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ABSTRACT 

The present study was designed to assess the effects ofreguiar and low-linolenic 

acid canola oil on the blood lipid psrameta of 40 (20 men and 20 women) non-iasulin- 

dependeut diabetes meUitw subjects, to determiDe whether canola oil has nutritions! 

benefits in the clinical tmtment of NIDDM, with particular attention to any benefits of 

holenic acid (LNA). The study also assessed the effects these oils on the oxidative 

niscepbibility, fatty =id composition, and particle size of the LDL fiaction. 

Diff7cuity in subject recniitment resulted in a total of 36, newly diagnosed, 

NIDDM subjects (16 men and 20 women) who were randody assigned to four 

expaimental groups: reguiar canola oil (CAN); low-linoLenic acid caaola oïl ( M A ) ;  

sunflower oil (SNFLR); and a control (CONT) group who continued their usuai diet. 
\ 

Added dietary fat sources were supplied in the form of a margarine s p d  and salad oil 

which subjects were counseld to substitute for the usual spread and salad oil in a low-fat 

(30% totel energy), high-carbohydtate (CHO) diet. The average penent of total energy 

h m  nit for aU subjezts was 33 -8 f 2.4%. The patent of the daily fkt intake h m  dietary 

spread and oil was only 134 f 7.8%, that is 4.5% of total energy. 

Twelve-hout f d g  blood samples were taken at O, 28, and 56 days. Plasma total 

cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density Lipoprotein 

cholestml (HDL-C), a d  triglyceride (TAG) concentrations were determined on al1 

samples and the LDL M o n  was isolateci by density gradient centnfiigation. 



There were no sigaificaat effects of diet on plasma TC, LDL-C, HDL-C, or TAG 

concentr;rtions during any of the stuây intervafs (0-56.0-28. or 28-56 &YS, respectively). 

However. diet did have a signifiaint effect on the TC:HDL-C ratio during the 28-56 &y 

study petid; thete was a sipnincant decrease in the ratio for the CONT group while th= 

were no changes for the experimental pups. A diet x gender interaction also was 

observed for the folIowing parameters: LDL-C (0-56 days), HDL-C (048 &YS), and 

TC:HDL-C (0-28 days). There is no obvious explmation for these observed interactions. 

Similady, there were no diet effécts for LDL oxidation rate or the totd amount of 

conjugated dienes produceci over the entire experimental @od (0-56 days). By contrast, 

a signincant diet effect was observed on the change in LDL oxidation rate during the 

study period 28-56 days; LDL oxidation rate increased for îhe SNFLR group. decreased 

for the LLNA and CONT groups, and ~xnained unchangeci for the CAN group. In 
\ 

addition, thae was a signifiant diet x gender interaction for LDL oxihtion rate during 

the study @od 0-28 days. Diet had no effkct on the change in the amount of 

conjugated dienes produceci during the study periods 0-56 and 28-56 days. However, a 

signifimt diet e f f i  was observed during the 0-28 day study period; there was an 

increase in the amount of conjugated dienes produced on the CCNT diet, while negligible 

changes o c c d  on the other experimental W. 

Diet x gender interactions were ais0 observed for changes in the levels of the 

foiiowing LDL fatty acids: Cl8:O and C20:4 (0-56 day period) and C20:4 (0-28 day 

period). Then is no explmation for these hdings. The marginal effects of diet on LDL 



oxidative susceptibility is consistent with the relative absence of diet effects on LDL fatty 

acid composition. 

Signiscant gender Metences occumd for ail LDL particle size parameters over 

the 0-56 day study period; LDL core to stufàce volume ratio (codsur ratio), radius, a d  

diameter increased signincautly more for men than for women. niese d t s  tend to 

support the reportai relationship between TAO leveis and LDL particle size. Changes in 

TAO levels differed signincst~~tly between men and women over the study period 0-28 

days; TAG levels increased for men and decreased for women. 

The present study: (1) demoosaited that repuiar and iow LNA caaola oii have 

similar effects on the blood iipid parameters of NIDDM subjects; (2) connrmS earlier 

research in our laboratory suggesting there are no unique or special benefits of teguiar 

canola oil ova  low LNA canola oil; and (3) provides evidence suggesting that imposing 

any sipnincant changes on the blood lipid parameters in =DM patients is difficult 

when limited by the restriction of a low-fat diet, namely 30% total energy as fat. 

vii 



The author wodd U e  to express gratitude and appreciation to her advisor, 

Dr. BE. McDonaid, for his guidance thughout this research pmject and for his criticism 

in the preparation of the thesis manuscript; and to Dr. V.M. Bruce for her assistance in 

recniiting and informing subjects of W y  findings, her efforts regarding subject diet 

analysis and pRparing the exphenta1 s p d  and oils for the metabolic study. 

Gratitude is extended to Dr. C. Taylor and Dr. P. Choy for theù time in reading the 

manuscript and for serving on the thesis cornmittee. 

The author would Lilre to especially thank Marilyn Latta for her technical expertise 

and assistance in conducting the laboratory work; to Stella Choy for taking the subjects 

blood samples; to Lawrence Vander Vyvere and the M a t  the Diabetes Education 

Center for their hep in subjezt recmïtment; to Llwellyn Armstrong h m  the University 

of Manitoba Statistics Advisory Service for h a  assistance and advice conceming the 

statisticai analysis. Assistance with subject dietary fat records fiom Gtace Murray and 

Gillian Hanold is hereby acknowledged. Very spocial thanks is extended to the 37 

subjects, who through theK cornmitment to the dietary protocol and perseverance with the 

eariy morning visits to the HSC for blood coliection, made the study successful. 

Recognition is extendeci to the Cawla Corncil of Canada for awaniing a research 

grant which enabled the undertaking of the study. The author is also mtefbl for the 

continuous support and encouragement h m  family, fiiends and colleagues (pnti BaiJal, 

Lynne Lepage, and Airdrie Young). To Damn: your love, strength, and unwavering 

viü 



belief in me helped make this achievemeat possible - you are my inspiration. My 

indebtedness and love for you is e t d .  



LIST OF FIGURES 

Figure 1. 

Figure 2. 

Figrne 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

Figure 10. 

Figure Il. 

Figure 12. 

Figure 13. 

Figure 14. 

Figure 15. 

Key Characteristics of Non-Issulin-Dependent Diabetes Meiiitus (NIDDM) 

Effect of Dietaxy Fat Source on Change in Total Semm Cholestmi: 
0-56 Days 

Effect of Die- Fat Source on Change in LDL Cholesterol ia Men and 
Women: O46 Days 

EfEect of Dietary Fat Source on Change in HDL Cholesteroi in Men and 
Women: 0-28 Days 

Percent Change in Serum Tngyceride Concentrations in Men and Women: 
0-28 Days 

E f f i  of Dietary Fat Source on TCSDL-C Ratio: 28-56 Days 

E f f i  of Dietary Fat Source on TC:HDL-C Ratio in Men and Women: 
0-28 Days 

\ 

E f f i  of Di- Fat Source on LDL Orcidation Raie in Men and Women: 
0-28 Days 

Effect of Dietary Fat Source on LDL ûxidation Rate: 28-56 Days 

E f f i  of Dietary Fat Source on Totai Absorbante: 0-28 Days 

Effect of D i e m  Fat Source on Percent Change in LDL C18:O Level in Men 
and Women: 0-56 Days 

E f f i  of Dietary Fat Source on LDL C20:4 Levels in Men and Women: 
0-56 Days 

Effêct of Dietary Fat Source on LDL C20:4 Lwels in Men and Women: 
0-28 Days 

Differences in LDL Particle Size Parameters ui Men and Women: 
0-56 Days 



LIST OF TABLES 

Table 1. 

Table 2, 

Table 3. 

Table 4. 

Table 5. 

Table 6. 

Table 7. 

Table 8. 

Table 9. 

Table 10. 

Table 11. 

Table 12. 

Table 13% 

Table 13b. 

Table 14. 

Mean Subject and Dietary Data for the Experimental Oroups 

Mean Change in Glywsylated Hemogiobin Levels on Experimentd Diets 

Mean Glycosylated Hemoglobin Leveis @ay 0) and Percent Change 
(0-56 Days) for Males and Fernaies 

Mean TC and LP Concentrations for the Experimental Diet Groups 
@ay 0) 

Percent Change in TC and LP Concentrations for the Eltperimental Diet 
Groups: 0-56 Days 

Meaa Change in Plasma Total and Lipoprotein Cholesterol Concentrations 
on Experimentai Diets: 0-56 Days 

Mean Change in Plasma Total and Lipoproteh Cholesterol Concentrations 
on ExperUnental Diets: 0-28 Days 

Mean Change in Plasma Total and Lipopmtein Cholesterol Concentrations 
on Experjxnental Diets: 28-56 Days L 

Mean HDL-C Concentrations @ay 0) and Percent Change (0-28 Days) for 
Experimental D i a  

Mean Trigiyceride Concentrations (Day 0) and Percent Change 
(0-28 Days) for Males and Femaies 

Mecrn TC-5XDL-C Concentrations (Day O) and Percent Change 
(0-28 Days) for Experimental Di& 

Mean TC:HDL-C Concentrations (Day 28) and Percent Change 
(28-56 Days) for Experimental Diets 

Mean Change in LDL Oxidasion Rate on Experimental Diets 

Change in Mean LDL Abborbance @elta Abs) on Experimental Diets 

Mean LDL Chidation hte (Day 0) and Percent Change (0-28 Days) for 
Expeiimental Diets 



LIST OF TABLES (Cont'd) 

Table 15. 

Table 16. 

Table 17a 

Table 17b. 

Table 18. 

Table 19a 

Table 19b. 

Table 20, 

Table 2 1. 

Table 22. 

Table 23. 

Table 24. 

Table 25. 

Mean LDL Oxidation Rate (Day 28) and Percent Change (28-56 Days) for 
Experimental Diets 

Change in Mean Absotbance (Delta Absorbante at Day O) during LDL 
Chidation, end Percent Cbange (0-28 Days) for Experimental Diets 

Mean Percent Fatty Acid Composition of Lipid in LDL Fraction at Day O 

Mean Change in Percent Fat& Acid Composition of LDL: 0-56 Days 

Mean Change in Percent Fatty Acid Composition of LDL: 0-28 Days 

Mean Percent Fatty Acid Composition of Lipid in LDL Fraction at Day 28 

Mean Change in Percent Fatty Acid Composition of LDL: 28-56 Days 

Mean LDL C18:O Fatty Acid Levels at Day O and Percent Change 
(0-56 Days) for Exparnienta1 Diets 

Mean LDL C20:4 Fatty Acid Leveis at Day O and Percent Change 
(0-56 Days) for E>tperimentai Diets \ 

Mean LDL C20:4 Fatty Acid Levek at Day O and Percent Change 
(0-28 Days) for Experinientai Diets 

Mesn Change in LDL Particle Size Parameters: 0-56 Days 

Mean Change in LDL Particle Size Parameters: 0-28 and 28-56 Days 

Mean LDL Particle Size Parameter Levels (Day O) and Percent C h g e  
(0-56 Days) for Males and Fernales 

xii 



LIST OF APPENDICES 

Subject Consent Fom 

Expaimental Design: Subject assignment and R d t r n e n t  Groups 

Fatty Acid Composition of Expimental Sprcads 

Fatty Acid Composition of Eqmimentai Oi is  

Fill-In Fat Intake Chart 

Diet Analysis: ûas Chromatograph Seîhgs 

Health Sciences Centre Subject Blood Requisition Fonn 

LDL Phospholipid Content Calculations 

LDL Particle Si ze  Calculaîions 

F-values for Experimental Diet Effécts on Mean Chaiige in GlyHb Leveis 

F-values for Diet E f f i  on Mean Change in Plasma Total and Lipoprotein 
Cholesterol Concentrations 

12a. LUKar Contrast for the Diet x Gender interactions of LDL-C (0-56 Days) 

12b. Linear Contrast for the Diet x Gender Interactions of HDL-C (0-28 Days) 

12c. Lixtear Contrast for the Diet x Gender Interactions of TCMDL-C Ratio (0-28 Days) 

12d Lin- Conûast for the Diet x Gaider Interactions of LDL Cl 8:0 Fatty Acid 
Composition (0-56 Days) 

12e. Lin- Con- for the Diet x Gendet Interactions of LDL C20:4 Fatty Acid 
Composition (0-56 Days) 

12f. Lin- Contrast for the Diet x Gender Interactions of LDL C20:4 Fatty Acid 
Composition (0-28 Days) 

12g. Linear Contrast for the Diet x Gender Interactions of LDL Orcidation Rate 
(0-28 Days) 

xiii 



LIST OF APPENDICES (Cont'd) 

Duncan arad Tukey's Muitipie Cornparison Tests for E>LperimentaI Diet Effects: 
TC:HDL-C Ratio (28-56 Days) 

F-values for Diet EEêcts on the Indexes ofLDL ûxidation Raîe and Total Change 
in Absorbance o f t a  Abs) 

Duncan and Tukey's Multiple Cornparison Tests for Experimentai Diet Effects: 
LDL Orcidation Rate (28-56 Days) 

Duncan and Tukey's Multiple Cornparison Tests for Expimental Diet Effects: 
Total Change in Absorbance @elta Absortance; 0-28 Days) 

F-dues  for Diet Efffects on Mean C h g e  in LDL Fatty Acid Composition: 
0-56 Days 

F-values for Diet Effem on Mean C b g e  in LDL Faay Acid Composition: 
0-28 Days 

F-values for Diet Effects on Mean Charige in LDL Faîty Acid Composition: 
28-56 Days 

k 

F-values for Diet Effects on LDL Particle Size Parameters: Cor/Sur, Radius, and 
Diameter 

xiv 



LIST OF ABBREVIATIONS 

Arachidonic Acid 

Body Miss Index 

Canola Oii Diet 

CarbohydIate 

Contra1 Diet 

Core to SuCnre Volume Ratio (LDL Particle) 

Comnery H e m  Disease 

Diabetes Edudon Centre 

Docosahexaenoic Acid 

Duncan's Multiple Cornparison Test 

Eimsapentaenoic Acid 

ûas-Liquid Chromatography 

Glycosylated Hemoglobin 

High Density Lipoprotein-cholesteml 

Health Sciences Centre (Winnipeg, MB) 

Linoleic Acid 

Linolenic Acid 

Lipopmtein 

Low Density Lipopmtein 

Low Density Lipopmtein-Cholesterol 

AA 

BMI 

CAN 

CHO 

CONT 

CodSur 

CHD 

DEC 

DHA 

DMCT 

EPA 

GC 

GryHb 

HDL-C 

HSC 

LA 

LNA 

LP 

LDL 

LDL-C 



Low Linolenic Acid Canola Oil Diet 

LDL Particle Radius 

LDL Particle Diameter 

Lipoprotein Lipase 

Monounsaturated Fatty Acids 

No11-InsuIin-Dependent (Type TT) Diabetes 

Oleic Acid 

orai Hypoglycemic Agents 

Oxiducd Low Density Lipoprotein 

Palmitic Acid 

Pentadecaenoic Acid 

Phosphate B s e r  Saline (pH 7.4) 

Phospholipids 

Protein 

Polpmatmated Fatty Acids 

Saturated Faîty Acids 

Stearic Acid 

Sdowwer 0ii Diet 

Total Cholesterol 

Total Cholestml: High Densi@ Lipoprotein-Cholestetol Ratio 

LLNA 

r 

dia 

LPL 

MUFA 

NIDDM 

OA 

OKA 

oxLDL 

PMA 

C15:O 

PBS 

PL 

PRO 

PUFA 

SFA 

STEA 

SNFCR 



ABBREWATIONS (Cont9d) 

Triglycerides 

Tulcey's Multiple Cornparison Test 

Unsanoatcd Fany Aads 

Very Low Density Lipoprotein-CholestetoL 

TAG 

TMCT 

UFA 

VLDL-C 



LITERATURE REVIEW 

1 INTRODUCTION 

Non-M-dcpcndeat diabetes mcllitus (MDDM) accounts for appmximately 

90% of diabetic patients (Sacks and McDonaid, 1996) and its palence inmeases with 

age with appmxbately half of all cases found in individtds over 55 yeats. The most 

important cause of morbidity and mortaiity in the diabetic population is premature 

atherosclerosiscrelated disease, or comnary heart discase (CHD). MDDM patients are at 

two to four times the risL of developing CHD as the normal papulation (Pammm, 1987; 

Pyoraia et al, 1987). Dysiipidmiia is an important -t in the development of 

CHD in NIDDM patients and is liaLcd to the are chanw&Mcs of hypaglycemîia and - 

hypernisuiinemia f o d  in the âisease. Dietaq treatment plays an important role in the 

management of NIDDM; both the amomt and type of die& fat are closely associateà 

with lipid metaboikm and development of CHD. Henœ, cumnt di- 

recommmâations arc for a low-fat (3û% M y  energy), hi&-CHO (55% daily energy) 

diet with the primary objective d h c t d  at 10- piasma lipids, and in tiim, the 

morbidity and mortaüty 8ssociatrA with mrdiovascular changes and CHD. Research 

suggests that this diet is cffectve at lowering plssma total aad LDL cholesterol levels in 

both nomolipidanic and NIDDM individuals (Howard, 1987). Howeva, additionai 

evidence supports the findiags of concomitant impairment of glycemic wntrd, deaeased 

pre-eycisthg low HDLC levels, and exacerbation of the hypeitriglyceridemia 



accompanying NIDDM. The low-fat, bigh-CHO diet recommendations have ben 

challenged by tesean:hers ( C O ~ I I A  et al, 1989; k d y ,  1991; PariMo et al, 1992) who 

have sbown that a high intake of MüFA is more effitive in normalking glycemic 

contml and blood üpid pattaiis than a Iow-fBt, hi&-CHO diet. These researchers aiso 

niggest that LDLG concentrations are 6 t h  tht nonnal range (1.68-3.40 mrnoüL) in 

MDDM and that the god to duce  LDLC concentrations in these patients misses the 

point regardùig control of more important feasun~ charactcnPng NIDDM and its 

associated increaStd risk of CHD. 

II PATHOGENESIS OF NON-INSULIN-DEPENDENT DIABETES MELtITUS 

The paihogenesis of MDDM is complicated duc to the fâct that hypergiycemia 

and obesity can be both causes and consequences of insulin resistance. Nominsulin 

dependent (Type II) diaktw mellitus is a cornplex p u p  of h r d e m  of CHO and lipid 

metaboliSm characterued by hypergiycemia and hypairisuiinemia (Figure 1). 

Hypergiycemia is caused by a cornbinstio~~ of hepatic insulin-mistance, himpairrd 

peripheral glucose iipE8Le (muscle rmd adipose), and a def- in glucose-mediad insulki 

secretion (Roi- a al, 1995). Okslty, particular1y abdominal obesity (Sosenko a al, 

1993). has been iinked to the deve10pment ofNIDDM (Bjomtorp, 1992). Obesity d t s  

in increased plasma âee nitty acid levels with the consequent deveIopment of muscle and 

liver insuün-nsistancc (Boden, 1996). This rcsuits in hypergiycemia which then causes a 

defat in inniün secretion and a womdng of periphd iiisulin-mistance via glucose 

toxicity. The lïnk behmcn oksity and NiDDM can help explain the impmvcment in 
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hyperglycemia ihat accompanies weight loss in MODM (Pmietto et ai, 1995). Cohort 

studies have aiso comistently found that diabetic women lose theù protection h m  CHD 

risk (Bamti-Connor and Wiigard, 1983; I .  et ai, 1982; KaMe1 and Mc*, 1987) 

which may k due to the association between insuiin-resistaace and hyperandtogenism in 

these women (Banett-Co~or et ai, 1991). Obesity and NIDDM are both independently 

associateci with insuiin-mistance (Boden, 1996; Campbell and Carlson, 1993). Obese 

and NIDDM individuals may have pa te r  insuiin-&ce and tend to Loquin more 

insuiin to achieve glyccmic contml than th& lean couterparts (Chmg et ai, 1995). As 

stated previously, obesity d t s  in an incrrased ficc firtty acid (FFA) lm1 with the 

consequent developmcnt of muscle and iiver Uisulin-resistmce @aden, 1996). The 

mechadm for this &oct is unknown, ho-, it rcsults in hypergiyda which thai 

causes a deféct in insulin secretion and a wonenkg of pexiphaal insulia-mistauce via 
\ 

glucose toxicity. However, in the NIDDM population, 80 6 8 5  % are okse and many 

experience this e f f i  e v e n  a al, 1988). NIDDM is ncognized as a polygenic, 

extmnely hcterogeneous, metabolic syndrome with a cornplex mui- pathology. 

NIDDM is a w m b i i o n  of polygcne defects aud cnVin,md e r s  of which 

hyprgiyccmîa is one element, among others, contributhg to development of Cm. 

Def- in iPsulin action and secretion producc metabolic derangement in both 

CHO and lipid metaboliSm that are ~csponsible for the disease symptomology. 

Prospective studies show the inaeaPed incidence of CHD in NIDDM patients is wt 

accountcd for by the levels of the four main risL fàctors idcatifieci for the g e n d  

population: age. smoking, blood prtssw~, and planna choltsteml levels (Ducimetien et 



al, 1 98 1 ; Fdier et al, 1983; Kannel and McGee, 1979). These risk fictors had similar 

predictive power in both MDDM and non-diabetic subjects and the relative CHD risk 

associated with NIDDM remaineci significaaty higher when adjusteci for the four main 

factors. Therefore, it bas ken hypothesized that th- is somethhg specüïc about 

NIDDM which acplains the higher risk of CHD and thet risk pdctors in an alrrady 'at 

risk' subgroup may diffa h m  the fâctors which actually contributecl to putting the 

mbjects in this high-&k gmup @ontbonne, 199 1). Blood giucose leveis were fomd not 

to have pdictive powcr, indcpendent of the four major fhctors, in prrdiaing CHD risk in 

NIDDM patients. 

Glucose regdation is achieved mainly by the penneatc hormones glucagon and .. 

iasuiin. Insuiin promotes uptske d utilization of giucose by periphed tissues and is 

âirectiy relateci to insulin sensitivity. The main target cells (tissues) for iasPlin inchde 
\' 

adipocytes (adipose tissue), siceletai myocytes (skeletai muscle), and hepatocytes (liver) 

(Zawalich and Keiiey, 1995). The main tissues in which insulia-*ce occurs are 

muscle and adipose tissue (Stout, 1996). insuîin-mistauce is &fieci as a decmsed 

biologicd ztsponse to a nomai amount of insulin (mer, 1992) and data support the 

concept that insuiin--ct is the primary uncierlying defect in NIDDM (Kshir, 1994). 

Two major pathoIogical defects o c ~  in NIDDM (1) a d e d  ability of iiisuün to 

act on peripheral tissues (insuiin--ce); and (2) beta ($)dl dysfûnction which is 

the ingbiüty of the panmas to produce sunicient insUün to compensate for the insulin - 
rrsistance. The primay &f&ts in insulin-mistance and sccrction arc caused by a 

combination of g d c  and environmental h r s  which, combine& contribue to the 



pathology oPNLDDM. Hyperinsulinemia has been show to have a causal role in 

athemgenesis (Stout, 1996) and high insuiin levek are associated with large vesse1 

d i s e .  in diabetics (Romemaa a al, L W  1; Uusitupa et ai, 1990). hcreasing evidence 

shows insuiin to have activities in a number of processes hoiveci in the development of 

atherosclerosis (Stout, 19%). Insuün ha9 biologicai activity in arieïial tissue including 

smooth muscle ceii p m b t i o n  (Stout et al, 1975) and migration (Natrrn et al, 1985), as 

weli as enhancement of lipoproteh metabolism (Oppnbe'i et al, 1989; Young end 

Sto* 1981) aii ofwhich providcs a possible mec- for the causal association 

between insulin and athemgcnesis. P M c  mli detezioration has bem shown to 

pmgress with increased hypaglycemia leading to faim of the pancreas to produce 

insuiia This phenornenon is r e f d  to as @ucose taxiCity (Proietto et al, 1995). 

3 

(a) Diabctic Mrroangiopathy 

The term diaktic macroqiopathy has been used to represent both non- 

atherosclerotic changes in iarger blood vesseis as weU es iarge vesse1 disease Occumng in 

NIDDM mdividds in the fomi of athen,sclcrosis devt10pmtllt. Jeas et al (1996) bave 

pposcâ the concept of a spcdic diabcdic macmmgiopathy hypothesis to replace the 

usual theory of a liaL betwcm asherosclerosis and NIDDM. Their hypothesis suggests a 

causal relationship between changes, wbich oecw in the NIDDM dkase state 

independent of the presenct ofathemsclerosis in the large vesseis ofNIDDM individuais, 

and the abnonmi mctabofism in NIDDM. ThU rrseatch group beficves theu theory will 

lead to a kttet working Sttategy for fuaha m h ,  pmention, and m e n t  of 



NU)DM. Support for tbis perspective cornes h m  earlier research by Jarrett (1984) in 

which it was noted that cardiovascuiar complications were as comrnon in newly 

diagnosed diabetics as in those whose diabetes was of long duratioa. The tesearchers 

involved in the study te8soued that ZCHD were a complication of MDDM, then its 

fkequency wouid increase with incrcased duretion of diaktes. Homver, this comlation 

was not observed in the Wbitehall study (Jamt and Shipley, 1988) in which non-diabetic 

subjects who were at h c r e a d  risk of CHD due to impaireci glucose toienance seemed to 

have the same rate of CHD as thos with longestabiishd NIDDM. Hence, they 

specukd that CHD, ratba than a complication of NIDDM, sbarrs environmentai and 

genetic elements with NIDDM. 

@) Insulin-ResWtance and Itr Rehtio~hip to Coronary Hart  Disme in NIDDM 
\' 

The effects of insulia are well undersbod, however, the mechaniSm of action is 

not well defineci. Iasulin-resistance was f b t  noted to be involved in the pethogenesis of 

NIDDM by Ginsberg et ai (1975) a d  Hamm et ai (1981) and has since ben shown to 

predict dcvelopment ofNIDDM (Hafnier ct ai, 1992). Insulin-tesistance, espcciaiiy as it 

affects fat c d  lipid mctaboiism, modulates many steps iwolved in lipopmtein transport 

of cholestaol and TAG, bencc playing a major role in the dyslipidemia and i a d  

CHD f o d  in NIDDM (Ginsberg, 1996). The clinicai ppectnun of insulin-resistance in 

NIDDM is quite broad h â h ~  mcasurements ofiiwuün bction inchde fMng insulin 

concentration or the iiisulin ttsponse to glucose. One of the most important cliaical 

syndromes associated with insulin-mistance is d e d  'Syndrome X' @&er et al, 1992) 



in which patients exhibit &stance to insuiin, hypetinsuiinemia, and lipid abnonnalities 

including i n c d  VLDL, total TAO. low HDL-C, aôàominal obesity, and hypertension 

(Haffher et ai, 1992; Reaven, 1988; Stcm, 19%; Suailri et ai, 1996). AU of these features 

are associated with increased incidence of CHD and bave been established as risk factors 

for deveiopment of the NIDDM syndrome. Hence, dl of the eiemcntp of insulin 

rrsiSamce syndrome are risk kîors, and usually key cbaracteristics, ofNIDDM- Despite 

this ünk, th- has been little impact of this finding on the m e n t  and cen of NIDDM 

patients (Kahn, 19PQ)* 

includlig abdomimi obesity (Hubcrt a al, 1983; Laffson et al, 1984). hypertemion (Keys 

et ai, 1971), and low HDL-C leveis (Gordon a al, 1989). An insulia-redstant state at the 

celi levei has beai shown to have atherogenic potential in that it is consistentiy 

(hyperûigiyceridemia and deaeaPai HDL-C), glucose intoletance, and eIevateâ blood 

synaghtic effects of the singîe risL fhctom Hyperinsuiincmia is associated with insulin- 

resistance in NIDDM and is o h  8ssociateri with h+glyceridernia (Steiner and 

Lewis, 1996)- The finclhg that hypaioJuiinemia is a CHD prcdictor identifies the 

reIationship ktwcen insulin-msistance and its accornpanying metaboüc syndrome, of 

The plirmily &fcct in CHO mctaboli?nn in NIDDM is insulia-resistancc at the 

level of the paiphed tissues (Fuller, 1985). This defect is at the wre of the mctaboüc 



syndrome associated with NïDDM and links it to extreme glucose intolecance 

(hypergiycemia), hypmosUiinernia, and dyslipideda (Fuller, 1985). The lipid 

metabolism abaormalities found in MDDU, including high triglycecide and VLDL-C 

levels as wcil as dcacascd HDLC lmls,  lut important markers of cardiovascular 

disease risL in NIDDU Howtver, its role as a contributhg factor in azterial lesion 

initiation and progression in NIDDM is stiU unclear. The fïnding of an association 

between dyslipidemia and future cardiovasculat risk in NIDDM patients reinforces the 

hypathesis that the metabolic syndrome of hsub-m may Muence the 

progression and dcvelopmcnt of CHD. 

~ - r e s k m c c  pïecedes the fûii deveiopment and diagnosis of MDDM while 

hyperinsuünemia, one of the diseases e d y  matken, predicts CHD which may explain the 

extensive atherosc1erotic àkasc-zclatad damage found at initiai diagnosis of NIDDM. 
+ 

The dyslipidemia of NIDDM hm been suggested as a ktia indicatot of severity 

of insulia-- because at the stage ofovert diabetes, p a n d c  Secretion of insulin 

is altered and tends to decruse contiauously over t h e  @eFmnzo, 1988; Saad et al, 

1989). High plasma ûigiycmide concentdon is a coluistent pndictor of future - 

cardiovascuk incidence inNIDDM patients and Y due to the relation between the 

metabolic syndrome of iosulin-resistance and CHD. 

(c) Cubohydmte and Lipid Dyrhction in NIDDM 

NIDDM individuais arc charactcrhi by hype%lyccmia resulting h m  reduccà 

insulin-dtiivty at th ceIl tissue level ( i i i n  mistance) and compensatory 



hypetiasulinemia; the nsuit of insulin mistance. These' two faftoa cepresent th major 

metaboiic abnormaüties in NIDDM. Diabetes is well kaown as a dyshction of CHO 

metabolism. Howcvcr, abnocmaiities in lïpid and tipopmtein metabolism are aiso 

characteristic of the syndrome. Thcse iipid abnormaîities an of great concem given the 

incrrased nsk and development of CHD faund in MDDM and the effect that dietary 

amount and type of kt has on lipid metabolism, and hence, CHD. The dyslipidemia 

presmt in the NIDDM syndrome is characteead by hypertriglyceridemia and ~ u i t s  

primsRly b m  incrrased endogenous trigiyceride synthesis (Ginsberg and Gnmdy, 1982; 

Greenfield et ai, 1980; Kissebah et al, 1974; NiWh eed KelrLi, 1973). In NIDDM 

patients, hypcrbîglyceridemia is a conceni due to its strong relaîionship to CHD in this 

ta improvcd g l y d c  control in MDDM is related to a duction in VLDL secretion, 
\ 
\ 

secondary to a d#xease in fke fasty acid levcis (Greenfield et al, 1980; Kissebab a ai, 

1974). Some researchas have found that LDL-C concentrations do not diffa 

substanUy h m  nondiebetic iadiviâuals (Ni]rkila 1984) yet the major goai of die- 

recommenâations-is to duce LDL-C leveis. Lo addition, low plesma HDL-C levels are 

frecpent in NIDDM patients (HolIenbeck et al, 1986). 

(1) Aî&cmscdcmis OGvcIopnwnt as D#med @ Cacbhydrate a d  L@opm~ch 

4 R f ~ ~ ~  

Both abnormalitics of CHO end lipopmtein (LP) rnetabolism in MDDM are 

related to increased ri& of devcloping CHD. Hypaûiglyceridemia bas ken associated 
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with uiaased CHD Uicideace in cross-sectional and prospective studies (Carlson et al, 

1979; Fontbonne et al, 1989; Santen et al, 1972; West et al, 1983). The World Health 

Organkation multinationai study (West a al, 1983) and the Paris Prospective study 

(Fontbonne et ai, 1989) miphasizc the importance of hyperûiglyddemia as an 

independent risk factor for CHD in NIDDM patients. The Limitations of these hivo studies 

arr that only total plasma tciglyceride d cholesteml concentrations were measUrrd and 

not the lipoprotein fiactions. In addition to hypmtriglyceridemia, studies (Castelii et ai, 

1977; Miller and Miiier, 1975) have found Iow E3DL-C levels to be associateci with 

inCCe8SCd CHD ri&. Evidence a h  shows individuah with NIDDM have reduced 

HDL-C leveîs which may contribute to the enheaced athe~osclemtic-relaisd discase of the 

MDDM syndFome (Beach et al, 1979; Wtss et ai, 1978). The hverse rriafionship 

betweni VLDLaigiyde  and HDL-C (Havel, 1979) has been suggested to reflect the 

interchange of cholesterol esters anci îrigiydâe between HDL and VLDL particles, 

nqresenting a recycling of cholestaol estas h m  HDL back to VLDL Westel et al, 

- 1979). 

The role total and LDL choIestcrol pply in the athcrogentsis of NIDDM is an 

inicatain and d e W  issue. Inacrwd total and LDL cholesiaol are e n g  CHD risk 

b f s  in thc grnaal popdation. Some tesearchers believe these -1s have not been 

identifid as stmng ri& fàctors for CHD in the NIDDM population (Hollenbeck and 

Coulston, 1991). that thcy arc tbe most noanai aspect of lippmtein metabolism in this 

group, and that they do no appear to k elevateû comparai with a normal glucose tolerant 

population Conversely, 0th- rwervch suggests thne is a nktiomhip (Abbott a al, 



1989; Hara et al, 1992). In addition, evidence that elevated plasma insulin levels play a 

significant mie in CEiD development has accumulateci (Hamsten et al, 1987; Kuo and 

Feng, 1970; Stouî, 1990; Stout and Vallance-Omn, L969; Zavaroni et ai, 1989). 

Hyprrinsuluuan is common in MDDM patients (Coulston et al, 1987; Fontbonne et al, 

1989; Santen a al, 1972) and evidcace cxism that it may play a signincant mle in the 

development of CHD in NIDDM (Fontbonne a ai, 1989; Santen et al, 1972; Zavaroni et 

ai, 1989). 

(a) Lipoprotem Mcbboïiam Dydimction in NIDDM and ib Reiationrhip to the 

LDL are the major choiestrrol carxiets in the plasma and are considered to be the 

most atherogenic lipoprotein @de (Havel and Rapport, 1995). Evidence connmis the 
\ \ 

positive aad causai nlationship between LDL-C and the dcveiopment of atherosclerosis- 

related ùisease (CasteIli et ai, 1986; Reaven, 1991). ïncreased incidence of  mortality due 

to CHD associateci mth elevatcd LDL levcls has been reporteci by mcrny mearchers 

(Andeffon ct 4 198% Miirtin et ai, 1986). L ruldition, intervention studies, such as the 

Heîsinki Hciat Sbdy (Fnck et al, 1987) have stn,ngiy supportexi the relationship h e m  

elevatcd LDLC concentcations d atiierogcnesis (Stritmcr a al, 1993). 

Altemi lipid metabolism is wmmon in NïDDM patients as insuliol plays a key 

role in lipid a d  lipoproteia metabolitna The extent of insulin-ritsistance, hyperglycemia, 

obesity. and the p m c e  of otha prhmy and ~ c o n d a r y  causes of hypetlipidemia wiii 



determine the Iipid and lipoprotein levels ofeach individuai patient and hence, thek risk 

of developing CHD. 

(1) Hlgh Derni@ t&opwtcrk Ckoktkml 

Epidemiologïcai &es show HDL-C is strongly and inversely related to CHD; 

low HDL-C Ievels are an impottant prrdictor of CHD (Gordon et al, 1977; Milier a al, 

1977). The protectïve role HDL-C plays in CHD is explained by its ftnction in reverse 

cholestaol transport. It semes as an 8CCePfOr of cellular fke cholesterot which is then 

t r a n s f d  to otha LP that uitimately rmch the fiver for e x d o n  (Rtichi aad M e r ,  

1986). The subfkaction of HDL-C most closely associatcd with vascular disease, HDL?, 

tends to be low in NIDDM (Hollenbdc a 4 1986; NiWa and Ho- 1978) and 

seerns to be more stmngly reletcd to d o w s c u k u  disease inNIDDM patients than the 
\ 
\ 

nad non-diabetic population (Gordon et al, 197% Reckiess a al, 1978). HDL 

metabolism i s  related to VLDL m e t a b o h  and alterations in lipoprotein lipase (LPL) 

activity. LPL activity has btm shown to bc d e a e a d  by hyperhdnemia Henœ, - 

transfet of surfiice componcnts of tngiycçfide-rich LP (VLDL) to HDL diiiing LP 

hydrolysis by LPL is reduced, rrsulting in low HDL IeveIs and hyperûigyceridemia 

(Nikùiia, 1978). When hyprhigiycetldemia and hypmnsaünemia aze cor-rected, HLD-C 

levels tend to stay low or show only moderate improvemcnt suggesting other fmtors are! 

involveci in pioducing low HDL-C leveis in =DM. An invase relationship between 

plasma insuiin lweb and HDL-C, independent of VLDL concentration, has been 

describeci (Jiao et al, 1986; Uusitupa et al, 1986). Elevatcd levels of hepatic l i p w  
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enzyme, important in HDL-C metabolisrn, may explain decrPased HDL-C levels in 

MDDM. Other causes of low HDL, includiig obesity, may coexist in the NDDM 

disease state. 

(2) Vev Low D C I I S ~  &&pm!in Chdrrraol 

V a y  low density lipopmtein (VLDL) is hyh1yzcd by LPL ta pmduce the 

intermediate density lipopmtein particle (IDL) which can be removed by the liver or 

undergo convasion to LDL. VLDL metaboliPm in NIDDM patients is aimeci, and 

elevated plasma trigiyceride leveis are cornmon, most îikely due to a combination of 

i n d  hepatic production anâ d#rrased rrmovai of VLDL due to deaeased LPL 

activity (Betteriase, 1986; Howard, 1987). 

Plasma trigiycnide (TAO) concentration is knom to be an iadepeadent risk 

factor of CHD (Cambicn et al, 1986) and an maeascd concentration of LDL tngiycerides 

isanindepndcntCHDriskbictorfoaEmlDMindiVidualS(LaMmpaaet~ 1996). 

Elevated TAG concentrations are common in MDDM and an strongly associated with 

athcrosclemtic-~ckd vascuiar diseasc in this population (West a ai, 1983; Taskinen, 

1992). Risk of CHû nlatd to i n d  TAG lmls W cornpounded by d e c d  HDL- 

C lcvcls in NIDDM. Serum TAG concentration in NIDDM has becn show ta correlate 

with the glycosyiatcd hcmogiobin level, d henct g i y d c  control. Howcver, mild 



hyperüiglyceridemia and Iow HDLC levels usually persist even in well contmlled 

MDDM flashen et al, 1992). 

Low dcasity iipoprotein cholwtaol (LDL-C) levels vary accordin8 to glycemic 

control, hnioe, NIDDM can af!fiect LDL metabohm in two ways. The first is by reducing 

LDL binding wbich has been obsaved in c u i W  ceiis grown in saum fhm poorly 

contmiled diabctic patients (Lapes-Vkiia a al, 1985). It has been suggested that this 

may be acomhy to ceiI membrane chauges a f f i  tht LDL teceptoc and leading to - 

deiayed LDL c l ~ c t .  The second way NIDDM can afEcctLDL rnctabolum is through 

hyperglycemia. Apoiipopmtein B plays a cnicial rde in LDL bindiag to its nceptor. - 

* 
LDL isolated h m  NIDDM patients have been founâ to have up to 5% of apoB lysine 

residues g l y c o s y ~  3 to 4 fold hi* than nonnai (Ciatiss and Witztum, 1985; 

Schleich a ai, 198 1). LDL isolated h m  hypertcigiyddemic NIDDM patients had 

NIDDM patieats without hypemiglyceridemia and simüar giycemic levels showed 

normal binding. Irnproved giycemic contml is associateci with rrduced trigiyctride 

content of the LDL particle (Lopcs-Vireh et al, 1982). In a rece!nt study (Lahdenpera et 

al, 1996), LDL was f o d  to be significantiy lower in NIDDM subjccts compared to the 

non-diabetic oubjects. 'Ibis study also found NIDDM TAO content to be sigdicantly 

hi-. Whcn assexling CHD risL for NDDM individuals, it may be more important to 

1s 



focus attention on the composition of LDL, as it relates to size and oxidizability, rather 

ihan the absolute level as LDL-C conccnttations in NIDDM usually are normal 

@imiûiadis et ai, 1995; Rome- et al, 1989). 

(0 E f f i  of Hypergîycemh in NmDM 

The traditionai cardiovdar risk fhctors known a k part ofNIDDM do not 

M y  expiain tht increased morbidity and mortaiîty of this disease. ûther factors such as 

diabetic dyslipidemia and hypeqiycemia (Kuusisto a al, 1% Uusitupa et ai, 1993) 

itseifmay conaibute to the arcess CHD inNn)DM. Lipid petoxidaîion hm ban 

assaciated with poor rnetabolic contro1 in MDDM patients (Cerieîio et al, 199 1). The 

mie of hypainsulinemia and insulin resistlmce in the paîhogenesis of MDDM bas ban 

studied, however, there are no repozts on the dationship of hypeniisulinemia and 
Q 

hyperglyccmia to lipid petorridation in the many diffkent States of glucose intolerance. 

&dative stress has been showun to be increaseû in viva in the dïabeîic state and is a redt 

anion, hyhgen pcroxide, hydmxyt radical) has beea fouad (CcrieUo et ai, 199 1; Sato et 

al, 1979) cud is suggestd to k increased in the diabetic state (Cerieilo et al, 1993; 

Muliarkey a al, 1990) 1 d h g  to diaktic compiications (Cerieiio a al, 1993; Jenning et 

al, 1987). These &ee dicals may met with PüFA in biologicai membranes Ieading to 

iipid pcmxïdation which may in hari hacase cdl membrane rigidity, Scct endothtlial 

hction, d modify ïipopmtcins, hence increashg vascuiar disease (Halliwcii and 



Chirico, 1993). I n c d  iipid peroxidation has dso k e n  observed in MDDM patients 

when cornparrd to controls (Wou et ai, 1993; Kat04 1992; Walter et al, 199 1). Excess 

iipid ptroxides in the vascular system can induce major endotheiiai ceU dyduaction, 

includirig stùauiation of production of platekt activating k t o r  resuithg in increased 

vascuîar pemieab'ity, and inhibition of prostaghdin Iz synthesis resuiting in abnormal 

coagulation (Lewis et ai, 1988; Wharton et ai, 1985; Zweier et al, 1988). These 

dysfunctions in endotheliai celis may be f o d  in diabetes. It is important to explore 

0 t h  any ~WICIC rnechanisms that result in the inmeascd oxidritive stress on the vascular 

tissue ofNLDDM. It is a h  imjmtant to un- th efkcts of hypnglyccmia on radical 

scavenger hct ion in CllCiotheiiaL cek (Kashiwagi et ai, 1996)..Wîth the inciriease in lipid 

peroxidation prod~cfs found in NIDDM king relabed to plasma giucose and insuijn 

leveh, a roh fot jnsuiin iiisulin is suggsuggested. Support for this theory cornes fhm the 
Z 

association betwan lipid paoxidation and elevated s c ~ n  TAG levels (Stringex et al, 

1989); hypertrigiyceriâemîa is a key fàctor in the pathogenesis of NIDDM and insulin 

(Baynes, 1199; B r o ~ ~ ,  1992; Dhbetcs ConPol and Complication Trial Reseerch 

Gmup, 1993; Sch- 1992). 0th mechanisms for tadical scavenger dysfunction in 

diabetcs have k e n  suggtsted. Cu, Zn-supcroxide dismutase has been show to be 

inactivatecl by the nonunymatic glycatîon and oxidation rncchanism (Arai a al, 1987). 

Undet diriktic oonditioiis, the antioxidant t~tzymts, includllig Cu, Zn superoxide 

dismutase, arc dcaeasd (Taaiguchi et al, 1996). Oxidative stras is a d t  of the 



inactivation of this autioxidant emyme as well as the incteased production of teactive 

oxygen species in the NIDDM state flaniguchi et ai, 1996) . Reduced content of 

antioxidaat substaaces, bciudiag vitamin E and ascorbic =id, are elso rrponed in 

NIDDM tissuCs (Kaplan et al, 1982; Yuc et ai, 1989). Thsc results provide cvidence that 

in the hyperglycemic condition, inacas#i oxygen fke radical production aad decreased 

degradation ofsupemxide anion d hydtogen pcroxidc, may lead to deterioration of 

endotheliai celi ftnction. niis event may be ont of the initial stcps of diaktic niscular 

dysfimctio~~ The clinicai signincance ofthese abnonnalitics regardhg the pathogenesis 

of diaktic comp1ications q & c s  furtha rwearçh. Evidence of inorcasad oxidative 

stress in NIDDM, inc1uding increascd 1evcIs ofperoxidation of plasma lipid (More1 and 

Chisoh, 1989; Sato et ai, 1979) and rcd cell membrane (Jain, 1989), impained nleagc of 

endotheiiumderived relamng factor uedbmrb and Cohen, 1992), and autoxidation 
ï? 

products (Bucala a al, 1993; Woln and Dean, 1987) has acmnuiated. It has been 

suggested tbat nomialization of these conditions be taken into accomt when treating 

NDDM individuab (Kmhiwagi a ai, 19%). 

(ii) LDL Giration: Ib Effkct on LDL W&tion 

Non-mymetic glycosylation is ont pathway of glucose disposal irnplicated in the 

pathogencsis of NIDDM CHD complications (Pugiiesc et al, 1991). It bas ken 

suggestcd that glycosylated hemoglobin lmls rue a univariate predictor of CHD end 

points in NIDDM abjects (Laeluo et al, 1993). A mechanism explaining the role of 



hyperglycemia in athemgenesis has been proposed by Bucala et al (1993) in which 

advanceci glycation end-pmduct modincatioa of LDL has d t e d  in its dccrrased 

clearance in iraasgenic mice expnssiiig the human LDL receptoc (Bucala et al, 1994). 

Elevated circulating Imls of this type of modifiai LDL have been show in NIDDM 

(Bucala et ai, 1993) and were 10- by ni(muusha tion of an advanced giycosylation 

inhibitor (Bucala a ai, 1994). The diminished clearance of the modifieci LDL couid 

contri'bute to M c  dysüpidernia, hena providing a mecbsnism iinking hypergiycemia 

to atherosclcrotic cardioV8SCUIar &case in NIDDM It is of particuliv importance that 

the apoB p te in  of LDL-C unckgoes non-enzymatic glycaîion inv01Mng the formation 

of a stable bond betweai giucose a d  a protein amino gmup (Sobenin et al, 19%). 

mediated LDL uptake @ o d  et ai, 1984; W m  et ai, 1982), thus malring more 
\' 

1ipoprotein available for non-receptor-medirrtaA permeatim of vascular walls and 

scavenger receptor iiptalre by maclopbagts. LDL h m  NIDDM was cbarectcriÿed by 

increased non-enymaic glycation by SobeDin et al (1993). The potentiai 

associasion of th& ciccumuiation in tissues, the vesse1 waii, and piasma to the 

pathogenrtsis of NIDDM compücations (Schmidt et al, 1996). Recept6rs for these 

giycation pr0aucts have k e n  shown to atist and k expessed by Cnticd ceil types 

involved in the pethogencsis of NIDDM, inc1udhg endotheliai ceiis, monoauclear 

phagocytes and smwth muscle ceils (Honuchi et al, 1996) LDL giycation has also been 

shown to be relatai to LDL oxidhability (Hunt et al, 1990). However, the increase in 



glycated apoB Ievels in MDDM was not dramaticafly bigh and sometimes was not 

observai (Xortldt et al, 1992), and the atherogenic effect of these pmducts is thmfore 

believed to be v a y  moderate. 

The reIatioaship ktween increascd lipid peroxidation and rnetabolic control in 

NIDDM individuab is not wcll mderstoud as studies report confiicting d t s .  Whether 

the hypeqgiycemia and hypaiasuiinemia cheractaistic of MDDM are nlated to lipid 

peroxidation evea after conttoiîing for the e&c*, of age, gmda, BM, physicai activity, 

smohg, and diumic use. In this study, the major deta ts of lipid p~dation 

peroxidation ofNlDDM due to incrrased overaU oxidative stnss flaniguchi et al, 1996). 

Incnased lipid petoxidation has ken suggcsted to d e c t  a part of the cotltinuoi~~ cycle 

of oxidative stress a d  damage thet nsult in NIDDM CHD wmplications (Baynes, 

1991). It has kea reportcd that owidative stress is inCrrascd in vivo in the NDDM state 

(Kashiwagi et al, 1996). Glycation of various protciiis in the NIDDM state is a nsult of 

attachwiit (cuvaient) of glucose to protein amino gmupq resuiting in changes in SUTface 

charge, hybgcn bonding capcity, cdluîar and rccqtot recognition, and/ot formation of 

complut products (Èrikanen et al, 1995). No studits bave dinctly proven the d e  of 

insuiin-mistance in lipid pcroxidation. Howevcr, iipid pemxidation has pmiously ken 



associated with elevated TAO levels (Stringer et al, 1989) aud hypertension (Tagami et 

al, 1992) which are boih characteristic fatures of the insulin-cesistance syndrome of 

NIDDM. 

(e) U)L Osidation and LDL ParücIe S b  in NalDM 

Type II diabctics have standard as weii as non-traditionai risL &tors which 

predispose them to increasui risk of CHD. The fust of two major non-traditional risk 

f8cfors is oxidation of lipopmtehs, specificaiîy LDL iipoprotein, which plays an 

important d e  in asherosclemsis chelopment The second risL fiicbr in CHD 

development for NIDDM individuah U the piltsence of smaU, dense LDL @cles which 

may have increaped aîhemgenic effécts as they enter die artesid wali more readily and are 

more d y  oxidj7rA (Reaven, 1995). These two fistors are of pasticuiar importance due 

to the grrater rates of lipid ortidation h vivo tbat may ~ a s t    NIDDM DM iadividwds whcn 

compareci to nomdiabetic indivicfuals, dong with eviclence of incnascd pnvalence of 

smali, dense LDL particles in NIDDM, 

Certain di- treatmmts have kea suggestcd to rrduce in vivo Iipid 

peroxidation and Siipcepiibiiity of LDL and daise LDL subnactions to oxidative 

modification in NIDDM patients. A reduchion of di- satinatad fkt in NIDDM 

individals has bcen sbwn to duce btal cholcsteroL levels and hcnce CHD risk, 

Controversy o v a  the appropriate diet of NIDDM individuais stems h m  whahg ietary 

saturateâ fàt sbodd k i~rpIaccd by CHO or uatmtd fhtty aci& and if imsatrPatcd fat 

is show to be supetiot, shouid it be rrpîaced by mono- or poiy- msatmtd 6iny cri&? 
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Recent studies have showed decreased susceptibility to oxidatioa of LDL in subjects 

cousuming hdUFA~nriched die6 (Dimitriadis a ai, 1995). 

The more cornmon CHD risk *tors seen in NIDDM does not completely explain 

their i n d  marbidity and mortality h m  CHD (Wiigard et ai, 1983). In humans, 

LDL partÏc1es an the major carriers ofpplasm cholestnol. LDLy as a subEraction of 

plasma, has a large heterogendy basad on meaora*1 of sut, dénsity, and chernical 

composition (Krauss, 1991). Srnail, dease LDL bas ban essociatcd with hcreased risk 

of myOCZUdid infdon (Austin et al, 1988). Srnail, ciense LDL subclass pattems are 

more common in NIDDM patients (Hkfbct a al, 1% Fcingold a 4 1992; Detwart et 

ai, 1992). LDL size parameters have many g&c and cnv@~mental inauences 

including gender, age, &et, dnigs, obesity, ho~mones~ and diaktcs meilitus (Austin et al, 

1990; Campos et ai, 1991 b; Reavcn et al, 1993a). Factors assooiatcd with decraised LDL 

particle size are male g&, elevated TAG, auci cheased HDL-C leveis (McNamam d . 
ai, 1987; SwiakeIs a al, 1989). Also, the pmalence of small LDL @cles has been 

associated with populations c o d g  Iow-fat high-CHO di- (Campos a ai, 199 la). 

Research suggests that TAG-rich, cholestcroldeplctod LDL particles have a d e d  

aflkity for the LDL rcceptot comparecl with wmral LDL (Aviram et al, 1988). This 

wodd promotc LDL mveling longer in ihe circulation and inaeesc its exposure to and 

probabiiity of oxidatiob; oxidi7i.A LDL (oxLDL) is elso hown as a fâctor for i n d  



CHD. One study (de Graafet ai, 1991) indicates that d l e r ,  denser LDL particles h m  

nomal plasma are more susceptible to oxidation Ui vitm. LDL particle size is highly 

associated with total and abdominal fkt (Campos a al, 1991b) and has been cornlatecl 

with exercise in w o w n  (Lamon-Fava et ai, 1989). Studics indicatt that smaii LDL 

particles are mon prevalcnt in men with CHD than in controis. These LDL particles 

have a h  been associatesi with a tkee fold hcreased risk of myocadiaf M o n  (Austin 

et al, 1988; Crouse et al, 1985). Howeva, when acijustmenîs are made for TAG levek 

these différences arc no longer signifïcant. The association between LDL particle ske 

and CHD is not iodependerit whcn establishad CHD rUk -rs have beai considerrd 

(Campos et ai, 1991a). The intemlationships bawcm LDL particle siat and lipid and - 

lipoprotein levels, especially TAG and HDL-C leveis, and the use ofmedications, maices 

the role of LDL puticle size in patients with CHD mcertah. Smaller LDL particles are 
\ 

associateâ with incrresed TAG and deacased HDL-C leveis as weU as king associated 

with diabetes, hypermsion, total cholestero~ and apoB IeveIs (Campos et al, 1992b). In 

the study of Campos a al (1992b), adjusting for TAO and HDGC together significantîy 

reduceà the diffkrcnccs associatecl with LDL paraide size kbmcn CHD and control 

subjccts; in f b ,  the d i f f i c e s  wm no longer statistidy sigd-t. Patiats with 

CHD had si@cantly higher TAG levels than controls as well as Iowa HDL-C levels. 

Further anaiysis showed that TAG levels anci LDL particle size were not independent risk 

fâctors (Campos a ai, 1992b). TAG levcls and LDL pfuticle sîze an highly corrclated 

and ntither reacbed mdependcnt slgnifîcance in the psesaice of the more estabLished risk 

factors in the mode1 (Campos et al, 1992b). Instead, thcir association with low HDL-C 



suggests these parameten reflet a number of alteratioas in Iipopmtein metaboikm that 

increase CHD cisk. Whether smaii LDL particles alone are athemgenic, cemaias to be 

elucidated- It seems that LDL s k  aloae cannot determiae its athemgeniciity but that this 

f9ftor in combination with its otha physicai and chernical c- - O CS is more relevant 

in deteminhg LDL athmgcnicity. 

Three meesrms of LDL particle size are commonïy esscssed; LDL core to SUTface 

volume ratio (CodSur), radius, and diameter. LDL diameter is detemhd using both 

LDL cor/sur d o  and radjus- Hence, when discussing LDL diameter, aii three 

parameters have ken assessed. NIDDM b associated with signiflcantly smaller LDL 

paaicle diameter (Singh a ai, 1995). However, *en LDL diameter me- is 

conelated with m m  of HDGC, LDL-C, TAG, apo AI, apo B. and apo E 

conceattations, it has been fomd that the e f f i  of NIDDM on LDL dismeter is of no 
U 

sigdicance (Singh d al, 1995). Research suggests ihat the eff- of  MDDM on 

iipopmtein metabolkm is the cause of the change in their lipopmtein particle size (Singh 

et al, 1995). 

Syndrome X (DeFmnzo and Fcnsnnini, 1991; Reaven, 1988). This syndrome includes 

o t k  CHD ri& fâctois of which hypertawion, obesity, body-fàt distribution, and glucose 

tolemce arc includd Factors essociatd with d e c d  LDL psrtic1e s k  include male 

gender, elevated TAG, and d#ncarai HDL-C levels (McNamara et al, 1987; Swinke1s et 

ai, 1989). LDL fiam diaktic subjects shows incmsed hetaogeaeity with a pattem of 

d e r ,  B-pattern particles (Reaven a ai, 1993a). B-pattan particles have been 
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described by Austin and Krauss (1986) and Austin et al (1990) as small, dense &DL 

particles. Subjecto exhibithg this pattern of LDL tend to bave atherogenic lipopmtein 

pronles including higher levels ofTAG, VLDL and D L   mas^ aad apoB and lower levels 

of apoA and HDL-C (McNamara et ai, 1987). The accumuiation of B-pattern particles in 

NIDDM subjects may depend on changes in TAO maabolisrn (Feingold et al, 1992). 

MDDM HDLC Ievels are altercd with respect to d e c d  particle size whîch may &O 

be reiated to incteased TAG concentrations fond in these individualS. Associations 

betwrea LDL particle sizc and othcr erOsting iipoprotein parameters in NIDDM require 

Small, dense LDL subclass pattern appcar to be more â#iuent in NIDDM (Siagb 

a ai, 1995; BeiaLat et al, 1990; Detwart et aï, 1992), an important o b m t i o n  due to the 

association of @er LDL particles end the atherogenic LDL subclass piittem B. 
\' 

Lipopmtein abnormatities have ken show to k physiologicaîly Iinked with insulin 

action (Abbot a al, 1987). The abnodties  of insulin action, hyperinsuitiernia, and 

insuiin-resistance, seen in NIDDM, play an important d e  in tegulation of lîpoptein 

metabolh and the dyslipidania found in NIDDM ('hfbia et al, 1990; Fernnnini a al, 

1991). IthaskaireportedthatadeaeasehpksmalmlsofiasulindTAGin 

MDDM may wilt in LDL particle s i P  mersion to the nommi state (Badat a al, 

1990) and tbat this chauge may reducc CHD risL for NIDDM. Hence, a comiation of 

insuiin and TAO tonccn&ations with diabetic LDL particle is cstablished. O v d ,  

however, no sienific~t effkct of NIDDM on any LDL particle size parameter has been 

. found. Hcnce, cvcn with substantial effccts of NIDDM on certain messuns of 
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lipopratein sizes, data suggest these effects ate on the generai metabolic processes as 

opposed to behg spccific to particle size (Siagh et al, 1995). The manswered quedon 

=mains, is NIDDM an independent risk &or for LDL particle ske? 

(3) TAG a d  D L  Pu&fe S& in m D M  

Senun TAO, in beahhy subjects, is the major determinant of LDL particle sip 

(BataLat a id, 1990; C o d  a ai, 1993; Deckelbaum et al, 1984; Feingold et ai, 1992). 

In NIDDM patients, with or witbout CEID, saiun TAG a h  was fomd to be the major 

detemiinant of the propatics of LDL particles, hencc, the influence of NIDDM on 

particle size is explaineci by sami TAO concentrations W p e r a  a ai, 1996). The 

clinid implication, therefore, is is in i n D w  DM, TAG leveIs shodd k as low as 

possible in oida to prevent athemgenic chsnges in LDL partic1es (LaMaipera et ai, 
\ 
\ 

1996). Hdber et al (1994) reporteci that MDDM has as indcpendent effkct on LDL 

particle sizt in women but not in men. The diabeac dysiipidemia in m m  expIained the 

association bmmai small, c h c  LDL a d  MDDM ( H a h r  et ai, 1994). Research 

suggests hypaaigiyccciidemia is an indepndcnt fktor for CHD in NIDDM 

(Fontbonne et al, 1989; Laslrso et al, 1993) and thaî LDL particles in NlDDM are TAG 

enricheci d hence indiate LDL compositional changes riy-Kicsi et ai, 1992; 

Uusitupa et ai, 1993). Semm TAG concentration has k e n  show to be important in 

determiaing LDL characteristics @amkat et al, 1990; Comh et ai, 1993). including LDL 

particle sizc. Lahdcnpcra et al (1996) found TAG concentration to k the matjot 

detcrminarit of LDL particle diameter. As weil, HDL-C concentration appcared to be an 



independent detenninant oPLDL panide s k .  Hence, it is not certain that the 

atherogeaic eff it  of MDDM is due solely to the hypertriglyceridemia or due to its other 

metabolic c o ~ n c e s .  Srnall, dense LDL is d y  accompanied by high TAG 

concentmtiom (Landcnpera et al, 19%) and decreased HDLC concentrations. 

Furthenaore, it is uncIear whether these smaïl, dense LDL particles arc an independent 

risk k t o r  for CHD or just d e c t  the genetal abnormalities associateci with the 

dyslipidemia ofNIDDM. LDL particle s h  was not independently apsociated with 

NIDDM in the study by Lahdenpera et al (1996). The concept ofa tkshold effect for 

TAG in m g  LDL size was intrcxiuced by Lahedcopra a ai (1996). Below the 

TAG thnshold concentration of L .7 nnnoVL, other fàctors may have greater affect on 

LDL @de Sue (e.g. genctics). Above the TAG cbteshold concentration of 1.7 mmoYL, 

the p d a m  of athcrogcnic sma& dense LDL particles incmses and senrm TAG bas a 
2 

major effèct on LDL partice siP. F h e r  research supports this finding (Austin et al, 

1990; Gninin a ai, 1994, Pometia and lemes, 1993). Thedote, for those individuais 

with NIDDM, the qgaüons of whcther target lmis of TAG remain too high and how 

vigomus the trcatment of mild hypatrigiyceriidcmia shouhl be in MDDM requb 

(I) LDL PaaticJt Sb+ and Hypertrigîyceridtmiri in NIDDM 

Hypatrigiyceridtmic NIDDM individuais secrete i n c d  amounts of large, 

TAGdch VLDL peaiclcs fmm which LDL is fomd M VLDL deiipidatîon. It has 

becn found that in this situation, LDL apoB is c l d  more slowly from ciradation. 
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Hence, the VLDL and LDL cesidence time is increased thus, providing i n c d  time for 

the formation of small, dense LDL (Packard et al, 1995; Taskinen et ai, 1990). It has 

beea found that the catabalism of small, dense LDL particles is slower than for normal 

particla. Hencc, tkse particles have more the to be oxicüzcd and also mwe time to 

peneeate the artenal wd (Nigon a ai, 1991). HypCrtnglyceridemic LDL have been 

shown to k taken up Iess efficicntly by skin fibroblasts and the oxidation of 

hypertriglyceridemic LDL is in& These changes enhance the aîhemgenicity of the 

LDL particle (Chait a al, 1993; M c h e  et ai, 1993). The infiuence of NiDDM on 

LDL particle sizc is medietcd by saimi TAG concenaation and is not an independent 

reguïaiot of LDL particle size. Incrcased leveis of smaii, dense LDL particles appear et 

senmi TAG c o n ~ o n s  in the uppa n o d  range (Lahdcapaa et al, 1996). Thus, 

treatment of miid hyperûigiyceridemia in NIDDM patients is importent in the ptevention 
+ 

of its athaogenic efïécts. 

(3) L@upw&b S b  a d  Cbmnory Heatt Dbease 

Campos a ai (1991a) fd that smoking, hypatcnsion, NIDDM, HDL-C, and 

LDL-C ~CVCIS ~ a e  discnrmnsto m .  rs betwœn CHD and control subjccts, M e  TAG 

and LDL particle sizc did not add sipnincant W d o n  to their study model. Hence, 

s m d  LDL particle size was determined not to be an independent risk âictor for CHD 

after conventional risk h r s  and 1ipoptei.n parameters (LDL-C and HDL-C) had been 

considacd (Campos et ai, 199 la). 



The diaktic state is associated with subtle, qualitative changes in lipoprotein 

particle composition as weii as quantitative effkcts. in addition to aiterations in the 

absoiute leveis of Iipids and iipopmteins, diere is evidence that the composition of 

iipopmteins may be cbanged in the diaktic statc. The level of d, dense LDL is 

increased in NLDDM but whether NDDM is an hdepedent daemiinant of LDL size is 

unclear (Lahdtnpera, 19%; Itea..cn a ai, 19933. The sigaifiance of these changes 

remain to ôe daamincd and whether sxnali, dense LDL is an independent risk fiwtor for 

CHD or teflects 0 t h  iipid a b n o d t i e s  is unclear. NIDDM is associated with altered 

LDL lipid composition, especially LDL particle enrichmat with TAO, produchg LDL 

compositiod changes (vusitupa et ai, 1993). liicreased LDL-trigiycexide concentrations 

have been d d ô e d  (Ld&pm et ai, 1996) as being relatcd to increased VLDG 

trigiyceridt concentrations which lead to heased LDL particle size (Lewis a ai, 1972; 

Taclrinen et ai, 1986). These changes in LDL are important LIS in determining its 

cbaractenstics (Barakat et al, 1990; Coresh et al, 1993). In the multivariate regression 

aaalysis of et al (19%). ne i tk  NIDDM nor CHD wae associated with LDL 

partide s h .  Ho-, semm TAG was the  or determinant of LDL Sue in both 

NIDDM and rnn-diaktic abjects. ûvedî,  in MDDM subjccts with or without CHD, 

particles, including LDL particle size. For NIDDM individuah, the clinid implication 

of this nndiog is t u  senmi TAG should bc as low as possible to pment athczogenic 

changes in LDL. 



UicteaSed lipid peroxidation has ken commonly obsemed in NIDDM subjects 

(Cerïelio et ai. 1991; Nisicanen et ai, 1995). Babiy et al (1992) have shom that LDL 

from hypercholesterolcmic NlDDM subjects is more eady oxidized. Similar findings in 

nonnocholesteroIemic NIDDM bave a h  been reporteci (8owie et ai, 1993). Free radical 

production (sriperoxide r on, Go; hydrogen pcroxide. H202; hydroxyI cadical, OH) is 

increased in NIDDM suggesting an increased potential of LDL oxidation in NIDDM 

individuals (Ccrïello et ai, 1993; Kaji et al. 1985; Mulladrey et al, 1990). Excess free 

&cals in die vascuîar systcm c a ~  induce endotheIid dysfunction and plaque formation 

(Kmhiwagi et al, 1996). 

LDL oxidation involves pcroxidation of its PUFA (Este&auer et al. 1987; Lenz et 

al. 1990; Reavcn a al, 1991; Steinbrecher. 1987). LDL particles rich in PUFA are more 
\\ 

readily modifieci and hence more aiherogenic. Howevet. PUFA enricheci diets are 

considemi beneficiai due to theit hypocholestemlemic effkcts (Mattson and Gnmdy, 

1985). Thrrforc a PUFA dkt may have two opposing effccts but an ovedi favorable 

balance, Le. sntiathaagcnic (&aven et al, 1991). Because MUFA have ôeen show to 

be as e M v e  as PUFA in loweriDg LDL-C leveis, whcn they replace saturatcd fhtty 

acids (SFA), usc of MUFA in the diet ratha than PWA may cwfa additionai protection 

to LDL by gcnemthg pSiticIes which an more rcsistaat to oxidative modification 

(Reavcn a ai, 1991). 

In vin0 oxidation of LDL by copper can be divided into th= phases or indexes: 

the lag phase (no âieoe production). the propagation phase (rapid increase in diene 
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production), and the decomposition phase where diene production reaches maeum 

(Kleinveld et ai, 1993). The lag phase is wnsidered a maisurr of susceptibiiity of LDL 

to oxidatioa Factors considerd to be responsible for LDL susceptibility to oxidation arr 

believeà to incldt the peaicles antioxidant content as weii as its ktty acid composition. 

Linear eomlations khmm the Iength ofthe lag phase and the mqjot aatioxidant content 

of the LDL particIc, a- tocopheroI, have not km found From the betic absorbance 

profile duMg the oxidation of LDL, catain indexes can be detennined which describe 

the oxidativt stebility of that particulat LDL samp1e. 'The fïrst index is the initiai 

absotbancc at 234 m. The second index is lag the. However, because many fktors 

detennine this panmeter, it is dificuit to intgprct its sigdïcance as relateci to LDL 

oxidation. The maximal rate of LDL oxidation is the third index used to evaluate 

oxidativc stability ofthe LDL @c1e and is caldateci h m  the dope of the absorbaance 
Z 

curve during the m o n  phase (cxpmsed as nanomoles of conjugated dienes 

produced per minute per milligram LDL protein). The fourth index is the maximal 

amount of conjugatcci dienes formai. The total amount ofconjugated dienes prOauced 

absorbante of the fouab index. The the, in miautes, rrquked to reach rmurimal 

absorbaact is the tifui index uscd to describe LDL oxidative stability and is d e d  

The formaton of conjugatcd diaes is m early stcp in iipid peroxidation and is &pendent 

on the f&y acid composition and d o g c ~ ) u s  antioxidants (mainiy vitamin E) of the 

LDL particle (Witmmi, 199 1). 



(i) Lipoprotnn Intcnctio~s with MonocyteMacrophaga 

Experimenta animal modek of athemsc1erosis have implicateâ the monocyte as 

playing a centcal role in the formation of the early artetial lesion or fatty streaks 

@aggiotîo aud Ross, 1984; Faggiotto et al, 1984; Joris et al, 1983). In lata stages, the 

monocyte *es on macrophage chmcteristics and accumulates iipid to become the foam 

ceUs of the fâtty sîreak (Bettcridge, 1989). These lipid-rich macrophages appear to be 

toxic to the artetid endothelium *ch kcomes disnipted aliowing for platelet adhesion 

and aggregation, smooth muscle c d  p l i f i o n  and progression of the lesion to a 

fIbrous plaque (Faggiotto and ROSS, 1984; Faggiotto et ai, 1984). ModifIed LDL was 

pathway process (Goldstein a ai, 1979). The common festine of modifiecl LDL, thought 

to be rrsponsible for its interaction with the macrophage scavenger, is the p m c e  of 
\ 

negatively charged residues (Goldstein a ai, 1979). Tb q&ic modification of LDL 

requlled for in vivo macrophage -ofmation to foam ceils rrmainS to be determinecl. 

However, the early stage of the atfLeroscletotic lesion iavolves formation of oxidized 

LDL. It hss kai found th orridizcd Mer than native LDL delivers cholestnol to the 

mac~opbge (S-w a ai, 1989), which is th preccirsar of the foam ce11 and the major 

choiesterol-containing celi in the athcroscletotic plaque. S m r a l  ways by which LDL 

oxidative modification can contributt to developmcnt of athemsclerosis have been 

mggested, inc~uding: (1) k m c a d  uptalrt of o x i W  LDL (oxLDL) via macrophage 

scavcI1gcT rrceptor W w a y  (Stcinbhchct et al, 1984); (2) chernoattractant activity of 

oxLDL leediag to recruitment of additiod monocytes to the affected a m  (Qwno et al, 
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1987); (3) oxLDL inhibition of macrophage matility leadhg to macrophage retention in 

Uie attend intima (Quion et ai, 1987); and (4) oxLDL causbg d i t  cellular injury 

(Mod et al, 1983). The e f f i  of the NIDDM diseaPc state on LP Uiteractions with the 

scavenger tcceptor and LDL receptor on monocytc/macz~phage ceus reniain to k M y  

determineci- Whether oxidatively modifiecl LDL is enhanceci in NIDDM leading to 

incnased intetaction with the scavenger receptor also remeiDs to ôe determined. 

et al, 198 1). riichased superoxide forniaton by mononuclcar cek h m  MDDM patients 

has b#n descn'bed @hmatm and Arimori, 1988). The e&cts of insulin on the classical 

LDL v t o r  in monocyteslmacrophages have not been M y  elucidated. No effect of 

insuiin has becn f o d  in human molsocyw~phages (Fogelman et al, 1981). 

HO-, evidence nrists showin8 increascd intetaction of LP h m  NIDDM subjects 

with the LDL Le. VLDL fbm NIDDM sub,jtCI & and without 

monocyte/rracinphages than n o d  VLDL (Kramier et al. 1985)- 

(hi The Reiroabhip Between LDL Pitty Acid Composition and LDL Ondation in 

MDDM 

The fiiay acid composition of LDL may efféct its msccpb'bility to oxidative 

modification. It is importam to hvestigate the Tény acid composition of LDL as a 

poteatial nSk ktot conhcbutibg to the inamsecl CHD xcn in MDDM. The fatty acid 

content of LDL and its relationship to LDL oxidizability was assessed by Dimitriadis et 
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ai (1995). Nomolipidemic MDDM subjects had increased LDL susceptibility to 

oxiàation suggesting that LDL fàtty acid composition may contribute to this iocrease in 

oxidizability @Unitriadis et al, 1995). The total quantity of lholeic acid (LA) in the LDL 

and the amomt of LA in the choIcstery1 ester fhction of LDL was signifîcantiy higher in 

NIDDM subjects when compareci to normal subjects (Dimitriadis et al, 1995). in 

addition, the oxidizability o f  LDL was increased in the NIDDM group which was 

demonstrated by an incnase in totai conjugatcd diene formation. This indicates that the 

LDL of NIDDM patients is more susceptible to oxidative modification and hence, couid 

be a possible fiictor affecthg iacrrascd atherogmic ri& via incfeased f m  ceil formation 

and accelaation of athaomatic plaque formaton (Dimitriadis et al, 1995). Orcidation of 

LDL involves peroxidaîion of its PUFA (Merbauer et al, 1987; Lenz et al, 1990; 

Steinbrecher, 1987). Some studits hvestigating the fatty acid composition of plasna 

lipids and LDL iipids in NIDDM patients have f o d  10- be l s  of LA and higher 

leveis of the more highîy unsanaatcd LA metabolites including arachidonic acid 

(Peliksnova et ai, 1991; Sdomma et al, 1990). Othns studies of NIDDM patients have 

dern0nstm.W di&riag levefs of LA mctabolitts dong with similar plasma LA l m l s  

when cornparcd to controîs (Takakhi et ai, 1984; Tivlis et al, 1988; V81ù)Oomaal et al, 

1988). Vay few shdies have examined the fatty acid composition of LDL in NIDDM 

subjects and none have identifid genda diffincnces in this parameter- 

LDL core fàtty scid composition is imporrrint to examine in NIDDM individuals, 

whether or not they an rrasonably co~~troiieà, due to the possibility of danceci LDL 



oxidizability and its implications for foam ce11 and plaque formation (Dimitriadis et al, 

1995). The hcreasd nsk of atherosclerotic disease in MDDM individuals may k due to 

enhanced foam ceii formation following an increased susceptibility of LDL to oxidative 

modification. LDL fatty acid composition may play a significant role in LDL 

oxiciizability. Dimitriadis et al (1995) found the LDL ofNIDDM subjects to have higher 

LA levels than controis and LDL oxidizability was also i n d  in the NIDDM group. 

Because the LDL h m  the NIDDM abjects wao more susceptible to oxidation, this 

couid acaleratt k vivo foam ceii formation d t i n g  in i n d  atherosclerotic risk in 

the NIDDM state (Dimitriadis et al, 1995). The ratio of PUFA to SFA content of LDL 

has ken suggestcd to contribute to its oxidative Susccptibility @ d e r b e r  et al, 1992; . 

Reaven et al, 1991). KIeinveld et ai (1993) found that, in normal s u b j e a ~ ,  LDL nch in 

OA and poor in LA was less eady oxidized and, that LDL suscepti%üity to oxidation is 

@y detembâ by its fatty acid composition, pertiCUIar1y 6y its ratio of OA content to 

LA content, Reaven et al (1991) reported on the fdbi l i ty  of altering îhe diet in a way 

that would not raise LDL-C and yet would deacase the susceptiiiiity of LDL ta 

orcidative modification. Also, a study by Laitinen et ai (1993) showtd that the sarnn 

fatty acid composition of NIDDM individuais could k changed thiough diet -y. 

The stuly by Dimitriadis a al (1995) is the only one tb t  has been found which 

examines the fiitty acid composition of LDL isolabcd h m  NIDDM subjects. Tnis area of 

study is important to cltplorc bccause of the possible relationship between LDL 

composition and its susc~ptibility to oxidation. The incteascd susceptibility of LDL fmm 

NIDDM individuais to oxidation cornpatod to the non-diabetic population suggests the 
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LDL fatty acid composition may be a contributing factor in the i n c d  LDL 

oxidirability ui NIDDM and hence, incraucd development of atherosciecosis. When the 

relationship between LDL htty acid composition and its oxiâizability was examined by 

Dimitriadis et al (1995), then was a signSicttnt, positive correlation bawccn the 

perceatage of LA in the LDL chofestcryl esta fiaction and the maximum amount of 

conjugated dienes produced. The reason NIDDM have increased LA in the cblesteryl 

ester f'raction of LDL is dcnown. However, it may be due to dia  as dietary 

recommendations for NIDDM is to deaase  SFA and to qiace it with more usamatecl 

sources of dieteay fht, which have bcen show11 to in- saum LA (Psrfitt et al, 1993). 

Incmsed LA in LDL has ken suggcstcd to rcsuit fbm M impairment in the activity of 

the insuün sensitive Ad Qsatiasse inNIDDM (Mmtadian, 1991). The extent of LDL - 

oxidation was shown to be strongiy inauenceci by the LDL LA content by Reaven et al 

(1993b). m e r  dietary studies show that the enrichment of  DL LA by dietary 

mruiipdation resuits in an increase in LDL oxiâizability (Bonanorne et al, 1992; Reaven 

et al, 1993b). 

(5) W & 4 t n d ~ l l ~ l c 1 0 s ~ k  

LDL is the major choleStetO1carrying LP and is characttrized as the most 

atherogenic due to the dkect nlationship between LDL-C concentration and risk of CHD. 

Over 60% of LDL clearance k m  plasma is mediaicd through bindhg to the LDL 

nceptor and its enâacytosis; most occurring as a muit of ligand-reccptor binding within 

the iivcr. Evidaice suggcs*r that in the artery wall, the LDL receptor is not a major k t o t  
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in the handling of LDL naching the intima. Chemicaily modified LDL is taken up by 

monocytes in ceiî culture aad is believed to be due to the existence of other receptors 

called scavenger ~ e p t o t s  on macrophages. ïhese ceceptors recognïze LDL which &as 

been modified e i t k  by acetylation or conjugation with maiondiai&hyde, an aldehyde 

product of üpid pcroxidation. Modifieci LDL loses its abiiity to be rccognjzed by the 

LDL recqtor and is a -mg c h e m m t  for human monocytes due to alterations in 

the lipid moiety ofthe LDL (accumulation of sisnificant amounts of 

ly sophosphotidylcholine). 

(i) Natame of LDL Modification 

Changes occiirriiig in the LDL m o I d e  depend on peroxidation of PUFA in the 

lipid f iadcm and thaefore on fke radical gaieration (WooE 1990). Modification 

involves c h g e s  in lipid and protan moieties. In the @id thae is a signincant degree of 

conversion of lecithin (phosphotidylcholine., PC) to lysophosphotidylchoünc; the 

cytotoxic effeets of modified LDL on endothelial cells in cuiture probably depends 

largely on this conversion (Cathcllrt a ai, 1985; Hearilrson a al, 1979). In the course of 

petoxidation of msahmtd lipid moietïes, 4-hydroxyaUrenais can k genastcd h m  n-6 

and n-3 PUFA. These biologicaily active compounds bave been fouad to have cytotoxic 

effects (Jurgens et al, 1987) and can cause severe disturbances of cell hction at a 

numat of levels (Estehuer et al, 1988a). 

Steinbrecher (1987) has showun that cleavage pducts of arachidonic aeid cari 

react with apoB and tbis reaction involves blocking of the epsilon-amino groups of lysine 
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cesidues. I t is believed that the interactions of aldehydic lipid peroxidation products with 

the epsilon-amho groups of Lysine produces new epitopes which are cecognized by the 

scavenger receptor on macrophages (Estebauer et al, 1988b). Foam cell formaton may 

be mediateci through the opezation of the scavengcr teceptors and monocytes may k 

atttacted to the relevant arca of the intima and i m m o b W  there. 

(ii) Osidativeiy Modifid LDL and itr Role in Atherosclerosb 

Post-seaetory atherogenic modindons of LDL, namcly, pemxidation of LDL 

- lipids eiicits a cascade of chernid c b g e s  which initiate a complex cluster of biological 

-mes h m  a numba ofdBi~te~lf types-of target cells. Modifiecl LDL becornes a - 

strong chem-t for monocytes (WooE 1990) and this effkct may be a primary 

event in the initiation ofthe fhîty stresL (Steinberg, 1988; Steinberg et aï, 1989). 

Oxidatively modifiesi LDL (oxLDL) may rrpnsmt one of d e  more potent atherogenic 

manifestations of LDL @imitriadis a ai. 1995). However, oxidki  LDL is not a single 

homogeneous entity and depending on the nature of the oxidation product, the extent of 

oxidation, and die acmmpanying cbangcs, a wide range of oxidi7aA LDL particles may 

be gauiated (Parthasaratby. 1991). Oxidation of LDL leads to its enhanced uptake by 

macrophages which is klKwd to nsult in foem eeil formation a d  atheroscletosis 

(Steinberg et ai, 1989; Witzîurn and Steinberg. 199 1). Reseaich has shown lipid 

peroxidation is intimately tied to LDL modification 8-thy, 199 1 ; Steiabag et al. 

1989). Otha ceU types capable of oxidipne LDL include smooth muscIe cells, 

fibmblasî, monocytes, and mactophages. The cdl-induced modification can k 
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mimicked by the addition of copper to LDL in simple bu&rs (Kleinveld et ai, 1993; 

Steinbrecher et al, 1984). The uptake and degradation of the oxLDL by the macrophages 

is specinc and saturable and is not competed for by native LDL. Recognition of the 

oxLDL by mac~ophages nsts with the protein moiety of the oxLDL. 

(iii) Cbangu in LDL During oad.tive Modification 

Ongidy,  the tcnn 'modification' was used to describe modifscations of apoB 

that l d  to al- receptur recognition. However, oxidation of LDL lipids and oxidative 

modification of LDL may k two ~epiirate aspects of the ortidative process. This is th 

distinction baween the evmts that initiate peroxidation of LDL lipids and apoiipopmtein 

modification. Researchers have establishcd lipid peroxidation as an important event in 

the oxidative modification of LDL (Esterhuer et al, 1987; Quehenberger a al, 1987). 

These M e s  showed thas during the initiai stages of LDL ohtion,  rapid depktion of 

LDL-ssmchkd antioxidants (most importantly a-tocapherol) occurzedC Foiiowing the 

wnsimiption ofthe autioxidants, poIyMssturated fadty acids (PUFA) were oxidized The 

PUFA imdago extensive decornposition which kads to f o d o n  ofdiffkent aldehyde 

compomds cach with potent bioIogicaL properties. Some LDL phosphofipids undergo 

hydrolysis at the 2-position as a nsult of LDL oxidation thus produchg 

lysophosphotidylcholiae. The rcmoval ofthe oxi- fany acids h m  the particle 

surtaoe ha9 ken suggtstcd to aid in the rapid propagation of iipid peroxidation into the 

mre of the LDL particle (Padmsmhy, 199 1). 



Oxidation of LDL lipids also affects the apoB protein moiety of the Iipprotein. It 

is most likely that lipids of the COR, upoa oxidation, conrn'bute sigaificantiy to the 

generation of the modifieci apoprotcin (Parthasarathy, 199 1). 

The cbolesteroI moiety of LDL is oxidiztd as mil. Severai oxy-sterols have been 

identifid in oxLDL. The hydropemxy derivatives ofcho1estetoL appear to have potent 

biological properties and rnay be ntsponsible for the cytotoxicity ofoxLDL (fiaiai et al, 

1991; Zhang et ai, 1990). 

(iv) Mechrnilrm of LDL Oxidation 

Each type of ceil that has the ability to oxidipe LDL may utilize diBetent 

mechanisms to induce the oxidation pmcess. It has kcn suggested tbat ceiis oxidize 

LDL by t h e  main methods. The ht proces is by genaatiag nactive oxygen species - 

such as superoxide dicals (Cathcart et ai, 1989; Heinecke, 1986), the second is thtough 

the use of speufic fktty acid oxygenases (Parthasaratiiy et al, 1989; RanLin et al, 1991), 

and the third involves seactiiig subBtances that provide oxidants into the exûaceiiuiar 

medium ~ ~ k e  d ai, 1987). Tht exclusive involvcmat of ~uperoxide anions in the 

oxidative modification of LDL by Mclnthelial cells appears Unüircly, although it may play 

a d e  in LDL oxidation by smooth muscle ceiis or monocytes. 

S e v d  reccnt nadings -est that celiular lipoxygamses, particuiarly 

15-iipoxygcnase activity, may k hvolvcd in LDL modification by same ceii types 

(Pdmsad~y a ai, 1989; Rankin et al, 1991; Spamw et ai, 1988; na-Hertnila et al, 



L 990; Simon et al. 1989). The mechanisrns by which lipoxygenases may contribute to 

the oxi&tion of LDL is not known, 

(v) The Biolagica1 E n i  of Oddized LDL 

Identifieci atherogenic effècts of oxLDL inclde (1) degradation of oxLDL Mer 

than native LDL by macrophages, (2) smirig as a chemotactic agent for monocytes, (3) 

inhibition of macrophage chemotaxis, (4) being cytotoxic to cells, (5) inhibition of 

endotheliumdependcnt tciaxation, (6) enhancement of monocyte aàhesion to endothehi 

celis, (7) induction of endohW ceii expmssion of granulocyte and macrophage colony 

stimuiating fhctot, and (8) stimulah'on of macrophage chernotactic peptide4 fkom 

endothelid celis and smmth muscle cek (Berliner et ai, 1989; Cushing et ai, 1990, 

Raja* l99û). 

S e v d  rescarch g m p s  have shown evidence whichbcates the presence of 

oxidatively modifieci LDL in vivo (Bjoddiem et al, 1991; Hoff and O'Neil, 1991; Ma- 

Hmuaia eî ai, 1989). Most mtabIy, (1) antioxidants (probucol) prevent the development 

and progression of ath«osclar,tic lesions in WHHL rabbits (Carew a al, 1987; Kita et ai, 

1987), probucol spccifIdy inhibits the degradation of LDL in macrophage foam ceus, 

(2) aiaoantibodies dirrctcd t o w a ~ I ~  oxLDL are present in human piasma, (3) LDL 

isolatcd h m  atbetosclcrotic lesions has some of the characteristics of oxLDL (Ma- 

Herthila et al, 1989; Hoff and O'Neii, 1991). and (4) lysine-alldehyde adducts, which may 

indiate the -ce of oxLDL, cm k demonstrated in macrophage-rich lesions of 

human aorta (Palinski a ai, 1989). 



OxLDL is rapidly temoved h m  die circulation by the liver and its clearance is 

directly related to its exlent ofoxidation (Steinberg et al, 1989). However, Berliner and 

CO-workers (Berliner et ai, 1989; Cushing et al, 1990, Rajavashisht, 1990) have describeil 

a minimally oxLDL which is not sufncientiy modified as to be rccognized by the 

scavenga receptor and tbereforc may have a longer haElife in the plasma. When tbis 

particle enters the artcriai wall, it may d e r  the fàte of mer oxidative degradation. 

The toxicity ofdiabetic piasma has kea attri%utd to îipid proxidation products. LDL 

ktions  fiom stnptozotocùi-iaduced diabetic rat plasma contained higher levels of  

peroxides and were toxic to culnaad ceiis (Motel and CbisoIm, 1989). 

m P ~ ~ ~ O I O ~ Y  of ~tkmc~tmis 

'Ihe paaiogencsis ofattieroscICIOSiS has kai d~~ by many researchers 

(Homsha, 1989; Leaf and Weber, 1989; Ross, 1986; WwK $990; Zeman, 1983). 

Figure 2 outlines the pathogenesis ofathaosclerosis (Mullin, 1993). Atherosc1erosis is 

de- as a dynamic state involving four priaciple cell types (endothelium, smooth 

muscle, platelets, and mon~macropbages) which contain or can synthesh and 

release chcmoatttaetants and growth fitctors (one ofwhich is platelet derived gmwth 

facoq PDGF). Atherosclerosis is charectausd by three intemdng pmesses (Woolf, 

1990). 'Ibe nrst of these processes involves accumuiation and modification of plasma 

derived üpid within the aaerial intima lcading to the accumulation of lipid-tWed 

macrophages within the a f f i  intima 'Ibis step U thought to be mediateci by the 

oxidative modification of LDL-C ladhg to foam ce11 formation and hence, fWy saaLs 
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which are the earliest lesion of athemscierosis (Ross, 1986); a majority of foam cells in 

fatty strraks are macmphages. Secody, comective tissue proliferation occurs due to 

alterations in the fiuictiod phenotype of the intimai mmth muscle cells (SMC) as a 

result of inf~actions with growth htors including platelet daiveci growth fiictot 

(PDGF). SMC pmiifgation is a key event in determinhg the extent ofplaque formation 

(Ross, 1986). SMC contain LDL p w t h  htors and receptors and are able ta respnd to 

severai chernotactic fhm. The capecity of SMC to migrate in rrspoiise to these factors 

plays an important mle in theu ability to accumulate in the atherosclerotic lesion (Ross, 

1986). PDOF is a rnitogcn @Cohler BLd Lipton, 1974; Ross et al, 1974) and 

chemoattractant (Bue1 et al, 1981; Grotendorst et ai, 1982) responsible for migration and 

prolifdon of SMC h m  the artaial media aad is secn in aitberogenesis and artenai 

injury. PDGF is sto18d and r e l d  h m  the a-granules of platelets but cau ais0 be 

pmduced by endothelhl ceiîs, mncmphages, and aaaial smooth muscle ceils in their 

synthetic phenotype. Platcfets fUom NIDDM subjects have been shown to exhi'bit 

abnormal bchaviors includiiig iaELcapcd adhesion, m o n ,  and thomboxane 

production @hü et al, 1992). These abnonnaütits e consideteci to k involved in the 

pathogenesis ofdiabtic vasciilar discase. Plateleî hyperfimction could lead to enhanced 

PDGF nleasc h m  activatcd ptatelets at the local vesse1 wall sites. It is rnrclear wbether 

the alterations in platelet function ofNIDDM is a direct e&ct of hyperglycemia or due to 

0 t h  metabolic disordezs prcsent in the disease. Modulation of arterial smooth muscle 

cells h m  contractile to the synthaic phenotype is responsible for connective tissue 

prolifemtion which is the key element in the evolution of athemsclemsis. Pmliferation of 
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connective tissue is a platelet-driven respoase d ~ g  in f o d o n  of a sub-endothelial 

fibmmuscuiar cap which may compromise the integrity of the artenal lumen. Finally, 

co~ect ive  tissue necrosis forms a soR, deforniable atheromtous pool at the pIaque base. 

This proass is Iess wcii understood and is thought to involve activateâ macrophages and 

is important as a risic factor for amte thtornbosis. A t h m d c  plaques consist p d y  ofa 

lipid rich pool ofneclotic connectivc tissue at the plaque base and p d y  of a 

fibromuscular cap on the l u m d  aspect of the atheromatus p l .  

(a) St&go of Atbtroaclctoeb 

One of the fn51 stages of atbmma f-on is adhwion of monocytes to the 

endothelid srirfate, cntry into subendothehi tissues and ingestion of large amounts of 

lipid wiih ultbate conversion to foam ceiis and deveiopment of- streaLs (Rosedeld 

et ai, 1987). Monocyte tm5c between the blood and artay hall OCCUS. nie &ty streak 

ceil population shows a significant proportion of cells onginating b m  monocytes as mil 

as showing macrophage madcas. Recognition that the macrophage fosms a signifiant 

element in thc oeiî popdation of faay strrdrs and of mature atheroscletotic lasions is an - 

important advancc toward fiutlm derstanding dit rncchauisms involved in 

atherogenesis. The macrophages may arercise a range of ftnctions within the srterial 

intima which grcatiy transa~d their conventional role as a phagocytic ceLi. 

A combination of morpho10gical and epidemioIogical data suggest that some fatty 

stnaLs orighthg early in l ie  undergo regnssion M e  othas pmgrcss to mature 

atheromatic plaques. The laaa course ofewnts is more lilrely to occur in those 
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populations whose degree of exposure to cisk fitors for atherogencsis such as 

hypetlipidemia, high blood pressure, and diabetes meiîitus is great. Tbe extent of intimal 

involvement by the fibroiipid plaque appean to p d c t  the hquency and severity of the 

clinid maui6kstati011~ of athtr~scIctosis in givcn popdation groups. AU fibroiipid 

plaques sbare two basic morphologid components: (1) a connective tissue cap lying 

beneath the endotheiium and (2) an underlying atheromtous pool of Lipid rich, largely 

necrotic, debris. Fibroiipid plaques are 8ssoc1*ateîi with thrre changes in the surromding 

endothelia1 tissue: (1) increasd fibrous tissue, (2) i n d  vasculuity, and (3) fiequent 

presence of œ U u k  aegngatcs coirristing mostly of &lymphocytes. Lymphatc 

infiltrates arc the expmssion of an immune response to the presence of oxïdized lipids and 

ccroid in intraiesionai macrophages. 

The fany strcak is c- by the build up of intra- and extra- ce11ular lipids 

deriveci h m  LDL (Parihasarathy, 1991). Rccat evidence k e s t s  -phages are the 

predominant celIuler ongin of tèese ceb. The basic mechanism(s) by which celis take 

up L)t  kgins with the mtwelipition of the LDL molecuie by ce& with a speciiic 

receptor that rccoenips the apolipoproteia BlDo (WB) on the particle. The LDL ~eceptor 

is dom-mgdatai w h a  ccUular repuvCmCilfS for chol*daol is met suggcsting thst 

excessive accumulation oflipids by arkriai fom ccUs is not madiatcd by the LDL 

receptors (Hobbs et al, 1989). ReceptoL(s) 0 t h  than the LDL receptor must be involved 

in the uptakc and accumulation oflipi6 by macrophages. The inabiîity of native LDL to 

generate f m  cciis with mac~~phages led Brown et al (1980) to pmposc that some form 

of pst-stcondary modification of the LDL may be involved which d t e d  in modifieci 
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LDL king susceptible to enhancd upiake and degradation by the cell. Subsequently, it 

was discovercd that acetyl LDL, in which the o a m i w  groups of the [ysine cesidues arr 

chemidy acetyIated, generate a negative charge on the amiw group malong them 

readily degraâab1e by macmphaga ( B m  et ai, 1980). Over 70./. derivathtion of the 

amino gmups of the lysine &dues is quircd for recognition of the aitered lipoprotein 

by the celis. The dcgradation ofacetyl LDL by macrophages is mediated by a saturable 

high afYhity receptor refmad to as the SC8VengCf ~ceptor  or the acetyl-LDL meptor. 

Native LDL is not ~tcognized by this receptor. The scavenger receptor is localipd 

predominruitly in the macrophage-rich a m s  of the ath~10sc1CtOtic lesion. Whetber this is 

the only rcœptor involved in the irpceLc of modifieci iipoproteins or one of a p u p  of 

scavenger receptors is not know11, Howevcr other receptors recognizing .distinct fomis of 

modified LDL bave been suggestd (Spam>w et ai, 1989). It is uniikely that extensive 

acetylation of the lysine d d u e s  of apoB wül occur in the -y. However, the concept 

that negaîively charged lipopmteins may interact with macrophages lead to intensive 

rcsearçh for othr more biologicai modifscaîiops. Fogeiman a al (1980) reported that . 

malondialdehydt (MDA), known a> k g d  h m  platelets or h m  lipid 

peroxidation, could covalcntly modifjt LDL l y b  &duEs and produce a negatively 

chmged L I L  capable of in-g with macrophages. As weU, Steinberg et al (1989) 

obsewcd that LDL, when incubercd with certain cells, acquind a negative charge and 

was avidy dcgded by macrophages. This was r c f d  to as endothelial WU-modified 

LDL. Extensive study of tbis model has st~bsqacntly shown that lipid paoxidation was 

the kcy determiricint factor in the modification of LDL by cek (Steinbrecher et al, 1989). 
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Ail these modifications of LDL wbich ulhately lead to an altered charge on the 

lipoprotein by derïvitizing the E- amino nsidues of the lysine, difEer vastly in their ability 

to convert LDL to a fom recognizcd by the scavenger receptor. The modification of E- 

amino gmups ofthe lysine &dues of the apoB has been the primuy focus ofresearch. 

Howeva, the abüity with whicb the mxptot intaacri with othcr poLyanionic compouflds 

suggests other potential sites of modification. In i&t, the domain of the LDL, whose 

changes in stnicturc or confimon lead to scavenger receptor recognition, has yet to be 

determincd. 

Nutrition comseling fcn the MDDM patient is of prime importauce as it aids in _ - 
the continuai management of the disease and aïso addresses trcatment of the common 

secondary f8ctors associated with CHO and lipid metabolis&dysfîmction, most 

importantiy obesity. It bas ban suggested that the most important dietary modification is 

a reduction in total fht content ta appmximatdy 3PA of M y  cnergy ofwhich 10% is 

PUFA, 10% is MUFA and 10% is SFA in a low-fjd. bigh-CHO diet. The main goal of 

this diet is to chmase CHD rîsk by duchg TC and LDL-C and by firvoring weight loss 

in obesc NIDDM individuals. Weight l o s  in obcse NIDDM individuals is very 

important as it d t s  in dramatic iaiprovemcnts in glucose tolerance and lipid 

metaboh.  Ibe type of dietary fat that is rrcommcndaî is beeoming increasingiy 

rrcognized as playhg an important role in dia modification. Advantages of MUFA over 

PUFA arc beeoahg apparent as M ' F A  secm to be as effcetive as PUFA as a substitute 
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for saturated fat with respect to lowering plasma bpi& and may be advantageous as 

plasma HDL-C levels are unafEectcd by MUFA (McDonald et al, 1989). 

A considetable number ofNIDDM patients arc in poor glycemic control which is 

often associafw 6th obesity. These patients also tegd towacds wnsistentiy Low plasma 

HDL-C, elevated nrigiy&des, and sornetimes elevated plasma cholestaol levels 

(Coulston a ai, 1989). 

Exteosive evidence exists to danoastrate that low-fi4 hi&-CHO diets lead to 

increased plasma MgiyCetide concentrations (Coulston et ai, 198% Coulston et al, 1989; 

Hoiienbeck et al, 1984; GMdy ,  1988; Liu a ai, 1983; Sestoft et ai, 1985; Garg et ai, 

1988; Riveliese et al, 1990; Riccardi et ai, 1984). Therefore, the use of a low-fat. hi@- 

CHO diet for NlDDM patients may be seen as a dissdvantage as hypertrïglyceLidemia is a 

likely co~lstqucoce if thse individuah adhere ta the cunmt âietary recommendations to 

incte8se dietary CHO. Another deICtcnous e&ct atbi'buted ù> low-fht, high-CHO diets in 

NIDDM patients is a sisaifiant ckcase in HDL-C concentrations (Coulston et al, 

1987; Coulston et ai, 1989; Scstoft et al, 1985; Gag a ai, 1988; Riveliese a al, 1990). 

HDL-C levcIs an invasely associatad with the devclopment of CHD and because HDL- 

C leveis arc knom to be at lower than 'normal' Imls m NIDDM patients, any adverse 

effects ofthe low-fht, bigh-CNO dia cannot be ignorai (Beach a ai, 1979; Miller and 

Miller, 1975; Reckicss et ai, 1978). Deterioration of CHO metabolism is also an 

obsemd effkct aftcr incmasing dietary CHO in NTDDM individuais. hcreasing die* 

CHO d t d  in in- day-long glucose and insuiin concentrations (Coulston et al, 

1987; Couloton et al, 1989; Sestoft a al, 1985; Garg a al, 1988; Rivellese et al, 1990)- 
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The only known study which measutai insulin action in MDDM patients reported no 

signincant improvement ia insuiin action &r these subjects consumeci die& containhg 

60% daily energy as CHO (Garg et al, 1989). Substantid evidence suggests that die& 

containiiig conventionai quantitics of fht ( 4 W h  of daily energy), in which the 

composition of fbt has kni modifiecl to duce SFA and dietary cholcstaol levels, appear 

to offa the most kneficial control of CHO ancl lipopmtein metabolism in NIDDM 

(Couiston a al, 1989; HoUenbeck and Coulston, 1991). 

Data b m  many stuâies support thc impoae~ce of the type of dietaty fat in 

ngulating lipoptein metaboikm of NIDDM individualS. Replacement of satrirated 

with aDsabrrated nit in the contact of the conventio~d diet stems to pmduce the desired 

teducfiion in phmut total d LDLlchoIesten,1 ltveis and avoids the nracnbetion of 

hypergiycernia, hyperinsulinemia, hypatngiyceridemia, and duceci HDL-C 

concentrations, * 

However, the effèct of dietary aiterations in CHO and f'bt content on plasma lipid 

and lipopmtein leveis, giucose tolcrance, rurd iiisullli sensitivity is a contmversial issue: 

Weight reduction m n a h  a coLLlCfStOtlt ofdietary treatmcnt in okse NIDDM patients as 

dramatic improvcmcnts in giucose tolm~~cc arc seen in those who lase weighc obesity 

also has detrimental eff'ects on CHO and lipid metaboliSm in NIDDM patients. Lipid and 

lipoprotein metabolism dydhction and dietary fht intakt are closely nlated to the 

development of ath~r~sclemsis, NDDM, and obesity. Ttcatmcnt of the CHO intoleratlce 

and dyslipidemia f o d  in NIDDM is a p r h r ~  god of diet thcrapy. However, the effect 

that differences in diet composition have on the metabolic dysfunctions of the NCDDM 
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syndrome are mt clearly uwlerstood The impact that specific dietary changes have on 

îhe metabolic risk âi*ors for CHD knovm to exist in MDDM individuals cequires M e r  

study. 

(a) Eff i t  of MUFA and PUFA Dieb on Lipoprotdn Maibolirm and MDDM 

Well estabiished mcommendatious for dietary m e n t  are to d u c e  SFA intake 

as this type of f8t is known to elevate blood TC (Hegstcd et ai, 1965; Keys et al, 1957). 

However, then is considerable debate ova what shouid replace SFA. Previous 

ncommendations ann that a high-CHO dKt shouid be anpIoyed ( H o d  et ai, 1991). 

Howrva, due to coacems about adverse e f f î  of this diet, unsatuateci fetty acids have 

becme more pop* as a choice to replace SFA. nie question then becornes whad type 

of unsahiradcd fatty &ds, MUFA or PUFA? 

Initially, Keys et al (1965) suggestcd that MUFA a neutral role in 

iipoprotein metabolism and that PUFA were more effective than MUFA or CHO at 

10- plasma TC and LDL-C. Ho-, MüFA wcre found to be equaüy as effective 

et lowaing TC a d  LDtC as PüFA by M;attson a d  GnmSy (1985) and Mensink and 

Katan (1989). 

Canoia O&' characteristic low level of sahuated fstty ai& (a 6%) dong with 

high levels of MüFA (= 58%) and modcratc PUFA levds (a 26% LA and = 10 % LNA) 

are major advantages to its nutritional pmpaties and duc. Several studies have 

confimeci findlligs that canola oii is as & d v e  (Wahrburg et ai, 1992)' and in some 

cases more effective (Lichtenstein et al, 1993). than fàts rich in PUFA (such as sunfiowet 
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and soybean o h )  in decreasing plasma total cholestml (mainiy LDL-C) in 

normolipidemic individuais (WardIaw et al. 199 1; McDonaid et ai. 1989; Chan et al, 

LW 1; Vaista et al, 1992). Howm, the nutritionai knefit of auiola oil regarding its 

content of LNA andlor its baiance ofPUFA (182/18:3 ratio) has not ken clearly 

establisheâ. Chan et a1 (199 1) found O& LA, and LNA to be q d y  

hypocholestexoIdc, regardhg TC and LDL-C I d ,  in non-diabetic male subjects and 

to have no adverse e f fw  on HDL-C kvels. Resaach bas confbed earlier studies 

which found MUFA equally as effdve  as PUFA in IoWCtillg plasma total and LDL 

cholesterol leveis without negatively afEècting piasma HDL l m b  (Mattson and Gnmdy, 

1985; Meashic and Katan, 1989). Prevhus rrstatch had coirluded PUFA lower HDL-C - 

ievels @&&son and Gnmdy, 1985; Wahtburg a ai, 1992; Lichtenstein et el, 1993), 

however, these stuàies tommoniy useû mrdhtically high PUFA levek in the 

experimental dias (28% total energy as PUFA c o m ~  ta he reguiar level of 7%). 

When clrperimentai dias oontained more realistic PUFA levels, HDL-C leveis were not 

affectcd (McDodd et al, 1989; MasMc and Katen, 1989; Chan a al, 1991; Wardlaw et 

al, 1991; Ban et al, 1992). -la oil bs also bccn found equally e f f d v e  in 10- - 

plasma TC and LDL-C levtls on a low-fbt (303C total enaay) diet (Corne et ai, 1990; 

Mata a al, 1992). 

The pmnatmc ath~r~sclerutic discase seen in NIDDM is closely relatcd ta 

dysfipidemia whicb includes inczeasd levch of TC anâ LDL-C, decrraPed HDL-C, and 

increased TAG lcveis (Codston et 4 1989). However, that NIDDM patients have 



increased TC and LDLC has ken disputed with the contention that the main 

dyslipidemia is hypertrîgiycendemia and decreased HDL-C levels (Ginsberg, 1996; 

Howard, 1987). Because MDDM is a clinical disorder known to k altered by the level 

aud type ofdietauy nit. current dietary tbcrapy for these individuais aims at l o w e ~ g  the 

plasma Lipids mentioaed above and, in tum, the morbidity and moRality associated with 

CHD. Low-fkt, hi@-CHO dicts have becn shown to be effdve in lowering plasma TC 

and LDL-C in NIDDM but they tend to e x a d m e  the hypertriglyceridemia, decrrase 

Hf% levels even fiirtha (Bddge,  1989; Coulston et ai, 1987; Fontborne, 199 1; 

SestoA a ai, 1985) a d  imeasc plasma insulin leveis and hypaBlycemia (Garg et ai, 

1992a; Hollenbeck and Coulston, 199 1). Ali of these ktars lead to in@ CHD ri& 

and, for these misons, the low-fkî, high-CHO diet therapy has bem cballenged by 

Hollenbeck and Couiston (1991) and Gnmdy (1991) as king ineffective at nducing - 

CHD in MDDM. Both research groups have demonsbrated bat a high intakt of MUFA, 

m n  at the more conventional dietary fat Ievcl of 40% total aicrgy as fat, is more 

effective at nomisiipn$ blood lipid eod insulin levels and glycemic contm1 then low-fit, 

high-CHO dim. Similat hüngs have k nportcd by Pariiio a al (1992) in that a 

reduction in consumption of cornplex CHO (1ss0ciatrIf with an incrcase in consiimption of 

MüFA improved glycemic control and pcriphersl irwlin sensitivity in NIDDM subjects 

and the improvcment was almost quai in magnitude to that achieved with iasulin thmpy 

or orai hypoglycemic agents (Andrews et al, 1984; Man-O and Gaich. 1984). High 

MUFA intalces in NLDDM patients have kcn found to darease pstpdd plasma 



glucose and insulin concentrations, decame plasma TAG? and to have a negiigible effect 

on TC and LDL-C which rcmain at nomial levels (Garg et al, 1988; Grundy. 1991). 

S W e s  with canoia oil in wmoiipidernic, non-diabetic subjects (Chan et al, 

1991; McDonald et al, L989). as weii as more ment hpotts that h d  MUFA improve 

glycemic conml and piasma lipid pattcms in diabetics (HoUenbeck and Coulston, 1991), 

suggest canola oü may pmve beneficiai in the treatment ofNIDDM. The pmposed 

altemate diet for NIDDM individuals responds to the characte<istic defécts in CHO and 

lipoprotein metaboliSm which are aggravateci by the recommended low-fa2 high-CHO 

diet. The main @on this diet aims ta address is: what is the optimal baiance between 

di- CHO and fàt that wii i  pmnm detenoration of iipopmtein levek and periphed : 

ipsUliD sensiti.? ûveraîî, thac is a sllniler deaaise in piasma TC and LDL-C levels 

on bth low or bigha fbt dias when SFA are nplaccd with either MUFA or PUFA (Barr 

a ai, 1992). The next level of consideration when cornparini the beneficiai pprrties of - 

MüFA with PUFA is their e f f i  ifany, on the orcidative susceptibiüty of LDL-C. 

MUFA are less sus~cpfi'bIe to chernical oxidation than PUFA. Hence, if a reducfion in 

the amouut of oxidatively modifiecl LDLC occurs. a duction should occiir in the 

involvernent of thtse highiy athemgcnic lipprotein particles in foem ceU production and 

plaque formation. MUFA therefore, seem prcfbbIe to PüFA because PUFA may 

promote LDL oxidation, thus d t i n g  in more atherogcnic LDL (Gmdy. 1991). 



(b) Isocaloric Substitutioa of CHO for Fat in N o m l  Glucose Toleriint Iadividu~ls 

A high sahvated fat diet promotes deceased LDL receptor activity, incteased TC 

and LDL-C levels, and incteased CHD risk When complut CHO replaces SFA in the 

diet, the inhibition of SFA on LDL receptors is removed, hence irnproved iipopmtein 

metabolism is favored, especiaiiy bcpatic mnoval of LDL; the concomitant duction of 

TC and LDL-C duces  CHD risk. In addition, wcight reduction is fkvored, which is an 

added basis for the c ~ c n t  recommendations for the low-faf bigh-CHO diet 

Isocaioric substitution of CHO for fkt in the diets of individuais with normai CHO 

and lipid metabolism have been found to producc signifiant inc~c8ses in nisting total - 

plasma triglydde levels anâ reductions in'HDL-C conccnbrations (Gniiady, 1988; 

Betteridge, 1989; Fontboane, 1991). both of which are indepadcnt ri& fàctors for CHD. 

These deleterious en.é*s on lipoprotein metaboiisrn occuued without the expected 

improvements in total and LDL cholestaol concentrations. Ah, po- 

triglycezide and insuiin concentrations wae found to be significantly elevateâ (Gmdy, 

1988) and fastkg trigiyceride concentcation increased (Liu et ai, 1983) after a low-fât 

diet. O v d ,  recent evidencc suggesrii tbetlow-fiit, highICH0 dicts do not provide any - 

advantages in dccrefl~ing total plasma and LDL cholatcml concatfations over dias in 

which sshaatcd nits wat nplacsd with uasaturatod fats, hcluding MUFA or PUFA 

(Garg et ai, 1992a). High-CHO diets tend to produce sipifhntly hi@ tirPting and 

pst-prandial glucose and triglyceiide concentrations, i n d  pst-prandial insulin 

concentrations, and 10- HDL-C lcvels (Mattson and Grundy, 1985; Men~ink and 

Katan, 1989; Barr et al, 1992; Wahrburg, 1992). ail of *ch are identifieci behg 
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associated with incceased CHD risk. A decrease in KDL-C levels without a decrease in 

total or LDL cholesteml levels is cünicaiiy important as the ratio of totai to KDL 

cholesterol has b e n  associateci with increased risk of atherogenesis; the higher the ratio 

value, the pater  the CHD risk 

(c) Isocaioric Substitution o K H 0  for Fat in Non-Iiwuiin-Dependent Diabet- 

Mtllitrw 

I ~ o r i c  substitution of CHO for fàt in the diet0 of NIDDM patients results in 

simiiar eff- as those seen in iadividuais with n o d  giucose tolerance. aven the 

pathology of the dîseasc, the effects of a low-fat, high-CHO diet could be significantly -- 

more d e t h e n .  for NIDDM patients, in tams of increased risk of CHD. Ho-, 

weight reducfion in NLDDM is dso a major considcraticm and may be fkciütated by this 

diet. Wallrcr and coilesgues (1996) showed that eqgaî amoiiàts of body tkt wen lost by 

NIDDM subjects commhg a high-CHO, low-fkt diet as those consuming a diet high in 

MUFA containing 35% fk Many studies have indideci that substitution of CHO for fàt 

resuîts in irrCLWIStd postprandial plasma glucose and insuiin levcis, iDaeased VLDL - 

triglyceridt concentrations, ancl redllMA HDL-C conceatrations without sisnificantly 

affkcting plasma total or LDL cholcsterol concentrations (Coulston et al, 1987; Couîston 

et ai, 1989; Garg a al, 1988; Garg et al, 19921; Hoilcnbeck and Coulston, 1991; Parilio et 

ai, 1992; Riveilest et ai, 1990; Sestoft et al, 1985). 

Rcscarrh (Garg et al, 1988; Oarg et al, 19% Garg et al, 199%; Parilio et al, 

1992) has show that teplachg satmtcà fat with MüFA d t s  in signifimt rnetabolic - 
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advantages ovec replacement with cornplex CHO. No signifiant changes in fastin8 

plasma total or LDL cholesterol concentrations were found on die& in *ch totd a t y  

energy h m  fat was duced ûom 50 to 25 %. Fasting total plasma triglyceride a d  

VLDL concentration as weli as the ratio of total to HDL cholestcml werr significantly 

increascd aud HDL-C concentration decreased on the high-CHO, low-fst diet (Ban et al, 

1992; G d y ,  1988; Mens& and Katan, 1989). Additiof18L1y, glycemic contmL 

deterioratcd on the hi@-CHO, low-fkt diet, as evideIlced by significant increases in pst- 

prandial piasma glucose, iasulin, and triglyctridt Icveis. Ovaall, these studies indicate 

that when CHO is substitutcd for saturated art in the dkt ofNIDDM individuais, 

deletenous effects occur to CHO and lijmptotein metaboliSm which incre8ses the ri& of 

atherogenesïs and CHD. 

v Sm* Rational \ 

Remanire CHD is the most important cause of morbidity and mortality, for non- 

insulin-depaident (type II) diabetes m e b  (NIDDM) patients. Current dietary 

r e c o m m ~ o ~  emphasizie a low-fb, high-complex CHO dia to loduoe piasma total 

and LDL choI*rtcrol. Howevcr, evidence suggests th& diet impairs giycemic c o ~ o l ,  

exacerbacw the hypainglyceridemia found in N D D M  patients and dccrrases pn- 

existing low HDL-C Ievels. By oontrast, hi&-fht die& nch in oleic acid (MUFA; Cl 8: 1) 

have kai found effeaive in notmalizing blood iipid and LP levels in EmlDM subjects. 

However, the effect of di- oleic =id in a low-fht, highCH0 diet hes not bcm 

establishd mus, canola oil which contains high levels of MUFA (olcic acid) and low 

57 



SFA Ievels. may benefit NDDM patients when incorpocated into a low-fat, high-CHO 

diet. In additioa, MUFA are les easify oxidîzed ihan PUFA, thus ca~ola oil may 

de- the susceptibility of LDL to oxidation and hence, lower athemsclaotic plaque 

formatioa; oxidized LDL has ken show11 to k taken up by macrophages which become 

foam celis that initiate plaque formation in arterial vesse1 walls. Since canola oil has not 

been uscd in clinicai triais with type II diabetics, an objective of the pcesent study was to 

deterxnine whether the oii o f f i  any nutritional benefit in the matment of MDDM which 

is hown to be altacd by the levd and type of die- fit 

P h t  àeedas recently developcd a low LNA c a d a  cultivar which is appreciably 

more oxidatively stable thsn regdasr canoia oil, offairg distmd mailcetiag advantages 

due to irnprovd storage @tics. Ho-, the m o n  rmiams as to whether the 

relatively higher levcl of LNA in reguiar ainola oiî imparts nutritional benefit to the 03. 

NIDDM patients exhibit a substsntially greater incidhce of CHD than the grnaal 

population due to abnonnai iipid pettems; therefore, it is possible that normolipidenic 

subjccts are not sensitive cnough to diet changes to show the smaiî nutritionai différences 

that may exist in canoia oil versus low LNA canoia oii, and that diabetes may offer a 

modd for sûdyhg the possible nutritionai beaefits of LNA Hace, a primay objective 

of the piwent stuây was to os#ss the nutritional pmpertits of low LNA canola oil in the 

die& ofNïDDM patients to determint whethcr LNA in amla oil imparts any nutritional 

benefit to the oil beyond those thaî might occur because of the high oleic acid, low SFA 

levds of canola 03. This study is the fbt, to our knowledge, spccifically desigaed to 



assess the nutritionai propecties O € caaola oil in the chicai treatment of NIDDM. Thus 

the aull hypotheses tcsted in the Dhdy mn: 

(i) when compand to a reguiar low-f8t diet (3M daüy energy nom ht), canola 
oil, low LNA canoia O& and SUIIflowtr oil offix no nutdional advanwes in 
the clinical m e n t  of NIDDM; 

(fi) the LNA content of rtguiar canola oil does not irnpaa it any nutritional 
bentfit compareci to the low LNA content of low LNA canola oil; i.e. the 
nunitionai propertics of ngular and low LNA canola oil do not mer; and 

(hi cewia oil, law LNA canola 0% and d o w e r  oil have similm and 
negligrgiak e h  on c ~ e s  in the blood iipid paramam of MDDM 
patients, incIudhg total c b o I ~ I ,  LDL-C. HDL-C, and TAG 
concentrasions as wdl as LDL oxidative suscqti'biîity, fàtty acid 
composition, and particle size 



MATERIALS AND ME'i'HODS 

1 Experimentai Design 

The errprimentai mode1 used was a 56 &y d o m i d  block design. Each 

subject was raudomly assignd to one of four eqerimental diets: a rcgular canoîa oil diet 

(CAN), a low ünolenic acid canola oii diet (LLNA), a StMaower oil diet (SNFLR), or a 

controf diet (CONT; the subjects foUowd tbeir usual dietary patîems). The abjects 

were fb-living, non-insulin-dependcnt (type Iï) dhbeîics who were supplied with s p d  

and oil c o c i c s p o ~  to the assigasd dia. 'Ibe contml subjccts wae not supplieci with 

spnad or oiL Subjects were wunseled by the Diabetes Edudon Centre dietitians and a 

dietitian wodong on the stuây to maintain a low-fât (30% of total energy), high-complex 

caiaohydrate diet in keeping with cinnet diet thaapy for type Il diabetics. Twelve-hoin 

fasting b l d  mmp1es wcre t a ~ m  firom each subject on daYsOs 28 amd 56. An 

honodum of 15 dollers was paiâ to each subject at comp1etion of the study. 

n Expeiimtmtrrl Piotoeol 

The saidy protoc01 was approved by bit Facuity of HUIMU Ecology Ethics 

Cornmittee and the H d t h  Sciences Centcr Madical Ethics Committce and Wntten 

consent was obtained b m  cach subject. A copy of the consent fom wd in the study is 

shown in Appeadix 1. Medications werc rcvicwed with ptcnti ai subjccts. Those on 

cholestaol L o w e ~ g  dmgs wae not a c c q t d  for participation in the study. Howwer, 



subjects on oral hypoglycemic agents (OKA) (10 of 37 subjects] or insulin [2 of 37 

subjects] were accepted for participation in the M y .  Likewix, ody hdividuaîs who 

had controlled high blood prrss~rr (BP<150/90 mm Hg) were admitted ta the srudy. 

Participants were iostnu:tcd to net@ the stuây coordinator or dietitian ofany changes in 

medicasions and wae btmtd to maintab their d routines and acfivity leveis 

thmughout the sndy. A total sample siP of forty mbjects, twenty d e s  and twenty 

fernales, was planned for the study. hie to semple capacity limitations of the 

ultraccntrifuge and Milton Roy Specûophotometer, five gmup ofeight subjects (one 

male and female on cach of CAN. LLNA, SNFLR, and CONT) were to be nm 

coosecutively. m e  diffidty in subjcct ZecLuitment d t e d  in eight groups of 

between one and cight subjccts per gmup for a total sample size of 37 king recniited fa 

the study. One subjcct on the LLNA diet dropped out of the study at Week 4 but initial 

and mid-point data was used in the &ta andysis. Subjects randomly assignecl to 

one of the four dietary group~ baseû on geada and randody stratifiecl accordiiig to five 

age categodes (4û45.46-50,51-55,5660,61-70 years of age) to distribute age evenly 

across the four tteabnents. Study Qsign and abject gmuping is outiined in Appdix  2. 

rn s ~ b j a c b  

Subject d t m c n t  for the study was done initially through the Diabacs 

Education Centre @EC) using pamphlets and posten. However, it was necessary to 

expand t&e seamh ushg the Cansdian Diabetes Association infoem8fion banner and the 

Manitoba Television Nctwodt What Mamas" eommunity advcrtisemcnt segment 
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Potential subjects were intewîeweâ and screend by telephone and relevant information 

obtaind Subjects chosen to participate in the study were sel& baseci on: t&e presence 

of physician diagnosed type [I diabctes meiiitus; the absence of cholesteml l o w e ~ g  

medicatioa; agc between 40-70 yean; conûoiicd hypertension (bIood prcssurr not 

exceeding 1 SO/W mm Hg); BMI khmai 25-50; ~icasonab1e glyccmic contml; fiequency 

and amount of peauut butter consumtd; and perceivecl willirigness to comply with the 

study pmtocol~ Consent by the subjects physician was obtained before king admitted to 

the study. 

IV mets 

Subjeni 0th dian control were proviâed with one of the thtee di- fat sources 

in the fomi of a sprcad (conSiSting of a b l d  of 40% butter and 60% oil) and salad oil. - 

Fatty acid composition of the coqnrimental spreads d oik àre summsrued in Appendix 

3 and 4, nsptctively. Subjccts were couuselcd to maintain a low-fht (3û% total energy) 

diet, as mmently tecommcndad by the Canedian Diabetrr Association and Health 

Canada Evaluation ofparticipant's 3-day food mcoids, c~iiectod ktwcaiweeks 4 and 5 

of the study, was donc using the Ekabcth Warwick (Ehbcth Warwick BKSc. P.Dt.; 

C o r n e  PEI; COA 1HO; 1982-1994) nutrient analysis cornputa pmgrarn. 

Consumption of cxpcrimcntal s p d  and oil was monitored using a chart on 

which subje- recordad th& daily intakes. A copy of the chart usad to monitor fit 

intakes is provided in Appmdix 5. Mean in* for each die* group as recordad by 

the abjects arc summMzed in Table 1. Subjects wae c o u ~ e l e d  to use betwccn one and 
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three teaspoons of s p d o i l  M y ,  based on theu usud consumption. and to mark any 

other added fat, such as panut butter, in a dioecent color d e r  on the chart. 

(a) Haadüng, Pnpmmtioa and Stomge of Spread aad Sdad Oii 

S p d  was blendeci in a ratio of 40?? butter a> 600? oil (w/w) just @or to the 

kginning of each study group and therrafter when neexid. It was stoted at -lO°C mtil 

nquirrd. The peparstion, storage and handling procedures were similar to those utilized 

in previous snidies (Coma, 1989; Cban, 1990; Chard, 1991). 

The fatty acid content ofeach aCpeemental qmaâ and oil was determineci by gas- 

liquid ckomatography (GLC) foliowhg rncthyiation of the fatty si& using sodium 
a 

rnethortide in methano1 @amon et ai, 1985). The fatty acid methyl esters were analyzed 

with a Hewlat Packard 5890 Gas Chromatngraph &pped with a Durabond-225 

capillary column, 3- x 0.25 mm, a d  a film thickness of0.25 microns (3 & W Scien-c 

hc., Folsom, CA.). hjcctor, dettctot, and col~ma UmpaeamS ~ a e  250°C, 250°C, and 

20S°C, respcaivt1y. Ilit d e r  gas was helium Peak arcas w m  meamcd with a - 

ia A p p d k  6. Fatty acid pcalrs wm idcatificd using rcf-c~ samples (cat#GLC=68B, 

and GLC-87, Nu-Chck Prep. hc., Elysian, MN). 



V Pluma Lipid and Lipoproteiu Cholcrterol AaaLysis 

A sample of vernus blood was taken h m  the antecubital vein of each subject 

following a 12-hou ovdght  fast on day 0.28, and 56 of thc saidy. Blood was coiiected 

in 10 mL vacutaincr tuks  containkg 0.10 mL. of 15% EDTA solution as anticoagulant 

and imrnediatdy chilied on ice. Plasma total cholestemi, HDL-C, LDL-C, triglycerol, 

and glycosyîaîed hemogiobin (GlyHb) wa deteanuied by the Clinid Biochemistry 

Department of the Health Scimces Centre @SC) according to the methods describeci in 

guideliaes for iipid profiles. A copy of thc bhod qpkition fomi is show11 in Appendix 

7. Blood samples ûmsported to the Univctsity of Mariitoba Fort Garry Campus for LDL 

containment, at 2000 RPM (850 x g) for 15 minutes at 4OC to move  the nd blood cells. 
L L 

The plasma was then t r a n s f d  to an acid wasb#l. 5 mL sacw-top vial and storeci at 

day of bload sample coiiection and was compictod ovcr a thtee day Md. 

(a) Lipoprotcin S c p d o n  

PtaSma iipopmtein hctions were sepeiatcd by continwus density ultrcentrihgation 

(Lhdgrcn, 1975). IniWy, 1.5 mL of plasma was centrfigad, using a 50 Ti rotor, in a 

sait (NaCI) solution (dcnsity 1.0630 gm/mL) for 18 hom at 104,000 x g (34,000 RPM) 



and lg0C to separate the VLDL+LDL k t i o n  h m  the HDL fiaction. The VLDL+LDL 

layer was cemoved and bmught to L.0 mt in volumetric tubes using the 1.0630 gm/inL 

sait (NaCI) solution. fo isolate the LDL fiaction, 0.9 mi of the VLDL+LDL was 

centrifhgcd in a medium of density 1.0063 9/mL for 18 ho= at 104,000 x g d M0C 

(&ta et al, 1987). Dupiicatc samples of LDL wne p q m r d  for al i  blood samples; one 

for LDL Eatty acid composition anaiysis and the otha for LDL conjugated diene 

production and LDL particle size detemhation. 

@) LDL D i a m  

SpecWPot 4 MolCCUIlill PQ~OUS Dialysis Membrane tubing (10 mm wide; 12,000 to 

14,000 MW, Spcctnmi, Houston Taras) was cut into 12.5 cm lengtbs (one length per 
\ 

sampIe) and soaked in distilled watcr for 30 minutes @or ta nIling with the LDL 

W o n .  The LDL fiaction was trm$caed to the diaiysis tubing and both ends d e d  

with clamps. Dialysis tubes wiere pkced into cappcd amber botties to which cold 

phosphate bufnr saline (PBS) was d d d  a a ratio of approximately 250 mi PBS pa 

dialysis tube, with a maximum of four tubes per bottie. Oxygcn was removed 6om the 

PBS by purgîng with N2 gas for about 5 minutes. Dialysis botties were p 1 ~ d  on a 

magnetic stina in the cold m m  (tempcmture 4OC) and dialyzcd in the da& for 22 hours 

to ttmove EDTA, the anticuagubt ( c b o ~  agent) presat in the vacutainer t u k s  used 



for blood coiiectioa The PBS was changeci twice during diaiysis at three and s i x  hours 

utüizing the same oxygen purging procedure each time (Jialal a d  Grundy, 1992). 

(c) LDL Conjugated Dkae Anaîysis 

The protein concentration ofthe dialyzeâ LDL fiaction was detennined by the 

method of Lowry et al (195 1) and adjusted to 250 micmgrams (pg) LDL protein per mL. 

Oxidation was initiated by combining 0.1 mL dialyzed LDL with 0.9 mL PBS containhg 

5.55 minomoles copper (final solution concentration was 5 micromoles Cu per 1 .O mL) 

in a glas cuvette. LDL oxidation rate was detenriined by monitoring the change in 

absorbance at 234 nm and 37OC on a Milton Roy W Spectmphotometer equipped with 

an eight-position automatic sample changer, ailowing for the determination of up to seven 

samples at the same the  (one cwetk serveci as a blank each time). Absorbante was 

recordeci every five minutes for 3 to 4 hours depending upon'when each sample reached 

the plateau phase of diene production (Jialial and Gnmdy, 1992). The indices of maximai 

rate of oxidation (diene production rate) and the total amount of dienes produced (initiai 

absorbance subtracted h m  the highest absorbance recorde i.e., the point at which 

absorbante plateaued) was detnminod h m  the Linaic absorbance profile of each 

individuai LDL preparation These indices were assumed to describe the oxidative 

susceptibiliy of the LDL fiaction for each subject. 



(d) LDL Phosphofipid Analpis 

A sample ofdialyzed LDL (250 pg LDL protein per mL) was extracteci by the 

method of Folch et ai (1957) to separate the phosphoüpids b m  the inorganic 

phosphotous. In brief, the procedure involved the addition of 3 mL 2: 1 

chloroform:methanol to 0.3 rnL diaiyzed LDL to which, 0.7 mL of 0.88% potassium 

chloride was added- The solution was centrifbged at 2000 RPM in a Beclmuin OS4 

cen-e for tw minutes and the top layer removed and âisgarded. One mL of the 

chloroform hyer was removed and placed into a 12 x 75 mm disposable glas Mal which 

was capped and storeci in a fkezer at -20°C for later phospholipid analysis. 

Phosphoiipids were determineci by the method of Bdet t  (1959). In brief, the tubes were 

removed h m  the jÎeezer? placed in a 37OC water bath and evaporated to dryness under a 

stream of nitmgen. One mL of water and 0.25 25 of 10 N were added to the 

tubes and the tubes were placed in a 150-160°C oven for thtee hours. Two drops of 

hydrogen pemxide was added to each tube and the tubes were heated in the oven for 

another 1.5 hours. The tubes were removed h m  the oven and dowed to cool. The 

color reaction phase of the analysis was initiateci by adding 2.15 rnL water to each 

sample. BIanks and standards were prepared as follows: (1) blank comisted of 2 mL 

water and 0.25 25 ION H2S04; and (2) standard consisted of 1 mL ofa 2 pg/mL stock 

standard a 2 P 0 4 )  plus 1 mL of water and 0.25 25 10 N H a .  Fiske reagent and 5% 

ammonium molyMate (0. 1 mL of each) were added to each tuùe @la& standards? and 

samples). The tubes were then piaceâ in a boiling water bath for 7 minutes, and after this 



period of tirne, removed and aiiowed to cool to m m  temperature. Absorption was read 

on the Mitton Roy W Spectrophotometer at 830 mn using a water blank to zero the 

instnmient. Blank reacüngs were subûacted h m  aii otha readings, and the amount of 

phosphoiipid present in the LDL determined (see Appendix 8 for caIcdations). 

(e) LDL Particle Size Determination 

Protein concentration of the LDL fiaction was determineci by the method of 

Lowry et al (1951) and adjusted to 250 rnicrograms per mL of LDL. Using this LDL 

solution, total and fiee (mesterifieci) LDL cholestaol were detennined enzymatidy by 

a mociïfication of the method of Main a ai (1974) using Sigma Diagnostics Cholesterol 

Reagent kits. LDL trigiycerides wen analyzed using a colohetric, OP0 (La-glycerol 

phosphate oxiâase) Triglyceride Assay Kit (Diagnostic Chernicals Limited, 

Charloüetown, PEI) according to the enymatic method of hssatti and Lorenzo (1982) 

as modifiecl by McGowan d al (1983). The phospholipid content of the LDL fiaction, 

h g  with the values foc LDL protein and tciglyceride content and LDL total and fke 

cholesten,L content were used to caicuhe LDL particle size by the equations developed 

by Van Heek and Ziiversmit (1991; see equations in Appendix 9). 



(E) LDL Fatty Acid Anaiysis 

LDL sarnples were saponified by incubation of 0.3 mL sample with 1.8 mi, 0.4 M 

KOH in 92% ethano1 (vh) at 37OC for 1.5 hours. M e r  incubation, 2.8 mL water, 0.8 mL 

ethanol, and 200 pL internai standard (pentadecanoic acid; C1S:O) were added to each 

tube. Sterols were exftacted twice with 5 mL n-hexoiw and disg8tded. The saponified 

sarnples weze acidifieci widi 100 pL 6N KCl and extracteci twice with 6 mL n-hexane. 

Six mL of the hexane smacted h m  each ssmple was added to s c m ~  top glass tubes, 

evapurateâ under N2 (g) in a 37OC water bath, combined with 3 mL methanolic HCI, and 

incubated at 80° C for 30 minutes. Samples were mled to m m  tempera-, combwd 

with 500 pL of petioleum ether and 1 mL water, and ceatrifiiged for two to three miautes. 

The petroleum ether layer was removed into a GLC vial and evapomted under N2 gas.. 

The fany acid methyl esters were dissolved in 100 pL petroi\eum ether, flushai with N2 

gas and capped. One microlitre alicpots of each sample were anaiyzed for fatty acids by 

gas chromatography on a 30 m x 0.25 mm i.d. Durabond425 capillary column (J & W 

Scientific Inc., Foisom, CA) with a film thickness of 0.25 microns. Anaiysis was 

performed on a 5890 GC @rogmmed temperature veporlla system) equipped with a 

flame ionkation deteaor 0) and a Hewlett Pzickard 3392A integrator. The carrier gas 

used was helim. The sample volume injected on coiumn was 1 pi, (splitless injection). 

Temperature of the column was programmed h m  70 O C  to 180 O C  et a rate of 

20 *C/min, and then h m  180 O C  to 220 OC at a rate of 3 OClmin. Injector and detector 



temprrahues were 200 OC and 260 OC, respectively. Quantitation of each fatty =id was 

based on peak area comparecl with the peak area for the CI 5:O intenial standard. 

Statîstïcai analysis of the data wes petfonned using SAS statisticai software (SAS 

Institute Inc., Cary NC 1984,1986). Anaiysis of Variance (ANOVA) was pedormed to 

detemine signiIicant Merences among the dietary treatments CAN, LLNA, SNFLR, 

and CONT and to identify diet x genda interactions for the study periods O-56,O-28, and 

28-56 days, rrspectively. When interactions were foutld, linear contrasts were performed 

to determine significaace. Diet effects wme detemiuled using both Duncan's (DMCT) 

and Tukey's W C T )  multiple cornparison tests. 
\ 



1 SubjecQ 

Thirry-six type iI diabctic subjects compkted the 5-y study. Subjcct 

compiianct and motivadion was monitod by 3day f d  records, a take home fiîi-in fàt 

intake chut, wcipht zccords, end pasonal contact with the study's coordinator and a 

RegUted Dietitian. Ofthe total 37 subjccts inthe study, 13 (5 males and 8 f d e s )  

controIIcd b l d  gluoo~e using an oral h m y d c  agent (OH& glyburide), 2 uscd 

insuiin (one male and one fbde), and 22 (12 males and 10 fanees) controiied blood 

ghcosc by dia modification alone. In genaal, the subjects maintaincd constant body 

Wtight throughout the stndy. One male and one fèmait lost weight (2.7 and 5.9 kg) while 

two f é d t  subjccts gaincd wcigût (1.5 and 2.0 kg). These Wtjght changes occiimd at a 

slow rate over the duration ofthe sady. Weight loss was &butcd to improved meel 

d g  patterns and foad choicts ancl k a  more coDferted effort to foiiow dietary 

rccommdiiAntiong, d o o t  due to caioric restriction. Weight gain, for one subjcct, was 

a t h i i  to Ilveight t d h g  classes, wbile mi@ ph for the othr  is unexplaineci. 

Table 1 shows the mean age, BM, a d  M intakes for the -eiital gmups. Subject 

age did not d i f f c r  sigrtifhty among the dietary gmups; the mean age of the CAN, 

LLNA, SNFLR, a d  CONT groups wat 54.0 f 8.2,52.5 f 6.9,54.8 f 10.3. and 52.6 f 

7.2 yem, rrspeotively. Lht mean BMI and standad deviation for each of the dictary 

p u p s  was 31.7 f 6.431.0 f 9.8,31.4 f 8.6, and 31.3 f 5.7 for CAN, LLNA, SNFLR 



and CONT, respectively. No sigaiticant dinerences in BMI @sO.OS) weie found among 

the dietary groups. 

(a) Subject May Food Record . id FWIa Fit  CLut AM&& 

The 3day f d  records ofeach subjsct were d y z e d  for dietary parameters 

including the percentage of daily nit intaLe b m  the experimental spread and oil 

(Table 1). The average daiiy en- was cietenninecl dong with the percent of totai 

and polymisatiarded nd. The average daüy choIestml intake was also detennined (Tble 

1). No significant diffctetlces among the di- p u p s  were fomd for average energy 

intake or the percent of M y  energy brn PRO, CHO, total fàt, saharied fât and 

monoimsahirsted fi&. Pol- fht hbke was sispincantly hi* (@.OS) on the 
\ 

SNFLR than on the CONT diet; the average percentage of daily total en- ingested in 

the fonn of PUFA was 6.8 f 2.5 % and 4.4 f 0.7 % for the SNFLR and CONT cüets, 

nspective1y. Significant geoda diffhences wac found for the percent of daily energy 

h m  PRO; m a  dtnvod a hi* proportion-of en- fiom PRO than women (21.4 f 2.8 

% vs 19.2 f 3.1 % for m m  and -man, respectively; N.04). However, women derived 

a higher proportion ofthcir daüy magy intaLe h m  CHO (44.4 f 7.6 % vs 49.4 f 4.4 % 

for men and women, mpectively; fl.02). Anaiysis of the 3day food records showed 

the average fat intakt for 1 subjects was 33.8 * 2.4 % of daiiy energy as fàt. The 

average total fht intake in the fonn ofexpcrimcntai sprrads and oils was 13.4% of totai 

fht intalce which did not dina significantly among the expcriment.1 dietary groups. 



Tabk 1. Meaa Subject and Dietary Data for the Experimental Croups 

BMI (Kdm') 3 1.7 f 6.6 28.7 f 8.03 
Spmd/Oil 66.5 f 24.5 68.0 f 29.5 

Inbkc (Jnk) 
KaVday 1770f 415 1614f 432 
% PRO " 20.01 f 3.33 18.12 f 4.04 

%Total Fat 32.84 f 7.57 37.37 f 4.09 
K CHO' 47.47 f 7.07 47.09 * 1.36 
96 SAT 10.73k 3 .O5 1 1.85 k 2.60 

1 1 

CHOL 1 309f 179 1 268 & 90 

Diet 
SNFLR 
54.8 f 10.3 

- -  

C O ~  Male Remale 
53.3 * 7.4 9 9 

Experimental die- p u p s  aie as follows: CAN- mgplar canola oil; LLNA- low linolenic acid carda oil; SNFLR- 
sunflowa oil; CONT- control. 

Al1 valws an m m  f SD. 

Significant gender difftrcnces @4).û4). 

' Signi ficant gender differences @<0.02). 

Significant diet differences @<O.OS). Values in the same row with the same superscript letter do not differ. 



Self-recorded fat intalces were used to determine the total amount of experimentai spread 

and oil ingested over the study period as MU as the average weekly intakes of spread and 

oil for each subject Mean sptead and oil intake per week for each die- group was 66.5 

+ 24.5,68.0 I29.5,Sg.S & 19.75, d 75.0 * 15.5 gmms for CAN, LLNA, SNFLR, and 

CONT, rrspecrively and dÎd not di&r sisnificantly (p>o-OS) a m g  the groups. The 

average pment of oleic acid intake, c k r m k d  h m  the 3&y food cecocds, w a ~  13.0 f 

3.4%, 15.6 f 2.8%, 12.3 f 4.6966 and 12.8 f 2.5% for the e m e n t d  dietary groups 

CAN, LLNA, SNFLR, and CONT, nspcctively, and did not M e r  signifïcaatly. The 

percent Iinolenic acid pramî in the acpaimentai spreads was 7.7%, 2.2%, and 0.4% for 

the CAN, LLNA, and SNFLR diets, rrspectively (Appendix 3). The three experimentai 

spreads pmvided appmxhmtely 13.1 mg cholesteroytsp spread. Mean daily intake of 

cholesterol varied h m  230 to 309 mg but did not di&r sigdicantly among the dietary 
\ 

groups or between m m  and women fiable 1). 

@) Siibject Glucose Control (Gîycqdateà Hcmoglobin) 

Mean GlyEib levels (expwsed as a percent of totd hemogiobin, WA13 for the 

di- p u p s  et Day O wae 9 9  I3.8%;, 8.8 f 2.û??%;, 9.2 f 1.4%, and 8 9  f 2-2% for the 

CAN, LLNA, SNFLR, and CONT d i a ,  rrspactively. At Day O, seven subjects were 

within the no& range of GlyHb (4.3-7.03C), whcrras 30 subjccts were above the 

threshold level; the nmber of subjects with GlyHb leveis h m  740% and above 1û% 

wae 19 a d  1 1, rrspeaivcly. Thae wcre no diffcrences in mean change in GlyHb levels 

due to the acperimental die& for the study periods O-56,O-28, and 28-56 days cable 2). 

74 



Tibk 2. Meaa Change in Giycosyiated Hemoglobin Levels on 
Experimental Diets '' 

\ 

AU values arc mean f SD. F-values and associated probabilities for the statistid 
camparison among expcrimatd di- are show in Appenâix 10. 

2 Mearis in the same column with the seme supersgipt letter do not di&t (p0.05). 

i 

3 Sasek ( h y  O) MhVs fOT GlyHb levcl(%) were 9.9,8.8,9.2, and 8.9 for the CAN, 
UN& SNFLR, aiid CONT groupe, qmtively. 

VuSrblt 
CAN 

LLNA 
SNFLR 
CONT 
~ e r  ' 
Femrlcs 

Sm* Period 
 YS) 

4 Significant (p4.03) gcnder différences during the study period 0-56 days. 

0156 
4.57 f 1.83 a 
4-14 i 0.89 a 

0.02 & 1.36 a 

-0.04 f 1.81 
4.81 f 1.43 
030 f 1.40 

- 

0-28 
4.13 .4 0.78 ' 
4.34 00.9 
4-19 i 0.88 
0.16 f 1.67 a 

9 

- 

28-56 
-0.44 * 1.32 ' 
0031 f 0.W 
0.02 I0.93 ' 
-0.20 f 0.50 ' 

O 

- 
b 



SigaifiCant digemnces (fl.03) in the change in mean GLyW level were found between 

men and women ovef the study prriod 0-56 days. During this pedod, mean GlyNb levels 

for men decreased 8.4%, wbile the meaa level for women i n d  3.4% (Table 3). 

II Effcet of the ErpcRmentd Dieb on Pluma Toeil and Lipoprotein Chdcsteml 

Concentrations of NIDDM Subjects 

Mean concentrstions of plemia total cholest«ol (TC) end Lipoprotein (LP) 

cholesteml at Day O ofthe sbdy and the percent changes in these levels in response to the 

expcrim~~~,tal diets fa bu Jhdy paiods 0-56 days are SrmimariPd in Tables 4 and 5, 

respectively. The mean change in plasma TC and LP cholesterol concentration (mmoYL) 

for the tlne+ shldy paie O-56,û-28, and 28-56 days are summanÿed in TabIes 6,7, and 

Plasma TC C O I I C M ~ ~ ~ ~ ~ O I I S  wrn not Sected by the eIrpaimental diets over the 

duration ofthe shdy (0-56 days; Tabks 5 and 6; Figure 3) or over the intemals 0-28 end 

28-56 days (Tables 5 and 6). Similarly, mean change in TC and LDL-C concentrations 

were d e c f t d  by the acpaimatal die& for the sbdy pcriods 0-28 and 28-56 days 

('ïabks 7 and 8). Ho-, over the M y  paiod 0-56 days, a signifiant @cO.OS) diet x 

g a d a  interaction was found for LDL-C. The meaa LDL-C concentration for women did 

not change on the CAN diet and d i f F i i  sipiücantly @4).03) h m  that on the CONT 

diet which decrrased 23.5% (Figure 4; Tables 5 and 6). By contrast, mean LDL-C 

concentrations demascd 7.3% on the CAN dict and incrcased 8.8% on the CONT dkt 

for men (p4l.M). For womcn, the change in mean LDL-C concentration on the LLNA or 



Table 3. Mean Glycoaylated Hemoglobin Levels (Day O) and Percent 
Change (0-56 Dap) for MBIes and Females 

. 
Male 9.62 + 321 - 8-41 

f AU valuw for mean glycosylaîed bemogIobin lmls an mean f SD-at Day O. 

Valuw exprcss#l as a percent incntase or deaease for îhe study paiod 0-56 days and 
are baseà on the mean vehw show11 at Day O. 



Table 4. Mean TC and LP Concentrations for the Esperimental Diet 
Groups @Bay O) If 

P b m a  Lipid p 
I 

TC 
LDL-C 
M 
F 

HDLC 
TAG 
TCrHDL-C 

1 AU values are mean f SD. 

2 Means in the samc row with the same supasaipt letta do not diffa (luO.05). 

Units for piasma lipid parametcrs are mmoVL cxcept for the TC3IDL-C ratio. 

Health Sciences Centre Rcf~fi~11~e Caboratory Manuai- Appenàix 7 (Interptctive 
Guidelines for Lipid Profiles). 



Table 5. Percent Change in TC and LP Concentrations for the 
Experimentai Diet Groaps: 0-56 DPys IS 

P h r r a  Lipid 
P-tter 

TC 
LDL-C ' 

1 AU values are percent change h m  baseiïne (Day O). 

M 
F 

BDL4 
TAG 
TC:HDL-C 

Diet Gmup 
CAN 

-3.05 

-7.25 
031 
-0.31 
15.74 ' 
0.58 ' 

LLNA 

-7.36 ' 

-5.20 
-11.74 
8.00 

-20.86 
-5.52 

mFLR 

-0.24 ' 

-5.39 
-2.58 
6.40 a 
0.18 a 
-4.59 ' 

CONT 

-6.78 ' 

8.82 ' 
-23.51 
7.62 ' 

-12.89 
-13.15 ' 



Table 6. Mean Change in Plasma Total and Lipoprotein Chofesterof 
Concentrations on Experimental Diets: 0-56 Days l 

AU vaiues an mean f SD. F-values and associateci pmbabilities for the statisticai 
cornparison among eI<paMcntal diets for ail above lipid parameters are show11 in 
Appendix 11. 

- 

* Means in the same mw withtûc same supascript letter do not Mii @>O.OS). 

PJasma 
Lipkl 

, (mm0W 
TC 
LDCIC a 

M 
F 

HDt-C 
TAG 
TC:HDIrC 

Diet Croup 

3 Significant @Q)-05) diet x geider interaction. Lincar contrasts and associatsd t-statistic 

CAN 

-0.17 + 0.97 ' 
-023 f 0.18 
0.01 I 0.46 

4.004 I0.10 
0.36 i 0-60 ' 
0.03 I 0.29 

and prohbility vaiues are show in Appendix L2a. 

ILNA 

4.42 I 0.39 ' 

-0.17 I 0-63 
4.37 I 0.33 
0.11 * 0.36 ' 
4-49 1.06 ' 
-0.24 * 0.71 ' 

SNEZR 

4-01 * 0.87 ' 
-0.19 k 0.93 
-0.10 * 0.81 
0.08 + 0.19 ' 
0.003 * 0.32 ' 
-OB f 0.79 ' 

CONT 

-0.37 f 1.21 ' 
0.25 * 0.52 
-0.86 * 1.42 
0.09 i 0.20 " 
-0.3 1 k 0.86. 
-0.64f 1.12' 



Table 7. Mean Change in Plasma Total and Lipoprotein Cholesterol 
Concentrations on Experimentai Diets: û-28 Days '' 

LDIrC 
H D M '  
M 
F 

TAG' 
TC:HDIrC 
M 
F 

Diet 
LLNA 

Gmup 

SNFLR 

AU vaiues an mean f SD. F-ducs and assocïated pmbabilities for the statisticai 
cornpiirison among experhenîai diets are showun in Appmdix 11. 

Meam in the same row with the same supascript letter do not diffa @X).OS). 

Signifiant (pû.03) diet x gendcr interaction. Lincar contrrists a d  associatcd t-statistic 
and pmbability values arc shown in Appendix 12b and 12c. 

Signifiant (p4I.05) gmder diffcrcllces. Mean change in TAG levels are 0.20 i 0.62 
and -0.34 f 0.80 for men and worncn, nspfftivcly. F-values and asociaîed 
probabiiities for the Statisticai cornparison ktwœn genders are show in Appmdix 1 1. 



Table 8. Mean Change in Plasma Total and Lipoprotein Cholesterol 
Concentmtîons on Esperimental Dieb: 2û-56 Days l r  

Piumi Lipid 
(.mnioUL) 

' W d u e s  are mean f SD. F-values and assooiated probabtiies for the statbticd 
cornparison among arpaimental d i a  are show in Appmdix 11. 

LDLC 
EDLC . 
TAG 
TC:HDL-C ' 

2 Means in the same mw with the same supemxipt letter do not differ (pMl.05). 

Diet Groip 

Sienificant (p4l.04) diet effkcts. DMCT end TMCT aie shown in Appendix 13. 
Supasaipt letter assignmmt is accordhg to TMCT., means in the same row with the 
saxm super&@ lctter are not Statistically diffaent (@.OS). F-values and 8SSOCiated 
probability values for the strdisticaî comparbon among cxprhental diets is show in 
Appcidix 11. 

CAN 

-0.25 + 0.94 
4.03 + 0.41 ' 
0.00 * 0.12 ' 
0.32 f 0.53 
-0.0% I 0.55 " 

LLNA 

y - -  -0.27 + 0.38 
-0.19 I 0.24 
O.Ol+ 0.12 ' 
-0.19 I 256 
6.16f0.52' 

SNFLR 

-0.07 f: 0.72 ' 
-0.17 i 0.58 ' 
0.09 * 0.17 ' 
0.09 I 0.52 " 
4.21f0.73' 

CONT 

4-36 f 0.61 
-0.41 + 0.49 
0.06 i 0.20 
0.15 f: 0.41 ' 
-0.64 + 0.71 " 



Figure 3. Effect of Dietary Fat Source on Change in Total 
Serum Cholesterol: 0156 Days 

CAN LLNA SNFLR CONT 

Dietary Fat Source 



Figure 4. Effect of Dietary Fat Source on Change in LDL 
Cholesterol in Men and Women: O46 Days 

i Men 
rn Women 

CAN LLNA SNFLR 

Dietary Fat Source 



SNFLR die& did not di&r h m  the chauge on the CONT diet (Le. LLNA = SNFLR s 

CONT). By contmt, the main change in LDL-C concentrations oa the LLNA and 

SNFLR diets for men foiiowed the same pamni as for the CAN diet; thm was a dectease 

in LDL-C Ievels on the CAN (-7.3%), the LLNA (-5.2%;) and SNnR '53%) didias and 

an inmase on the CONT diet (8.8%). The mcan change in LDL-C concentrations in men 

on the CAN, LLNA, and SNFLRdiets d i f f d  h m  the change on the CONT dia 

(Table 5). 

A similm diet x gcnda intetaction (@4l.03) wap fouad for HDL-C d e g  the 

paiod 0-28 days (-at contrast an prniented in Appdbc 12b). Table 9 and Fi- 5 

show that for women, mean HDL-C concentration h d  signifïcantly on the LLNA 

diet (12.7%; jd.01) wherras it decrrased on the SNFLR and CAN diets (-2.5 asid -2.6 

%, iwpectively). Although the &ange in mean HDL-C concentration for women also 
\ 

increased on CONT, it did not dina h m  the changes on the other dieu although the p 

value for the iinear contrasts cornparhg the LLNA and CONT diets was 0.08 (Appendix 

12b). No significant differtncts in the mean change in HDL-C con cent ratio^^^ wae 

found for men among the cxpcrimcntal diets. Howevcr, some opposite diet effkcts for 

men and women are of intawt VaMe 9 auâ liocat coatrasts in Appenduc 12b). Mean 

HDL-C concentration inctesstd for women on the LLNA diet but deCrcasad on the CAN 

and SNFLR dias d t i n g  in a significant diffktmœ in the e f f i  of the LLNA diet 

wmpared to CAN and SNFLR dim. By contras& the e f f i  of these dicts tended to be 

oppsite for men aithough the changes did not di&r significmtly mong the three diets. 



Table 9. Mean EDL-C Concentrations @..y O) and Percent Change 
(0-28 Days) for Experimenbl Dieb ' 

\ 

1 Thm was a signibnt @<0.03) diet x gender interaction for HDGC leveis duMg the 
048 day sadg paiod. 

AU values for mean HDL-C lmls are mean f SD at Day O. 

Vducs arpesscd a9 a perce~t in- or dcaarse for the M y  @od 0-28 days besed 
onthememvai~t~atDay0. 



Figure 5. Effect of Dietary Fat Source on Change in HDL 
Cholesterol in Men and Women: 0-28 Days 
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For the study periods 0-56 and 28-56 days, diet effects on mean change in HDL-C 

concentrations were negiigible. 

No dietary eff- on TAO levels were found for the t b  t h e  intervais of the 

study. Howeva, signifïcant geader différences 0 - 0 5 )  in mean change in TAO 

concentrations fiable 7) wac f o d  for the @od 0-28 days; for women, TAG 

concentration decteased 14.5% deteas for men TAG concentration increased 10.8% 

during this perioâ (Table 10 and Figure 6). 

Mean change in the ratio of TC:HDL-C was not affected by the eqmimental diets 

during the sady @od 0-56 dayq which was consistent with the absence of diet eff- 

on eitha TC or HDL-C during this @od fiable 6). However, thac was a s i ~ c m t  

diet &éct (p<0.04) on the mean cbaDge in the TC2TDL-C ratio during the second 

intemi of the study (28-56 days; Table 8 and Figure 7). The dict effects, in inorder of 
\ 

largest mesn decfease in TC:HDL-C ratio, diiring days 28-56, wae: CONT, - 1 3.2% > 

SNFLR, 4.8  % > LLNA, -3.5% = CAN, -1.9 % cable 12). A Duncan's multiple 

cornparison test (DMCT) for diet dineteaces (Appendix 13) showcd the CONT diet 

d t e d  in a gralter dcmmsc in the TC:HDL-C ratio tban the C M ,  LLNA and SNFLR 

dias no di&rrws aktd among the lattn t k e  dids. Tukey's multiple 

cornparison test ('TM- showcd the deaeasc on tbe SNFLR diet did not Mer 

signifiamtly from that on the C O M  diet (Appendix 13). DMCT and TMCT dina in 

that Tukey's test is a more consemative test ofdiet dinmces and reveals more subtle 



Table IO. Mean Triglyceridc Concentrations (Day O) and Percent 
Change (0-28 Days) for Males and Fernales ' 

' laae wen sigdicant @<O.OS) gender Merences in TAG leveis during the 0-28 day 
d ~ p a i o d .  

* AU values for mean TAG lcveis are mean f SD at Day O. 

Values as a percent incnasc or decrease for the study p d x i  0-28 days based 
on the mean values at Day O. 



Table 11. Mean TC:- Ratio @ay 0) and Percent Change 
(0-28 Days) for Experimental Dieb 

\ ' AU dues  for mean TC:HDLC leveis are mean & SD at Day O. 

Meaa '* 
( -om 
M 
F 

% change = 
M 
F 

Thclt was a sipifkant (pd).OS) diet x gender interaction for the TC:HDL-C ratio 
during the 0-28 day study perid 

Values expresd as a percent incmsc or h for the shdy pehd 0-28 days based 
on mcan v a i s  at Day O. 

Dkt G m p  
L 

CAN 

4.91 & 1.76 
4.08 + 1.08 

-6.82 
10.54 

CONT , 

4.78 4 1.05 
4.97 + le 15 

14.82 
-1 1.22 

LLNA 

5.09 i= 0.43 
3.87 & 0.80 

18.41 
-12.65 

SNFLR 

3.80 f 0.96 
4.89 k 1.12 

-4.73 
3.31 



Table 12. Mean TC:HDLC Ratio (Day 28) and Percent Change 
(2û-56 Days) for Esperimental Diets ' 

1 raCre was a sigdlcant diet effkct QHl.W) for the TCSDL-C ratio durhg 28-56 days. 

2 AU dues for mean TCSIDL-C leveb arr mean f SD at Day 28. 
\ 

Mira' 
(m-W 

% ChrngP 

Vdues expmsed as a percent increase or decmue for the d y  perioâ 28-56 days and 
ate based on the above mean values. 

4 Values with the same Supascnpt letter do not diffa (psO-05) as ciassifîed according to 
TMCrshownhAppmdix 13. 

CAN 
4.26 + 3.88 

-1.85 

M A  
4.56 + 1.67 

-3.45 " 

SNFtR 
4.42 + 1.26 

-4.81 

CONT 
4.89 * 1.24 

-13.23 





Figure 7. Effect of Dietary Fat Source on TC:HDL-C Ratio: 28- 
56 Days 
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Over the fkst interval of the study (0-28 days), a signincant -05) diet x gender 

intetaction occurred in mean TC:HDL-C ratio which coincideci with the diet x gender 

interaction for HDLC (Table 7). L k  contrastp fou& no sigoificaat differences among 

the enpaiment.1 diets foc men or for women (Appendix 12c). However, th= was a 

trend towards opposite responses in the TC:HDL-C ratios for men and women on the 

experimentai dias (Table 1 1 and Figure 8). Compared to the CONT diet where the ratio 

incread 14.8% for men and decreased 11.2% for women, the TCSDL-C ratio 

decregsed 6.8% for men and increascd 10.5% for women on the CAN diet A similar 

pettem prevaiied for the cornpiirisons of SNFLR versus CONT; TCADL-C ratio on the 

S N n R  dia decrrased 4.7% for men and i n d  3.3% for women. By contrast, the 

change in TCS3ûL-C mtio was similar on the UNA and CONT diets for both men anci 

women, although, in the opposite dhction: it iacrrased for m a  and deneesed for 
\ 

women. The TC:HDL-C ratio dccrcascd 12.6% for women and hcreased 18.4% for men 

on the LLNA diet, The diet x genda interaction for TC:HDL-C ratio is  most lürely due 

to the diet induced changes in HDL-C concmtmtions for the same study pcriod. 

I l i  Effcet of the Ekperimtntrrl Meta on LDL Oxidrtion Rate in MDDM Subje& 

Two indices of LDL orridation wat measiond: rate of c h g e  (rate) and total 

change in absorbgnce (delta absorbance or total conjugated dienes pduced) when LDL 

werr oxiàizcd in the PL~CSCI~CC of a c o p p  cataiyst. Data was subjccted to the saw 

statisticai d y s i s  as the plsrna lipid and lipopmein data Mean changes in LDL 



oxidation rate and the total change in absocbance in rrsponse to the experimental diets for 

aii tW experimentd periods are nported in Table L3a and 13b. 

The experimental diets had no a&a on LDL oxidation rate for the study pend 

0-56 days. Howcver, during the fkt  p e n d  (0-28 days) of the study, a sigriificant 

(j~0.003) diet x gender interaction occuned. Table 14 summsriPs the mean LDL 

oxidation rate at Day O of the study and percent change for the expeiimentai groups. 

Figtue 9 shows the effects of the dietary fht source on t&e LDL oxidation rate for men and 

women during the 0-28 day stuây paiod The change in mean LDL oxidation rate for 

womcn was gmtcst for the CONT p u p  (14.2%). The change in tate on the CAN 

(5.4%) and LLNA (82%) di& did not M e r  h m  thet on the CONT diet for this 

parameter 0.e. CAN * LLNA r CONT), however, the SNnR diet d t e d  in a 

signismtly lower (-2.7% pdl.007) mean LDL oxidation rate than the CAN, LLNA, or 
\ 

CONT diets. The CONT diet also d t e d  in an incnase in the mean change in LDL 

oxidation rate for men (23.6%)). Howeva, imlüre the effw for women, there were no 

changes in mean LDL oxidationrate on thc CAN, LLNA and SNFLR diets over the same 

period. As a dt, the change on the CONT dkt diffaed signincantly h m  that on the 

C M ,  LLNA, and SNFLR dieg (p<o.0004, pc0.002 and p4.001, rrspcctively). 

Signifiaint (p<0.û4) diffbrences in LDL oxidation rate, aiso were found duriag the 

second month of the study (28-56 days). Table 15 susnmariPs the mean LDL oxidation 

rate at Day 28 of the sbdy a d  the percent change for tbis pcriod. Figure 10 shows the 

eEect of dietary fat source on the LDL oxidation rate durhg this perid A Duncan's 

multiple cornparison test @MCT) showed that au incrca~c in LDL oxidation rate 



Table 13.. Mean Change in LDL Ondation Rate on Experimental 
Diets lZ 

\ 
1 Values for mean change in LDL oxidation nitc are du mean and the S D  x 104. 

Rate 
(AAbdmin) 

0-56 
0-28 ' 
M 
F 

28-56 *,' 

2 Means in the same mw with the same Oupascnpt letta do not di&r QW.05). 

Signifiant Q ~ û . 0 3 )  dKt x gader interaction. Linear conalasts and associeted 
t-Statistic Md pbabilitics arc shown in Appendix 12g. 

met Gmup 

' Signincant diet e f f i ;  p40.04 fm oxidation rate (28-56 days). DMCT and TMCT for 
LDL oxidgtion rate arc shom in Appmdix 15. F-ducs for the Statisticai cornparisons 
among di& are show11 in Appcndix 14. 

CAN 

-2f 23 

df 18' 
6f 12' 
-2f 15" 

' Values with the saw supaacript letter do not diffet 0 . 0 5 ' ) ;  cfassification baseci on 
DMCT in Appmdix 15. 

U A  

-117' 

018' 
8*108 
d+1OU 

SNPZR 

10 i 208 

-2i21 
- 3 f 3 s b  
lof 40' 

m - CONT 
I 

5 f  12' 

19f  1 6 ~  
12f 6' 
-7i5" 



Table 13b. Change in M-n LDL Absorbance @elta Abs) on 
Erperimental Diets If 

' Values for delta abs arc the meanand the SD x 1oD3. 
\ 

Means in the same row with the sarne SupasaiPt letter do not di&r @.OS). 

Significant diet effects; p4.05 for delta abs (0-28 doys). DMCT and TMCT for delta 
abs are show in Appcndix 16. F-values for the stasisticai compa&mns among diets are 
shown in Appmdix 14. 

Vahies uith the same ouparsaipt lctter & not dinir @>O.OS); classifidon based on 
DMCT in Appendg 16. 



Table 14. Mean LDL Oudation Rate @ay 0) and Percent Change 
(0-28 Days) for Erpcrimental Diets 

2 There was a si&niiïcant (p4I.05) diet x gendts iineraction for the change in LDL 
oxidation rate durhg the 0-28 &y shdy p u i d  

M a n  Rite 
(AAbdm~n)~ 
M 
F . 

'% change= 
M 
F 

Values atplesscd as a percent hacase or darraPt for the study p&od 0-28 days based 
on mean d u c s  at Day O. 

4 Values in tbe same mw with the same supnsaipt letter do not di&r (Iuo.05). See 
linear contrasts in Appendix 12g. 

\ 

CAN 

105 + 17 
102 + 26 

2.38 ' 
5.42 ' 

Ditt Gmap 
U A  

97 * 14 
87 k 10 

-0.02 ' 
8.68 

SNFLR 

109I 19 
99 * 12 

-1.42 
-2.71 

CONT 

80 k30 
83f 15 

23.65 
14.17 ' 



Table 15. Mern LDL Oxidation Rate (Day 28) and Percent Change 
(2û-56 Days) for Experimeital Diets 

1 AU dues for mean oxidation iate are mean and SD x 10 f at Day 28. 

MtamRstc 
(Mbdmin)? 
'% ChangeU 

There was a signincant diet enbct rn.05) for the c b q e  4 LDL orcidation rate durhg 
the 28-56 day sbidy period. 

Vaiues exprrssed as a pcroent irrcnese or dcçrrasc for the sbidy @od 28-56 days 
baseci on the mean values at Day 28. 

Diet Gmup 
I 

CAN 
102*12 - 

-1.70 

U A  
% i l 4  

4.50 " 

SNFLR 
101 + 29 

10.26 ' 

CONT 
95 I 14 

-7.44 . 
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occurred on the SNnR diet (10.3%). A d decrease (-1.7%) in LDL oxidation rate 

o c c d  on the CAN diet, while the LLNA and CONT diets redted in m e r  decreases 

(4 5 and -7.4%, respective1y)- However, no ~IBetences were found among the diets by 

the Tukey's multiple cornparison test (Appedbc 15); TMCT is a more maservative 

multiple cornparison test than DMCT, although both DMCT and TMCT usuaiiy produce 

bmadiy comparable resuits @assad, 1991). The dispiuity ktween these two tests 

suggests that the diet ciShences are marginal. Hassard (1991) has suggested that the 

more sevm standards used in TMCT can lead to subtie grnuine differences king 

overlwked. 

IV Effkct of the hperimentd Dieh on Total Change m Absorbance 
@cita Absorbance) in NIDDM Subjects 

The experimental diets had no effect on the total chasge in absorbance (total 

amount ofconjugated dienes produced) over the entize study pend (0-56 days) or the 

Iast interval (28-56 days). However, a signifiant diet effect was found over the first 

month of the sady (0-28 days). In gend,  it is assumgi that the more total conjugated 

dienes formed, the grrata the LDL oxidation. Mean total change in LDL absot.baace and 

percent change fot the cxperimental dieg for the 0-28 day mod are show in Table 16 

and Figure 1 1. DMCT and TMCT were pdormed to determine ciifferences among diets 

(Appendix 16). DMCT showed the order of diet effects, beginning with the diet 

producing the largest amount of conjugaîed dienes (largest total change in absorbance) to 

be: CONT, 9.9% > SNFLR, 5.3% > CAN, 0.6% = LLNA, -0.4%. The percent change in 



Table 16. Change in Mean LDL Absorbance (Delta Abs at Day O) 
Daring LIDL <hidation and Percent Change (û-28 Days) 

for Esperimelitai Diets 

AU values for mean delta absorbante aze mean and SD x lW3 at Day O. 

Mean AAbs 
?% Change 

* Thm was a sisnificant diet effect Q~û.05) for the change h absorbame during the 
0-28 day study period. 

Values expresd as a petcent inctea~e or decrea!w for the study period 0-28 days based 
on mean values at Day O. 

- 

Diet Graop 

* Values with the same supRcript letter do not diaa (pzO.05); classification based on 
DMCT shown in Appendix 16. 

CAN 
345 î 25 

0.55 

LLNA 
330 142 
-0.44 a 

SNFLR 
375 * 54 
5.31 

CONT 
343 t 42 

9.93 " 





total absorbance for the SNFLR diet was niid-way between the CONT and the CAN and 

LLNA diets. By contrast, there were no diet diffe~nces by the TMCT suggesting 

matginai effects of dîet on lipid oxidation as m e a d  by the formation of conjugated 

dienes, 

V Effcet of the E~peFlmentaI Diets on LDL Fatty Acid Patterns in MDDM Subjects 

The LDL fatty acid data was statisticaiiy anal- with the same mode1 as the 

plasma total and lipoptein cholesterol daîa. Changes in fatty acid composition of the 

LDL h t i o n  in rrsponse to the expcrimental diets are reported as the mean change in 

percent fatty acids over the duee sady @ods O-56,O-28, and 28-56 days cables 17b, 

18, and 19b). Tables l7a and N a  prisent the mean percent f8ay acid composition of the 

LDL M o n  at Day O and Day 28, ze~pectively. 
\ 

There were no signifiant changes in the mean LDL fany acid composition for 

myristic acid (C14:0), palmitic acid (Cl6:0), paimitoleic (Cl 6: l), oleic acid (Cl 8: 1). 

holeic acid (LA; C 1 8:2n6), hoIenic acid &NA; C l8:3n3), eicosatrienoic acid (C20:3), 

eicosapentaenoic acid @PA; C20:5), docosapentaenoic acid (C22:5), and 

docosahexaefloic acid @HA; (225') over the 0-56 day study p i c d  Diet x gender 

interactions were found during this period for stearic acid (C18:O) and arachidonic acid 

(C20:4). From the hem contrasts shown in Appendix 12d and data in Table 20 and 

Figure 12, it is apparent that for women, the mean change in C 1 8:0 levels differed 

significantly for the SNFLR diet (4.8%) compared to the CONT diet (-1 -6%; p<O.OS). 

whereas there were no si@cant dBerences in the mean change in Cl 8:O among the 





Table 17b. Mean Change in Percent Fatty Acid Composition of LDL: 
0-56 Days If 

Fatty Acid ' 
14:O 
l6:O 
16:l 
l8:0 
M 
F 

18:l 
L8:2 
l8:3 
20:3 

20:4 
M 
F 

205 
225 
22:6 

CAN 

1 AU values are mean f SD. F-values and associated probabilities for the statistical 
cornparison among expaimentaî diets are sbown in Appendix 17. 

Means in the same row witù the same Superscnpt letter do not di&r w0.05). 

Carbon chain Iength : amber of double bonds. 

4 Signifiant diet x gender interaction was founâ for C18:O and C20:4. Liiear conerasts, 
associated t-statistic, and probability v a h  are shown in Appendix 12d and 12e. 



Table 18. Mean Change in Percent Fa Acid Composition of LDL: 
0-28 Days 3 

Fatty Acid " 
14:O 
16:O 
16:l 
l8:O 
18:l 
182 
l8:3 
20:3 
20:4 
M 
F 

205 
225 
226 

LLNA 

AU values are mean f SD. F-values and associaîed pbabilities for the statistical 
cornparison among experimentai diets are shown in Appendix 18. 

2 Means in the same row with the same superscript letter do not diffa w.05). 

Carbon chah length : numkr of double bonds. 

4 Sigdicant diet x gender interaction for C20:4. Linear contrasts, associated t-statistic, 
and probability values are shown in Appendix 12f 



Table 19a. Mean Percent Fatty Acid Composition of Lipid in the LDL 

Fatty Acid ' 

Fraction at Day 28 ' 

Diet Groap 
CAN 

1 Al1 vaiues are mean f SD. 

Caibon chah length : nuniber of double bonds. 



Table 19b. Mean Change in Percent Fa Acid Composition of LDL: 
28-56 Days p 

CAN LLNA 

l AU values are mean f SD. F-values and associateci probabilities for the statisticai 
cornparison among eXpaime11ta.l die& are shown in Appendix 19. 

Means in the same row with the same superscript letter do not differ (p>O.OS). 

3 Carbon chah length : number of double bonds. 



Table 20. Mean LDL C18:O Fatty Acid Levels at Day O and Percent 
Change (0-56 Days) for Experimentol Dieh 

Diet Gmup 
CAN 1 LLNA 1 SNFLR r CONT 

AU values for mean percent Cl 8:0 levels are mean f SD at'Day O. 

There was a significant @<O.OS) diet x gender interaction for LDL C18:O levels during 
the 0-56 day study period. 

3 Valws expressxi as a percent increase or decrrase for the study period 0-56 days ba=d 
on mean values at Day O. 

4 Values with the same superscript letter do not differ (pO.05); classification based on 
lieear contrast in Appendix 12d. 





other diets. For men, LDL C18:O content deccPesed 4.7% on the CAN diet compared to a 

7.4% increase on the LLNA diet m.01). whaeas no differences occrimd with the other 

diets. Opposite diet e f f i  of interest for men and wornen included a slight incrrase in 

Cl 8:0 levels for women on the CAN diet (1 3%) comparecl to a decrease on the CONT 

diet (-1.6%), and an opposite response in this fatty acid for men on the same diets (-4.7% 

and 0.7% for CAN and CONT, rcspeaively). Cl8:O levels remaineci constant for women 

on the UNA diet whereas leveis for men increased (7.4%). When CAN and LLNA diets 

are compared, women show a trend toward i n d  C18:O levels, ualike men who show 

a signifiant (p4l.01) decnase on the CAN compared to an inmase on the LLNA diet 

Appndix 12e, Table 21, and Figure 13 show that for women on the CAN and 

LLNA dias there were mean increases in LDL C20:4 levels (7.9?! and 8.4% for CAN 

and LLNA, respectively) whems there was a decrease on the CONT (-5.6%) during the 
\ 

study. These dinerences were statistically sisnifiant (Appendix 12e). The SNFLR diet 

&O d t e d  in an increase in mean LDL C20:4 level but the change did not differ h m  

any of the othet dietary regimen. For men, it is di5cuit to interpret these findings due to 

the unbalancecl LLNA p u p  (containeci only 2 subjects). Nonetheless, there was a 

de- (20.7%) in LDL 20:4 level on the LLNA diet compareci to increases of 8.8% on 

the CONT diet and 9.1% on the CAN diet As a dt, the changes on the LLNA and the 

CONT and CAN diets dinered sigdicantly m.0006 and ~0 .005 ,  respectively; 

Appendix 12e). There was also a slight deeruise in mean C20:4 level on the SNFLR diet 

for men (2.1%) whwher there was a slight increase for women (3.3%). No sigdicant 

diet effects were found for any other faay acids. 



Table 21. Mean LDL C20:4 Fatty Acid LeveI at Day O and Percent 
Change (0-56 Days) for Erpcrimental Diets 

AU values for mean percent C20:4 levels are mean i SD a t ~ a ~  O. 

Mean L4 
M 
F 

, 
% Change afl 

M 
F 

There was a signifïcant ( ' . O S )  diet x gender interaction for LDL C20:4:0 levels 
during the 0-56 day study @od, 

Values expressed as a percent hcrease or decrease for the shidy period 0-56 days based 
on the mean values at Day O. 

4 Values sharing the same superscript letter do not differ w.05); classification based on 
kear contrast in Appendix 12e. 

CAN 

6.81 * 1.43 
6.82 k 1.30 

9.13 a 
7.92 

SNEZR 

7.19 + 1.58 
5.84 + 0.53 

-2.12 
3.32 * 

LLNA 

6.39 k 1.86 
5.63 f 1.33 

-20.73 
8.35 

CONT 

6.45 + 2.52 
7.35 I 1.81 

8.76 a 
-5.61 



Figure 13. Effect of Dietary Fat Source on LDL C20:4 Levels in 

CAN LLNA SNFLR CONT 

Dietary Fat Source 



During the study period 0-28 days (Table 22 and Figure 14) there was a 

significant diet x gender interaction for the change in LDL C20:4 levels. C20:4 levels for 

womem incceased L3.8% on the LLNA diet m.0 1) whereas for men on the LLNA diet 

C20:4 leveis kreased 3.7% Q%û.03). By contrast, C20:4 level for men increased on the 

CONT diet (14.5%) whereas it decrawd for women (8.0%)). Thete was also a signiscant 

ciifference in the changes on the CAN and LLNA diets; C20:4 levels increased 12.5% for 

men on the CAN diet whereas on the LLNA diet, levels decieased 3.7% (p<0.04). The 

changes on the CAN (3.0%) and SNFLR (3.4%) âiets for women did not diffa 

sipnincantly h m  either the LLNA (13.8%) or the CONT (-8.0%) di&. 

M Effkct of Experimentai Diets on LDL Particle Size  Parameten: CodSur Ratio, 

Radius, rund DiPrneter 
\ 

The LDL particle Sue parameters, including LDL wdsu ratio. radius, and 

diameter, were calculateci according ta the equations of Van Heek and Zilversmit (1 99 1) 

which are !mmmmhd in Appendix 9. Statistical analysis of the LDL size characteristics 

were carried out in the same way as described for plasna total and fipoprotein cholesteml 

data. Main change in these parauleters in response to the experimental die& are reported 

as the mean change over the study periods O-56,O-28, and 28-56 days (Tables 23 and 24). 

There were no Merences due to diet in the change in LDL panimeters: namely 

cor/sur ratio, fadius, or diameter during any of the study periods. However, sigaificant 

gender Merences wete found for aii parameters over the 0-56 &y study period (Table 25 

and Figure 15); LDL corlsur ratio, radius, and diameter i n c d  appreciably more for 



men than womea Percent change in LDL cor/sur ratio, tadius, and diameter were 22.0%, 

22.0%, and 16.3% for men, and 0.1%, 9.7%, and 7.3% for women. However, large 

variability was f o d  in these parameters. 



Table 22. Mean LDL C20:4 Fatty Acid Leveis at Day O and Percent 
Change (O-U) Days) for Erperimenhl Diets 

1 Ditt Gmup 1 

1 AU values for mean C20:4 levels are mean percent f SD a t \ ~ a ~  0. 

2 There was a signifiant w0.05) diet x gender i n m o n  for LDL C20:4:0 levels 
during the 0-28 day d y  period. 

3 Values expressed as a percent inmase or decrease for the study p&od 0-28 days based 
on the mean values at Day O. 

4 Values in the same row with the same Supascnpt letter do not dina Q~û.05); 
classification ôased on linear contrasts in Appendix 12E 



Table 23. Mean Change in LDL Partick Size Panmeters: 0-56 Days l J  

1 AU values are mean f SD. F-vaiues and essociated probabilities for the statistical 
cornparison ammg experimental diets are shown in Appeadix 20. 

6 

Variables 
CAN 

LLNA 
SNFLR 
CONT 
Males' 
Femaies 

Means in the same column with the same supersctipt letîer do not differ @.OS). 

3 Signifiant gender differences (jd.04) for all three LDL partide size parameters 
including the codsur volume ratio, d u s ,  and diameter. 

Panmeters 
Corfsar 

0.18 f 0.17 ' 
0.12 f 0.11 a 

0.15 f 0.14 a 

0.14 f 0.17 a 

0.21 I0.16 
0.10 * 0.12 

Radius 
11.63f 10.78' 
7.49 f 7.25 a 

9.77 k 8.94 ' 
8.74 * 1 1.25 a 

13.41 * 10.39 
6.42 k 7.59 

D iametet 
1 

23.20121.60~ 
14.88 f 14.67 a 

19.56 f 17.74 a 

17.67 I 22.58 a 
26.81 f 20.85 
12.85 f 15.18 



Table 24. Mean Change in LDL Particle Size Parameters: 
0-28 and 2&56 Days '' 

p à i i i s r  
0-28 Days 

Radius 
l Diameter 
2û-56 Days 

Codsur 
Radius 

Diameter 

l AU values are mean f SD. F-values and associated probabilities for the statistical 
cornparison among experimental diets are show in Appendix 20. 

2 Means in the same row with the same aipasrript laiet do not dinef (jM.05). 



Table 25. Mean LDL Particle Size Parrimeter Lwels (Doy O) and 
Percent Change (0-56 Days) for MPles and Females 

LDL Parücle Size Parameten (û-56 àays) 
Cor/Siu 1 Radius 1 Dilmeter 

Ali values for mean LDL particles size parameter levels are mean i SD at Day O. 

Mean '" 
1 

M 
F 

% Change ' 
M 
F 

2 There were signifiant gndei Merences o . 0 5 )  for the LDL particle size piirameters 
cor/sur ratio, d u s ,  and diameter duriag the 0-56 day study period. 

Values expresscd as a percent increase or decrease for the study period 0-56 days based 
on the mean values at Day O. 

0.95 f 0.18 
1 .O3 * 0.14 

22.03 
0.10 

60.94 f: 1 1.55 
66.35 & 9.05 

22-00 
9.67 

164.88 f 23.15 
175.70 f 18.09 

t 6.26 
7.3 1 







DISCUSSION 

1 Subject Body Fat Distribution and Dietacy Data 

In order to assess health risk h m  obesity, body mass index @MI; w m 2 )  was 

calculated for each subject. Minor, insignificant ciiffinces in BMI were found among 

each dietary group a d o r  genda category. BMI's of 21-26,22-27,23-28, and 24-29 in 

individuals between the ages 35-44,4544,5565, and 65+, respectively, are interpreted as 

acceptable with respect to health N k  h m  obesity (Zeman, 1991). These ranges in BMI 

represent acceptable adjustments for age. The average age of the participants in the 

present study was 54 years. The average BMI in the present study was 3 1 f 7.1; 25 

subjects (10 men and 15 women) were above the acceptable BMI range for their age, 

while 11 subjects (5 men and 6 women) fell within the normal range for their age. 

Energy intake did not differ ammg dietary groups (Table 1) dthough the large variation 

in energy intake within and among dietary groups could have masked any real 

ciifferences. Similarly, protein intake did not diffa significantly among the dietary 

groups. However, men had significantly higher protein intakes than women which was 

probably due to the trend towards higher energy intake for men. CHO intake showed no 

sipnincant dflerences among dietary goups. However, for women a higher proportion 

of daiiy energy was derived fiom CHO than for men, most Likely due to the lower levels 

of intake of animal product intake and their substitution by hi&-CHO foods such as 

breads, pastas, and baked goods. 



II Glycosyiatd Hemoglobin, Hbdc 

There were no sigoincant difEerences in GlyHb levels arnong the dietary fat 

groups duriag any of study @ods (Table 2). However, men had a significantiy d e r  

change in GlyHb levels than women over the 56 day study @d There was a decrease 

in GlyHb levels for men during this period regardless of dietary fat group, whereas 

GlyHb levels tended to increase for women (8.4 % decrease for men vernis 3.4% increase 

for women). Glycosylation of LDL due to prolonged hyperglycemia has been shown to 

be related to the oxidizability of LDL (Hunt et al, 1990). 

ïIï Dietay Fat Intaïce 

There were no différences in percent total fat coasumed arnong dietary groups 

(Table 1). Ail subjects were coimseled to consume a low-fat diet, that is, 30% of total 

energy h m  fat AU dietary groups averaged slightiy over 30% of total energy as fat and 

there waswide variability in fat intake in a i l  groups. The average percentage of total 

energy h m  fat for al l  abjects combined was 33.8 f 2.4 % which is in the low-fat diet 

category. Spread and oil intake was very simüar among experimental groups; the percent 

of total daily fat nom dietary spreadioil was 13.4 f 7.8% (Le. 4.5% of total energy). 

The intake of saturated and monounsanirated fatty acids did not differ 

significantly among the dietary groups (Table 1) even though the spread and oil for the 

CAN and LLNA groups contained higher Levels of OA than the spread and oil for the 

SNFLR group (Appendices 3 and 4). The reason for the absence of any differences may 

be due to the already low amount of fat consumed daily, thus limiting any significant 
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change in fatty acid composition of the diets. However, PUFA intake did dBer 

signincantly among dietary fat groups. The CAN and LLNA groups had similar PUFA 

intakes which were much higher than for the CONT diet. The highest level of PUFA 

intake, however, was on the SNFLR diet which is consistent with the higher levels of 

PUFA in this spreadfoii. The combiued level of Cl8:2 and C18:3 in the spread was 47.5, 

22.4, and 21.3 % for sNE.zR, CAN, and LLNA dietary groups, respectively. Therefore, 

there was more than double the amount of PUFA @et tsp) in the SNFLR spread than in 

the CAN and LLNA spreads. However, the CAN, LLNA, and S N n R  groups did not 

differ in PUFA intake. The PUFA intake by the SNFLR group was signincantly greater 

than the intake by the CONT group only. The spread for the CAN group contained 7.7% 

LN& whereas the LLNA and SNFLR sptead contained 2.2 and 0.4% of fatty acids as 

LNA, respectiveiy (Appenduc 3). Hence, the fat supplied by the LLNA diet was o d y  5% 

Iower in LNA than that supplied by the CAN diet Overail, there was very little energy 

obtained fiom the fats supplied to the subjects. On a total energy basis, the average 

energy intake h m  the experimentai spreads was 4.8%, 54%, 4.5%, and 6.7% of energy 

for the CAN, LLNA, SNnR, and CONT groups, respectively. The average intake of 

LNA by the CAN group was 6.5 KcaVday, w h e m  the intakes by LLNA and SNFLR 

groups were 1.9 and 0.3 KcaYday. Because the fatty acid composition of the diets of the 

CONT group is unknown, a cornparison with this group could not be made. One 

drawback to the low-fat restriction of the study was the limited room for manipulation of 

the fat component of the diet ammg the experimental groups. 

Average cholesterol intake was similar among al1 dietary fat groups 
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(263 t 121 mg/d) but it varied widely among subjects and within the 3day food records 

for each subject. 

V Pluma Totaï mtd Lipoprotein Cinolesteml Concentrations 

(a) Totai and Lon Density Lipopmteia Cholesteml 

Senun TC and LDL-C levels are commonly within the nomiai range in NIDDM 

individuals with reasonable glycernic control (Dimitriadis et al, 1995; Romemaa et al, 

1989). In the present study, TC concentrations (5.44-5.64 mmoVL) were only slightly 

above the threshold of the normal range (295-520 mmoVL) in each dietary fat group at 

the beginning of the study (Table 4). Overall, 22 subjects (5 men and 15 women) were 

above the TC threshold level whiie 14 subjects (9 men and 5 women) were within the 

normal TC range. However, there was substantial variation within the dietary groups. 

There were no ciifferences in LDL-C concentrations among the dietary groups 

(Table 4). For men, average LDL-C concentrations were within normal levels 

(1.68-3.40 mmoVL) for the CAN, LLNA, and CONT groups; the average concentration 

for the SNFLR group was stightly above the threshold of the normal range for LDL-C 

concentration (3.57 f 1.16 mmoVL) with three of the four male SNFLR subjects above 

threshold level. For women, the C A .  and LLNA groups were within normal LDL-C 

concentration range (3.1 1 f 1-08 and 3.17 a .57  mmoVL, respectively), whereas the 

S N n R  and CONT jpups werp slightly above the normal range (3.72 t 0.86 and 



3.65 + 1.18 mmoVL, respectively). In the SNnR group, three women were over the 

LDL-C threshold and two were within normal range. In the CONT group, two women 

were over the LDL-C threshold and three were within n o d  range. 

The major emphasis of the study was to determine whether Merences in fatty 

acid composition in the dîets of NIDDM patients, namely Merences in LLNA or PUFA 

level, would produce significant clifferences in their Iipopmtein metabolism, LDL fatty 

acid composition, W o r  susceptibility of the LDL to oxïdation. The absence of any 

effects of diet on TC for any study period Cfable 5-8) is not surprishg because fatty acid 

manipulation of the diet was undertaken in the context of a low-fat, high-CHO diet 

Subjects who are already consunhg low levels of total fat and sahrrated fat are already at 

a relatively low percentage of daily total energy iatake fiom fat It was a great challenge 

to change the fatty acid content of the diet in this highiy restrictive environment. 

The same reasoning can be applied to the changes in mean LDL-C concentrations 

during the study, although, the diet x gender interaction during the 0-56 &y study period 

is dinicult to explain given that MUFA and PUFA have been shown to be equally 

effeftive at reducing TC and LDL-C concentrations (Mattson and Gnmdy, 1985; 

Mensink and Katan, 1989). The data for the men on the study followed expected 

patterns; similar decreases occurred in mean LDL-C concentration on the CAN, LLNA, 

and SNnR diets. LDL-C data for women over the 56 &y study period are confusing. 

For women, similar decreases in mean LDL-C occurred on the LLNA, SNFLR, and 

CONT diets. However, there was no change in LDL-C concentrations for the CAN 

group. It was expected that the CAN group would follow the same pattern as the LLNA 
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and SNFLR groups because the diets differed only in MUFA and PUFA content and 

these dietary fatty acids usually produce equivalent effects on LDL-C concentrations. 

The CAN spiead conîained higher levels of LNA than the LLNA and SNFLR spreads. 

However, the 3-day food records showed no signifiant differences in PUFA intake 

among the CAN, LLNA, and SMXR groups and Chan et al (1991) and Kestin et al 

(1 990) found LNA equivaient to oleic acid and LA in lowering scnnn LDL-C levels in 

normal individuals. 

(b) High Density Lipoprotein Cholaterol 

HDL-C concentrations, at &y O¶ were within the normal range (0.9-2.0 mmoVL) 

for ail subjects and did not appear to be depresseci. There was moderate within group 

variability. The diet x gender interaction (0-28 days) may be partly explained by reports 

that the effect of diet on HDL-C concentrations may differ for men and women (Crouse, 

i 980; Mensink and Katan, 1987). Data h m  the present study partially support these 

earlier fhdings in that KDL-C concentrations did not change significantiy for men on any 

of the experimental diets. For women, the CAN, SNFLR, and CONT diets produced no 

change in HDL-C, whereas the LLNA diet resulted in a signincant increase in HDL-C. 

However, there is no obvious expianation for the Merences in response to diet among 

the women subjects. 



(c) Totai : HDL Cholesterol Ratio 

The ratio of TC to HDL-C has been reported to be the best biochemical predictor 

of myocardiai M d o n  (Campos et al, 1992; Stampter et al, 199 1). Valsta et al (1 992) 

reported a decrease in T C D L - C  ratio when MüFA and PUFA enriched diets replaced 

SFA in a conventionai fat diet (38% total energy as fat). During the study period 28-56 

days, in the present study, there was a signiscant diet efféct on the TC:HDL-C ratio 

(Table 8). On CAN, LLNA, and SNFLR diets, the ratio deneased only slightly, whereas, 

on the CONT diet, there was a significant decrease in T O L - C  ratio. However, there 

was high within group variability during this period. The diet x gender interaction 

observed during the study period 0-28 days is unexplainable; the change in ratio followed 

opposite trends with gender on each of the diets. Casteiü et al (1986) compared effects of 

a hi&-CHO diet with a high-MUFA diet in NIDDM and reported a signincant 

improvement in the ratio of TC: HDL-C on the high-MWA diet as compared with the 

high-CHO diet and an overall reduction of coronary risk. 

(d) Trigiycerides 

In the present study, subject TAG concentrations were within the normal range 

(0.3-2.3 mmoYL) for the experimental groups on the CAN, LLNA, and SNFLR diets. 

The mean senun TAO concentration for the CONT group was ody slightly above the 

threshold of the normal range; three women and one man of nine subjects in total were 

above the threshold TAG level. Overail, 10 subjects (4 men and 6 women) were above 



the TAG threshold level and 26 subjects (12 men and 14 women) were within normal 

range. There was high variability in TAG concentrations for ail  diet groups. 

Senmi triglyceride concentrations usually correlate with giycosylated hemogiobin 

levels (Lahdenpera et al, 1996). Over the 0-56 day study perioQ there was a signifïcant 

difference in mean GlyHb levels between men and women; for women GlyHb levels 

increased, whereas they decreased for men. This gender effect may have innuenced the 

gender cliffierences in senim TAG concentratons observed during this period. However, 

the established relationship of gender and TAG is opposite to the gender effect on GlyHb 

found in the present study; TAG concenttations decreased for women and increased for 

men whereas GlyHb levels increased for women and demaseci for men. Valsta et al 

(1992) reported that differences in total TAG concentrations, were pronomced for 

women but non-significant for men when MüFA and PUFA diets were compared. 

Conversely, in the sarne study, the eEeçts of the MüFA and PUFA die& on LDL and 

HDL were more apparent in men than women. Both MUFA and PUFA diets wem 

e q d y  effective in producing the above effects. 

TAG concentration is the major determinant of LDL particle size (Lahdenpera et 

al, 1996). This effect was demonstrated in the present study in that mean change in TAG 

concentrations and LDL particle diameter (k) increased significantly in men and 

decreased in women which coincided with the changes in mean semm TAG 

concentrations. 



V LDL Oxidation Rate and Total (Delta) Absorbance 

The increased risk of atherosclerotic disease in NIDDM patients may be due to 

enhanced foam ceii formation as a result of increased susceptibility of LDL to oxidative 

modincation (Dimitriadis et al, 1995). As well, glycation of LDL-C has been shown to 

be related to its susceptibiiity to oxidization (Hunt et al, 1990). The present study 

attempted to compare fatty acid composition of LDL to its oxidative susceptibility. Lipid 

peroxîdation is a complex process and in vioo methods of meas-g oxidation assess 

Mirent stages of lipid pemxidation. In the present study, LDL oxidation was measured 

by the formation of conjugated dienes in the presence of copper ions. Both rate of LDL 

oxidation and the total absorbance, that is, the total amount of conjugated dienes formed, 

were measured. 

(a) LDL Osidation Rate 

There were negligible clBerences among dietary fht groups in LDL oxidation rate 

for the study period 0-56 days (Table t3a). However, dtuing the nrst month of the study 

(0-28 days), a signincant diet x gender effect was observeci. During the second month 

(28-56 days), signincant differences among the experimental diets were observed. LDL 

oxidation nite increased equally for women on the CONT, CA., aad LLNA diets during 

the period 0-28 days. This inmase differed significantly fiom the süght decrease in LDL 

oxidation rate for women on the WFLR diet during this same period even though there 

was greater variation in the rate of oxidation in the SNnR group. Whether the denease 

in LDL oxidation for the SNFLR group is physiologically significant is not clear at this 
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time. It seems that this data contradicts other evidence supporthg the increased oxidation 

of LDL of subjects fed diets containing higher levels of PUFA. There is no obvious 

explanation for these observations. Reaven et al (1991) found that the extent of oxïdation 

of LDL was influenced by its concentration of iholeic acid. In the present study, holeic 

acid concentration of LDL did not change. An increase in LDL oxidation rate for men on 

the CONT diet occurred durhg the 0-28 &y period and the increase tended to be greater 

than for the women on this diet The CAN, LLNA, and SNFLR dies had similar effects 

on LDL oxidation rate in men. No studies to date have determineci the effécts of changes 

in dietary fatty acid intake on a low-fat, high-CHO diet on LDL oxidation in NIDDM. 

Similarly, there are no studies on the effect of gender on LDL oxidation in NIDDM 

patients. However, the importance and meaning of the diet x gender interaction in the 

present study is unknown. 

The effect of the experimental diets on LDL oxidation du<ing the second month of 

the study (28-56 days) may be more helpful in ternis of assessing the importance of fatty 

acid unsaturation and rate of oxidation of the iipid in LDL. ut this case, there was a 

similar decrease in LDL oxidation rate on the CONT and LLNA diets whereas there was 

an increase on the SNFLR diet There was no change in oxidation rate on the CAN diet 

and the orcidation rate on this diet did not Mer fiom that on the CONT, LLNA, or 

SNFLR diets. These hdings tend to agree with those of other researchers who 

concluded that the more highly unsaturated the fat component of the diet, the higher the 

incorporation of these fatty acids into LDL and hence, the more susceptible the iipid in 

LDL will be to oxidization (Reaven, 1988). However, there were no Merences in LDL 
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fatty acid composition among diets for this pend of the study. The signincant increase 

in the rate of LDL oxidation observed for the S N n R  group was expected because of the 

higher leveis of PUFA intake in the diet. Whether gender Merences in LDL oxidation 

exist is unbiown. The specific effects of NIDDM on LDL oxidation is ais0 unknown at 

this the. Evidence points to higher o v d  LDL oxidative susceptibility making it an 

important factor in the increased risk ofCHD seen in these individuais and the 

pathogenesis of NIDDM. An important consideration for this effect may be related to 

hyperglycemia and increased production of giycosylated end-products which inctease 

oxidative stress in the NIDDM individual. 

(b) Total Conjiigated Diene Production 

The o v d  change in absorbance refiects the amount of conjugated dienes formed 

and hence, the amount of LDL oxidation (Kleinveld et ai, 1993). Dimitnadis et al (1995) 

found that signincantly higher total conjugated diene levels were produced with LDL 

fiom NIDDM than with LDL from control subjects. As well, MDDM subjects were 

found to have signincantiy higher rates of diene formation than controls. In the present 

study, there were no merences among the experimental diets in total diene production 

during the snuiy period 0-56 days or the second month of the study (28-56 days; 

Table 13b). However, a signincant diet effect was found for the first month of the study 

(0-28 days) which may suggest a transient effect of the diets which disappem after long- 

term use of differhg dietary fat sources. The highest amount of conjugated dienes was 

produced on the CONT diet Negligible amounts of conjugated dienes were produced on 
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the C A .  and LLNA diets although, there was appreciable variation among subjects in 

these groups. Increased conjugated diene formation also occurred in the SNFLR group 

but did not differ fiom the CAN and LLNA groups which suggests that diet had a 

marpinai effect on LDL lipid oxidation in the NIDDM subjects as measured by total 

conjugated dienes produced. This finding is consistent with the absence of any effect of 

diet on LDL fatty acid composition for this period. 

VI LDL Fatty Acid Composition 

Because LDL-C levels are usually normal in weîi controlied NIDDM (Dimitriadis 

et al, 1995; Ronnemaa et al, 1995), abnonnaüties in LDL fatty acid composition m of 

interest as oxidized LDL is the p i e s  of LDL implicated in foam ceii and plaque 

formation. The susceptibility of LDL to oxidation has been related to its LDL fatty acid 

composition. An aim of the present study was to examine the fatty acid composition of 

the LDL W o n  of NIDDM subjects and to assess possible relationships between the 

composition of the LDL and its in vitro oxidative susceptibility. Research has shown that 

it may be feasible to favorably alter LDL fatty acid composition through dietary fat 

manipulation. Thû could prove beneficial to the NIDDM individuai due to an iocreased 

susceptibiiity of LDL with high levels of PUFA to oxidative modification and, in tum, an 

increased risk of CHD. Three diet x gender interactions were observed for LDL fatty 

acids. C l8:O levels for women, increased slightly on the CAN, LLNA, and SNFLR diets 

during the 0-56 &y period, whereas the levels on the CONT diet decreased. For men, 

Cf 8:O levels increased on the LLNA, SNFLR, and CONT diets but decreased on the 
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CAN diet, Whether these changes are physiologically signincant is wt known as C 1 8 :O 

is a SFA which is considered to have neutral effects on Iipoprotein levels. 

C20:4 levels in the LDL fiaction of women i n d  approximately the same 

amount on the CAN, LLNA, and SNFLR diets during the 0-56 day period compared to a 

decrease on the CONT diet. These resuits are consistent when compared to the PUFA 

intake of mbjects. For men, C20:4 levels iacteaSed on the CAN and CONT diets while 

there was a decrease on the LLNA diet. There was a small decrease in C20:4 levels on 

the S N n R  diet but the change did not differ h m  those on the 0 t h  die& T'hese resuits 

are inconsistent when compared to the PUFA intake of subjects, although the d 

number of males on the LLNA diet b ~ g s  into question the validity of the cornparisons 

among males, as weii as the validity of the diet x gender interaction during this period. 

C20:4 levels for women increased appreciably on the LLNA diet with smailer but 

statisticdy equivaient increases on the CAN and SNFLR diets over the 0-28 day period. 

These increases compared to a decrease on the CONT diet although the change on the 

CON? diet did not differ h m  those on the SNFLR and CAN diets. For men, the greatest 

increase was on the CONT diet, There was also an kcrease in C20:4 level on the CAN 

diet and a decrease on the LLNA diet. As a result, the changes on the CONT and CAN 

diets diffeted significantly from that on the LLNA diet. The change on the SNFLR diet 

did not met from any of the other diets. 

The same pattern for C20:4 was found during the 0-56 &y period, suggesting that 

the change that occurced during the first month was sustained over the e n t k  two month 

period. For women, the same pattern occurred for the CAN, SNFLR, and LLNA diets 
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over both the nrst month and the entire study period. However, the increase in C20:4 

level on the CAN diet during the 0-56 day period resulted in a significant difference 

c o m p d  to the CONT group which was not apparent during the 0-28 day period 

Dimitriadis et al (1995) postulatcd that the reason NIDDM individuals have 

higher LA levels in the LDL cholesteryl ester fiaction may be due to diet. However, in 

the cunent study, no evidence was found that CAN, LLNA, or SNFLR diets affected the 

amount of LA present in LDL. Within the context of the low-fat, high-CHO diet, the 

subjects in the present study did not receive differing amounts of LA. This coincides 

with the absence of change in LA concentration of the LDL fiaction. Increased dietary 

PUFA have been observed to increase senmi LA levels in NIDDM (Parfitt et al, 1993). 

Laitinen et ai (1 993) demoostnited that the senun fatty acid composition of recently 

diagnosed NIDDM subjects could be changed by diet therapy. LA e ~ c h e d  LDL 

obtained by dietary therapy produced an increase in LDL oxidation (Bonanorne et al, 

1992; Reaven et al, 1993). Increased LA has been suggested to result fkom impaired 

activity of insuiin sensitive A-6 desaturase in NIDDM (Van DoomaU et al, 1988). The 

appreciably low levels of LA and LNA coosumed by the NIDDM subjects on the low-fat 

diet of the present study, as weii as the negligible cliffinces among the experimental 

spreads in these fatty acids, predicts that no significant differences would be observed. 

DiBeremes in C20:4 levels may be the result of Merences in animal protein intake over 

the study. The diet x gender interaction may be explained by the significant gender 

dinerence in protein intake during the study. However, the amount of protein consumed 

fiom animal sources durhg the study was not analyzed. 
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WI LDL Particle Size: Cor/Sur Volume Ratio, Radius, and Diameter 

No significant diet effects were observed for any of the LDL particle size 

parameters. It is important to note that the LDL diameter incorporates both LDL core to 

d a c e  volume ratio (cor/sur ratio) and radius values. Significant gender differences 

were observed for LDL cor/m ratio, radius, and hence, diameter for the midy @od 

0-56 &YS. This difference was not detected during the fk t  or second months of the 

study which suggests that these changes may require a relatively long-term period for 

changes to occur. For men, there were larges increases in aii tfuee LDL particle size 

parameters than for women. LDL particle Sue has been found to be related to TAG 

concentrations. Srnail, dense LDL particles are usuaily accompanied by-high semm TAG 

concentrations (Hafker et al, 1993; Lahdenpera et al, 1996; McNamara et al, 1987; 

Swinkels et ai, 1987). These srnail, dense particles are thought to be more atherogenic 

than ordinary LDL (Austin et al, 1988a; Campos et ai, 1992b; Crouse et al, 1985) most 

Likely due to increased oxidative susceptibility (Tribble et al, 1992). ûxidative 

susceptibility of LDL bas been shown to be highest in the most dense LDL subftactions 

(Chait et al, 1993; de GraEet al, 1993; Tribble et al, 1992) demonsûating an increased 

susceptibility to oxidative modification of small, dense LDL in NIDDM patients. These 

patients exhibit increased levels of smaü, dense LDL and an increased atherogenic 

lipoprotein profile (Dimitriadis et al, 1995). ûxidized LDL appears to be more 

atherogenic than native LDL particles (Steinberg et al, 1989). 

There was a sigdicant gender effect for TAG concentrations during the 0-28 day 

penod (Table 7). TAG concentrations decreased for women, relating to the smaller 
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increase in LDL particle diameter obsewed for women. For men, TAG concentrations 

increased coinciding with an increase in LDL particle diameter. TAG concentrations 

have been found to be a major determinant of LDL particle size in NIDDM (Lahdenpera 

et al, 1996). However, for men, the findings of the present study do not coincide with the 

reported reiationship between plasma TAG concentration and LDL particle size; the 

scienrinc literature suggests that smaller LDL particles are associated with higher TAG 

concentrations in MDDM (Campos et al, 1992b; Feingold et al, 1992). In addition, the 

mean TAG concentrations for women decreased over the 0-28 &y period and this 

decrease was associated with a smder increase in LDL particle size than for men. This 

hding does not coincide with research suggesting that decreases in plasma TAG 

concentrations in NIDDM may lead to reversion of LDL particle size to the normal -te 

(Barakat et al, 1990). More recentiy, it has been suggested that the effects of NIDDM 

and abnormalities in fipoprotein metabolism is the cause of changes in LDL particle size 

(Shg et al, 1995). Overall, there are no explanations for the contradictory findings of the 

present study. 

The effect of NIDDM on LDL particle size is not M y  understood. Whether 

NIDDM is an independent determinant of LDL particle size is controversial. Lahdenpera 

et al (1996) found LDL size was not independently associated with NIDDM but its 

influence was due to semm TAG concentration. Conversely, HaBnier et al (1994) 

reported NDDM to have an independent effect on LDL particle size in women but not in 

men. When LDL particles nom men and women were analyzed separately by Singh et al 

(1995), the trends were the sarne for both genders, however, there was a significant effect 
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of diabetes only for femaie subjects which supports Hafnier et al (1994) who reported 

that NCDDM had a greater effect on LDL particle size in women but not in men in their 

population based study. Lahdenpera et al (1996) found a s i i f i c a n t  association between 

LDL particle diameter and HDL cholesterol in NIDDM patients but not non-diabetic 

subjects. The mechanisms that modify LDL particle ske in NIDDM individuals remains 

unclear. Severai mechanisms may be involved in determinhg the lipoprotein profile of a 

NIDDM subject. 

The exact importance of LDL particle size with regards to CHD risk is unknown. 

Men with CHD have been found to have signincantly higher TAG concentrations and 

srnailer LDL particles than men without CHD (Campos et al, 1992b). LDL particle size 

has been proposed to be a heritable trait which, however, is not fùlly expressed in 

premenopausal women and young men (Austin et ai, 1988b). Generally, women are at 

lower risk for CHD than men. However, research has show that fernale MDDM 

patients are prone to greater incidence of CHD, suggestùig an increased negative 

influence of NIDDM on lipoprotein patterns in women and loss of protection fkom 

estrogen hormones (Barrett-Comor and Wingard, 1983). The f a t  that some women in 

the study were pre-menopausal and others were pst-menopad may be an important 

consideration, aithough the effects of menopausal status on this parameter are not known. 

In the present study, there was large variability in the data for the LDL parameters. 

DifCerent sizes and subfhctiom of LDL were not separated by the ultracentrifiigation 

process carried out in the present study which may have lead to confounding of study 

resulîs- 



SUMMARY AND CONCLUSIONS 

Non-insulinodependent diabetes meUitus O D M )  is weli knom as a 

dysfimction of carbohydrate metabolkm due primarily to iasulin-resistance and 

hyperinsulinemia, Combined with a strong tendency towards obesity, these two factors 

resuit in abnormal lipid metaboiism (elevated triglycerides and low HDL-C levels) and 

two to four times the risk of coronaty heart disease and atherosclerosis. Since these 

factors are affecteci by dietary fat, the diabetic offers a unique mode1 to investigate 

nutritional differences that may exist between regular canola oil and low LNA canola oil, 

in particdar, any health benefits resulting h m  LNA. Low LNA canola oil has 

substantially pater oxidative stability compared to reguiar canola oü, providing a 

distinct marketing advantage to food manufacturers who are very interested in vegetable 

oils of high nutritional value and superior stability. If no nutritional benefit of LNA is 

established, plant breeders c m  accelerate efforts to reduce the LNA level of Canadian 

canoia varieties. 

The objectives of the study were to assess the effects of reguiar and low LNA 

canola oil on the blood lipid panuneters ofNIDDM subjects, with particular attention to 

any added benefits of LNA, and to determine if canola oil has nutritional benefits in the 

clinical treatment of NIDDM. 

Based on the p~c ip les  outlined above, a 56 day randomized block design snidy 

was conducted, using 16 male and 20 femde k-l iving NIDDM subjects between the 



ages 40 to 70 years. Subjects were recruited through the Health Sciences Centre Diabetes 

Education Centre (Winnipeg, MB), The Manitoba Diabetes Association Information 

Banner Newsletter, and television advertisernents. Screening was conducteci to easure 

controiied blood pressure (450/90 mm Hg), reasonable glycemic contml, absence of 

cholesterol lowering medication, and intake of other high fat dietary p d u c t s .  Each 

participant continueci to foiiow the current dietary recommendations for diabetes (a high- 

complex carbohydrate, low-fat diet; 30% total energy h m  fat) while assigned to one of 

four dietary fat groups: regular canola oil (CAN), low LNA cam>la oil (LLNA), 

sunflower oil (SNFLR) or their usual low-nit diet (contiol; CONT). 

AU added dietary fat sources were supplied to each subject in the form of a 

margarine spread and salad oii. Twelve-hour f&g blood samples were taken at 0,28, 

and 56 days during the study. Blood parameters measlned included glycosylated 

hernoglobi. (GlyHB), plasma total and lipoprotein (LDL and HDL) cholesterol 

concentrations, as weii as triglyceride concentration. Increased oxidative susceptibility of 

LDL has been shown to increase its atherogenicity, hence, LDL oxidative susceptibility 

was measured using copper-induced, in vitro, conjugated diene production and two 

indices of LDL oxidation: LDL oxidation rate and total amount of conjugated dienes 

produced. The fatty acid composition of the LDL k t i o n  was quantified by gas-liquid 

chromatography to gain m e r  insight into the relationship between LDL fatty acid 

composition and its oxidative msceptibility. 

AU dietary groups averaged slightiy above 30% total energy as fat; the average 

percent of total energy fiom fat for ail subjects was 33.8 & 2.4% and the percent of total 
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added dietary fat fiom experimentai spread/oil was 13.4 & 7.8%. On a total energy basis, 

the average intake h m  e>rperimental spread was 4.8%, 5.4%, 4.5 %, and 6.7% of energy 

for the CAN, LLNA, SNFLR and CONT diet groups respectively. This represents very 

Linle energy obtained h m  the experimentai spreads and is a E t a t i o n  of the study- 

Cholesterol intake was quai among d dietary fat groups. There was a high 

amount of variation within subject 3-day food records as well as between subjects for 

choIesterol intake, 

No sipnincant differences were found among dietary fat sources for plasma total, 

LDL and HDL cholesterol concentrations or plasma TAG concentration. Significant diet 

x gender intetactons for LDL-C, HDL-C, and the total to HDL cholesterol ratio 

(TC:HDL-C ratio) were found at 0-56,O-28, d 0-28 days, respectively. There were 

signiscant gender differences for TAG concentration during the 0-28 day period; TAG 

concentrations decreased for women and increased for men, For the TC:HDL-C ratio, 

significant merences among experimental diets were found during the 28-56 &y period. 

The ratio decreased for the CONT group and statistical analysis indicated this change was 

significantly different fiom the süght decrease in the ratio for the CAN, LLNA, and 

SNFLR diets. There were negligible ciifferences among dietary fat groups in LDL 

oxidation rate. A significant diet x gender interaction was observed during the study 

period 0-28 days and a significant diet effect was observed for the study period 28-56 

days. LDL oxidation rate demased equally on the CONT and LLNA diets, whereas 

there was an increase on the S N n R  diet and no change on the CAN diet The second 

measure of LDL oxidative susceptibility was the total amount of conjugated dienes 
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produced. There were no ciifferences among dietary groups in total diene production 

during the study periods 0-56 or 28-56 &YS. However, signifcant diet effats were 

observed for the study period 0-28 days. During this period, negiig'ble arnormts of 

conjugated dienes were produced on the CAN, LLNA, and SNFLR diets. The highest 

amount of conjugated dienes pioduced was on the CONT diet. The resuits for the 

assesment of LDL oxidative suscept%iiity suggests that the imposeâ diet changes on the 

study had marginal effects on LDL lipid oxidation in NIDDM subjects. 

The LDL oxidative susceptibility findings are consistent with the absence of any 

effect of dietary groups on LDL fatty acid composition. No diet effects on LDL fatty 

acid composition were observed over the entire study. Howevet, tbree diet x gender 

interactions were observed: C l8:O (0-56 days), C20:4 (0-56 days), and C20:4 

(0-28 days). The significance of these findings is not known. 

The hdings of the present study demonstrated negligible ciifferences among 

regular canola oïl, low LNA canola oil, and sunflower oil with respect to their effects on 

the blood Lipid parameters of NIDDM subjects, including TC, LDL-C, HDL-C, and 

triglyceride concentrations, as weli as LDL oxidative susceptibility, fatty acid 

composition, and particle size. Thus, the n d  hypotheses of the study which stated there 

would be no nutritional benefits of these oils in the clinical treatment of NIDDM or their 

blood Lipid parameters is confinned. Furthemore, no unique nutritional advantages of 

LNA were established which confirms previous research suggesting there are no unique 

benefits of regdar canola oil over low LNA canola oil, and supports the null hypothesis. 

The resuits of the present study, however, are limited by the ~ c u i t y  experienced in 
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modifjhg the fat intake of NIDDM patients due to the Limitations resulting nom the 

restriction of a low-fat dief namely 30% total energy as fat The faiiure to appreciably 

alter the composition of the dietary fat could account for the absence of any significant 

changes in blood iipid parameters in raponse to the dietary fats in the present study. 
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APPENDICES 



Appeadu 1. Sibjcrt Cousent Form 

U r vahatnsUrfh. f i . .dptaj=t  d..f t h  
*uttL- *roip.rtk. a i  dWy gr+, SS -edEzZ+c=, o9 
blood totrl Cba-1 and [.mg., =) cbalo8t-z . 
1-8 .nd fa- i m o x v d  --but diroua, t am a- 
of  thm naeuSm of th. -lm bdag h*.i'ci~~t.d* lt rtra. 
.Ekl.Iybdgm t&t z b.01 k.0 b r i d a  ia +h. -3- gro+oœl d r 
r m m z m o f  th.-- to k faUUlaâ tha mb a c t s r s h  
m to eh* & S u  to rhfch f a 1 k u.8 L d  1 -  
r ara "mi- at tudato oiu o t  ~opr diaLa 



Appendk 2. Espeiimentai Design: Subjcct Asrignment and Recdtmeat Croups 

Gender and Ditbiy Fat Sources 1 

CAN LLNA SNFLR CAN ILNA SNFLR 

33 4 13 
11 17 23 
2 9 29 
18 10 39 
26 34 3 

1 Subject number 9 dropped out of the sady at week 4; data obtained h m  this subject 
was used when appropriate. 

Subject n u m b  10 and 29 dtoppeâ out of the study after the f k t  blood ~8113pIing &y, 
therefore, no values exist for these individuais. \ 



Appendix 3. Fatty Acid Composition of Experimentai Sprrràs ' 

CAN 
1.21 
1.50 
4.85 
0.54 
15-05 
0.88 
5.01 
43.86 
14.77 
7.67 
0.29 
0.99 
0-07 
0.03 

l Fatty acid amounts are e q m s d  as a percentage of total fat. 

Carbon chah length : number of double bonds. 

LLNA 
1 22 
1.51 
4.90 
0-55 
1524 
0-87 
5.3 1 
43-90 
19.15 
2-15 
0.27 
0.66 
0.05 
0.01 

SNEZR 
1.13 
1 -44 
4.60 
0.50 
15.81 
0.70 
6.84 
18.16 
47.06 

' 0.40 
O- 16 
0.05 
O. 12 
0.00 



Appendù 4. Fatty Acid Composition of Experimentai Oüs 

Fatty Acid 
C14:O 
C16:O 
Cl6:l 
Cl 8:0 
C18:l 
Cl82  
Ct 8:3 
c20:o 
no: 1 
C22:O 
C22: 1 

CAN 
0.06 
4.36 
0.27 
1.38 

56.54 
23 .ûû 
12.05 
0.3 8 
1.24 
0.12 
0.12 

Fatty acid amounts are expressed as percentage of total fat 

Cabon chsin length : nimiber of double bonds. 

Canola 03, low LNA cauoIa oil, and sunfiower oil were donateci 
courtesy of Can Amera (Wîiîipeg, MIS). 



Appendix S. FilCln Fat Intake Chatt 





Appendix 7. H d t h  Scienca Ccutre Subject Blood Rquisitioa Form 



Appendix 8. LDL Phosphoiipid Content Caiciihtioas 

(Bartlett, 1959; Folch, Lees, and Stanley, 1957; Van Heek and Zilversmit, 199 1) 

(1) LDL-PL (mM) = 

Absl(2) = absorbance reading at 830 nm. 

BI& = average oftwo blaak absorbance readings. 

Std, = average of two standard absorbance readings. 

Conversion h m  mM to mg PUdl plasma: 

LDL-PL (mgldl) = LDL-PL (mM) x 80 





Appendix 9 (Cont'd): Equations for Caicuhtion of LDL Triacylglyceride (T'AGI, 
ChoIesterol Ester (CE), F m  Cholested 0, 

Phospholipid (PL), and Protein (PRO) 

(1) LDL-FC, LDL-TC, and LDL-TAG (mM) = 

Where: 
LDLf = fiaal volume of LDL solution when diluted to 250pg LDL protein / mL. 

LDLi = initial volume of LDL soluti0~1 before diIuted to 250 pg LDL protein I 
mL. 

Absl(2) = absorbance reading at 500 nm for both LDL total and free cholesterol, 
and 515 nm for LDL triacylglyceride. 

B k  = average of two blank absorbance reaâings. 

S& = average of two standad absotbance Radings. 

AM>, 

W = 5.15,5.15, and 2 for LDL-FC, LDL-TC and LDL-TAG, respectively. 

X = 5,2.5, and 5 for LDL-FC, LDL-TC and LDL-TAG, respectively. 

Y = 5.15,5.15, and 2 for LDL-FC, LDL-TC and LDL-TA, respectively. 

Z = 5,2.5, and 5 for LDL-FC, LDL-TC and LDL-TAG, respectively. 



(2) Conversion h m  rnM to mg/& 

LDL-FC (mgldl) = LDL-FC (mM) x 38.6 

LDL-TC (mg/dl) = LDL-TC (mM) x 38.6 

LDL-TAG (mgldl) = LDL-TAG (mM) x 85.6 

(3) LDL-CE (mg/&) = [LDL-TC (mm) - LDL-FC (m9/dH x 1.7 

(4) LDL-PRO (mg/dl) = FDL-PRO (pg mL) 1 O001 x [1~/0-9/1.5] 



Appendor 10. F-values for Esperimental Diet Eff- on Mean Change in 
Giywsylateü Hemogîobii Leveis ' 

1 F-values and associateci probabilities for Table 2. L 

Unbracketed values represent the effects of diet on mean change in GlyHb. Vaiues in 
brackets are R-squared. F and P values for gender W i n c e s .  

R q u d  

0.55 (O. 16) 
0.60 
0.52 

Experimental 
Diet 

Study Period 
0-56 days 
0-28 days 
28-56 days 

F-vdae 

O. 12 (4.91) 
0.03 
O. 17 

Sample S b  
0 

36 
36 
35 

Prob 

0.95 (0.03) ' 
0.99 I 

0.9 1 1 



Appendis 11. F-vaiats for Diet EfferQ on Mean Cbnge in P b m a  Totaï and 
Lipoprotein CûoIesterol Concentratioas ' 

1 Lipid 1 Sample S b  1 R-sqoared 1 F-vdue 1 Pmb 1 

0-56 35 0.68 O27 0.85 
0-28 36 0.49 0.07 0.98 
28-56 34 0.57 0.1 1 0.95 

LDL-C 
0-56 31 0.96 9.5 1 0.05 
0-28 33 0.89 1.69 0.28 
28-56 32 0.86 0.99 0.48 

EDIrC 
0-56 36 0.90 1.01 0.44 
0-28 37 0.83 4.55 0.03 
28-56 36 0.84 1.04 0.43 

TAG 
0-56 32 0.95 4.>7 0.09 
0-28 35 0. 13 4.20 0.05 
28-56 33 0.87 3.96 0.09 

TC:HDL-C 
0-56 34 0.8 1 0.46 0.72 
0-28 36 0.76 4.12 0.05 
28-56 33 0.98 6.28 0.04 

F-values and associated probabîiities for tables 6,7, and 8. 

Signüîcant diet x genàer interaction- 

Sipnincant gender diffêmces. 

4 S ignificant diet effécts . 



Appendu 12.. Linear Conhut for the Diet x Gender Interactions of LDL-C 
(0-56 Days) 

(6-56 &YS) 4 

Lin- Coatrrwt 
CAN vs CONT 

Appenàix l2b. Linear Con- for the Diet x Gender Interactions of HDL-C 
( M û  Days) 

LLNA vs CONT 
SNFLR vs CONT 
CAN vs CONT 
LLNA vs CONT 
SNFLR vs CONT 

CAN vs CONT 

Gender 
F 

LLNA vs CONT 
SNFLR vs CONT 
CAN vs SNFLR 
LLNA vs SNFLR 
CAN vs LLNA 

F 
F 
M 
M 
M 

CAN vs CONT 

T-staffitic 
3.71 

LLNA vs CONT 
SNFLR vs CONT 
CAN vs SNFLR 
LLNA vs SNFLR 
CAN vs LLNA 

Pmb 
0.03 

2.1 1 
2.84 
-3.68 
-3.55 
4.32 

- 

Gender 
F 
F 
F 
F 
F 
F 
M 
M 
M 
M 
M 
M 

0.13 
0.07 
0.04 
0.04 
0.02 



Appendu î2c Linear Conbut for the Diet x Gender Interactioiw ofTC:BDGC 
Ratio (0-28 Days) 

CAN vs CONT 
LLNA vs CONT 
SNFLR vs CONT 
CAN vs SNFLR 
LLNA vs SNFLR 
CAN vs LLNA - - - -  

1 C A .  w CONT 
LLNA vs CONT 
SNFLR vs CONT 
CAN vs SNFLR 
LLNA vs SNFLR 
CAN vs LLNA 

Gender T-strtistic Prob II 

\ 

Appendir W. Lin- Contrrst for the Diet x Gender Interactiom of LDL Cl8:O 
Fat@ Acid Compoeitioi (0-56 Days) 

LLNA vs CONT 
SNFLR vs CONT 
CAN vs SNFLR 
LLNA vs SNFLR 
CAN vs LLNA 
CAN vs CONT 
LLNA vs CONT 
SNFLR vs CONT 
CAN vs SNFLR 
LLNA vs SNFLR 
CAN vs LLNA 

Cl8:O (0-56 days) 
Lintar Contrwt ' Gender 
CAN vs CONT [F 

3 

Pmb 
0.24 
0.49 
0.05 
0.33 
0.15 
0.59 
0.09 
0.12 
0.78 
0.06 
0.16 
0.0 1 



Appendir Ife. Linear Contrut for the Diet x Gender Interactioeu of LDL C20:4 
Fatty Acid Composition (û-56 Days) 

l 

CAN vs COM 
LLNA vs CONT 

, SNFLRvs CONT 
CAN vs SNFLR 
LLNA vs SNFtR 
CAN vs LLNA 

LLNA vs CONT 
SNFLR vs CONT 
CAN vs SNFLR 
LLNA vs WFLR 
CAN vs LLNA 

Gender 
F 
F 
F 
F 
F 
F 
M 
M 
M 
M 
M 
M 

- 
Prob 
0.03 
0.04 
O. 14 
0.37 
0.47 
0.85 - 
0.88 
0.006 
0.12 
0.08 
0.15 
0.00s 

Appendix Ut Linear Contnst for the Diet x Gender Interactions of LDL C20:4 
Fatty Acid Composition (0-28 Days) 

C20:4 (û-28 chys) 
Linear Contrast 

LLNA vs CONT 
SNFLR vs CONT 
CAN vs SNFLR 
LLNA vs SNFLR 
CAN vs LLNA 
CAN vs CONT 
LLNA vs CONT 
SNFLR vs CONT 
C A .  vs SNFLR 
LLNA vs SNFLR 
CAN vs LLNA 

Gender 
F 
F 
F 
F 
F 
F 
M 
M 
M 
M 
M 
M 

Prob 
0.14 
0.0 f 
O. 14 
0.99 
O. 17 
0.17 
0.8 'L 
0.03 
0.13 
O. 16 
0.4  
0.04 



Appendù l2gi Linmr Conbast for the Diet x Ceamder Interactiom of LDL 
Wdation Rate (û-28 Days) 

1 CAN vs CONT 1 F 1 -1.98 
LLNA vs CONT 
SNFLR vs CONT 
CANvsSNFLR 
LLNA vs SNFLR 
CAN vs LLNA 
CAN vs CONT 
LLNA vs CONT 
SNFLR vs CONT 
CAN vs SNFCR 
LLNA vs 5NFL.R 
CAN vs LLNA 

Prob 
0.1 1 
0.21 
0.007 
0*05 
0.02 
0.54 

0.0004 
0.002 
0.00 1 
0.21 
0.73 
0.45 

3 



Appendhr 13. DM- and Tpkcy9s Muitiple Cornparbon Tests for Espeiimentd 
Diet EKcfb : TC:HDL-C ratio (2û-56 Days) 

h 

Esperimenbl 
Dict 

r 

Diet Gmap 
Meam 

Duncan's 

1 Grouping 1 1 1 1 1 
Grouping 
Tukefs ' 

1 Common Ietters in rows denote no sipnincaat Merences ($4.05) arnong eqerhentai 
diets by DMCT and TMCT, respectively. 

CONT 

6.64 

A 

A 

SNFLR 

4.21 

B 

AB 

U N A  

-0.16 

B 

CAN 

-0.08 

B 

B - 
1 

B 



Appendi. 14. F-vaines for Diet Effcrtr on the h d t x a  of LDL Osiàation Rate and 

1 Signifiant (p4I.003) diet x gender d i f f i c e .  

Signifiant @4.û4 and pi0.055) diet for LDL oxidation rate 
(28-56 days) and total change in absorbante (0-28 days). 

Piob 

0.08 
0.003 
0.04 

0.48 
0.055 
0.18 

F-vahe 

3 .56 
20.71 
6.13 

b.90 
2.85 
2.42 

R + q a d  

0.92 
0.99 
0.96 

0.84 
0.23 
0.93 

LDL 
Oxidation 
Panmeter 

Rate 
0-56 
0-28 
28-56 

Delta Abs 
0-56 
0-28 
28-56 

Simple S b  
(N) 

35 
33 
33 

36 
34 
33 



Appendix 15. Duncan and TiiLry's Miltiplt Cornparbon Tests for Experimentd 
Diet E f f i  : LDL Ondation Rate (28-56 Days) 

J 

Mean Change 104 -18 -62 -70 
(Rate; hAbdPin) ' 

Dmcadr Groupimg 
2 

A AB B B 

Tukey's Grouping A A A A 

Values are mean x IO-' at Day 28. 

Means within the same row wiîh the same letter are not signincandy différent 
(pû.05). 

3 TMCT, generally bas a higher type II (b) aror rate. 



Appendht 16. Duncan and TiiLrg's Mdtipk Cornpubon Trsg for Experimentai 
Diet Effcctr: Total Change ia Absorbame 

@clta Ab~orbmec; 0-28 hys) 

Values are mean x 10-~ at Day O. 

Mean Change 
(AA~S) l 

D m c d s  
Groupimg 
TiLcy)s 
Grouping 

Common letters in rows denote no signifiant Mkrences among experimental 
diets (ps0.05) by DMCT and TMCT, respectivelye 

TMCT generaiiy has a higher type II (p) mer rate. 

LLNA 
-2 

A 

A 

Diet 
CAN 

2 

A 

A 

Croup 
SNPLR 

20 

AB 

A 
\ 

CONT 
30 

B 

A 



Appendi. 17. F-vdues for D M  Effcfg on Maii  Change in LDL Fatty Acid 

Pmb 

0.57 
0.3 8 
0.22 

0.54 (0.03) 
0.8 1 
0.5 1 
0.40 
0.78 

0.08 (0.03) 
0.39 
0.88 
0.71 

' Carbon chian length : number of double bonds. 

Unbtacketed F-values and probabilities rrpnsent non-significant diet 
differences. Brtlcketed F-values and pmbabilities denote significant 0 . 0 3 )  
diet x genda interactions. 



Appendir 18. F-vaiues for Diet Effccb on M a n  Change in LDL Fatty Acid 
Composition: û-28 Days 

Fatty Acid ' Prob 

0.86 
0.37 
0.71 
0.74 
0.67 
0.5 1 
0.9 1 
0.9 1 

0.49 (0.01) 
025 
0.58 
0.93 

1 Carbon chah length : number of double bonds. 

Unbracketed F-vaiue and pbability reprisent non-signifiant diet differences. 
The bracketed F-value and pmbability denote a signifint QS0.01) 
dia x gender interaction. 



Appendis 19. F-vairics for Diet Effits on M u n  Chang in LDL Fatty Acid 
Composition: 28-56 Days 

Fatty Acid ' Prob 

0.68 
0.44 
0.8 1 
0.67 
0.93 
0.46 
0.5 1 
0.8 1 
0.92 
0.93 
0.93 
0.97 

' Carbon chah length : number of double bonds. 



Appendis 20. F-vlaues for Dlet Eff- on LDL Particle Size Parameters: 
Cor/sar, Radis, and Dirimeter 

Parameter 
CorlSur t- 

Signincant w.05)  gender differences for the study period 0-56 days. 

For the study period 0-56 days, R-squarrd, F-value, anci probability 
values represmt sigiiificant genda effods as no signiscant dia 
Metences were found. 




