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Abstrac t t 
Context t 
Twoo recent large studies have shown that apolipoproteins A-I (apoA-I) and 
BB (apoB) are strong risk factors for coronary artery disease (CAD). However, 
whetherr these variables are stronger predictors than low-density lipopro-
teinn cholesterol (LDL-c) and high-density lipoprotein cholesterol (HDL-c) is 
controversial. . 

Objective Objective 
Too compare the predictive values of apoA-I, apoB, and their ratio with those 
off  LDL-c, HDL-c, and their ratio, for the risk of future CAD. 

Design Design 
Prospectivee case-control study nested in the EPIC-Norfolk cohort. Baseline 
visitt between 1993-1997; follow-up through November 2003; mean = 8 years. 

Participants Participants 
Population-basedd sample selected from the EPIC-Norfolk cohort. Cases were 
8699 men and women who did not report a history of heart attack or stroke 
att the baseline visit, but developed fatal of non-fatal CAD during follow-up. 
AA total of 1511 controls were matched by age, sex, and enrolment time. 
Mainn outcome measure The risk of future coronary artery disease during 
follow-up. . 

Results s 
Thee study sample had risk factor levels comparable to those of contempo-
raryy Western populations. After adjustment for systolic blood pressure, 
bodyy mass index, diabetes, smoking habit, and C-reactive protein levels, the 
oddss ratio (OR) for future CAD incidence among people in the top versus 
bottomm quartile was 2.36 (95%CI 1.78-3.14, p for linearity < 0.0001) for the ra-
tioo LDL-c / HDL-c, and 2.72 (95%CI 2.03-3.63, p for linearity < 0.0001) for the 
ratioo apoB / apoA-I. In a conditional regression model that included both 
thesee variables, and adjusted for systolic blood pressure, body mass index, 
diabetes,, smoking habit, C-reactive protein levels, and (log-transformed) 
triglycerides,, the contribution of the ratio LDL-c / HDL-c lost statistical 
significancee (OR = 1.16, 95%CI 0.7O-1.93, p for linearity = 0.5, for top versus 
bottomm quartile) whereas the ratio apoB / apoA-I remained a highly signifi-
cantt predictor (OR = 2.09, 95%CI 1.24-3.51, p for linearity = 0.005). 

Conclusions Conclusions 
Amongg apparently healthy men and women, the ratio apoB / apoA-I was a 
strongg predictor of the risk of future CAD, even after adjustment for tradi-
tionall  cardiovascular risk factors including LDL-c and HDL-c. 
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Introductio n n 
Elevatedd plasma levels of low-density lipoprotein cholesterol {LDL-c) are an 
establishedd risk factor for coronary artery disease (CAD), and lowering of 
LDL-cc constitutes the foundation of CAD prevention.13 In contrast, plasma 
levelss of high-density lipoprotein cholesterol (HDL-c) have a strong but 
inversee relationship with the risk of CAD. In routine clinical practice, the 
measurementt of LDL-c and HDL-c levels is foremost in risk assessment.4,5 

Severall  studies have suggested, however, that circulating levels of apolipo-
proteinss B (apoB) and A-I (apoA-I), the structural proteins of LDL and HDL, 
mayy be superior in cardiovascular risk prediction. 
Initiall  research in this field has yielded inconsistent results,&w but at 
thatt time methods and population-based reference values were not stan-
dardised.. Since the standardization of reference materials by the Interna-
tionall  Federation of Clinical Chemistry,1112 the importance of apolipopro-
teinn levels in cardiovascular risk prediction has gained momentum. Data 
fromfrom the very large AMORIS study showed that apoA-I and apoB levels 
weree strong risk factors for cardiovascular mortality,13 but these relation-
shipss could not be adjusted for LDL-c and HDL-c. Similarly, the recent 
INTERHEARTT study, the largest cross-sectional case-control study to date, 
reportedd that the ratio apoB/apoA-I is indeed a very strong risk factor for 
myocardiall  infarction but again LDL-c and HDL-c levels were not available 
forr comparison.14 Several smaller-scale prospective studies have described a 
head-to-headd comparison of apolipoprotein levels and cholesterol levels, but 
thee results are conflicting. All studies confirm that apoA-I and apoB levels 
weree potent predictors of cardiovascular risk, but some studies suggested 
thatt this predictive value was eliminated upon adjustment for the cor-
respondingg cholesterol measures,1516 whereas others reported that it was 
retained.17188 Thus, although substantial evidence supports the hypothesis 
thatt apoA-I and apoB levels are strong risk factors for future CAD, data are 
conflictingconflicting as to whether these apolipoprotein levels have indeed indepen-
dentt predictive value over and above traditional risk factors including LDL-c 
andd HDL-c. 

Wee hypothesized that apoA-I levels and apoB levels, but more importantly 
thee ratio apoB/apoA-I are strong risk factors for future CAD risk, even after 
adjustmentt for traditional risk factors. We tested this hypothesis in a large 
prospectivee case-control study nested in the EPIC-Norfolk prospective popu-
lationn study. 

Method s s 
Wee performed a nested case-control study among participants of the EPIC-
Norfolkk (European Prospective Investigation into Cancer and Nutrition) 
study,, a prospective population study of 25,663 men and women aged 
betweenn 45 and 79 years, resident in Norfolk, UK, who completed a baseline 
questionnairee survey and attended a clinic visit.19 Participants were recruit-
edd from agesex registers of general practices in Norfolk as part of the ten-



countryy collaborative EPIC study designed to investigate dietary and other 
determinantss of cancer. Additional data were obtained in EPIC-Norfolk to 
enablee the assessment of determinants of other diseases. 
Thee design and methods of the study have been described in detail.19 In 
short,, eligible participants were recruited by mail. At the baseline survey 
betweenn 1993 and 1997, participants completed a detailed health and 
lifestylee questionnaire. Blood was taken by venepuncture into plain and 
citratee bottles. Blood samples were processed for assay at the Department 
off  Clinical Biochemistry, University of Cambridge, or stored at -80 °C. All 
individualss have been flagged for death certification at the UK Office of 
Nationall  Statistics, with vital status ascertained for the entire cohort. In ad-
dition,, participants admitted to hospital were identified using their unique 
Nationall  Health Service number by data linkage with ENCORE (East Norfolk 
Healthh Authority database), which identifies all hospital contacts through-
outt England and Wales for Norfolk residents. Participants were identified as 
havingg CAD during follow-up if they had a hospital admission and/or died 
withh CAD as underlying cause. CAD was defined as codes 41(M14 accord-
ingg to the International Classification of Diseases 9th revision. We report 
resultss with follow-up up to January 2003, an average of about 6 years. The 
studyy was approved by the Norwich District Health Authority Ethics Com-
mitteee and all participants gave signed informed consent. 

Participants Participants 
Wee have previously described a similarly designed nested case-control 
study.20"222 Extension of follow-up has resulted in the identification of more 
CADD cases allowing the present study to be considerably larger. We ex-
cludedd all individuals who reported a history of heart attack or stroke at 
thee baseline clinic visit. Cases were individuals who developed a fatal or 
non-fatall  CAD during follow-up until November 2003. Controls were study 
participantss who remained free of any cardiovascular disease during fol-
low-up.. We matched two controls to each case by sex, age (within 5 years), 
andd time of enrolment (within 3 months). 

BiochemicalBiochemical analyses 
Serumm levels of total cholesterol, HDL cholesterol, and triglycerides were 
measuredd on fresh samples with the RA1000 (Bayer Diagnostics, Basing-
stoke,, UK), and LDL cholesterol levels were calculated with the Friedewald 
formula.233 Plasma concentrations of CRP were measured with a sandwich-
typee ELISA as previously described.24 Serum levels of apoA-I and apoB were 
measuredd by rate immunonephelometry (Behring Nephelometer BNI1, 
Marburg.. Germany) with calibration traceable to the International Federa-
tionn of Clinical Chemistry primary standards.25 Samples were analyzed in 
randomm order to avoid systemic bias. Researchers and laboratory personnel 
hadd no access to identifiable information, and could identify samples by 
numberr only. 
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StatisticalStatistical analysis 
Baselinee characteristics were compared between cases and controls taking 
intoo account the matching between them. A mixed effect model was used 
forr continuous variables and conditional logistic regression was used for 
categoricall  variables. Because triglycerides and CRP levels had a skewed 
distribution,, values were log-transformed before being used as continu-
ouss variables in statistical analyses. Pearson's correlation coefficients were 
calculatedd among the variables total cholesterol, LDL-c, HDL-c, triglycerides, 
apoA-I,, apoB, and the ratios LDL-c/HDL-c, and apoB/apoA-I, for men and 
womenn separately. In order to compare the predictive values of circulating 
levelss of total cholesterol, LDL-c, HDL-c, ApoA-I, ApoB, and of the ratios LDL-
c/HDL-c,, and apoB/apoA-I, we calculated odds ratios (OR) and corresponding 
95%% confidence intervals (95%CI) as an estimate of the relative risk of in-
cidentt CAD. Odds ratios were calculated for quartiles based on the distri-
butionn among controls. Analyses were performed by conditional logistic 
regressionn analysis, which takes into account the matching for sex and age. 
Wee tested three models: model 1 adjusted for smoking (yes/no), diabetes 
(yes/no),, body mass index, systolic blood pressure, C-reactive protein levels; 

Tab lee 1 . Basel ine character is t ics 

Riskk  factor 

Subjects s 

Malee sex 

Age.yr r 

Diabetes s 

Smoking g 

-Current t 

-Former r 

-Never r 

BMI,, kg/m2 

Systolicc blood pressure, mmHg 

Diastolicc blood pressure, mmHg 

Totall cholesterol, mmol/l 

LDL-c,, mmol/l 

HDL-c,, mmol/l 

Triglycerides,, mmol/l 

Apolipoprotelnn A-l, mg/dl 

Apolipoproteinn B, mg/dl 

C-reactivee protein, mg/l 

Controls s 

1511 1 

62.3(942) ) 

8 8 

1.7(25) ) 

8.2(123) ) 

50.2(749) ) 

41.6(620) ) 

26.22  3.4 

1399 8 

844  11 

6.22 1 

4.11 0 

1.355 0 

1.6(1.1-2.2) ) 

1622 0 

1299 0 

1.5(0.7-3.1) ) 

Cases s 

869 9 

63.66 (553) 

655 8 

6.11 (53) 

16.11 (138) 

51.11 (439) 

32.88 (282) 

27.33  3.9 

1444 9 

866 2 

6.44 2 

4.33 1 

1.266 7 

1.8(1.3-2.6) ) 

0 0 

1377 2 

2.3(1.1-4.9) ) 

P P 

Matched d 

Matched d 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

Dataa are presented as mean , percentage (n), or median (interquartile range). 
Comparisonss between cases and matched controls were by conditional logistic 
regressionn for categorical variables, and by mixed effect model for continuous 
variables.. Triglyceride levels and CRP levels were log-transformed before analysis. 
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Quartil e e 

Totall cholesterol 

LDL-c c 

ApoB B 

HDL-c c 

ApoA-l l 

LDL-c/HDL-c c 

ApoBB / ApoA-l 

1 1 

1.00 0 

1.00 0 

1.00 0 

1.00 0 

1.00 0 

1.00 0 

1.00 0 

Tablee 3. Odds ratios for future coronary artery disease per quartile of lipid, 
apolipoprotein,, or ratio. 

22 3 4 P 

1.288 1.24 1.83 < 0.0001 
(0.98-1.67)) (0.93-1.65) (1.38-2.44) 

1.500 1.43 2.00 < 0.0001 
(1.14-1.98)) (1.09-1.88) (1.52-2.62) 

1.200 1.52 2.16 < 0.0001 
(0.91-1.59)) (1.14-2.02) (1.63-2.85) 

0.711 0.63 0.58 < 0.0001 
(0.55-0.91)) (0.49-0.82) (0.43-0.78) 

0.700 0.56 0.54 < 0.0001 
(0.54-0.89)) (0.42-0.73) (0.40-0.73) 

1.299 1.80 2.36 < 0.0001 
(0.96-1.73)) (1.35-2.40) (1.78-3.14) 

1.422 1.79 2.72 < 0.0001 
(1.04-1.93)) (1.33-2.40) (2.03-3.63) 

Oddss ratios for the risk of future CAD, and corresponding 95% confidence intervals 
andd p-values for linear trend. Data are presented for people in each quartile of 
thee distribution among controls, using people in the lowest quartile as reference 
category.. Odds ratios were calculated by conditional logistic regression, taking into 
accountt matching for sex, age , and enrolment time, and were adjusted for smoking 
(yes/no),, diabetes (yes/no), body mass index, systolic blood pressure, and C-
reactivee protein levels (model 1). 

modell  2 adjusted for the risk factors in model 1 and also LDL-c and HDL-
c;; and model 3 adjusted for the risk factors and also (log) triglycerides. In 
orderr to assess the consistency of findings among sexes, separate analyses 
weree performed for men and women, using quartiles based on the sexes 
combined.. Finally, we compared directly the predictive values of the ratios 
LDL-c/HDL-cc and apoB/apoA-I by entering both into a conditional logistic 
regressionn model that adjusted for smoking, diabetes, body mass index, sys-
tolicc blood pressure, C-reactive protein levels, and (log-transformed) triglyc-
erides.. The statistical interaction between sex and quartiles of lipids and 
apolipoproteinss was calculated to assess the validity of pooling sexes. Statis-
ticall  analyses were performed using SPSS software (version 12.0.1, Chicago, 
Illinois).. A p-value < 0.05 was considered to indicate statistical significance. 

Results s 
Wee identified 869 individuals who did not report a history of cardiovascu-
larr disease at the baseline visit but who did develop CAD during follow-up. 
Off  these, were 611 (70.3%) non-fatal and 258 (29.7%) were fatal events. A 
totall  of 642 cases could be matched to two controls, and 227 cases could be 
matchedd to one control only. Thus, the control group comprised 1511 peo-
ple.. Due to matching, age and sex were comparable between cases and con-
trolss (table 1). As expected, cases were more likely than controls to smoke 
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andd have diabetes (p < 0.0001 for each). Levels of total cholesterol, low-den-
sityy lipoprotein cholesterol (LDL-c), triglycerides, systolic and diastolic blood 
pressure,, body mass index (BMI), CRP, and apoB were also significantly 
higherr in cases than controls; levels of HDL-c and apoA-I were significantly 
lowerr in cases than controls (p < 0.0001 for each). These differences showed 
similarr patterns when cases were divided into fatal and non-fatal cases, and 
whenn men and women were analysed separately. Circulating levels of total 
cholesterol,, LDL-c, HDL-c, triglycerides, apoA-I, apoB, and the ratios LDL-c/ 
HDL-cc and apoB/apoA-I were highly correlated. The only variables that were 
nott strongly correlated were apoA-I and LDL-c (p=0.04 for men and p=0.3 for 
women),, apoA-I and apoB (p=0.1 for men and p=0.89 for women), and LDL-c 
andd HDL-c among men (p=0.09) (table 2). 
Accordingg to conditional logistic regression model 1, which took into ac-
countt matching for sex, age and enrolment time, and adjusted for smoking 
(yes/no),, diabetes (yes/no), body mass index, systolic blood pressure, and CRP 
levels,, the ORs for future CAD incidence increased significantly according 
too quartiles of total cholesterol, LDL-c, apoB, LDL-c/HDL-c, and apoB/apoA-I, 
andd decreased significantly according to quartiles of HDL-c and apoA-I (p for 
linearityy < 0.0001 for each) (table 3). The best predictor of future CAD inci-
dencee was the ratio apoB/apoA-I, which yielded an OR of 2.72 (95%CI = 2.03-
3.63,, p for linearity < 0.0001) for people in the highest quartile compared 
too those in the lowest quartile. Similar patterns were observed when men 
andd women were analyzed separately: men in the highest quartile of the 
apoB/apoA-II  distribution had an OR of 2.56 (95%CI = 1.73-3.78, p for linearity 
<< 0.0001) whereas women had an OR of 3.18 (95%CI = 2.00-5.05, p for linear-
ityy < 0.0001), compared to those in the lowest quartile. 
Inn a multivariate logistic regression model that took into account matching 
forr sex, age and enrolment time, and adjusted for smoking (yes/no), diabe-
tess (yes/no), body mass index, systolic blood pressure, and serum levels of 
CRP,, LDL-c, and HDL-c (model 2), circulating levels of apoB had independent 
predictivee value for the risk of future CAD, yielding an OR of 1.54 (95%CI 
== 1.02-2.33, p for linearity = 0.03; table 4). ApoA-I levels added marginally 
significantt predictive value to the risk factors adjusted for. However, the 
ratioo apoB/apoA-I remained strongly predictive of future CAD even after 
adjustmentt for traditional risk factors including LDL-c and HDL-c. The OR 
forr future CAD was 2.08 (95%CI = 1.30-3.31, p for linearity = 0.001) for those 
inn the highest quartile compared to those in the lowest. When men and 
womenn were analyzed separately, similar patterns were observed but due 
too the lower number of observations, statistical significance was smaller. 
Whenn analyses were performed according to model 3, which additionally 
adjustedd for log-transformed triglyceride levels, the risk estimates for apoB 
quartiless were attenuated slightly. The results for apoA-I quartiles were not 
affectedd substantially upon additional adjustment for triglyceride levels. 
Quartiless of the ratio apoB/apoA-I remained significantly associated with 
ann increased risk of CAD even after adjustment for smoking, diabetes, body 
masss index, systolic blood pressure, CRP levels, LDL-c, HDL-c, and log-trans-



Tablee 4. Odds ratios for future coronary artery disease 
Üuaiütess 1 2 3 4 P 
Modall  2 
ApoBB 1.00 1.07 1.23 1.54 0.03 

(0.80-1.45)) (0.88-1.72) (1.02-2.33) 
ApoA-II 1.00 0.73 0.65 0.70 0.05 

(0.56-0.95)) (0.47-0.90) (0.46-1.08) 
ApoB/ApoA-ll 1.00 1.27 1.49 2.08 0.001 

1.07 7 
(0.80-1.45) ) 

0.73 3 
(0.56-0.95) ) 

1.27 7 
(0.90-1.79) ) 

1.02 2 
(0.75-1.38) ) 

0.71 1 
(0.54-0.92) ) 

1.23 3 
(0.87-1.74) ) 

1.23 3 
(0.88-1.72) ) 

0.65 5 
(0.47-0.90) ) 

1.49 9 
(1.01-2.19) ) 

1.11 1 
(0.79-158) ) 

0.61 1 
(0.44-0.85) ) 

1.40 0 
(0.95-2.07) ) 

1.54 4 
(1.02-2.33) ) 

0.70 0 
(0.46-1.08) ) 

2.08 8 
(1.30-3.31) ) 

1.29 9 
(0.83-2.00) ) 

0.62 2 
(0.40-0.96) ) 

1.85 5 
(1.15-2.98) ) 

M0CNHH 3> 

ApoBB 1.00 1.02 1.11 1.29 0.2 
(0.75-1.38)) (0.79-1.58) (0.83-2.00) 

ApoA-44 1.00 0.71 0.61 0.62 0.01 
(0.54-0.92)) (0.44-0.85) (0.40-0.96) 

ApoB/ApoA-ll 1.00 1.23 1.40 1.85 0.01 

Oddss ratios for the risk of future CAD, and corresponding 95% confidence intervals 
andd p-values for linear trend. Data are presented for people in each quartile of 
thee distribution among controls, using people in the lowest quartile as reference 
category.. Odds ratios were calculated by conditional logistic regression, taking into 
accountt matching for sex, age, and enrolment time, and were adjusted for smoking 
(yes/no),, diabetes (yes/no), body mass index, systolic blood pressure, and C-
reactivee protein levels, LDL-c and HDL-c (model 2), and for all these risk factors and 
inn addition (log-transformed) triglycerides (model 3). 

formedd triglyceride levels, such that people in the highest quartile had an 
ORR of 1.85 (95%CI = 1.15-2.98, p for linearity = 0.01). Similar patterns were 
observedd for men and women were analyzed separately, but as expected, 
thee 95%Cls were wider. 
Inn a conditional logistic regression model that included both the ratios 
LDL-c/HDL-cc and apoB/apoA-I and adjusted for smoking, diabetes, body mass 
index,, systolic blood pressure, CRP levels, and log-transformed triglyceride 
levels,, the ratio LDL-c/HDL-c was no longer significantly associated with the 
riskk of future CAD (table 5). The ratio apoB/apoA-I had independent predic-
tivee value even after adjustment for the ratio LDL-c/HDL-c (p for linearity = 
0.005),, such that people in the highest quartile had an OR of 2.09 (95%CI = 
1.24-3.51)) for future CAD compared to people in the lowest quartile. 

Discussio n n 
Inn this large prospective nested case-control study, we observed that abso-
lutee serum levels of apoA-I and apoB, and in particular the ratio apoB/apoA-
II  were strong risk factors for future CAD among apparently healthy men 
andd women, an observation that is consistent with several previous stud-
ies.. We observed that the predictive power of serum levels of apoA-I, apoB 
andd their ratio were stronger than HDL-c and LDL-c levels and their ratio, 
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Tablee 5. Odds ratios for future coronary artery disease by quartiles of the ratio 
LDL-cc / HDL-c and ApoB / ApoA-I 
Quartit o o 

LDL-cc /HDL-c 

ApoB/ApoA- l l 

1 1 

1.00 0 

1.00 0 

2 2 

1.05 5 

(0.73-1.52) ) 

1.29 9 

(0.88-1.89) ) 

3 3 

1.17 7 

(0.76-1.81) ) 

1.48 8 

(0.95-2.31) ) 

4 4 

1.16 6 

(0.70-1.93) ) 

2.09 9 

(1.24-3.51) ) 

P P 

0.5 5 

0.00! ! 

Oddss ratios for the risk of future CAD, and corresponding 95% confidence intervals and 
p-valuess for linear trend. Odds ratios were calculated by conditional logistic regression, 
takingg into account matching for sex, age, and enrolment time. The ratios LDL-c / HDL-c 
andd ApoB / ApoA-I were both entered into the model, and adjustment was for smoking 
(yes/no),, diabetes (yes/no), body mass index, systolic blood pressure, and C-reactive 
proteinn levels, and (log-transformed) triglycerides. 

respectively.. Importantly, we also observed that the ratio apoB/apoA-I remained 
aa strong and significant risk factor of future CAD even after adjustment for 
traditionall  risk factors including LDL-c, HDL-c, and triglycerides. 
Thee predictive value of apolipoprotein levels for the risk of future CAD has 
beenn studied extensively. However, earlier studies have yielded inconsistent 
results,, M026 but these studies suffered from a lack of standardization of 
methodss and standards.27 Two recent large studies have confirmed the strong 
predictivee value of apoA-I, apoB and their ratio. However, neither was able to 
assesss whether these variables had predictive value after adjustment for LDL-c, 
HDL-cc and their ratio. In the AMORIS study, LDL-c and HDL-c were indirectly 
derivedd from total cholesterol, triglycerides, and apoA-I, and these variables 
couldd therefore not be entered into the same regression model.13 The INTER-
HEARTT study did not measure LDL-c and HDL-c levels.14 The Quebec Cardio-
vascularr Study reported that apoB levels predict CAD risk independent of 
LDL-cc levels, but that apoA-I levels did not predict independently of HDL-c.17 In 
contrast,, the PRIME study, which evaluated only the predictive value of apoA-I 
levels,, observed that these have independent predictive value on top of HDL-c 
levels.188 Data from the ARIC study suggested that apoA-I and apoB levels were 
stronglyy predictive of CAD risk when considered alone, but did not contribute 
att all when considered together with LDL-c, HDL-c, and triglycerides.15 Simi-
larly,, data from the Caerphilly Study suggested that apoA-I and apoB levels 
didd not predict CAD risk after adjustment for LDL-c and HDL-c.16 In a report 
fromfrom the Northwick Park Heart Study II, several pairwise combinations of 
lipidss and apolipoproteins were evaluated for their value to predict CAD risk. 
However,, the combination of apoB/apoA-I and LDL-c/HDL-c was not among 
them.288 Another prospective study among people who had suffered a myocar-
diall  infarction reported that apoA-I and apoB levels were stronger than lipid 
levelss in the prediction of recurrent CAD but, again, they were not entered in 
thee same regression model.29 In summary, the currently available studies that 
directlyy compared circulating levels of LDL-c with apoB, or HDL-c with apoA-I, 
aree incomplete and conflicting. This may have been caused by the differences 
betweenn the populations studied, or by the limited statistical power of smaller 
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studies. . 
Circulatingg levels of LDL-c play a prominent role in risk prediction, and 
similarly,, in targeting lipid lowering therapy. The ATPIII guideline suggests 
thatt LDL-c should be the primary target of therapy.30 However, several stud-
iess have suggested that apoB may be a superior target for lipid lowering 
therapy.. A subanalysis of the LIPID trial suggested that apoB levels were a 
strongerr predictor of cardiovascular events than LDL-c levels.31 Similarly, in 
thee Airforce/Texas Coronary Atherosclerosis Prevention Study, on-trial apoB 
levels,, especially when combined with apoA-I to form the apoB/apoA-I ratio, 
weree a more accurate predictor of CAD events than LDL-c levels. In addition, 
inn a large series of consecutive patients undergoing coronary angiogra-
phy,, apoA-I and apoB levels were better predictors of future cardiovascular 
eventsevents than LDL-c and HDL-c levels.32 

Thee reason why apolipoprotein levels may be better predictors than lipid 
levels,, remains speculative. Because every LDL particle carries only one 
apoBB molecule, apoB levels are more strongly correlated to the number of 
LDLL particles than LDL-c levels. At any given level of LDL-c, a predominance 
off  small dense LDL particles results in a higher number of LDL particles 
andd therefore a higher apoB concentration. Because small dense LDL is 
hypothesizedd to be more atherogenic than large LDL, apoB levels may be 
moree strongly associated with CAD risk than LDL-c levels. The relationship 
betweenn the number of HDL particles and the concentration of apoA-I mol-
eculess is less stringent than in LDL because HDL particles may carry 1, 2 or 
44 apoA-I molecules. HDL particles have an atheroprotective effect because 
theyy facilitate RCT, but also because they have anti-inflammatory and an-
tioxidativee properties. Possibly, HDL-c levels represent only the RCT-related 
componentt of HDL's beneficial properties. Instead, apoA-I levels may be a 
moree accurate estimate of the overall antiatherogenic properties of these 
particles. . 

Limitations Limitations 
Ourr study has several limitations. First, case ascertainment is an issue 
inn the design of every prospective study, including this one. However, a 
validationn study indicated that case ascertainment in our study was at least 
equivalentt to that of other large prospective cohort studies. Second, serum 
levelss of cholesterol-related variables and apolipoproteins were determined 
inn a single non-fasting sample that was obtained at a non-uniform time 
off  the day. Diurnal variation, variation over time, and differences in the 
timee since the last meal could have affected these variable, albeit slightly. 
Cholesterol-relatedd parameters could be affected more strongly by a recent 
meall  than apolipoprotein levels, thus inflating the predictive power of 
apolipoproteinss compared to cholesterol-related parameters. Nevertheless, 
inn clinical practice, we rely on samples taken in free living individuals. 
Randomm measurement error in both case ascertainment and exposure as-
sessmentt would lead to an underestimation of any relationships between 
parameterss and CAD risk. The extent of measurement error is unlikely to 
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differr from those for other risk factors, or from other prospective studies on 
whichh clinical recommendations are based. 

ClinicalClinical relevance 
Thee relationship between the apoB/apoA-I ratio and the risk of future CAD 
wass linear. Therefore, any chosen threshold as a target for risk assessment 
orr for lipid-modifying therapy, is arbitrary. Such decisions need to be based 
onn epidemiological data, but feasibility and public health consequences 
needd to be taken into account as well. An apoB/apoA-I ratio of 0.7 has been 
suggestedd as a potential target in novel risk assessment and treatment 
guidelines.. This seems an appropriate choice but it must be kept in mind 
thatt even below this target value, there was still a linear relationship be 
tweenn apoB/apoA-I ratio and CAD risk. Also, it should be realized that the 
currentt study was performed among apparently healthy individuals not 
receivingg any lipid-modifying therapy. The relationship between the apoB/ 
apoA-II  ratio and CAD risk among people with prevalent CAD, and among 
peoplee receiving lipid-modifying therapy may differ from the one observed 
inn this study. 

Conclusion Conclusion 
Wee observed that in a population with risk factor levels representative for 
contemporaryy Western populations, the ratio apoB/apoA-I was a strong pre-
dictorr of future CAD risk in apparently healthy men and women. Interest-
ingly,, the association between this ratio and future CAD was continuous, 
andd remained statistically significant even after adjustment for smoking, 
diabetes,, body mass index, systolic blood pressure, serum levels of CRP, LDL-
c,, HDL-c, and (log-transformed) triglycerides. The fact that the ratio apoB/ 
apoA-II  had substantial independent predictive value for future CAD even 
afterr adjustment for LDL-c and HDL-c, provides a strong argument for its 
usee in clinical practice both in risk assessment asn in guiding lipid-modu-
latingg therapy. 
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