era 1ons 1n t ese 
~ -

.I 

relationships. 

.. I I 

Research methods .and proced~res 

Experimental Subjects 

Subjects were 14-18 y old ~e~nagers recruited via flyers distributed in local 

high s~hools. lnteres~ed youths I +d parents signed written informed c~nsent . 
forms In accordance With the proierures of the Human Assurance Committee at 

the Medical College of Georgia. ij sought a broad sample that included blacks 

and whites of both sexes, from b~tH urban and suburban schools. Subjects were 

apparently healthy, had no contriijdications to any study procedures,· and were 

taking no medications that might r~ ect the results. Analyses were conducted on 

I 

441 subjects for whom 0/oBF, le 1 tin, insulin, resistin and adiponectin were 

available. 

Protocol 

! 
I 

i 
! 
I 
! 
I 

To reduce the discomfort :of the blood draw, subjects were instructed to 

apply Emla cream (5 g tube) 1 hi, ior to reporting to the lab at 8 am. Subjects 

were also instructed to be in a ff!~ting state, (i.e. having had nothing to eat or 

drink besides water from 8 pm toit~sting). About 45 mL of blood were drawn for 

various measures, including resilti , insulin, leptin, and adiponectin. After the 

blood draw, subjects were fed a J andardized low nitrate/nitrite breakfast .(e.g., 
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cereal bars, 

I I . 
100% fruit juice~, ar~ then underwent a series of measurements 

I t 

II including body cor:nposition. 

Leptin 
I I . I 

Leptin was measured usinQ ·serum that was assayed in duplicate using 

ELISAs constructed with antibodies purchased from R & D Systems 

(Minneapolis, MN). Monoclonal jouse anti-human antibodies (R&D Systems, 

MAB 398} were coated on 96-Wlll polystyrene plates (Coming #25805-96, 

Corning, NY). The standard cO~es consisted of two-fold serial dilutions of 
: il 

recombinant cytokines (R&D Syst$ms, 398-LP). Detection was carried out by 

sequential incubation with bioti~y~~ted goat anti-human polyclonal antibodies 

I ~~~ 
(R&D Systems, BAM 398)), snptavidin-conjugated horseradish peroxidase 

(Pierce #21126, Rockford, IL),j land 2,2•-azino-bis (3-ethylbenz-thiazoline-6-

sulfonic acid} (Sigma #1888, St. LLis, MO) in 0.1 M citric acid. Absorbance at 
I II ' 

405 nm was measured with a iL~bsystems Multiskan MCC/340 plate reader 
i i 

(Needham Heights, MA). Assay! sensitivity is 0.06 ng/ml. The intra-assay 
; . 
~ 

coefficient of variation was 2.0/o ~ria the inter-assay coefficient of variation was 
: I 

Insulin 

Insulin was measured in !1e~um sent to the UniVersity of Alabama (UAB). 

Insulin was assayed in duplicate: a, iquots of sera by specific radioimmunoassay 
1 I 

(Linco Research Inc., St. Charldsl MO); cross-reactiVity with proinsulin is less 
- I I 

I I . 

than 0.2°/o. Assay sensitivity· w~b~~~ 3.21~-tU/mL. The intra-assay coefficient of 

variation was 3. 7_ 0/o. 
I ! 

i ; 
i 

·: 
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I 
i 
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· Plasma adiponectin was ~Jasured in duplicate in the Medical College of 

Georgia Vascular Biology Cente~ ting an ELISA kit (Linea Research Inc., St

Charles, MO). Assay sensitivity' il 0.78 ng/mL. The intra-assay coefficient of 

variation was 7.4% and the inter-aJlay coefficient of variation was 8.4% 

Resistin 

Plasma resistin was meas:l!Jred in duplicate in plasma in the Medical 

College of Georgia Vascular Biolody Center using an ELISA kit (Linea Research 

Inc., St-Charles, MO). Assay jensitivity. is 0.16 ng/mL. The intra-assay 

coefficient of variation was 3.2°/o: a1 d the inter-assay coefficient of variation was 

I 

Body composition 

i 
! 

i I . . 
· Body composition was me~sured with dual-energy x-ray absorptiometry 

i II . 

(DXA) using the Hologic QDR-45IDOW (Waltham, MA). DXA provides reliable 

measurement of %BF. For some 'Lbjects, DXA values were not available from 

. the Hologic QDR-4500W model, :bit were available only from the Hologic QDR-

1 OOOW model. For these indivi(Jll·lals., prediction equations were derived. using 

linear regression, with race, sex a~d QDR-1 OOOW measurement as the predictor 
, I 

variables. The multiple A-square. v~lue for %BF was 0.99. 
I 

Pubertal Status 

I ! 

To assess pubertal devel~p1rent, subjects were placed in a private room 
I I 

alone. Subjects were asked td
1 

rlead a prepared script and view a series of 
I I 

i ! 

pictures(138, 139) showing diff~ ent stages of pubertal development. Male 
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. ! I 
I I I 

. !I i I . 

subjects self-determined go~adal anq pubic development on a scale of 1 to 5. 

Female subjects self-determ~ne, ~reast and pubicdevelopment on a scale of 1 

to 5. Female subjects answer1q two additional questions regarding menses. 
r I . 

The two questions were whether or not they had had their first period, and if so, 
. I 

when was the first day of their last period. 
: I 
' I 

I 

Statistical Analysis 

All variables were checke~ for normality of distribution using normal 

probability plots and appropriati jlransformations were·. used when necessary. 

The distributions for fasting i~~l1 1in, leptin, adiponectin and resistin were 

! : 

normalized when used as depen?ent variables by using a log transformation. 
. : I 

Group comparisons for samplr I description were made using analysis of 

covariance to assess pubertfl st;a~e, race and sex comparisons whil~ adjusting 

for age. There were no differencH for pubertal stage, s6'it was dropped from the 

model. Due to significant age, rc;t9e, and sex differences in both the dependent 
II . 

and the independent variables, iwe decided to use the residuals from the 

analyses including age, race, an~ ~ex for log .fasting insulin and log fasting leptin 

for further arialySiS .. RegresSion lnalysis was u~ed to assess the relationship 

between %BF and residual insul1nland leptin. We then added the interaction of 

0/oBF with sex or o/oBF with race to the model to see if these interactions 

accounted for a significant porti:o\ of the variance in either residual leptin or 

re~idual insulin. Resistin and adi~onectin were then added separately to these 

models to determine any modificlJ on effect on the %BF relationship. Statistical 
. ; I I . 

• I I ' . 

I . 

I I 

I 
I 

I 
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significance was set at0.05. Thr statistical analyseswere conducted with SAS 

9.1.3. 

Results 

Subjects were 441 black !11 white 14-18 y olds. The descriptive data for · 

each race-sex subgroup and~ significant differences between ·groups are 

presented in Table 1 . Black ! Jirls were · significantly older than the other 
:1 . 

subgroups in the sample but the, Size of the difference is not clinically important. 

Both height and weight increaseb ~ignificantly as age increased; boys were taller 

than girls while girls were heaViir than boys and whites were heavier than 
. I . - ~ ' I . 

blacks. Black girls had significarl higher BMI than black boys with both white 

subgroups being intermediate. ~i~~ls had higher o/oBF than white boys who had 
I I 

higher %BF than black boys. Bl~c~ girls had higher levels of insulin than all other 
l f 
: I 

subgroups (p<0.05). Moreover, :girls -had higher levels of leptin (p<0.0001) and 

resist in (p<0.001) than boys. W~ites had higher levels of resist in than blacks 

(p<0.05}. White girls had signifi~J tly higher levels of adiponectin than all other 
I 

groups (p<0.05). 

Figure 1 shows the interalct'lon between °/oBF and sex for residual leptin. 
~ I . . 

Higher %BF levels were associat~~with higher circulating leptin concentrations. 

The strength of this relationship differed by sex, the slope between o/oBF and 

I ~~ 
residual leptin was greater in l tloys than girls (Model· R2=0.46; p<0.0001). 

However, there were no statis+ lily signifiCant differences between black and. 

white ·subjects (not shown). ! 
. i 
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. ·When adiponectin was ~~ded to the model, it explained a significant 
. r I · 

additional proportion of varianc~ (Model R2=0.47; p=0.0031 ). There was also a 
: I . . . . 

significant intetactioti- of adiponedtin with 0/oBF (Figure 2), such that the positive 

relationship of %BF with leptin las stronger in those. with lower adiponectin 
I 

levels compared to those with higher adiponectin levels (Model R2=0.48; 

p=0.0074). There were no si·gnifi:cant modifying effects of the o/oBF re,ationship 

for residualleptin when resistin w~f added to the model (results not shown). 

We then explored the relati~nship between insulin and 0/oBF and the effect 

of adding resistin or adiponecti~ into the model. There was a significant 
I 

I 

interaction such that higher levels! of o/oBF were associated with higher levels of 
i 

insulin, particularly in boys (MJCJel R2=0.22; p=0.0008} (Figure 3}. When 

adiponectin. was added to the I model, it explained a significant additional 
. . I 

proportion of variance (Model R2=0.25; p<0.0001 ). In the same way as leptin, we 

found a significant interaction beteen adiponectin and %BF (Figure 4). The 

positive relationship of %BF wiJh insulin was ·stronger in those with lower 

adiponectin levels compared to llhose with higher adiponectin levels (Model 

R2=0.26; p=0.024). Hesistin did ~ot modify the effect of o/~BF on residual insulin 

. (results not shown). 

Discussion 

· Obesity is a predisposing factor for a number of cardiovascular risks 

includin·g leptin and insulin resist nee. Certain factors, released from adipose 

tissue into the bloodstream,. a~J now beli9ited t~ play active roles in this 
I 
! 
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process(140). The positive '.r~lationships between obesity with . increased 

: .li 
circulating leptin and obesity Wit[ increased insulin resistance have been well 

documented. However, it is la,gely unknown exactly if, and to what extent, 

circulating adipokines such as a];~ponectin and resistin modify this process. To 

better elucidate relationships bet !~en adiposity, insulin, and leptin, we measured 

%BF, insulin, leptin, resistin and ~diponectin i~ black and white, 14~18 year olds. 

We chose to study an adoles]ent . population ?~ca~s~ . we believe that the 

development of cardiovascular di~easebegins early in life and that knowledge of 

physiological events at this age mpy help inform disease prevention str~tegies for 

the future. This studyexamined ~he relationships between %BF with leptin and 

%BF with insulin and how boJ~ resistin and adiponectin may alter these· 
I 

associations. · \ 
: I 

Results of our race and gJ der subgroup comparisons for insulin, leptin, 

resistin, adiponectin, and %BF I were largely consistent with the literature. 
I 
! 

Hyperinsulinemia is more prevale:nt in blacks than in whites of similar adiposity 
i 
I 

levels(141). Our findings suppo1 this idea, in that black girls had significantly 

higher levels of circulating insulin ·han white boys and girls. We believe that the 
I 
I 

reason black boys were not also significantly higher in insulin levels is because 

- . ; II 
black boys had the lowest level o

1

r %BF of all groups and insulin and .%BF are 

very closely linked together. Th~ positive relationship between ·adiposity and 

circulating leptin has been well est~llblished. Therefore, our finding that girls had 
i I _ 

significantly higher- levels of bot~ lroBF and leptin than boys· was not surprising. 

Moreover, despite having lower :b,1 dy fat and leptin, adult males have a higher 
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prevalence of ath9rosclerosis than JdJit females(15}. It has been s~ggested that 
. I 

one possible reason for this llirs in the protective contributions of . 

adiponectin(142). Our findings that Lhite girls had significantly higher levels of 
I 

circulating adiponectin than all other groups support this theory because white 

· women have the lowest prevaleTe of cardiovascular disease. Group . 

comparisons of resistin do not preci[ely follow the literature, in that we found 

whites to have hig~~r levels than biicks and girl~ to ha~e hi.gher .levels than " 

boy~. Because r~s1st1n has been prorsed to contnbuteto .msuhn .res1stance and 

cardiovascular disease, we expec:e[ those groups at h1gher nsk to develop 

cardiovascular. disease to have : 1igher resistin l.evels. However, these 

re·latioriships may be different for .. ¢hildren, adolescents, and adults and further 
. . . I . . . . 

investigation will help elucidate these j[elationsh ips. · · 

We found that the positive retonshipb~tween Jeptin and %BF was very 

close-fitting and that it differed by ]sex. ·. All subgroups displayed a positive 

relationship between leptin andadipJbity, but the difference between blacks and 
I 

whites was not statistically significant The relationship between residual.leptin 
I 

and 0/oBF was steeper for the boy$ ~han it w~s in the girls .. At higher levels of 

%BF, boys had higher levels of lepH than did girls. Because leptin had already 

been adjusted for age, race, sex and the interaction between race with sex, this 
. . I 

! 
. suggests that adolescent boys mayi have an enhanced propensity to develop 

: I 
leptin resistance with increases in °/oBF. 

I 

Not only did the addition o~ diponectin into the model account for a 

significant amount of the· variance i , leptin, but it also altered the relationship 
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I 

between °/oBF and leptin. That !is to say, we found a significant 0/oBF by 

adiponectin interaction such that ihl positive relationship between %BF and 
I 

I 

leptin was attenuated in subjects w_ho had both higher 0/oBF and higher 

adiponectin. Moreover, this relations II ip was the same in all race/sex subgroups. 

These findings suggest that adiponectin may act to protect against the 
·.II 

development of leptin resistance at higher levels of o/oBF, even in adolescents as 

14 1 f H
il . . . . h h 

young as - 8 years o age. 
1

'0Wever, 1t IS Important to note t at t e 
:1 ' 

relationship between leptin and body ir was extremely close-fitting. Therefore, it 

.is possible that adding even a slightly altering factor to the model may lead to a 

statistically significant but not clinical!~ significant result. 

The relationship between in~J in and %BF was similar to that of leptin and 

%BF. This relationship has been w111 documented, as excess adipose tissue is 

believed to be a major contributor t~ hyperinsulinemia and insUlin resistance. 

Our findings are unique, in that we ~~ound that the relationship between insulin 

and 0/oBF was different for adolesce,lt boys and girls. The relationship of %BF 
. . . I 

with insulin was steeper in boys tha~ in. girls, suggesting a stronger relationship 

between them. Boys had higher levrls of fasting insulin than did girls at higher. 

levels of %BF, suggesting that boJ may be more prone to begin developing 
. ·· ·. II : .· . . . . · · 

insulin resistance with increased %8~ than girls. 

We did not find a significant relationship between insulin and resistin, nor 
' ll 

did resistin modify the insulin-%8~~ relationship. However, the relationship 

between %BF and insulin was alte1~J when adding adiponectin into the model . 
. i 

Similarly to results . fo"r leptin; '·we found a ·significant 0/oBF by adipon_ectin 
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interaction such that the positive :relationship between °/oBF and insulin was 

: II 
attenuated in subjects with highe~ roBF and higher adiponectin. Again, this 

relationship was the same in all race/sex subgroups. These findings suggest that 

adiponectin may act to protect ag~inst the de~elopment of hyperinsulinemia 

and/or insulin resistance at higher le~ils of %BF. · 

Taken together, our results ~how that the relationships between %BF, 
I 

. . I 

insulin, and leptin are strong, butl may be altered by levels of circulating 
I 
I 

adiponectin. Moreover, these relatipnships may vary by sex, suggesting one 

potential reason why males develo~ more and earlier cardiovascular disease 

than females. Our study confirmll that the relationships between excess 

adiposity and cardiovascular disease risk factors seen in adults begin early in life 

in black and white adolescents. Alt I ough these differences appear to be small 

and may not be clinically significant 1t this time, small increases in risk factors in 

adolescents may translate into largJI amplification of risk later in life. Additional 
. . I .. 

studies should be performed to furtther explore the mechanisms behind these 
I 
I 

I 

relationships to help provide support for. obesity and cardiovascular disease 

prevention strategies. 



Table 1. Descriptive data by race and sex subgroups including significant group differences (Blood values were log-

transformed for analyses). 

White Boys White Girls Black Boys Black Girls Group 

n=120 n=127 n=102 n=92 Differences 

Age (y) 16.3 (1.2) 16.0 (1.3) 16.0 (1.2) 16.5 (1.2) BG > Whites & BB t 

Height (em) 174.1 (6.8) 175.0 (7.4) 163.2 (6.0) 162.5 (6.0) Boys>Girls* 

·weight (kg) 70.1 (15.0) 71.4 (16.2) 58_.2 (1 0.6) 65.9 (15.7) Girls>Boys_* VVhite>61ac_ls$_! _ 

BMI (kg/m2
) 23.1 (4.4) 23.2 (4.6) 21.8 (3.5) 24.8 (6.0)' BG>Whites>BB t 

0/o Body Fat 19.6 (8.6) 29.4 (6.9) 16.9 (8.4) 30.0 (8.4) -Girls > WB > BB* 

Insulin (pmoi/L) . 94.7 (53.6) 84.9 (41.4) 1 04.6 (58.5) 11 1.2 (49.8) BG > BB & Whites+ 

Leptin (ng/ml) 6.2 (8.9) 14.3 (9.7) 6.2 (8.3) 21.3 (16.0) Girls > Boys* 

Resistin (ng/ml) 11.5 (5.5) 12.5 (4.7) 10.9 (6.8) 12.6 (7.2) Whites > Blacks+ Girls > Boys t 

Adiponectin (llg/ml) 7.9 (4.0) 10.9 (4.9) 7.5 (5.0) 7.8 (4.3) WG > Blacks & WB+ 

mean (SO) WB=white boys WG=white girls BB=black boys BG=black girls 

* p<0~0001 tp<0.001 +p<0.05 
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Figure 1. Plot of the 0/o bo~y fat by sex interaction for residual leptin 
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Figure 2. Plot of the% b~dy fat by adiponectin interaction for residual. 

leptin (Model ·R2=0.48; p=0-+74). For graphical purposes, adiponectin 

was classified as high if levelsj fell above the median and low if below. 



44 

0.8 

0.6 

0.4 

.5 0.2 '3 
In 

..5 0 

"ffi 
:::s -0.2 'C 

60 

~ • ~ <() • 

-0.4 
[<> • 

-0.6 I 

• ·r • -0.8 • 
I 

-1 

I 
o/o Body Fat 

! 

I • Boys If Girls -Linear (Boys) -Linear (Girls) I 

Figure 3. Plot of the% bo~y fat by sex interaction for residual insulin 

2 . . !I 
(Model R =0.22, p=O.OOO~~· 

' 



0.8 

0.6 

0.4 

.5 0.2 
'3 
U) 

.5 0 

m 
::::s -0.2 , 
~ -0.4 

-0.6 

-0.8 

-1 

<> 

• 

• 

• 
I 
I 

I 
1 °/o Body Fat 

• High Adiponectin! I c. Low Adiponectin 

-Linear (High AdiR9nectin) -Linear (Low Adiponectin) 

45 

60 

Figure 4. . Plot of the% b1dy fat by adiponectin interaction for residual 

insulin (Model R2=0.26; +0.024). For graphical purposes only, 

adiponectin was classified as !high if levels fell above the median and low if 
I 
I 
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Association ~f soluble inter~ellular adhesion molecule-1 with central 

d. - "t . I It\. d" k" - d. ·I. "d--a 1pos1 y, c1rcu a 1ng a 1po 1nes, an 1p1 s 
I 

. \ ' -

Vanessa Bundy, MaritJeth H. Johnson, Paule Barbeau 

ABSTRACT, 
i 

Objective: Atherosclerotic lesion d, elopment begins with leukocyte adhesion to 

endothelium, a process mediated ,y adhesion molecules including intercellular 

adhesion molecule-1 (ICAM-1). Th~ study assessed the relationship of soluble 

ICAM-1 with central adiposity,adiplines, cytokines, and lipids. 

Subjects: Black and white 14-18 y ;olds (n=431) recruited from high schools. 

' II 
Methods: Fasting blood samples rere taken. Circulating ICAM-1, resistin, C-

reactive protein (CRP) and adipolectin were measured using immunoassay 

techniques. Triglycerides (TG}, total cholesterol (TC), high-density lipoprotein 

cholesterol (HDLC), and low-delity lipoprotein cholesterol (LDLC) were 

measured using enzymatic methodJ Percent body fat (%BF) was assessed by 

dual-energy x-ray absorptiometry 'jrd waist measurements were taken with- a 

tape measure. . · I 

Results: ICAM-1 levels were higher n boys than girls (227±73 vs 208±76 ng/ml, 
i -

p<0.001 ), and whites than blacks (2[~4±62' vs 186±78 ng/ml, p<0.0001 ). Higher 
I I -: - . -

ICAM-1 levels were associated Vl{it _ higher waist circumference (p<0.01) and 

resistin (p<0.01 ). High adiponecfi~ levels, high HDLC levels, low ·LDLC lev~ls, 

46 
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I 

and low TC/HDLC ratios attenuat~di the increase in ICAM-1 with increasing waist 

circumference (all p<0.05). CRP, TG, TC and LDLC size did not significantly 

explain the variance in ICAMi or modify its relationship with. waist 

circumference. ! 
I 

[ 

Conclusion: These results sugg9st that pro-inflammatory markers and lipids 

may be associated with greater leu~ocyte adhesion to endothelium, particularly in 
. . !I . . 

black and male adolescents. As Sl!JCh, this study may help explain mechanisms 

by which blacks and males are at ~eightened risk for developing cardiovascular 

disease. 

KeyWords: 

I 

I 

adipokine, adolescent! ICAM-1, lipid, waist circumference 
I . . 

I 

I 
I 

I 
I 
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INTRODUCTION 
I 

As the prevalence of pedi,ric obesity rises, its health implications are 

becoming more evident(12). Ev~~~ in the early decades of life, children exhibit 

some of the same risk factors. ror cardiovascular disease (CVD) seen in 

adults(13). The medical illnesse
1

s associated with obesity usually occur in 

adulthood. However, childhood o~esity is associated With an unfavorable lipid 

profile(111) and atherosclerotic lesi~ns have been found in Children as young as 

six years of age( 15). These devel~pments vary by race and sex with blacks at 

higher risk for obesity(114) and bvD(1) than whites in the United States .. 

Moreover, ~oronary heart disease·1orbidity and mortality 'rates for black females 

are beginning to surpass those fdr ~lack males and whites(120). Despite these 

findings, black subjects are often underrepresented in cardiovascular clinical 

research investigations. 

Cellular adhesion molecules are glyco'proteins that play key roles a variety 

of processes including embryonic d~velopment, organ maturation, host defense 

and maintenance of vascular integri1f(74). Additionally, they recruit leucocytes to 

sites of inflammation, including les!·lon-prone areas with altered hemodynamic 
I· . 

flow to initiate and exacerbate athe1osclerotic le~ibns (75, 76). For this reason, 

there has been increased interest in tlsing circulating levels as clinical markers to 

predict and diagnose CVD. One me[! I ber of this family, intercellular cell adhesion 

molecule-1 (ICAM-1) is believed to• ~ ve an important role in the development of 
! . 

CVD(82). 
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I 

IGAM-1 is a cell surface glycoprotein, centrally involved in trafficking 
I 

leukocytes to endothelial and e~it elial barriers. ·'Its primary function is believed 
I 

to be recruitment and direction of leukocytes via interaction with leukocyte-· 

expressed integrins(77). ICAM-1 i,s higher in overweight and obese persons and 
I 

is correlated, to a large degree,[ with central adip.osity(143, 144). During the 

i ' 
inflammatory process, ICAM-1 helps in the capture, spread and transmigration of 

leukocytes, triggering the athero~~lerotic cascade. The soluble form of ICAM-1 is 

often measured in patients with a~herosclerosis, is raised in persons with variant 

angina(81 ), and is correlate~ with the risk of myocardial infarction(82). 

Expression of ICAM-1 circulating i blood plasma and on the endothelial surface 
. I· . . 

is regulated by a number of o~her risk factors for atherosclerosi$ such as 

hypertension ( 145), diabetes mellit~s( 146), and hypercholesterolemia( 14 7). 

· II 
The concentration of so1~91e ICAM-1 circulating in the plasma is directly 

associated with ~ell surface expl\ession of ICAM-1 (148, 149). Moreover, the 

extent of CVD risk in childhood islforrelated with adu. It risk factors including high 

levels if ICAM-1, pro-inflamm~tory cytokines and LDL cholesterol(150). 

However, the extent to which the~e factors are differentially associated in black 

and white adolescents remains u~~ known. Therefore, the purpose of this study 
: I . 

was to determine the relations~ips of circulating ICAM-1 with adipokines, 

cytokines and lipids while accounting for waist circumference in black and white; 

male and female 14-18 y olds aJ explore potential race and gender influences 

in these associations. 



50 

METHODS· 
. I 

ExperimenmiSubjec~ j 

Subjects were 14-18 y olcifs recruited via flyers distributed in local high 

schools. Interested youths and plents signed written informed consent fonns in 

accordance with the procedures! of the Human Assurance Committee at the 

Medical College of Georgia. We sought a broad sample that included blacks and 

whites of both sexes, from both ~urban and suburban schools. Subjects were 

apparently healthy, had no contr&indications to any study procedures, and were 

taking no medications that might iffect the results. Analyses were conducted on 

431 subjects for whom ICAM-1,. ~~iponectin, resistin, TC, TG, HDLC and LDLC 
I 

measurements were available. 

Protocol 

To reduce the discomfort of the blood ·draw, subjects were instructed to 
; 11 . . 

apply Emla cream (5 g tube) one r prior to reporting to the lab at 8 am. Subjects 

were also instructed to be in a fjsting state, (i.e. having had nothing to eat or 

drink besides water. from 8 pm to Jesting). About 45 mL of blood were drawn for 

various measures, including resiJlin, insulin, leptin, and adiponectin. After the 

blood draw, subjects were fed a ~tandardized low nitrite breakfast (e.g., cereal 

bars, 100% fruit juice), and theri lderwent a series of measurements including 

body composition. 

Soluble ICAM-1 

Plasma ICAM-1 was mS~sured in duplicate with the Human Soluble 

ICAM-1/CD54 Immunoassay ELi~k kit (R&D Systems) at the Medical College of 
i . 

! 

;. 
I ' 
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! I 

Georgia. Assay sensitivity wa1s i 0.35 ng/mL. The intra-assay coefficient of 
~ ! 

variation was 3.3°/o and the inter-$ssay coefficient of variation was 6.0o/o. 

Resistin 

Plasma resistin was me:[ured in duplicate in plasma in the Medical 

College of Georgia Vascular Biology Center using an ELISA kit (Linea Research 
l 

Inc., St-Charles, MO). Assay sensitivity is 0.16 ng/mL. The intra-assay 

coefficient of variation was 3.2°/o :and the inter-assay coefficient of variation was 
: I 

Adiponectin 

·Plasma adiponectin was r ~easured in duplicate in the Medic8:1 Cqllege of 

Georgia Vascular Biology Cente~ 'using _an ELISA kit (Linea Research Inc., St

Charles, MO). Assay sensitivity! is 0.78_ ng/mL. The intra-assay coefficient of 
' i 

variation was 7.4% and the inter-~[say coefficient of variation was 8.4°/o 

Lipids , 

Blood samples were sent to the Emory University Lipid Research 

Laboratory to be assayed. PIJsma lipids were measured using enzymatic 
.. :\ . 

methods on the Beckman CXj chemistry autoanalyzer (Beckman Coulter 

::::~s:~:~::~~~c:~n~::~. ~~;ll ::: H;~:1:e::a:~~~~i::: u::::~~:: k:: 

nondenturing gradient gel electrop oresis as previously reported (151 ). 

CRP 
i i 
, I . 

Serum C-reactive protein: (CCRP) was assayed in duplicate at the Medical 
I I 
' I 

College of Georgia lnflammatoliY i Core Laboratory using ELISAs based on the 
, I 
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I 

assay developed by T.-L. Wu \ 1J al.(152). The ELISAs were constructed with 

antibodies purchased from DAKql (Carpinteria, CA). Polyclonal rabbit antihuman 

antibodies (DAKO A0073) were !coated on 96-well polystyrene plates (Corning 

#25805-96, Corning, NY). The . standard curves consisted of two-fold serial 

dilutions of purified CAP from ~albiochem (San .Diego, CA). Detection was 

carried out by sequential incu~rtion with HRPconjugated rabbit anti-human 

polyclonal antibodies (DAKO P02r) and 2,2'-azino-bis (3-ethylbenz-thiazoline-6-

sulfonic acid) (Sigma #1888, St. Louis, MO) in 0.1 M Citric acid. Absorbance at 
;I . 

405 nm was measured with a Labsystems Multiskan MCC/340 plate reader 9 

(Needham Heights, MA). 

Body composition 
I 

Height and weight were· ~easured by standard methods :using a wall-

mounted stadiometer and a scal1, 'respectively; for both height and weight, two 

measurements were taken and a~~ raged. BMI was calculated as weight/height2 , 

and BMI percentile and BMI Z-:rore obtained from growth charts from the 

Centers for Disease Control. Waist and hip circumferences were measured 
II ' 

using a measuring tape to determine waist-to-hip ratio; for each, two 

measurements were taken and aVlraged. Body composition was measured with 

dual-energy x-ray absorptiome~l (DXA) using the Hologic QDR-4500W 

(Waltham, MA) .. DXA provides: reliable measurement of 0/oBF. For some 

subjects, DXA values were not1~ailable from the Hologic QDR-4500W model, 

but were available ·only from . t~e Hologic QDR-1 OOOW model. For these 

individuals, prediction equations. ~ere derived using linear regression, with race, 
I . 
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sex and QDR-1 OOOW measurehient as the predictor variables. The multiple R-
1 

square Value for o/oBF was 0.99: 

Statistical Analysis 

All variables were check:ed for normality of distribution using normal 
I 

probability plots and appropriate: transformations where used when necessary. 
I 

The distributions for adiponecti~, resistin, CRP, and triglycerides (TG) were 

normalized when used as depe,dent variables by using a log transformation. 

Group comparisons for sample description were ·made using analysis of 

covariance to assess pubertal stige, race and sex comparisons while adjusting 

for age. There were no differenc~s for pubertal stage, so it was dropped from the 

model. Due to significant age, r~ce, and sex differences in both the dependent 
I 

and the independent . variables,! we decided to use the residuals from the 
I 

analyses including age, race, a~d sex for ICAM-1. Regression analysis was 

used to assess the relationship ~etween waist and residual ICAM-1. We then 

added adiponectin, resistin, fibrin!lgen, CRP, TC, HDLC, TC/HDLC,LDLC, LDL 
I 

particle size and TG separately! to determine any modification effect on the 
I 

ICAM-1 relationship with waist. 1 Statistical significance was set at 0.05. The 
I 

! 

statistical analyses were conduct~d with SAS 9.1.3. 

I 
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RESULTS 
[·· 

Subjects were ·564 black I and white. 14-18 y olds for whom ICAM-1 was 

measured. The descriptive ~aJa for each race-sex subgroup and significant 

differences between groups is Jresented in Table 1. White males and black 

females were significantly older t~an white females and black males (p<0.05), but 

the size of the difference was notj clinically important. Both weight (p<0.001) and 

height (p<0.001) increased significantly as age increased; males were taller than 
. . ·j 

females (p<0.0001 ), males were heavier than females (p<0.0001) and blacks 
. . I . 

were heavier than whites (p<O.CD001 ). Whit~ females had the smallest waist 

circumference (p<0.01j and blacJ girls had significantly higher BMI than all other 

groups (p<0.05). Females had higher %BF than white males who had higher 

0/oBF than black males (p<0.05). :Circulating ICAM-1 levels were higher in whites 

than blacks (p<0.0001) and males than females (p<0.0001 ). White females had 

significantly higher levels of adiplnectin than all other groups (p<0.05). Whites 

had higher levels of resistin than: blacks (p<0.05) and females had higher levels 

than males (p<0.001 ). ·There were no significant group differences in CRP 

levels, but levels did increase Wi~h age {p<0.0001). White males had lower TC 

(p<0.01) and HDLC (p<0.05) lejls than all other groups and the TC/HDLC ratio 

was higher for males than for fejales (p<0.01). There were no significant group 

·.differences for LDLC levels or si~e. However, TG levels were higher in whites 

(p<0.0001) than blacks and high~~ in males tha:n females (p<0.05). 

Higher waist circumfemjces were associated. with higher residual 

circulating ICAM-1 concentrationls (Model R2=0.02; p<0.05). T~is relationship 
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was the same for all groups. "o/~en resistin was added to the model, it explained . 

a significant additional propo rt!olll

1

1 of variance (Model R2=0 .05; p<O.OO 1) (results 
i I 

not shown). ~ddition~lly, ~e for~ a inte~action between adiponect.in and wai~t 

such that subJects w1th higher ad1ponect1n levels had attenuated Increases 1n 

ICAM-1 with higher waist Gircutferences (MOdel R2=0.03; p<0.05) (Figure 1). 

CAP did not significantly mod,fy the waist-ICAM-1 ·relationship (results not 

shown). 

We also found that adring HDLC, LDLC and the TC/HDLC ratio 

separately to the model includi1g waist significantly altered the waist-ICAM-1 

relationship. There was a significant waist by HDLC interaction such that 

subjects with high HDLC and llrge waist circumferences had lower ICAM-1 

levels than those with low HDLC 'lnd large waist circumferences (Model R2=0.02; 

p<0.05) (Figure 2). We found higher LDLC to have the opposite effect on the 
I . 

waist-ICAM-1 relationship. iubjects with high LDLC and large waist 

circumferences had higher ICAryl-1 levels than those with low LDLC and large 

waist circumferences (Model R2t0.04; p<0.05) (Figure 3). These relationships 

were the same in boys and i~ girls and the same in blacks and whites. 

Additionally, subjects with lower liC/HDLC ratios had lower ICAM-1 levels at high 

! 

waist circumferences compared to those with high TC/HDLC ratios (Model 

R2=0.04; p<0.05) (Figure 4). This relationship was also the same for all groups. 
. :\ 

. TC, TG or LDL size did not sign:ificantly contribute to explaining the variance in 

residual ICAM-1, nor did they mdbify the relationship between waist and ICAM-1 

(results not shown). 
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DISCUSSION 

Expression of atheros~l,rotic risk factors and clustering between them 

play significant roles in the prevalence of cardiovascular disease. Few studies 

report relationships of biological factors related to soluble adhesion molecules in 

healthy persons, and even lfewer report gender and race differences. 

Furthermore, reports have shown age-dependent changes in the expression of 

adhesion molecules from childhlod to adulthood{15;}, suggesting that separate 

studies should be· co~ducted Jo reveal disparate· relationships between age 

grOups. To address these cojcerris, we explored the relationships between 

circulating ICAM-1 and waist crcumference, circulating adipokines, cytokines 

and lipids in healthy black and white, male and female 14:-18 y olds. We chose 

ICAM-l because of its importahce in the initial stageS of the atherosclerotic 

. cascade(79), because it is belie,ed to be regulated, in part, by the expression of 

a number of other atheroscle·rotia risk .factors(153, 154), because it is a potential, 

clinical biomarker of cardio-vascLar pathologies(81, 155) and because levels of 

circulating ICAM-1 reflect the exjression of membrane-bound ICAM-1 (148, 149). 

We first examined group differences in subject characteristics 

between white males, white fejales, black males and black females. Because 

we are examining these factors. in healthy adolescents, all levels of circulating 

CVD risk factors were within healthy levels. Our findings that blacks had higher 

weight and lower circulating Jsistin, ICAM-1 and TG were consistent with 

previous reports(156, 157). w.e:rlso found that white males had lower levels of 

TC and HDLC than all of the otmer groups. This is also largely consistent with 
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previous reports(158). White gfrls had higher levels of adiponectin, a protective 

adipokine, than all other gro~t· This is consistent with the fact that white 

females have the lowest prevalence of CVD of the four groups. We also found 

no significant differences betw~ln groups for LDL size. Studies that compare 

LDL size in black and white subjlcts report different findings. While some report 

no differences in particle size(~59), some repori larger sizes in blacks than 

whites(157) and larger sizes I in females than males(160). One possible 

explanation for this is that LDL size differences appear to vary with age. Our 
I 

data showing no significant differences between race or gender in LDLC were 

surprising, given that previous r~ports have shown that black males have lower 
. . :1 . 

LDLC than age-matched whites(158). 

Despite having similar or !hore favorable concentrations of many types of 

circulating, atherogenic factors, blacks maintain a much higher prevalence of 

CVD mortality(1 ). Therefore, we also investigated potential relationships 

between these factors and how: they varied with race. Because males develop 

CVD at earlier ages thap. females,· we also wanted to explore potential gender 

differences In these interactionJ. The primary finding of this ~tudy was that 

several factors significantly amrunted for the variance in circulating ICAM-1 

levels and its relationship with waist in all groups, regardless of race or sex. 

I CAM levels were significantly hilgher in whites than blacks and higher in males 

than in females, so we calculated residual ICAM-1 levels by adjusting overall 

ICAM-1 levels for age, race and lfex before conducting all future analyses. With 

this, we found waist circumfere~ce to be a better predictor than °/oBF of overall 
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ICAM-1 levels for all groups. 'T:tll is is not surprising given that visceral adiposity, 

often estimated using waist ci~c~mference, is believed to be a strong indicator of 
! 

CVD risk(161, 162}. 

Adding resistin to the model significantly accounted for an . additional 

proportion of the variance in IC1M-1. These results are not surprising, given that 

resistin is a pro-inflammatory adipokine that can directly stimulate ICAM-1 (21 ). 
I 

Adiponectin is an anti-inflammJtory adipokine that can directly inhibit ICAM-1 

expression (163). We found t~at those with high adiponectin levels and high 

waist had lower ICAM-1 levels ~han those with low adiponectin and high waist. 

This supports a cardioprotectivJ role of adiponectin in adolescents. We report 

similar findings for LDLC, in. t~at subjects with higher LDLC had a stronger 

relationship between waist and ICAM-1 levels than those with lower LDLC levels. 

Because fat loss has been sholn to increase adiponectin levels and decrease 

LDLC, our results suggest that: overweight prevention and treatment strategies 
I 

focused on the adolescent popUJiation may be especially helpful to prevent the 

development of CVD. 

We also found that suojects with high HDLC levels have attenuated 

increases in ICAM-1 with incrJasing waist circumfereqce. We report similar 

finding: for the T~/HDLC ratio.. ·t~LC carries chole~terol fr~mthe body's tissues 

to the liver and h1gh levels are b~heved to be protective aga1nst CVD. Therefore, 

having a small TC/HDLC r~tio .. ~ favorable. Subjects with low TC/HDLC ratio 

have lower ICAM-1 levels; at H.igh waist circumferences than those with high· 
I 
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ratios. Again, strategies to in~jase HDLC levels early in life in this population 

may help to curb the on~et of C1D later in life: . • 

The limitations of this stutfy should be considered. First, our results were 
. . ·I 

generated from a study with a dross-sectional design. It would also be. of great 

importance to observe how thele relationships vary with time and/or prevention 

strategies such as diet or p~yslcal activity interventions .. Additionally, we have 

measured only one member of 
1 ~he immunoglobulin family, soluble ICAM-1. To 

complete the picture, it may be of interest to measure additional factors such as 

soluble vascular cell adhesion molecule-1 and other members of the ICAM 

family. 

Taken together, we have shown race and gender subgroup comparisons 

of a variety of CVD risk factor$ and how these factors were associated in a cross-

sectional study of black and · white adolescents. T-he clustering of these 

modifiable risk factors in all race and sex subgroups of adolescents suggests that 

early interventions such as diet modification and increased physical activity 

should be rigorouslY imPiemente6 to prevent future development of CVD. 
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Table 1. Subject characteristics and race/sex subgroup comparisons, Mean (SO) 

Whites Blacks Group Comparison _ 
Males Females Males Females 
n = 116 n · = 120 n = 103 n = 92 

Age, y 16.3 (1.2) 16.0 (1.2) 16.1 (1.3) 16.4 (1.2) WMIBF>WF/BM* 
Weight, kg 70.1(15.2) 57.6 (10.2) 72.1 (16.7) 66.0 (15.6) B>W*, M>F*, jwith Age** 
Height, em 174 (7.2) 163 (5.8) 175 (7.4) 162 (6.0) M>F*, j with Age* 
Waist, em 77.9 (10.4) 69.5 (7.3) 76.6 (10.5) 74.7 (11.8) WM/BMIBF>WFt 
%Body fat 19.3 (8.5) 29.2 (6.9) 17.0 (8.7) 30.2 (7.9) WF/BF>WM>BM* 
BMI, kg/m2 22.9 (4.3) 21.7 (3.4) 23.4 (4.7) 25.0 (5.8) BF>WF/WM!BM* 
ICAM-1, ng/mL 255 (57) 233 (49) 204 (84) 166 (71) W>B*, M>F* 

_-.:::__-'-----*dfpone-ctin~=g/m~- tS--:1-(/~8)---_ 21~~rt1-1.8)~-t4'--:8-ttO:S)-t6~0-(8~6) --- WF::>B-:L~'tW-M1IlM:!: 
Resistin, ng/mL · 11.2 (5.6) 12.6 (4.7) 11.0 (6.9) 12.5 (7.1) W>B*, F>M** 
CRP, ng/mL 890 (1817) 981 (1934) 856 (1659) 1502 (3370) j with Age* 
-TC, mmol/L 3.5 (0.6) 3.9 (0.7) 3.9 (0.8) 3.8 (0.7) WF/BMIBF>WMt 
HDLC, mmol/L 1.1 (0.2) 1.3 (0.3) 1.2 (0.3) 1.~ (0.3) WF/BMIBF>WM* 
TC/HDLC 3.4 (1.0) 3.1 (0.7) 3.3 (0.9) 3.1 (0.7) M>Ft 
LDLC, mmol!L 2.3 (0.8) 2.6 (0.7) 2.5 (0.7) 2.4 (0.7) NS 
LDLSZ, nm 25.9 (0~7) 25.9 (0.7) 25.9 (0.7) 25.9 (0.8) NS 
TG, mmol/L 0.9 (0.6) . 0.8 (0.3) 0.7 (0.4) 0.6 (0.3) W>B*, M>F* 
*p<0.0001 **p<0.001 r p<0.01 * p<0.05 

W =white, B = black, M = male, F =female 

BMI =body mass index; ICAM-1 =intercellular adhesion molecule-1; CRP = C-reactive protein; TC =total cholesterol; 
HDLC = high density lipoprotein cholesterol; TC/HDLC = ratio of total cholesterol to high density lipoprotein cholesterol; 
LDLC = low density lipoprotein cholesterol; LDLSZ = low density lipoprotein particle size; TG = triglycerides 



61 

100 

80 

60 .. .. 
,.. 40 

.. .. 

~ .. 
20 .. .. 

15 0 
:::s 0 62 .... -1o"" 80 90 100 110 120 130 
"'0 -20 

~ -40 

-60 

-80 

-100 

Waist (em) 

1-High Adiponectin - - Low Adiponectin I 

Figure 1. Plot of the interaction between waist and adiponectin (R2 = 0.03, 

p<0.05). For graphical purposes, adiponectin was' dichotomized around 

the mean. 
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Figure 2. Plot of the interaction between waist and HDLC (R2 = 0.023, p<0.05). 

For graphical purposes, HDLC was dichotomized around the mean. 
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Figure 3. Plot of the interaction between waist and LDLC (R2 = 0.04, p<0.05). 

For graphical purposes, LDLC was dichotomized around the mean. 
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Figure 4. Plot of the interaction between waist and the TC/HDLC ratio (R2 = 

0.04, p<0.05). For graphical purposes, TC/HDLC was dichotomized 

around the mean. 



Cardiovascular risk factors are not associated with blood pressure or flow 
mediated dilation in healthy black and white adolescents. 

Vanessa Bundy, Maribeth Johnson, Paule Barbeau. 

ABSTRACT 

Objective: Adipose tissue contributes to the regulation of blood. pressure and 
.. . . . 

endothelial function. Adipokines and inflammatory factors are believed to play 
; ' 

roles in these processes. However, little is_ known about the extent of these 

relationships in healthy adolescents and if they vary by race or sex. 

Research Methods and Procedures: Subjects· were 460 14:18 y-old black and 

white adolescents. Independent variables were percent body fat (0/oBF), fasting 
~ '•L 

insulin, leptin, resistin, adiponectin, C-reactive protein (CRP) and intercellular 

adhesion molecule-1 (ICAM-1). Blood pressure (BP) and endothelial-depended 

arterial dilation (EDAD)(dependent variables) were assessed using a Dinamap 

monitor and brachial artery occlusion, respectively. 

Results: Blacks had higher systolic (113.2±9.2 vs 1 09.5±8.7 mmHg), diastolic, 

(61.5±6.0 vs 58.4±5.9 mmHg) and mean arterial (80.3±6.4 vs 76.5±6.4 mmHg) 

BP than whites and males had higher systolic (1'16±10.1 vs 106.7±7.9 mmHg) 

and mean arterial (79.6±6.1 vs 77.1 ±5.8 mmHg) BP than girls. Girls had higher 

diastolic BP than boys (60.5±5.7 vs 59.3±6.1 ). Fe~ ales had larger EDAD 

responses than males. Many of the circulating risk factors . significantly 

65 
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contributed to explaining the variance in BP, but these differences were very 

small and not clinically important. None of the dependent variables significantly 

contributed to explaining the variance in EDAD response. These findings were 

the same in all groups. 

Discussion: Our findings show race and sex differences in BP and endothelial 

function in healthy adolescents. However, levels of cardiovascular disease risk 

factors and group differences were not associated with levels of BP or 

endothelial dysfunction in healthy adolescents. 

Key Words: adolescents, percent body fat, blood pressure, endothelial function 
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INTRODUCTION 

In the past decade, the prevalence of childhood overweight has increased 

dramatically(?). Weight gain is almost invariably associated with an increase in 

blood pressure, but the relationship between obesity and hypertension is 'highly 

convoluted. Current estimates are that 75o/o of hypertensive cases in males and 

65°/o in females can be attributed to excess adiposity(97). It is normal for blood 

pressure to increase throughout adolescence, but excess adiposity can 

considerably boost this increase(164). Moreover, the strength of the association 

between adiposity and increases in blood pressure varies between different 

racial and ethnic groups(165). Blood pressure has also been found to be 

positively correlated with C-reactive protein (CRP)(1 05) and negatively correlated 

with adiponectin(1 07), suggesting a regulatory role for inflammatory factors .. 

Arterial hypertension is not commonly found in youths, but it can be a clinically 

significant problem for some. Blood pressure that is markedly elevated in 

childhood is a predictor of hypertension later in life and accelerates the 

development of coronary artery disease, heart failure, and kidney disease(166). 

The vascular endothelium is a single layer of cells lining all blood vessels 

in the body. It preserves vascular homeostasis by maintaining vascular tone by 

the production of vasodilators and vasoc~nstrictors, balancing· blood fluidity via 

coagulation factors,. and. controls vascular inflammatory processes by producing 

cytokines and qdhesion molec.ules. Child and adolescent obesity ·is as$ociated 

with early endothelial dysfunction ~nd increased arterial stiffness(91, 167). The 

adipocyte is a_ dynamic endocrine organ, capable of secreting a number of pro-
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and anti-inflammatory factors. For example, decreased adiponectin levels are 

associated with impain3d .en~;othelial response ·in .. adults( 53).· Studies have 

detected abnormal endothelial function children and adolescents heightened risk 

factors for cardiovascular disease (CVD)(168, 169). However, not much is 

known about the impact of normal levels of CVD risk factors in healthy, 

adolescents and whether these relationships vary with race or sex. 

To explore the relationship of adiposity and CVD risk factors with blood 

pressure and endothelial function, we measured 0/oBF, systolic blood pressure 

(SBP), diastolic blood pressure (DBP), adiponectin, resistin, CRP, insulin, leptin, 

intercellular adhesion .molecule-1 (ICAM-1) and endothelial-dependent arterial 

dilation (EDAD) in the brachial arteries of male and female, black and white 14-

18 y olds. We compared race ,and sex subgroups for all variables and examined 

the influence of the circulating CVD risk factors on blood pressure and EDAD and 

whether these relationships varied by race or sex. 

METHODS 

Experimenm/Subjecm 

Subjects were 14-18 y olds recruited via flyers distributed in local high 

schools. Interested youths and parents signed written informed consent forms in 

accordance with the procedures of the Human Assurance Committee at the 

Medical College of Georgia. We sought a broad sample that included blacks and 

whites of both sexes, from both ~rban and suburban schools. Subjects were 

apparently healthy, had no contraindications to any studY: procedures, and were 

taking no medications that might affect the results.- BP analyses \J\/ere qonducted 
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on 460 subjects for whom BP, resistin, adiponectin, insulin, leptin, o/oBF, CRP 

and ICAM-1 were available. : EDAD measurements were conducted on 413 . 

subjects for whom EDAD, res~stin, adiponectin, insulin, leptin, o/oBF, CRP, and 

ICAM-1 were available . 

. Protocol 

To reduce the discomfort'6f the blood·draw, subjects·.were instructed to 
. . . 

apply Em Ia. cream (5 g tube) one h prior to repqrting to the Iabat 8 am. Subjects 
. . 

were also in.structed to be in ·a fasting state, (i.e. having had nothing 'to eat or 

drink besid~s water from· 8 pm to testing). ·About 45 mL of blood·were drawn for 

various measures,·: including. resistin, insulin, ieptin, and adiponectin. After the 
' . . ' ' -

bloo~ draw, subjects were fed. a standardized low nitrate/nitrite breakfast (e.g., 

cereal bars, 1 00°/o fruit juice),: and then underwent a series of measurements 
I 

including body composition. 

Adiponectin 

Plasma adiponectin was measured in duplicate in the Medical College of 

Georgia Vascular Biology Ce~ter using an ELISA kit (Linco Research Inc., St

Charles, MO). Assay sensiti~ity is 0.78 ng/mL. The intra-assay coefficient of 
I 

variation was 7.4 °/o and the inter-assay coefficient of variation was 8.4 °/o 

Resistin 

Plasma resistin was measured in duplicate in . plasma in the Medical 
I 

College of Georgia Vascular s:iology Center using an ELISA kit (Linco Research 
I 
! 

Inc:, St-Charles, MO). Assay sensitivity is 0.16 ng/mL. The intra-assay 
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coefficient of variation was 3.2f/o and the inter-assay coefficient of variation was 
I 

Soluble ICAM-1 

Plasma -ICAM-1 was measured using the HLi~an Soluble ICAM-1/CD54 

Immunoassay ELSA kit (R&D Systems) at the Medical College of Georgia. Assay 

sensitivity was 0.35 ng/mL. The intra-assay coefficient of variation was 3.3°/o and 

the inter-assay coefficient of variation was 6.0°/o. 

CRP 

Serum C~~reactive protein (CRP) was assayed in d~pl_ic~,te using ELISAs 

based on the assay developed by T.-L; Wu et al. (Ciinica Chimica Acta 322 p. 

163-168). The ELISAs were constructed with antibodies purchased from DAKO 

(Carpinteria, CA). Polyylonal rabbit antihuman pntibodies (DAKO A0073) were 

coated on 96-well polystyren~ plates (Corning #2580!):.96, Corning, NY). The 
! 

standard curves consisted of two-fold serial dilutions of CRP from Calbiochem 

·(San Diego, CA). Detection was carried out by sequential incubation with 

HRPconjugated rabbit anti-hurt;lan polyclonal antibodies (DAKO P0227) and 2,2•

azino-bis (3-ethylbenz-thiazoline-6-sulfonic acid) (Sigma #1888, St.· Louis, MO) in 

0.1 M citric acid. Absorbance at 405 nm was- measured· with -a Labsystems 

Multiskan MCC/340 plate reader 9 (Needham Heights, MA). 

Body composition 

Height and weight wer~ measured by standard methods using a wall

mounted stadiometer and a scale, respectively; for both height and weight, two 

measurements were .taken and averaged. BMI was calculated as weight/heighe, 
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and BMI percentile and BMI z-score obtained from growth charts from the 

Centers for Disease Control. Wai.st circumference was measured using a 

measuring tape; two measurements were taken and averaged. Body 

composition was measured with dual-energy x-ray absorptiometry (DXA) using 

the Hologic QDR-4500W (Waltham, t0A). DXA provides reliable measurement of 

0/oBF. For some subjects, DXA values were not available from the Hologic QDR-

4500W model, but were available only from the Hologic QDR-1 OOOW model. For 

these individuals, prediction equations were derived using linear regression, with 

race, sex and QDR-1 OOOW measurement as the predictor variables. The 

multiple R-square value for 0/oBF was 0.99. 

Blood Pressure 

Resting hemodynamic measures were made in a supine position after 10 

min/ of quiet rest. SBP, DBP, and ~AP were measured with a Dinamap monitor 

(Critikon, Inc., Tampa FL); five reapings were made at 1-min intervals and the 

last three were averaged. 

Endothelial-Dependent ·Art~r~al Dilation . 

Brachial artery images were obtained . with a 7.5 MHz linear array 

transducer in· s~ctor to a high-reso.lution ultrasonograph (Hewlett-Packard 5500 
1: 

echocardiograph). · Images were recorded before occlusion and after reactive 

hyperemia that was induced by o.cclusion of the brachial artery with a blood 
I 

pressure cuff inflated at220 ·to 24i0 mmHg for. four minutes. Preocclusion two-

dimensional images of the brachial artery were recorded for 30 seconds. 

Postocclusion two-dimensional images of the brachial artery were recorded 
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continuously for two minutes after cuff release. All brachial artery images were 
. l 

·stored on VHS cassettes. 
I 

Arterial diameters were deriv~.d from a· computer program, Brachial Tool 

(Medical Imaging Application, Iowa City, lA), which allowed automated detection 

of the brachial artery walls at the intima-media junction. Ten frames were 

analyzed before occlusion, and 120 frames were read durin_g the postocclusion 

time period. Maximum dilation was calculated by identifying the postocclusion 

frame with the greatest diameter. EDAD was calculated as the percent change 

in brachial artery diameter between average · preocclusion diameter and the 

maximum diameter obtained after cuff deflation. 

Statistical Analysis 

All variables were checked!: for normality of distribution using normal 
! 

probability plots and appropriate tr~nsformations where used when necessary. 

The distributions for adiponectin; resistin, · CRP, insulin and leptin were 

normalized when used as depend~nt variables by using a log transformation. 
i ' 

I 

Group comparisons for sample :description · were made using analysis of 
I! 

covariance to assess pubertal stagF, race and sex comparisons while adjusting 

·for age. There were no diffE?rences !for pubertal stage, so it was dropped from the 

model. Due to significant age~ rae~, and sex difference~ in both the dependent 

and the independent variables·, we decided to use the residuals from the 

analyses including age, race,· and sex for SBP, DBP, MAP and EDAD. 
:: 

Regression a~alysis was used -toi I assess the relationship between o/oBF and 

residual SBP,. DBP;· MAP and EOAD in separate _analyses. We then added 
. I' 
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adiponectin, resist in, CRP, insulin : 
1 

and leptin separately to determine any 

modification effect· on the relations~ip between blood pressure or EDAD and 
. I; . 

0/oBF. Statistical significance was ¥er at 0.05. The s~_atistical .analyses were 

conducted with SAS 9.1.3. 
,. 
I 

RESULTS 

Subjects were 460 black and iwhite 14-18 y olds. ihe descriptive data for . ! . 
I 

each race-sex subgroup and si~nificant differences .between groups are 

presented in Table 1. Black girls and white boys were· significantly older than 

black males and white females in th1~ sample but the size of the difference is not 

clinically important. 
I' 

Height, weight, SBP, DBP, MAP, pre-occlusion vessel 
!' 

diameter (PREDIAM), and post-ocqlusion vessel diameter' (PODIAM) increased 
I 
I 

and insulin decreased significantly !as age increased. Boys were taller, heavier 
1: 

and leaner than girls; blacks were h~avier than whites. Black females had higher 

BMis, and white females had smaller waist circumferences, than all other groups. 
. I 

' 

In examining circulating CVD risk factors, we found that black girls had higher 
:· 
lr 

levels of insulin than all other sub9roups. Moreover, girls had higher levels of 
I 

I 

leptin, adiponectin, and resistin, arid lower levels of ICAM-1 than boys. Whites 
/· 

had higher levels of adiponectin, r~sistin, and ICAM-1 than- blacks. Blacks had 
I 

higher SBP, DBP and MAP than Yvhites and males had higher SBP and MAP 
i 

than girls. Girls had higher DB~. and EDAD than boys. Males had higher 

PREDIAM and PODIAM than females. 
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Blood Pressure 

Regression analysis was usJd to assess· the relationship between o/oBF 

and SBP, DBP, MAP. We found th~t, after adjusting for age, race, sex and the 
J· 

interaction of race and sex, 0/oBF only accounted for 2°/o of the variance in SPB, 
. l 

1o/o in DBP and 1°/o in MAP. We thE3n added adiponectin, resistin, CRP, insulin 

and leptin separately along with 0/oBF t9 determine any modification effect on 

blood pressure. We found signlfica~t adiponectin .by ~ex (p=0.0173) and resistin 

by sex (p=0.0058) interactions for S~P such th~t lower levels of adiponectin and 
I 

higher levels, of resistin were associated. with higher SBP in males only. 
. . . I· . . .. . . 

Additionally, we found significant in~ulin by race :by sex (p=0.0440) and leptin by 
I 
I 

i 

race by sex (p=0.001 0) interactions for SBP such that higher levels of insulin and 

leptin were associated with higher :SBP in black males only. We also found 

significant insulin by 0/oBF by sex '(p=0.0405), leptin by sex (p=0.0495), and 

ICAM-1 by 0/oBF by sex (p=0.0405) i:nteractions for DBP. Insulin was significantly 

associated with MAP · (p=0.0006) 1and there was a significant leptin by sex 

interaction (p=0.01 07). However, ~ctual differences in SBP .were very small tor 

each of these findings. 

EDAD 

Regression analysis was al~o used to assess the relationship between 

0/oBF and EDAD. We found tha~, after adjusting for age, race, sex and the 
I 

· interaction of race and sex, 0/oBF adcounted for only 1 o/o of the variance in EDAD. 

It 

We then added adiponectin, resistin, CRP, insulin and leptin separately to the 
I. 
I 

i· 
0/oBF analysis to see if these factors accounted for a- significant amount of 

I 

I 
I 

l 
l 
i: 



75 

DISCUSSION 
i. 

Adipose tissue contributes ito the regulation of blood pressure and 

endothelial function.(98). Adipokines and inflammatory factors are believed to 

i 
play roles in these processes(170). i It is largely unknown if, and to what extent, 

these factors modify blood preJsure and endothelial function in healthy, 
I 

i . 

adolescents and if these relationships vary by race or sex. To address these 
I 
i 

questions, we measured 0/oBF, resistin, adiponectin, CRP, insulin, leptin, SSP, 
-I . 

DBP, MAP and EDAD in male an~ female, black and white 14-18 y olds. We 
I· . 

chose to study an adolescent /'population because we believe that the 
I: 

development of CVD beg_ ins earl~, iri l.ife and-. ~hat· knowfedge of physiological 
. i: 

events at this age may· help inform ~isease prevention strategies for the future. 
: 

·Results of our race and 6ender subgroup comparisons were largely 
i. 
I 

consistent with the literature. Rrevious reports have shown that race and 
I . . 

ethnicity dis~repancies in blood pr~ssure begin early in lif(3 and .may contribute to 
. . I· . 

I 
. • I . . . 

discrepancies in the prevalence rates of hypert.ension ·and CVD later in life. 
I 

Blacks have the highest prevalen+ of hypertension and mortality rate from CVD 

in the United States, with a life exbectancy approximately six years shorter than 
j ~ 

the general population(1 ). There~?re our findings that blacks had higher blood 
I 

pressures than whites were not suj'r:prising. Our findings are also consistent with 

previous studies reporting that blo~d pressure is higher in young males than age-
l 

I 

j 

i 
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i 
I, 

matched females(131 ). In regard to endothelial function, we found that EDAD 
I 

was higher in females than in m~les, but not significantly different between 
il 
i 

blacks and whites. This -finding is 6onsistent with previous studies and believed 
I 

·to be a result of the ~ignificantly stnaller diameter size of the blood vessels in 

females(171 ). It is believed that ve'ssels with a smaller diameter have a greater 

vasodilation reserve. Moreover, fe,males may dilate blood vessels to a greater 

extent because of increased ; estrogen 
i' 

and subsequent nitric oxide 

production(172, 173). 

As stated above, all blood!. pressure measurements were significantly 
I 
; 

different by race and sex. Therefo~e, we adjusted SBP, DBP, and MAP for age, 

race and sex before conducting fut~re analyses. After this adjustment, we found 
. I 

that o/oBF significantly contributed to explaining the variance in SBP, DBP, and 
I 

MAP. However, these contributiolns were only 2°/o, 1 o/o and 1 o/o respectively. 
! • 

Although we found that many risk ~actors and their interactions with 0/oBF; race, 
. I 

or sex accounted for a significant ~mount of the variance in BP, th~se amounts 
. i 

I , 

were very small and could not be d
1
ifferentiated by graph.ing. We believe that this 
I 

phenomenon is most likely due to ithe fact that the relation.ships. of. BP with race 
I 

I 

and sex are so strong, that anything that changes this relationship even slightly 
I 

will reach statistical significance./ Furthermore, the range of blood pressure 
. ! 

within our subje_c:ts was narro\1'{, given that; they .-were all healthy when 
I 

measurements were taken. I' 
' il 

We report similar findings f~r EDAD. After adjusting for age, race and sex, 

0/oBF accounted for only 1 °/o bf the variance in EDAD. When adding 

1-
i 
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I 

cardiovascular risk factors and their interactions with 0/oBF, age and race to the 

model, we found no significant diff
1

brences between groups. This means that, 
I 

although there are significant diff~~~nces between circulating risk factors in these 

healthy adolescents, they are not ~nough to manifest themselves in endothelial 

dysfunction. Moreover, just as wit.h blood pressure, the range of EDAD within 

subjects was narrow, given that th~y were all healthy and had no indications of 

arteriosclerosis. 
I 

Our results indicate that theire are significant differences between whites 
! 

and blacks, and girls and boys fdr a number of circulating cardiovascular risk 
I 

factors, blood pressure measurerr)ents, and measures of endothelial function. 

I 

However, these risk factors do nCf>t significantly contribute to increased BP or 
·[ 

decreased EDAD. Future investig~tions should explore how these relationships 

I 
change over time and if they are modified differentially by race or sex. 

i 

i, 



··Table 1. Subject characteristics and race/sex subgroup comparisons, Mean {SO) 

Whites Blacks Group Differences 
Males 

n = 124 
Age, y 16.2 (1.2) 
weight, kg 68.2 (14.3) 

· Height, em 174 (7.3) 
Waist, em 76.8 (9. 7) 
o/oBody fat, 0/o . 18.9 (8.2) 
BMI, kg/m2 22.3 (4.2) 
ICAM-1, ng/ml 251 (55) 
Adiponectin, ·flg/ml 7.9 (3.9) 

--ResisUn;-nglmc-· -lt-:3-{5-:-6)-
CRP, ng/ml 870 (1791) 
Insulin, pmoi/L 96 (52) 
Leptin, ng/ml 5.6 (8.0) . 
SBP, mm Hg 115 (9.9) 
DBP, mm Hg 58.0 (6.0) 
MAP, mm Hg 78.1 (7.1 )· 
PREDIAM, em 3.83 (0.46) 
PODIAM, em ·. 4.28 (0.46) . 
EDAD, 0/o 12.0 (6.5) 

Females Males Females 
n = 131 n = 106 N = 99 

16.0 (1.1) 16.0 (1.2) 16.3 (1.2) WM/BF > WF/BMt 
87.8 (12.5) 71.0 (17.2) 66.9 (17.8) B > W*, M > F*, i with Age** 
163 (5.7) 174 (7.9) 163 (6.0) M > F*, i with Age* 
70.4 (9.2) 76.5 (11.5) 75.1' .(12.9) WM/BM/BF > WFt 
29.3 (7.0) 17.5 (9.3) 30.5 (8.6) F > M* 
22.1 (4.5) 23.4 (5.2) 25.2 (6.4) BF > all others=~= 
238 (67) 201 (81) 171 (72) W > B*, M > F* 
10.8 (5.9) 7._3 (5.3) 8.1 (4.4) W > B*, F > M* . 

-12~-(4:--7} -----1-0~9-~€6o:-7-)~----1-2-;-3--(6-;9)·----- ----- ---W ->-8:1:, F > M~*---- -------~-----.----
1 019 (2047) 997 (1798) 1708 (3915) j with Age* 

86 (47) 104 (57) 116 (56) BF >all otherst, twith Age** 
15.1 (12.4) 6.8 (9.4) 20.7 (14.8) F > M* · 
104 (7.5) 117 (1 0.3) 109.4 (8.2) B > W*, M > F*, i with Age* 
58.7 (5.7) 60.7 (6.2) 62.3 (5.7) B > W*, F > Mt, i with Age* 
74.8 (5.7) 81.0 (7.0) 79.5 (5.8) B > W\ M > F*, i with Age**. 

3.08 (0.37) 3.80 (0.55) . 3.13 (0.38) M > F*, i with Age* 
3.54 (0.42) 4.27 (0.58) 3.69 (0.47) M > F*, i with Age* 
15.1 (8.1) 12.7 (7.4) 18.4 (9.9) BF > WF > males=~= · 

' *p<0.0001 **p<0.001 t p<0.01 * p<0.05 W = white, B = black, M = male, F = female 

ICAM-1 =Intercellular Adhesion Molecule-1; CRP = C-reactive protein; SBP =systolic blood pressure; DBP =diastolic 

blood pressure; MAP = mean arterial pressure; PREDIAM = pre-diameter; PODIAM = post-diameter; EDAD = relative 

change in diameter [(podiam-prediam)/prediam*1 00] 



Table 2 Parameter estimates (SE) and variability (partial r2
) accounted for in SBP by independent variables* 

(n=460) 

SBP 
lndep. Variable P. Est. (SE) 
Adiponectin, J..Lg/ml adiponectin*sex + · "· 
Resistin, ng/ml resistin*sex t · --

CRP, ng/mL <0.01 ( <0.01) ·-
Insulin, pmoi/L insulin*race*sex.+ 
Leptin, pg/ml leptin*race*sex t · 
ICAM-1, ng/ml <0.01 (0.01) 

(R2=0.02) 
r2 
0.01 
0.01 
<0.01 
0.05 
0.03 
<0.01 

R2 
0.03 
0.03 .. 
0.02 
0.07 
0.05 
0.02 

-- --~ --- ----~--------- --- - ------- . ------- ------ -- ~ --- ---------- ------ --- ------ -~- --- --------- ---

*p<0.0001 t p<0.01 * p<0.05 

* SBP was adjusted for age, race, sex and race*sex before_ beihg put into the model. Each model was adjusted for the 

0/obody fat. The partial ~ represents the variability explai.ned by the independent variable alone. 

0/oBF =percent body fat; ICAM-1 =Intercellular Adhesion Molecule-1; CRP = C-reactive protein; SSP= systolic blood 

pressure. 

---- - ------------ --



Table 3 Parameter estimates (SE) and variability (partial r2
) accounted for in DBP by independent variables* 

(n=460) 

lndep. Variable 
Adiponectin, 119/ml 
Resistin, ng/ml 
CRP, ng/ml 
Insulin, pmoi/L 
Leptin, pg/ml 
ICAM-1, ng/ml 

--------------- --- --- -- -- ---

P. Est. (SE) 
.0.2 {0.02) 
0.06 (0.04) 
<0.01 {0.01) 
lnsulin*0/oBF*sex + 

. + . 
leptin*sex T 

ICAM-1 *0/oBF*sex + 

*p<0.0001 t p<0.01 * p<0.05 

DBP {R2=0.01) 
r2 ~2 

<0.01 0.01 
<0.01 0.01 
<0.01 0.01 
0.02 0.03 
0.01 0.02 
<0.01 0.01 

* os·p was adjusted for age, race, sex and race*sex before being put into the model. Each model was adjusted for the 
" 

0/obody fat. The partial r2 represents the variability explained by the independent variable alone. 

0/oBF =percent body fat; ICAM-1 =Intercellular Adhesion Molecule-1; CRP = C-reactive protein; DBP =diastolic blood 

·pressure 



Table 4 Parameter estimates (SE) and variability (partial r2
) accounted for in MAP by independent variables* 

(n=460)· 

lndep~ Variable 
Adiponectin, IJg/mL 
Resistin, ng/mL 
CRP, .ng/mL 
Insulin, pmoi/L 
Leptin, pg/mL 
ICAM-1, ng/mL 

P. Est. (SE) 
<0.01 (0.03) 
0.03 (0.04) 
<0.01 (0.01) 
o.o2 (n.o1) * 
leptin*sex * 
<0.01 (<0.01) 

*p<0.0001 t p<0~01 - * p<O.OS 

MAP (R2=0.01) 
r2 
<0.01 
<0.01 
<0.01 
0.02 
0.01 
<0.01 

R2 
0.01 
0.01 
0.01 
0.03 
0.02 
0.01 

- -- --~ ---------- --------

* MAP was adjusted for age, race, sex and race*sex before being put into the model. Each model was adjusted for the 

0/obody fat. The partial ~ represents the variability explained by the independent variable alone. 

0/oBF = percent body fat; ICAM-1 = Intercellular Adhesion Molecule-1; CRP = C-reactive protein; MAP = mean arterial 

pressure_ 



Table 5 . Parameter estimates (SE) and variability (partial r2
) accounted for in EDAD by independent 

variables* (n= 413) 

Independent Variable Parameter Estimate (SE) 
Adiponectin, jlg/mL 0.01 (0.03) 
Resistin, ng/mL -0.04 (0.06) 
CRP, ng/mL <0.01 ( <0.01) 
Insulin, pmoi/L -0~01 ( <0.01) 
Leptin, pg/mL <0.01 (<0.01) 
ICAM-1, ng/ml <0.01 (<0.01) 

--------- ----------- -~- ------------------ -------- -------

Partial r2 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

P value 
0.73 
0.49 
0.27 
0.12 
0.74 
0.67 

Model R2 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

* EDAD was adjusted for age, race, sex and race*sex bet~~~ ~~~~y~f~~-E~~h model was adjuste-d -for o/;iJ·ody fat. ___ tflTs 

·base model accounted for 9°/o of the variability in EDAD (model R2=0.09). The partial ~ represents the.· variability 

explained by the independent variable alone. 

ICAM-1 = lnte"rcellular Adhesion Molecule-1; CRP = C-reactive protein; EDAD =relative change in diameter 

[(podiam-prediam)/prediam*1 00] 
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Effect Modification Investigation Using SAS - A Model Building Exercise 

I , 

I 

Vanessa Bundy, Paule Barbeau, and Maribeth H. Johnson 
Medical College of Georgia, Augusta, GA 

I' 
I 

ABSTRACT I 

I 

The positive £!Ssociation of 1~iposity With insulin and negative association 

with adiponectin have been docu~ented along with, .evidence that adiponectin 
I,· . 

and insulin are inversely associate~. The purpose of ~his study was to determine 
I 

the influence of adiponectin on insulin and its potential to modify the relationship 
! 

between insulin and percent ~ody frt (%BF) in 441 black and white 14-19 y olds. 

An exercise in· model building _will ~e presented showing the progression from a 
I - . 

model of the insulin and 0/oBF relationship to the addition of the modification 
' : . 

variable of adiponectin. Statistical braphics will be used to help understand the 
I 

I 

nature of the relationships amon~ the variables. Results show a significant 
; 
I 

0/oBF*adiponectin interaction _suchj:that the positive relationship between o/oBF 
- I' 

and insulin was attenuated in thoFe with higher 0/oBF and higher adiponectin. 
! 

These findings suggest that higMer adiponectin -levels may be protective to 
' . [· 

I' 

individuals with high 0/oBFT by increasing glucose tolerance . 

. I 

84 
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INTRODUCTION i. 

The prevalence of Americ*ns becoming overweight and obese has 
I 
i. 

steadily increased over the years ! among males and females of all ages, all 

racial/ethnic groups and all educati:onal levels. Obesity is a predisposing factor 

for a number of cardiovascular ri~ks including insulin resistance and type 2 
I I 

diabetes mellitus. The positive 1 relationship between obesity and insulin 

resistance is well documented. ;Moreover, an unprecedented rise in the 

prevalence of insulin resistance ! is emerging in overweight young people. 
- I 

:· 

Characteristic progression from a hralthy state of glucose tolerance to a diabetic 

one follows gain of fat mass arid includes compensatory hyperinsulinemia. 
i . 
I 

Therefore, higher fasting insulin levels often positively correlate with higher 
I 

!· 
adiposity(12). 

i 

Precise linking mechanismsj of this relationship are not fully understood. 
i 

Recent studies have established a~ipose tissue as a dynamic, endocrine organ 
I 

with the capacity to secrete a num~er of active proteins, termed adipokines. The . 
I 

biological activity of these adipoki~es may be an important connection between 

. ·t • r 

adiposity and insulin resistance. Adipo:nectin,-- a protein hormone secreted solely 
- ., . . . . 

. . 
. I' . . . 

from adipocytes(36)~ is believed to provide vascular protection via regulation of 

metabolism, lipids, glucose and ,.inflammation. While other known adipose-
! 
I. 

derived hormones are increased wjth ·larger fat mass, adiponectin production and 
i 

circulating levels are often found t~ be the same or lower _in obese persons(33). 
. . I 

There is also evidence that circililatiri:g. adiponectin and insulin are inversely 
I 
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associated and that adiponectin ha$ a cardiovascular protection effect, in part by 
i 

. I. 
increasing insulin sensitivity(44). i' 

I 

i· 

The purpose of this study wa~ to determine the influence of adiponectin on 

fasting insulin,. while accounting tor 0/oBF in black and white, male and female 

adolescents. To accomplish this,:i we .used SAS to ·explore the data with 

descriptive statistics and correlations, tested our variables for nor~ality and 

transformed insulin, created a model of the insulin and 0/oBF relationship, and 

then progressed the model by ad~ing the modification variable of adiponectin. 

We also u~ed statistical graphic's tp facilitate understanding of the relationships 
I 

amid the variables. 

Subjects were 14-19 year-ol~ black and white, male and female teenagers 

recruited via flyers sent to high $chools in· the Augusta area. Subjects were 
I 

apparently healthy, had no contraindications to any study procedures, and were 
I 

taking no medications that might affect the results. Analyses were conducted on 

441 subjects for whom adiponectin, 0/oBF and insulin were available. Fasting 

blood samples we.re drawn .for ~nalyses. Insulin was measured in duplicate 

aliquots of sera by specific radioi~munoassay at the University of Alabama and 
I 

plasma adiponectin levels were measured in duplicate using ELISA kits at the 
I . . . 

Medical College of Georgia (LINCP Resear9h, Inc.). 0/oBF was derived from fat 
I • . 

mass and total mass obtained usin;g dual-energy x-ray absorptiometry. 

/i 

I 

I 
I· 
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EXPLORING THE DATA 
' 

CHECKING MODEL ASSUMPTIO~S 
j, 

We used PROC UNIVARIATE to check the distribution of the dependent 
. I . 

variable, fasting insulin, for normality and also looked at the log1 0 (l_finssi) and 

the natural log (ln_finssi) transformations. The ·results for the · natural log 

transformation were similar to the log1 0 transformation and will not be presented. 

proc univariate noprint; 
. . . 

histogram finssi CJinssi ln_finssi I cfill=ligb; 

inset mean std= 11 Std Devil sk:ewness kurtosis/ pos=ne cfill=ligr; 
I 

qqplot finssi l_finssi ln_finssn 

inset mean std= 11Std Devil s~ewness kurtosis/ cfill=ligr; 

! 

As seen in Figure 1 the distribution of fasting insulin is skewed to the right 
I 

and the Q-Q plot shows a curved pattern with slope increasing from left to right. 
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The log1 0 transformation provides a more symmetrical distribution (Figure 

2) and the values for skewness and kurtosis are closer to the normal distribution 

values of zero. The Q-Q plot indic~tes that there might be some outliers in both 

tails since all but a few points fall on a line. These values were within biological 

possibility so they remained in th~ dataset. All analyses will use log1 0 fasting 

insulin as the dependent variable. 
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SAMPLE DESCRIPTIVES 

We then performed an an~lysis of covariance ~sing PROC GLM to assess 

age, race and sex comparisons fJr sample description using the following code: 

proc glm; · 

class race sex; 

model l_finssi perfa~ adipo = age race sex race*sex I solution; 

means race sex rac
1

e*sex; 

lsmeans race*sex I ;pdiff stderr adjust=tukey; 

run; quit; 

-i 
i' 
I 

. I . . 

Results of _our race and ~ender subgroup comparisons fo-r 0/oBF, insulin 

and adiponectin are quite conjistent _with the literature. Among children and 
- • I • . 

adolescents, .the. percent a"nd d~gree of ov~rweig~t is rising in both males and 
I' 

females. However, being ove~eight ·is currently_ more prevalent in the female 
I, . 

adolescent population. Moreover, studies examining the impact of race and 
I 

I 
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ethnicity on adiposity also shol a higher prevalence ()f overweight in black 

. I. . . 
subjects than age and sex-matc~ed white subjects(8, 116, 118). We observed 

II ' . 

only a gender-specific difference .in °/oBF and not a significant difference between 
i -
I 

! races in our popu I at ion. 
i 

I 
It. is interesting to note thht although 0/oBF was not significantly different 

l 
between the black and white: subjects in our study, black subjects had 

significantly higher levels of insulin. Previous reports have established that insulin 

resistance and resulting hyperi~.sulinemia are more prevalent in blacks than 

whites matched for age and ~oBF(141). Although it is well-established that 
! 

obesity . is associated with insulih resistance, the mechanism whereby adipose 

tissue modulates insulin sensit
1
ivity remains cohtroversial(174). OLJr findings 

. suggest that the regulatory mech~nisms may be different for blacks than they are 
I . 

for whites. 1 

In general, males have ·a higher prevalence of atherosclerosis than 

females, suggesting . a possibl1~ role of gender in the manifestation and 
I 
i 

progression of CVD. One possibl,e explanation is that males have less circulating 
i . 

protective factors than matched females. For instance, clinical studies often 

report higher levels of adiponej~in in females than males(27). Recent reports 

suggest a testosterone-dependent mechanism for the inhibition of adiponectin 

release from adipocytes(142}. $tudies have also found that adiponectin levels 

are lower in blacks than whites(IJ75, 176). Therefore, our finding that white girls 

. have higher levels than all other groups is consistent with previous findings. 
1: 

I· 
I 
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I 

Next, we computed Sp~arman Correlations using PROC CORR to 

investigate the bivariate relationMhips among the dependent variable of insulin 

and the independent variableJ . of age,· %BF and adiponectin. We chose 
: ' 

I ' 

Spearman's rank-order corr~latio:n coefficient because it is a distribution-free test 

and makes no assumptions concerning the shape of the distribution from the 

sample data. The correlations are shown in Table 2. 

Obesity has been described as the central causative component in the 

development of metabolic ~· disorders related to CVD including 

hyperinsulinemia(177). Studies!· in adults have found a strong association 

between increased adiposity an~ insulin resistance( 178). Therefore, our finding 

of a significant positive corrJ'Iation between fasting insulin and 0/oBF in 
I· 

. I . 
adolescents ·is not surprising. Our results also show the negative correlation 

I 

I 
I 

between fasting insulin and adiRonectin. One potential explanation for this is the 
i 
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proposed role Of adiponectin I to increase insulin sensitivity and glucose 
I 

tolerance(179-182). It is importarl~ to note that while our results show. significant 

relationships between our depe~dent variable of insulin and our independent 
I 

variables, we found no signifibant relationships between ·our independent 

i 
variables. 

MODELING THE INSULIN-o/oBF /RELATIONSHIP 

Analysis of covariance (A~COVA) is a strategy for analyzing data where, 
I 

in addition to classification vari~bles, one or more continuous variables (i.e. 

covariates) are measured on eac~ experimental unit. ANCOVA can be thought of 
I 

as a methodology to compare[ _a series of regression models. Rather than 
! 

building a regression model for each_ level of the classification variables, 

ANCOVA. is a strategy for makiJg decisions about the form of the models using 
. . 1: . 

all of the data by using interactions between classification and continuous 
I .- . . 

I 

variables. In our case we investigated the relationship between o/oBF and insulin 
I. 

·- . . . ·. !:'- .. · . . ·_. . .... 

and wanted to check to see if that relationship was the same for the race-sex 
I. 

subgroups. \ 

There are several ways to! approach the process of dete.rmining the form 

of the covariate part of a model. ~e chose to first test the hypothesis that all of 

the within race-sex subgroup slobes for the regression of insulin on o/oBF were 

equal to zero by using the followi'Qg code: 
I • 

proc glm; 

class sex race; 

modell_finssi =agj race sex race*sex perfat*race*sex/solution; 



i 
. 1: 

means race sex rac1~*sex; 
smeans race sex rabe*sex; 

1: 

run; quit; 

The three-way interaction along with the SOLUTION model option . 

94 

provides estimates of the slopes for each race-sex subgroup as seen in Table 3. 

We fail to reject the hypot esis that all of the slopes are equal to zero 
I 

I 

since the Type Ill p-value for the /three-way interaction was p<0.0001 (Table 4) . 

. . . 0~00314968. 

: tl0191699-'1. . : 
. . . 

. ~·. 'lA8691 040: . 
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Since we have determineq that there is at least one significant slope we 
I 

then test the hypothesis that the different race and sex subgroup slopes are 
I· . . -

equal using the following code: I 

proc glm; 

class sex race; 

model l_finssi =age race sex race*sex perfat perfat*race 

perfat*sex/solution;/ 
I 

means race sex ra¢e*sex; 
I 

lsmeans race sex race*sex; 
I 

l 

run; quit; 
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·we reject the hyp~thesis !that the slopes are the same for boys and girls 

but fail to reject the hypothesis f~r blacks and whites based on the results of the 

I 

ANCOVA analysis seen in Table 5. There is a significant interaction between 
I 

0/oBF and sex. This model accoJnts for 36°/o (model R
2

) of the variation in fasting 
I 

insulin. The model containing o;nly age, race and sex accounted for 6°/o of the 

variation in fasting insulin. 

'l' . '.· :. 0J]~3&9524 
. "l',' 

·0.00296533 . 
. . I 

(l00296533 • ··, 0.10.' 0.7495 

023 0~6325 ~t . 0.00665613 
. .[ -

(1006656'13· 
. . I, . 

. '; ·1. ·. ·. 5.22643'119 
I 

. 0~32200403 • -'1'1.03 . . f.lH009 

I 

i· 
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i 

Using the estimates from !this model that are shown in Table 6 we can 
! 

compute the estimate of the slope of the relationship between insulin and o/oBF 
I . . 

I 

for each sex. The· slope is larger and the relationship is steeper (i.e. more 

positive) for boys (~hat:=0.01 03+0.0068=0.0171) than for girls 

(~hat=0.01 03+0=0.01 03). 
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i' 

This differential relationsrllp between adiposity and insulin levels for boys 

and girls has been shown by ot~er researchers(183). The girls in this study have 
I 

overall higher levels of 0/oBF th~n the boys (Table 1 ), but at comparable high 

levels o/oBF the boys show higher levels of insulin. 
I 

MODELING THE EFFECT MODIFICATION OF ADIPONECTIN 

Now that we had established a relationship between adiposity and insulin 

levels in our data we wanted t4 see if the addition of. adiponectin to the model 
I 

would modify this relationship. : 

First we would like to determine,the relationship between insulin and adiponectin 
! ' 

while adjusting for the o/oBF rel~tionship. We failed to reject the hypotheses that 
i 
i 

the race-sex subgroup slopes q.re equal (analyses not shown) so we then fit a 

common slopeS model using throllowing code: 

proc glm; i 

class race sex; I 

I 

model l_finssi= ag~ race sex race*sex perfat perfat*sex adipo 
I . 

/solution; J · 

means race sex ra;ce*sex; 
I 

lsmeans race sex race*sex; 

run· quit·· 
' ' 

There was a significant :negative relationship between adiponectin and 

insulin and the relationship betfeen °/oBF and insulin is the similar to the model 
I 
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before the addition of adiponectJ. The addition of adiponectin accounts for about 

1% of the variance of fasting inJiin (model R
2
=0.37). · . · 

I 
I 

The modification effect of I adiponectin is tested by adding the interaction 

i 

I 

I 
class race sex; 1 

model l_finssi= agr race sex race*sex perfat perfat*sex adipo 

adipo*perfatlsolutipn; -
I 

i' 
means race sex r~ce*sex; 

. I 

I 
lsmeans race sex race*sex; 

I 

i 

run; quit; f 

There is a significant int~raction b6tween %BF and adiponectin (Table 8) 

that accounts for an additional 1 °/o of the variation in fasting insulin (model 
,. . 

R
2 
=0.37). This relationship wlas not different for the race-sex subgroups 

I: . 

(analyses not shown). 

I 

I 

I, 
I 
I 

I· 
I 
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The effect of an interaction between two continuous variables is difficult to 

interpret since it represents a three dimensional relationship between the 

dependent variable two continuous covariates (0/oBF and 

adiponectin). 

There are a few ways to g ph this relationship in two dimensions to help 

with this interpretation. Since were interested in the modification effect that 

adiponectin might have on th 0/oBF - insulin relationship we chose to 

dichotomize adiponectin at the I edian and plot the relationship between %BF 

and insulin for high and low leve s of adiponectin. The resulting plot is shown in 

Figure 4. 
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· There is a positive relationship between °/oBF and insulin but higher levels 

of adiponectin serve to blunt thiJ relationship at higher levels of %BF. There is 

still a significantinteractior) · betwlen %BF and sex but the relationship between 

adiponectin and %BF is not differrnt for boys and girls. 

The three dimensional relationship between adiponectin and 0/oBF with 

insulin is shown in Figure 5. In tlis plot insulin has been adjusted for age, race, 

and sex differences and the residuals from that analysis· are what are used in the 

plot. High levels of %BF are agJin shown to be associated with higher levels of 

insulin, but this relationship is blurted at higher levels of adiponectin. 

The following SAS code was usetl to_produce the 3-D plot: 

options ps=50 ls=97; 



goptions reset=all fontres=presentation ftext=swissb htext=1.4; 

proc g3d data=resid;. 
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title1 •Figure 5. Three dimensional scatter plot showing relationship 

between'; 1· · 
I 
I 

title2 •adiponectin a~d 0/o.BF_with insulin (adjusted for age, race and 

I 

sex)'; 1 

I 

scatter adipo*perfat~r_finssi I grid noneedle color=·blue•; 
! 

run; quit; 

. :,·,;,;;, •.. ;:o, ·: .....• : .... : : .. , . · • <.· •: ~ .; : ••.;:: ·:· ·,.,: ;\)':• .. ::;··,·: .. : .· ::·• ... ,·.· ., ... •. •,. :. · •. (, ·. C: ... :·:· · ::;;: 
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· ·_ •lpanecll~- Md ~Bf-WIIh-I.,.Uin_ -~illtiMI far. ag-, race·.lllid lilfiX) : · ·, 
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CONCLUSION 

As persons become overweight and obese, their risk of developing 

cardiovascular disease also increases. However, precise linking mechanisms are 
I 

not fully understood. What we db know is that higher 0/oBF predisposes one to 

insulin resistance, even in childrln and adolescents. The purpose of this study 

was to .determine relationship bJtween %BF and fasting insulin levels in black 

and white, male and female !adolescents. Additionally, we examined the 

modification potential of a vascular protective adipokine, adiponectin, on this 

relationship. To facilitate unders~lnding of these relationships, we uped SAS to 

present a model-building exercjse and demonstrate the progression from a 
I 

model of the o/oBF and insulin rel1tions to the addition of the modifier adiponectin. 

We have also used statistical grabhics to help illustrate these relationships. 

Results of our study shoj that black subjects had higher levels of insulin 

than the white subjects, despite ·having similar 0/oBF. Girls had higher levels of 

0/oBF than the boys and white girls had higher adiponectin levels than all other 
i 
! 

groups. Moreover, there was ROSitive relationship between °/oBF and insulin 

which was stronger in females thrn in males. With further statistical investigation, 

We also were able to show a si!gnificant o/oBF*adiponectin interaction such that 

the positive relationShip betweej %BF and. insulin was attenuated in those with 

higher 0/oBF and higher adiponectin. These findings suggest that higher 

adiponectin levels may be protebtive to individuals with high %BF by increasing 

glucose tolerance. 
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ABSTRACT 

I 
i 
i 

OBJECTIVE - Dietary fiber·. mJy help stimulate production of adiponectin, a 

cardioprotective adipokine that bromotes glucose tolerance. The aim of this 

study was to evaluate the relatibnship of fiber with adiponectin, and. determine 

whether it differed among race ajdsex subgroups. 

RESEARCH DESIGN AND MiTHODS - Energy intake (EI), and total (FIB), 

soluble (SFIB), and insoluble (IFIB) fiber intake were evaluated in 565 white and 

black adolescents using 24-h ~eca.lls (Nutrition Data System for Research). 

Plasma adiponectin was assaye~ using an enzyme-linked immunosorbent assay. 

Percent body fat (%BF) was eslimated using dual-energy x-ray absorptiometry. 

Healthy subjects were recrJited ·from local high· schools (mean±SD: 

age=16.1 ±1.2 y; %BF=23.6±9,8; adiponectin=8.4±4.7 IJg/mL; El=1971 ±678 

kc~.l/d; FIB=1 0.8±4.7 g; SFIB=3.[9±1.6 g; IFIB=6.6±3.2 g). Regression analyses 

were adjusted for age, race, and sex. 

103 
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RESULTS - o/oBF was inversely associated with adiponectin (J3=-0.21, p<0.0001 ). 

After adjusting for El, FIB (13=-1.43), IFIB (13=-0.61), and SFIB (13=-1.08) were 

inversely associated with 0/oBF (~II p<0.0001 ). After adjusting for o/oBF and El; 

FIB (13=0.31) and IFIB (13=0.40) fare associated with adiponectin (both p<o·.os). 

There was an interaction betwe$n SFIB, race, and sex (p<0.05). Higher SFIB 

was associated with higher adip~nectin in black girls, to a lesser extent in whites, 
: 

but not in black boys. 
' ·. .· . 

CONCLUSIONS - Our findings suggest. that dietary fiber may be beneficial to 

cardiovascular health through tHe action of adiponectin, regardless of fatness. 
I . 

Future research should explore rl,echanisms by which fiber stimulates production 
I 

of adiponectin, and why it is diffe~ent i~ black girls. 
I 

Key Words: adiponectin, cardiovascular, fiber, diet, children, adiposity 
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Introduction 

The progression of type 2 diabetes ·is caused by numerous metabolic 

events occurring over a period of years. By controlling these metabolic events, 

the progression of the disease may be. slowed or stopped. . Efforts addressing 

such prevention and treatment strategies include modification of diet to increase 

circulating adiponectin ·levels. Adiponectin is a hormone, released from adipose 

tissue, which provides cardiovascular protection by regulating metabolism, lipids, 

glucose and inflammation. Obese persons and those with type 2 diabetes have 

significantly lower circulating adiponectin concentrations than normal weight and 

non-diabetic subjects, respectively(184). 

Direct links between nutrient intake and circulating adiponectin levels have 

been found in both animal studies and clinical trials. Animal studies have shown 

that Sprague-Dawley rats; fed a high glycemic index diet, had lower plasma 

adiponectin levels than those fed a normal diet(185). Numerous cross sectional 

and intervention clinical studies have also linked circulating adiponectin levels 

with diet. For example, a cro~s sectional analysis of total calorie intake and 

carbohydrate content of the diet have been shown to predict adiponectin levels in 

female adolescents with anorexia nervosa(186). This same study also found a 

direct correlation between adiponectin and fructose, lactose and sucrose intake. 

Moreover, a study in diabetic men also showed that high glycemic index and load 

were dose-dependently associated with lower circulating adiponectin levels(187). 

In an intervention study, reductions of energy intake coupled with increased 
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physical activity were shown to increase adiponectin concentrations in obese 

women(188). · 

Fiber intake has been shown to enhance protection from cardiovascular 

disease and reduce the .risk of developing type 2 diabetes(189). However, 

precise contributing mechanisms are poorly understood. Studies of various 

components of the diet in relationship to circulating adiponectin levels have found 

a potential direct link between fiber consumption and circulating adiponectin 

levels. Animal studies include the use of obese Zucker rats, a murine model of · 

type 2 diabetes. One such study gave a fiber-supplemented diet for 25 weeks to 

Zucker rats and found that those on a fiber-rich diet had lower triglyceride, · 

glucose, insulin levels and higher adiponectin levels than those fed a normal 

diet{190). Numerous cross sectional and interventional clinical studies report 

similar findings. Cross sectional analyses report higher levels of adiponectin 

associated with higher intakes of cereal fiber in diabetic men(187) and women 

{191 ). Diet ·interventions report similar findings. Diabetic females complying with 

the Mediterranean Diet, rich in whole grains, monounsaturated fats, fruits and 

vegetables, had higher levels than those who did not {after adjusting for age, 

body composition and energy intake)(192). However, they did not find significant 

associations between adiponectin concentrations and total energy intake, protein 

intake, fat intake, carbohydrate intake or percentages of energy from protein, fat 

or carbohydrates. A one year, randomized dietary intervention in women with 

elevated cardiovascular risk found. that a diet including increased fiber 

consumption increased circulating adiponectin ·levels(193). 
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Not all studies have found significant links between fiber and adiponectin. 

An intervention study that provided a diet including fiber-enriched bread to 

overweight and obese subjects with normal glucose metabolism over a 72-hour 

period found that whole-body glucose disposal was improved compared to 

controls, but that plasma adiponectin concentrations were not altered(194). A 

second study reports that adiponectin concentrations· were lower just after 

diabetic and non-diabetic subjects were given a meal high in carbohydrates and 

low in fiber; however they were not significantly different after a meal rich in 

carbohydrates and high in fiber(184). 

Taken together, little is known about the preci_se relationships between 

fiber and adiponectin. To date, all reports have been in adult populations. 

Moreover, these studies have been larg~ly conducted in diabetic, high-risk 

populations. We m·easured circulating adiponectin levels and fiber intake (i.e., 

total, soluble and insoluble) in healthy adolescents to see if these reiationships 

were present in this population. Moreover, we examined how these relationships 

differed with race and sex. 

Research Design and Methods 

Subjects were 14-18 year old teenagers recruited via flyers distributed in 

local high schools. We sought a broad sample that included blacks and whites of 

both sexes, from both urban and suburban schools. Subjects were apparently 

healthy, had. no contraindications to any study procedures, and were taking no 

medications that might affect the results. Analyses were conducted on 565 
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subjects for whom energy intake, total fiber, soluble fiber, insoluble fiber, percent 

body fat and adiponectin were available. 

Dietary recalls 

Diet recalls covered the period from midnight to midnight for the previous 

day. The recalls were a~ranged to cover each day of the week, but only one 

recall was done per week. The first two recalls were conducted face-to-face at 

our institute, while the remaining ones were conducted by phone over the next 

two to three months. We sought to obtain seven recalls, one for each day of the 

week. Only youths who provided at least four recalls were included in the 

analyses for this paper; the mean for the included youths was 6.1 d. 

The dietary recalls used the Nutrition Data System for Research(195), 

which utilizes a multiple pass approach. The youth was first asked to recall. the 

name of the foods eaten throughout the day. Then the list was repeated to the 

youth, pausing after each meal to probe for other foods or meals that may have 

been forgotten or omitted. Next, the youth was asked for details such. as 

additions, preparation methods and amount consumed. Finally, the detailed 

recall was repeated to the youth, again pausing after each meal to ensure that all 

foods and meals had been entered correctly. To help determine customary 

ihtake level, the subject was asked if the amount of food consumed was usual, 

considerably more than usual or considerably less than usual. Total energy 

intake was expressed in kJ and macronutrient composition was expressed in. 

percentages of energy intake. 
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Body composition 

Weight was assessed with a balance scale and height with a stadiometer. 

Body composition was measured with dual-energy x-ray absorptiometry (DXA) 

using the Hologic QDR-4500W. DXA provides reliable measurement of percent 

body fat (0/oBF). For some subjects, DXA values were not available from the 

Hologic QDR-4500W model, but were available only. from the Hologic QDR-

1 OOOW model. For th~se individuals, prediction equations were derived using 

linear regression, with race, sex and QDR-1 OOOW measurement as the predictor 

variables. The multiple A-squared value for 0/oBF was 0.99. 

Adiponectin measurement 

Protocol was to reduce the discomfort of the blood draw by instructing 

subjects to apply Emla cream (5 g tube) ~ne hour prior to reporting to the lab at 8 

am. Subjects were also instructed to be in a fasting state, (i.e. having had 

nothing to eat or drink besides water from 8 pm to testing). About 45 ml of blood 

were drawn for various measures, including adiponectin. After the blood draw, 

subjects were fed a standardized low nitrite breakfast (e.g., cereal bars, 1 OOo/o 

fruit juice), a_nd then underwent a series of measurements including body 

composition. Adiponectin was measured in duplicate in plasma in the Medical 

College of Georgia Vascular Biology Center using an ELISA kit (Linco Research 

Inc.). Assay sensitivity is 0.78 ng/ml. The intra-assay coefficient of variation was 

7.4°/o and the inter-assay coefficient of variation was 8.4°/o 
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Statistical Analyses 

All variables were checked for normality of distribution using normal 

probability plots and appropriate transformations were used when necessary. 

Group comparisons for sample description were made using analysis of 

covariance to assess race and sex comparisons while adjusting for age. The 

dependent variable was adiponectin;. the independent variables were total, 

soluble, and insoluble fiber. Multiple regression analyses were performed to 

assess the relationship of each independent variable with the dependent 

variable. Each regression model _included a base model comprised of age, sex, 

race; sex by race interaction, total energy intake, and 0/oBF. Statistical 

significance was set at 0.05. The. statistical analyses were conducted with SAS 

9.1.3. 

Results 

The descriptive data· ·for each race-sex subgroup and significant group 

differences are presented in Table 1. Black girls were significantly older than 

white girls, but the size of the difference is not clinically important. Blacks 

weighed more than whites and boys weighed more than girls. Boys were taller 

than girls and had lower 0/oBF than girls. Circulatin·g adiponectin levels were 

significantly higher in white girls than all other subgroups. From the dietary 

recalls, we· found that whites and boys had higher energy intake, total fiber, 

insoluble fiber and soluble fiber intake 'than blacks and girls, respectively. 
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0/oBF was inversely associated with adiponectin ((3=-0.21, p<0.0001 ). After 

adjusting for energy intake, we found that total fiber ((3=-0.43), insoluble fiber (13=-

0.61 ), and soluble fiber (13=-1.08) were inversely associated with adiponectin (all 

p<0.0001 ). Figure 1 shows the relationship between adiponectin and total fiber. 

After adjusting for age, race, sex, total energy intake and 0/oBF, we found that 

higher fiber intakes were associated with higher circulating adiponectin 

concentrations (R2=0.13, (3=0.31, p<0.05). Moreover, higher dietary insoluble 

fiber was associated with higher circulating adiponectin levels after making the 

same adjustments (R2=0;13, 13=0.40, 'p<0.05) (Figure 2)._ · We also found a 

significant irteraction · between soluble fiber, race and sex such that higher 

intakes of soluble fiber were associated with higher circulating adiponectin levels 

in black girls, to a lesser extent in whites, but not in black boys (R2=0.15, p<0.05) 

(Figure 3). 

The daily reference intake for 14-18 year olds is 38 g/day for males and 26 

g/day for females. We found that 15 white boys, five white girls, four black boys, 

and no black girls consumed more than 20 g/day. Five white boys, two white 

girls, three black boys and no black girls consumed more than 25 g/day. Only 

o~e black.male consumed more than 35 g/day. 

Conclusions 

- -

A_ positive relationship between fiber and adiponectin has been found in 

diabetic and high . cardiovascular risk populations, but not yet in healthy 

adolescents. Moreover, there are currently no reports of race or sex subgroup 
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differences in this relationship. To further explore the potential relationships 

between fiber intake and adiponectin, we m.easured energy intake, total,_ soluble, 

and insoluble fiber intake, 0/oBF, and adipon-ectin levels in black and white_, male 

and female 14-18 year olds. 

Results of our race and gender subgroup comparisons are largely 

consistent with the literature. Previous reports show that, overall, females have 

higher o/oBF than age-matched males(130) and black adolescents have higher 

0/oBF than age-matched whites. 0/oBF was higher in girls than in than in boys, 

suggesting that they are more at risk to develop insulin resistance and the 

metabolic syndrome. Despite having higher body fat percentages, females 

develop atherosclerosis at older ages than males(129). It has been suggested 

that one possible reason for this lies in the protective contributions of 

adiponectin. Our finding that white girls had significantly higher levels of 

circulating adiponectin than all other groups supports this theory because white 

females have a lower prevalence of cardiovascular disease than age matched 

white males, black males and black females. Total energy intake, and fiber, 

soluble, and insoluble fiber intake were all higher in whites than in blacks and 

higher in boys than in girls. 

A fiber-rich diet is ·an important factor in weight maintenance and 

treatment of obesity because it induces a short-term increase in satiety and 

reduces caloric intake(196). Therefore, we ·took both 0/oBF and energy intake into 

account when conducting our analyses. We found a positive relationship 

between adiponectin and total fiber and adiponectin and insoluble fiber after 
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adjusting for energy intake and 0/oBF. Subjects who consumed more dietary 

fiber, specifically insoluble fiber were more likely to have higher adiponectin 

levels than those who consumed less fiber. Adiponectin plays numerous 

cardioprotective roles, including increasing glucose tolerance and decreasing 

insulin resistance. ·Therefore, it may be that adolescents who consume more 

fiber may consequently be more protected against the development of type 2 

diabetes. 

To date, no studies have examined race and gender differences in the 

relationship between fiber and adiponectin in an adolescent population. We 

examined potential differences in race (white or black) or gender the relationship 

between adiponectin and total, soluble, and insoluble fiber intake. We found a 

significant interaction between soluble fiber intake, race and sex such that 

soluble fiber was significantly associated with higher adiponectin in black girls, to 

a lesser extent in whites, but not in black boys. These findings suggest that a 

diet rich in soluble fiber may be most beneficial to increase adiponectin levels in 

black girls and moderately beneficial in boys and white girls. However, these 

results are preliminary and further investigations should be conducted to further 

elucidate race and gender differences in regard to fiber consumption and 

a9iponectin levels. 

Taken together, results from our study suggest that dietary fiber may be 

beneficial to cardiovascular health by increasing circulating adiponectin levels in 

healthy adolescents. However, there was a large discrepancy between the ·fiber 

intake of our subjects and the recommended fiber intake of 38 g/day for males 
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and 26 g/day for females. In fact, out of 290 males, only one reported consuming 

the daily recommended fiber intake. Moreover, none of the 275 female subjects 

reported consuming the daily recommended amount of fiber intake. Therefore, 

adolescents should be encouraged to c·onsume more dietary fiber and future 

research efforts should explore mechanisms by which fiber could modulate 

adipon.ectin levels. 
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Table 1. Comparison of descriptive data between race and sex subgroups, Mean (SO). 

Whites Blacks Group Differences 

Males Females Males Females 
n = 156 n = 152 n = 134 n = 123 

Age, y 
16.3 (1.2) 16.0 (1.1) 16.0 (1.2) 16.;3 (1.2) Black Girls > White Girls+ 

Weight, kg 
68.7 (14.8) 58.0 (1 0.8) 71.0 (16.9) 64.7 (15.6) 

Blacks > Whites·; 
Boys > Girls* 

Height, em 
174 (7.0) . 163 (5.8) 174 (7.7) 162 (5.8) Boys.> Girls* 

o/o Body fat 
19.0 (8.3) 29.2 (6.9) 17.0 (8.8) 29.6 (8.1) Girls> Boys * 

Adiponectin, Jlg/ml 7 .. 8 (3.9) 10.6 (4.9) 6.9 (4.5) 8 .. 1 .(4.4) White Girls > other groups+ 

Energy Intake, kcal/d 
2339 (650) 1729 (515) 2136 (641) . 1625(650) 

Whites > .Blacks t; 
Boys > Girls* 

Fiber, g 
13.2 (5.2) 10.6 (4.3) 10.7 (4.3) 8.1 (3.1) 

Whites> Blackst; 
Boys > Girls* 

Soluble Fiber, g 
4.7(1.8) 3.8 (1.4) 4.0 (1.4) 3.f(1.2) 

Whites > Blacks*; 
.. Boys> Girls* 

Insoluble Fiber, g 8.2 (3.5) 6.6 (2.9) 6.4 (3.1) 4.9 (2.0) Whites > Blacks*; 
.. Boys > Girls* 

*p<0.0001 fp<0.0005 *p<0.05 All comparisons except age were controlled for age. 
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Figure 1. Association of total fiber with adiponectin. 'Regression adjusted for 

age, race, sex, total energy intake, and percent body fat (p<0.05; Model 
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Figure 2. Association of insoluble fiber with adiponectin. Regression adjusted 

for age, race, sex, total energy intake, and percent body fat (p<0.05; Model 
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12 14 

Figure 3. There was an interaction between soluble fiber, race and ·sex such 

that higher intake of insoluble fiber was associated with higher adiponectin in 

whites, and to a greater degree in black girls (p<0.05; Model R2=0.15). The dark 

solid line represents white boys, the dark dashed line represents white girls, the 

light solid line represents bla~k boys and the light dashed line represents black 

girls. 



DISCUSSION 

This project expanded on the LACHY model which was actively examining 

the relationships between predisposing demographic factor.s, ·physical activity, 

cardiovascular fitness, diet, adiposity, and CVD risk factors such as lipids, insulin 

resistance, blood pressure, left ventricular function and clotting. Eight hundred 

black and white, boys and girls were recruited of varying socio-economic status. 

Subjects were apparently healthy, had no contraindications to any study 

procedures, and were taking no medications that might affect the results~ 

Fasting blood samples were drawn and numerous tests, measurements and 

questionnaires were given ~o each subject. We chose to use the LACHY project 

as a foundation for this project because of the great potential to answer research 

questions with a large number of subjects and the quality of previously measured 

factors. 

When this project began in 2004, adiponectin and re~istin had only been 

known about for a few years(19, 163, 170, 197). They were believed to be 

released from adipose tissue and impact glucose tolerance and inflammation(27, 

42, 48, 137). We decided to add them to the project because very little was 

understood about their regulat1on or their impact on the vasculature. Stemming 

from what was known about these proteins, other factors impacting glucose 

tolerance and inflammation that were already being measured in LACHY were 
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included (i.e., insulin, leptin, and CRP) or added (i.e. TNF-a, and IL-6). We then 

decided to add adhesion molecules to help elucidate the connection between 

adiposity, inflammation and the functional outcomes of blood pressure and 

endothelial function. 

Summary of steps · 

To curb the protein degradation accompanying repeated freeze-thaw 

cycles, we aliquoted plasma samples into smaller volumes according to the 

requirements for each assay. We first measured resistin and adiponectin. We 

found protein levels to be consistent with previously described concentrations in 

healthy adolescents. Next, we attempted to measure TNF-a in a subset of 200 

subjects selected ·randomly throughout all blood samples. We stopped 

measurements after noticing that most of the observed levels were too small to 

be detected or at the very low end of the detection spectrum of the most sensitive 

kit available. We concluded that protein concentrations were low in the plasma 

samples either because the protein had degraded over time or because our 

subjects were young and healthy with naturally low circulating TN F-a. Therefore, 

we decided to exclude TNF-a from all future analyses. IL-6 is believed to be a 

more unstable protein than TNF-a(1H8). Therefore, we decided to also exclude 

IL-6 from measurement and future analyses. 
- . 

·We next conducted measurements of soluble ICAM-1 in the plasma of . . 

all subjects. We found concentrations in the LACHY subjects to be consistent 

with those previously reported for healthy adolescents. However, when 
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measuring VCAM-1 in a subset of 200 ·subjects, we found lev~ls to be 

undetectable or at the very low end of the detection spectrum. The. kit we used 

was the most specific available. Previous reports state that detectable levels of 

VCAM-1 were well above what we found, even in healthy adolescents. 

Therefore we concluded that VCAM-1 protein had degraded over time and we 

excluded it from future analyses. At this time, all of our measurements were 

completed and we began to analyze the data. 

Primary Aim: Inflammatory markers and adiposity 

The primary aim of this project was to explore the relationship between 

pro- and anti-inflammatory factors in the plasma and adiposity. To address this, 

we first examined the association between adiposity and adiponectin, resistin, 

insulin, leptin and CRP. We used Spearman correlations to examine 

relationships between °/oBF and these factors and answer questions 1 and 3 of 

our primary aim. Consistent with our hypotheses, we found that 0/oBF ·was 

negatively associated with adiponectin and positively associated with resistin, 

insulin and leptin. However, there was no significant' relationship found between 

0/oBF and CRP. This finding was not. too surprising because CRP is an acute 

phase protein, released primarily from the liver and not adipose tissue. 

Adiponectin was negatively associated with insulin and leptin, but not resistin or 

CRP. 

To examine group differences and answer question 2 of the primary aim, 

we used analysis of covariance. We assessed pubertal stage, race and sex 
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comparisons while adjusting for age. There were no differences for pubertal 

stage, so it was dropped from the model. We found that white girls had higher 

levels of adiponectin than all other groups. 

Because resistin is believed to contribute to insulin resistance and 

cardiovascular disease, we believed that it would be higher in those populations 

who were at the hig~est risk. However, we found resistin t6 be higher. in whites 

than in blacks and higher in girls than in boys. Resistin is now believed to have 

supportive roles in the inflammatory cascade which, in healthy young subjects, 

may not be pathogenic. Therefore, it is understandable that these levels yvould 

not necessarily be higher in those groups. at risk. Consistent with our 

hypotheses, we found that insulin and CRP levels were higher in blacks than in 

whites. Girls had higher o/oBF than boys, and l~ptin and 0/oBF were found to be 

very closely linked. Therefore, our finding that leptin levels were higher in girls 

than in boys· was not surprising. There were no significant differences between 

groups for leptin once we adjusted for 0/oBF. 

While addressing the questions in our specific aims, we found that the 

relationships between °/oBF and both insulin and leptin were close-fitting. We 

then wanted to find out if these relationships differed by race or sex. Because 

insulin and leptin were different for the subgroups, we decided to use the 

residuals from the analyses including age, race, and sex for fasting insulin and 

fasting leptin. These findings are included in the paper entitled "Adiponectin 

modifies the relationship of adiposity with leptin and insulin in adolescents." We 

found that the positive 0/oBF-insulin and 0/oBF-Ieptin relationships were stronger 
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for boys than they were for girls .. At higher levels of 0/oBF, boys had higher_ levels 

of insulin and leptin than girls. This made sense given the fact that males 

develop CVD to a greater exte.nt and at earlier ages than females. Moreover, 

women naturally carry more body fat for reproductive purposes and may be 

'protected' from developing insulin or leptin resistance with higher adiposity. We 

also found that adiponectin significantly modified the 0/oBF-insulin and 0/oBF-Ieptin 

relationships in all subjects such that subjects with higher levels of adiponectin 

had attenuated increases in insulin or leptin with increases in °/oBF. There were 

no significant differences for subjects with low 0/oBF. 

We then ran. additional statistical analyses to determine any significant 

differences in °/oBF, BMI, height, weight, or waist circumference between those 

subjects who were included in these analyses and those who were not. We 

wanted to ensure that we did not introduce additional error by including only 

those subjects who had all values for 0/oBF, insulin, !eptin, resistin and 

adiponectin. Results of these analyses showed that there were no significant 

differences in °/oBF (p=0.93}, BMI (p=0.93}, height (p=0.42}, weight (p=0.75) or 

waist circumferen-ce (p=0.85) between those who were included in the analyses 

and those who were not. Moreover, there were no significant differences 

between the number of subjects in each subgroup included and excluded from 

the analyses. 

Lastly, we examined the race and sex differences in ICAM-1 · and its 

relationships with adiposity and adiponectin to answer the remaining questions of 

our primary aim. We fo'und that whites and males had higher Circulating ICAM-1 
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than blacks and females, respectively. The finding that whites had higher levels 

of ICAM-1 than blacks .was contrary to our hypothesis, but consistent with the 

literature. Therefore, the question arises as to why blacks, if they have lower 

levels of ICAM-1 , are at a heightened risk to develop CVD. We believe that one 

reason may be the strength of relationships between ICAM-1 and other CVD risk 

factors. To explore this idea, we created statistical models to examine the 

relative contributions of adiponectin, resistin, CRP, and lipids to the explanation 

of the variance in ICAM-1 and if these contributions varied by race or sex. 

Surprisingly, after adjusting ICAM-1 for age, race and sex, ICAM-1 was 

not significantly correlated with o/oBF. It is believeq that central adiposity may 

have a greater influence in certain inflammatory factors including adhesion 

molecules, so we examined the relationship between waist and ICAM-1. We 

found waist and residual ICAM-1 to be significantly correlated and controlled all 

other models for waist. Supporting our hypothesis, .we found that adiponectin did 

explain a significant amount of the variance in ICAM-1, even after adjusting for 

waist. Furthermore, there was a significant :inter~ction between adiponectin and 

waist such that those subjects with higher adiponectin had attenuated increases 

in ICAM-1· with higher waist circumferences. This finding is similar to ·the ones 

mentioned above in regard to insulin and leptin and is included in the paper 

entitled "Association of soluble intercellular adhesion molecule-1 with central 

adiposity, circulating adipokines, and lipids." 

While conducting these analyses, we also found that HDLC, LDLC and the 

TC/HDLC ratio significantly contributed to the variance in ICAM-1 after adjusting 
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for waist circumference. Moreover, there were significant interactions between 

these factors and waist circumference such that high HDLC, low LDLC, and low 

TC/HDLC ratios attenuated the increase in ICAM-1 in those with larger waist 

circumferences. We were surprised that these relationships were not 

significantly stronger in blacks than whites. However, it is possible that clustering 

of these particular risk factors does not happen until later in life or that this is not 

the reason for higher plaque formation in blacks despite their lower levels of 

ICAM-1. Additional investigative efforts are needed to better elucidate these 

ideas. 

Secondary Aim: Inflammatory markers, BP and EDAD function 

The secondary aim of this project was to examine the relationship of anti

and pro-inflammatory factors with BP and EDAD. To answer our questions in 

regard to this aim, we first examined group differences in BP and potential 

associations with other measured risk factors. Consistent with our hypotheses in 

question 3, we found that blacks had higher BP· than whites and males had 

higher BP than girls. Moreover, BP increased with age in all subjects. Age, race 

and sex accounted for a large amount of the variance in BP. Therefore, adding 

0/oBF to the model only accounted for an additional 2°/o of the variance in SBP, 

1 °/o of DBP, and 1 °/o of MAP. We then added adiponectin, resistin, leptin, CRP, 

and ICAM-1 separately into the model to answer question 1. None of these 

factors, by themselves, significantly accounted for variance in ICAM-1 after 

adjusting for 0/oBF, except for insulin which accounted for 2°/o of the variance in 
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MAP. We did find a number of significant interactions between circulating risk 

factors, race, sex and 0/oBF.- However, these differences were extremely small, 

could not be observed with graphing, and were clinically insignificant. Therefore, 

we concluded that the circulating _CVD risk factors did not significantly alter 

ICAM-1 expression in this population. Again, these subjects were apparently 

· healthy and none were considered to ~e hypertens!ve. Theref9re, ranges of BP 
. -

were small to begin with. It- is also pos-sible that the group differences in 

circulating inflammatory factors were not large enough to contribute to 

differences in BP in this age group. 

We then examined the relationships between adiposity, circulating CVD 

risk factors and EDAD to address questions. 2 . and 4. Consistent with our 

hypothesis, we found that females had larger relative changes in diameter than 

did males. However, we did not find significant differences between blacks and 

whites in this response. Previous reports have shown sex differences that are 

largely attributed to vessel size. This is to say that smaller blood ve·ssels in 

females may have a larger vasodilatory reserve and/or be affected by the 

elevated estrogen levels. After adjusting EDAD for age, race and sex, we found 

that none of the circulating CVD risk factors contributed significantly to explaining 

its variance. This is not altogether surprising, given that these subjects are

young and have strong vasodilatory potential. The levels of and differences in 

measured, circulating risk factors are probably not large enough to contribute to 

detectable levels of endothelial function. It would be of great interest to follow 

these adolescents and observe how these relationships change over time. 
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Additional blood pressure analyses 

The Joint National Committee on Prevention, Detection, Evaluation, and 

Treatment of High Blood pressure announced new categories regarding blood 

pressure in May 2003(199). People with resting blood pressures that were 

normal or high normal now have a condition called prehypertension if they have 

either a SBP between 120 and 139 mmHg or a DBP between 80 and 90 mmHg. 

There is -increasing evidence of the relationship between elevated blood pressure 

and future heart attack and stroke, even in those who are not yet considered to 

be hypertensive. As blood pressure rises, there is an associated increase in 

CVD risk. We found that many of our subjects met these prehypertensive 

criteria. Therefore, we examined group differences in CVD risk factors between 

those considered to be normotensive and those with prehypertension. 

Preliminary findings suggested that there were several significant 

differences between our subjects with normal blood pressure and those with 

prehypertension. One hundred and twenty-one (121) subjects fell into the 

prehypertensive category. Of these subjects, 47 were white males, six were 

white females, 53 were black males and 15 were black females. After adjusting 

for age, race, sex and the interaction between race and sex, we found that those 

subjects considered to be prehypertensive had higher 0/oBF (p<0.0001 ), higher 

BMI (p<0.0001 ), larger waist circumference (p<0.0001 ), higher fasting insulin 

(p<0.0001 ), higher fasting leptin (p=0.0001 ), weighed more (p<0.0001) and were 

taller (p=0.01) than normotensive subjects. There were no significant differences 
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for adiponectin, resistin or ICAM-1 between the two groups. For future studies, it 

would be of interest to examine whether circulating CVD risk factors explained 

significant variability in resting blood pressure and endothelial function in 

prehypertensive adolescents. A larger number of subjects than what we have , 

would be needed to explore these relationships. 

Additional papers 

After conducting the analyses for the primary aim, we authored an 

additional paper describing the progression from a model of the insulin and 0/oBF 

relationship to the addition of the modification variable of adiponectin entitled 

® 
"Effect Modification Investigation Using SAS -A Model Building Exercise." We 

included statistical graphics used to help understand t~e nature of the 
- . 

relationships among the variables. This paper was published before we decided 

to use residua-ls of the dependent vari~ble, insulin. However, the· model had 

been adjusted for age, r~ce, sex, and ·the race/sex interaction and findings were 

similar to later analyses with residuals. 

Our findings that subjects with high adiponectin were more protected 

against increases in insulin, leptin and ICAM-1 at higher levels of adiposity than 

those with low adiponectin led us to examine potential ways for one to increase 

circulating adiponectin levels. The original LACHY project design included diet 

assessment and explored the relati~nships between it and adiposity and physical 

activity. Previous studies have shown that diabetic subjects, given a high fiber. 

diet,. had significant. increases in circulating ·adiponectin levels. We therefore 
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examined potential relationships between dietary fiber intake and adiponectin. 

After adjusting for age, race, sex, total energy intake and o/oBF, we found that 

higher fiber intakes were associated with higher circulating adiponectin 

concentrations in all groups. These findings suggest that it may be possible to 

increase one's protection against CVD by eating a high fiber diet to increase 

adiponectin levels. 

Revised theoretical model 

Overall, the results described above provide insight into the relationships 

between adiposity, inflammation and cardiovascular. outcomes in black and 
. . 

white, male and female adolescents. Our findings show that numerous 

predisposing demographic factors including increased age, being male or being 

black can influence adiposity levels, cholesterol, adiponectin, ICAM-1, leptin, 

insulin and resting blood pressure in healthy adolescents. We also found that 

adiposity was significantly, positively associated with leptin, insul_in, ICAM-1, 

LDLC and resting blood pressure, and negatively associated with adiponectin, 

HDLC and the TC/HDLC ratio. Furthermore, we found that adiponectin 

significantly modified the leptin-adiposity and insulin-adiposity relationships,· and 

that adiponectin,· LDLC, HDLC and TC/HDLC modified the ICAM-1-adiposity 

relationship. When subjects were classified into blood pressure groups, we 

found that adiposity, leptin and insulin were significantly higher in the 

prehypertensive subjects than in the normotensive ones. A revised model is 

shown in figure 2. 
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Figure 2. Revised model based on findings. Normotensive blood pressure was 

defined as SBP under 120 mmHg and DBP under 80. Prehypertensive was 

defined as SBP of 120-139 mmHg or DBP of 80-89 mmHg. 
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We report several different measures of adiposity in our findings. It is 

important to note that each of these measures has its strengths and weaknesses. 

While BMI is most widely used in the clinic by physicians to asses a patient's 

overweight status, it fails to distinguish between muscle and adipose tissue. 

0/oBF is a better measure of overall adiposity, but is more difficult to measure, and 

more time consuming. Our measurements were made using a DXA, but these 

machines are relatively expensive and not . readily available to the public. 

Visceral· adipose tissue (VAT), the fat tissue stored in the abdominal cavity, is 

believed to be a good indicator· of CVD risk in adults because of its ability to 

release a greater number of harmful adipokines directly into the . portal 

circulation(200). However, it is very expensive and difficult to measure VAT in 

subjects. Waist circumference, measured easily with a tape measure, is believed 

to be an acceptable surrogate for the measurement of VAT in adults and 

adolescents and is often used in the clinic. 

A previous report by Gutin et. al states the correlations among the 

adiposity variables in the same cohort of h~althy ado,lescents analyzed in our 

study after adjusting for age, race and sex(201 ). They report VAT, -0/oBF and 

. waist circumference to be highly correlated with one another and that. they all 

explained a significant· portion of the variance in a number- of CVD risk factors 

including insulin, fibrinogen, SBP, left ventricular mass and triglycerides. Our 

findings were similar. We reported that 6/oBF explained the .most variance in . 

insulin, leptin, resting blood pressure and endothelial function while waist 
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circumference explained the most variance in ICAM-1 and adjusted each model 

accordingly. 

While many of our tested hypotheses were supported, we did not observe 

as many race and gender differences in the relationships between CVD risk 

factors as expected. One potential reason for this is that all our subjects were 

apparently healthy at the time of study and had circulating levels of adipokines, 

cytokines and lipids that were within normal, healthy ranges. Moreover, the 

majority of the subjects were at a healthy weight at time of study. Four percent 

(4°/o) of boys and 1o/o of girls were underweight (<5th percentile), 71 o/o of boys and 

70°/o of girls were at a healthy weight (5th_85th percentile), 10°/o of boys and 14°/o 

of girls were at-risk-of-overweight (85~h_gsth percentile), and 15o/o. of boys and 

15°/o of girls were overweight (above 95th percentile). It is possible that the 

coupling between these risk factors and race/gender differences in these 

relationships are stronger in tho·se persons with higher circulating levels of risk 

factors and/or higher levels of adiposity. It would be of interest ·for future studies 

to examine these relationships in a cohort of subjects with a wider range of CVD 

risk factors and body fat to further elucidate these relationships. 

Results of our initial resting blood pressure analyses were also different 

than originally hypothesized. We did find significant differences between males 

and females·, blacks and whites, but did not find that circulating CVD risk factors · 

explained a clinically significant amount of the variance in SBP or DBP. Again, 

this could be because the circulating risk factor levels were within normal ranges 

and were not high enough to influence resting blood pressure or because the 
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ranges of both SBP and DBP were small in this sample. The range for boys SBP 

was 92-158 and DBP was 43-85. The blood pressure ranges for girls SBP was 

82-140 and DBP range was 43-78. We found none of the subjects to be over the 

95th percentile for SBP or DBP, but later analyses placed 121 s·ubjects into the 

prehyperte.nsive category. After adjusting for age, race, sex and the interaction 

between race and sex, we found that these prehypertensive subjects had higher 

o/oBF, higher BMI, large~ waist circumference, higher. fasting insulin, higher 

fasting · leptin, weighed more and were taller than normotensive subjects. 

Another potential reason we did not observe as many relationships between 

resting blood pressure and CVD risk factors was .because both normotensive and 

prehypertensive subjects were included in the analyses. It would be of great 

interest to have a larger cohort of prehypertensive subjects to be able to further 

examine these relationships and see if they vary from those seen in 

normotensive subjects. Moreover, we only measured the circulating levels of 

CVD risk factors. Although circulating levels of ICAM-1 are highly correlated with 

the levels found on endothelial cells, there may have been more localized, tissue 

differences in expression of other CVD risk factors that contribute to and explain 

the variance in resting blood pressure. 

Lastly, we found significant race and gender differences in prediameter, 

postdiameter, and overall EDAD that ·were consist~nt with the literature. 

However, we ·did not find clinically significant differences in. the relationships 

between CVD risk factors and endothelial function in our subjects. This may be 

due to a number of factors including those listed above. Our subjects were 
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apparently healthy with normal levels of circulating adipokines, cytokines and 

most fell within healthy adiposity levels. Although endothelial dysfunction has 

been shown to begin . at very early ages, it may not have reached detectable 

levels in our healthy subjects. It would be of interest to have a greater number of 

subjects who were at-risk-of overweight and overweight or who had abnormally 

high levels of circulating CVD risk factors to be able to analyze differences in 

relationships between risk factors and endothelial function. Another limitation to 

this study is the EDAD technique. Although the in,tra-rater and inter-rater 

reliability of the EDAD in the Georgia Prevention Institute lab are reported to be 

.95 and .90, respectively, much debate still persists as to the overall reliability of 

the measurement. A number of factors are able to affect the results including the 

diet and exercise of the subject, images taken by the sonographer, timing of the 

readings, and measurement by the technician. 

Taken together, our results provide a great deal of insight into the 

relationships between adiposity and CVD risk factors in healthy adolescent males 

and females. However, there are several limitations mentioned above. 

Therefore, future studies are needed to further elucidate these relationships. It 

would be of great interest to examine differences in these relationships between 

groups that were classified differentially in regard to adiposity or resting blood 

pressure. Moreover, it would be interesting to be able to follow these subjects for 

the next few years to· observe if and how relationships change over time_. · 



SUMMARY 

The main findings of this study included several race and gender 

differences in CVD risk factors including adiponectin, resistin, insulin, leptin 

and ICAM-1. Overall, males and blacks had higher levels of pro-inflammatory 

factors than females and whites, respectively. This makes sense given the 

fact that males develop CVD to a greater extent and 'at earlier ages than 

females and blacks develop more CVD than whites. We found that the 

relationships between 9/oBF and insulin, leptin and ICAM-1 were close-fitting 

and that individuals with high levels of adiponectin had attenuated increases 

in these risk factors at high levels of 0/oBF. Moreover, higher fiber intakes 

were associated with higher circulating adiponectin levels. This suggests one 

way to curb the development of insulin resistance, leptin resistance and 

plaque formation in individuals with high 0/oBF. The differences in circulating 

risk factors and their interactions with adiposity were not significantly 

associated with BP. or endothelial function, most ·likely beca.use our subjects 

were young and healthy at time of measurement. 

Limitations of this study_ should be considered. First, our results were 

generated from a study with a cross-sectional design. It would also be of 

great importance to observe how these relationships vary with time and/or 

prevention strategies. such as diet or physical activity interventions. 

135 
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Additionally, we have measured only a small subset of factors involved in the 

inflammation and atherogenic cascade. To complete the picture, it may be of 

interest to measure additional factors and observe how these relationships 

change over time. 
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