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Usefulness of Low-Density Lipoprotein Particle Size Measurement in
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Background: Cardiovascular disease is largely explained by
the traditional risk factors, but there are several novel risk fac-

tors that have been shown to predict cardiovascular morbidity.
The measurement of low-density lipoprotein particle size
(LDLPS) is a novel cardiovascular risk factor, yet it is un-
known whether this measurement provides additional infor-
mation that may influence the subsequent medical treatment
of patients.

Hypothesis: The measurement of LDLPS provides addi-
tional information that may influence preventive treatment for
cardiovascular disease.

Methods: In an observational study of 82 patients referred
to a tertiary care preventive cardiology clinic, LDLPS was
dichotomized as either small or large and was detennined by
either the NMR LipoProfile test, the Vertical Auto Profile
(VAPTM)cholesterol test, or gradient gel electrophoresis. Lipid
profiles were obtained and Frarningham risk scores were cal-
culated. Patients were stratified by Adult Treatment Panel
guidelines as being at low, intermediate, or high risk.

Results: The study included 56 men and 26 women with a
mean age of 54:t 11years. In the entire cohort of 82 patients,
only 31 (38%) were at non-high-density lipoprotein (IIDL)
goal, only 21 (26%) were at goals for both non-IIDL and
HDL, and only 18 (22%) were at goal for non-IIDL, IIDL,
and triglycerides. When considering each of the risk factor
strata, 19of 43 (44%) low-risk patients were at non-IIDL goal
and 12 of these also had a small LDLPS. Only 8 of 18 (44%)
intermediate-risk patients were at non-HDL goal and 7 of
these (88%) had small LDLPS. Finally, only four high-risk pa-
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tients were at non-IIDL goal and three of these (75%) had
small LDLPS.

Conclusions: Knowing the LDLPS could alter subsequent
therapeutic recommendations for most patients who have
reached target lipid values.
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Introduction

Cardiovascular (CV) disease is largely explained by tradi-
tional risk factors. I Since the majority of patients who suffer
CV events have at least one risk factor,2 focusing treatment
on these proven causes seems appropriate. In principle, the
degree of therapeutic aggressiveness is best guided chiefly
by an individual's overall CV risk. 3However, many patients
are at intermediate risk and/or have one or more borderline

risk factor(s)4 whereby the appropriate intensity of medical
treatment remains uncertain. Moreover, hundreds of novel
risk factors have been described,5 many of which may be in-
dependently associated with CV risk. Unfortunately, the op-
timal intensity of medical treatment for any single individual
and the role of assessing novel risk factors during CV pre-
vention remain unclear.

Patients with a Frarningham risk score between 6 and 19%
(intermediate risk) may benefit from novel risk factor test-
ing in order to better characterize their individual CV risk and
thereby the appropriate intensity of medical treatment.4 We
have previously reported the usefulness of determining ca-
rotid intima-media thickness6 and C-reactive protein7 in such
patients. Both measurements led to changes in clinical man-
agement in the majority of patients tested when established
clinical guidelines were followed. However, it remains to be
determined whether such an algorithm would actually yield
superior outcomes. In the present investigation, we report our
observations of the clinical usefulness of measuring another
novel independent CV risk factor, low-density lipoprotein
particle size (LDLPS).

Materials and Methods

This study was approved by the Institutional Review Board
of the University of Michigan. We retrospectively collected
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clinica1Jdemographicdata and laboratory results of allpatients
who had LDLPS determined for clinical reasons during their
initial visit to our outpatient preventive cardiology clinic. The
LDLPS was determined by either the NMR LipoProfile test
(LipoScience, Inc, Raleigh N.C., USA),8 the Vertical Auto
Profile (VAPTM)cholesterol test (Atherotech, Birmingham,
Ala., USA),9 or gradient gel electrophoresis (Berkeley Heart
Lab, Burlingame, Calif., USA). 10The LDLPS for each patient
was dichotomized to small or large based upon the criteria pro-
vided by each laboratory. When an intermediate phenotype
was reported (e.g., pattern A/B qy..YAP),LDLPS was catego-
rized as small (i.e., small size category includes all patients
wi~out a large "normal" LDLPS).

To determine the clinical usefulness of measuring LDLPS,
we calculated the percentage of patients in each CV risk cate-
gory in whom knowing LDLPS might influence subsequent
therapy and/or mandate more aggressive treatment beyond
that recommended by standard lipids and clinical guidelines.
For LDLPS to be deemed useful, patients would need to have
a small LDLPS, yet have their traditional lipid profiles meet
present-day guidelines. For example, if a patient had a small
LDLPS, yet non-high-density lipoprotein cholesterol (HDL-
C) was not at goal, guidelines would already mandate more
aggressive treatment and knowing the LDLPS would not add
incremental information to mandate additional therapy. How-
ever, if standard lipid values met goals and a patient had a
small LDLPS, then additional treatment may be warranted
based solely upon the findings of LDLPS measurement and
the test would be deemed clinically useful. The percentage of
patients who achieved goal non-HDL-C for each CV risk cat-
egory, yet had a small LDLPS, was calculated as the primary
outcome. Cardiovascular risk strata and their goal non-HDL-
C values were defined per Adult Treatment Panel (ATP) III
Cholesterol Guidelines: 11low risk « 2 risk factors, goal non-
HDL-C < 190 mgldl), intermediate risk (22 risk factors, goal
non-HDL-C < 160 mgldl), and high risk (CHD or any risk
equivalent, goal non-HDL-C < 130 mgldl).

Next, for each CV risk strata, we determined the percentage
of patients who had a small LDLPS yet achieved progressive-
ly more stringent standard lipid profile target goals. The num-
ber of patients who met both their non~HDL-C goal and had an
HDL-C >40 mgldl, yet had a small LDLPS was calculated.
Finally, the percentage of patients who met all standard lipid
profile goals (CV risk strata non-HDL-C target, HDL >40
mgldl, plus triglycerides (TG) < 200 mgldl) yet had a small
LDLPS was calculated.

Data were analyzed using Statistical Package for Social
Sciences 12.0 for windows (SPSS Inc., Chicago, ill., USA).

Descriptive statistics are presented as mean ::tstandard devia-
tion (SD).

Results

Tables I and ITprovide the demographic/clinical data and
the medication regimens of our study population, respectively
(n =82). Upon initial visit to our clinic, 68% of patients were
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taking at least one lipid-lowering medication. Table III demon-
strates the results of the standard lipid and the LDLPS profiles.
The most common abnormality was elevated TG (mean =446
::t 688mgldl),whichaccountsfor thehighprevalenceof a
small LDLPS (78%).

Table IV ill~trates the chief results of our study. Upon re-
ferral to our clinic, most patients were not at non-HDL-C goal
(range 19-44%). Fewer patients had all lipid parameters at
goal for their individual CV risk (range 10--3Q%). Among all

TABLE I Clinical characteristics of the patients (n =82)

Age (years)
Male / female
Number of current smokers

Number of patients with diabetes mellitus,
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
He<jrt rate (beats/mill - 1)

Body weight (kg)
Body mass index (kg.m -2)
Framingham risk score

Valuesrepresentmean::tstandard deviation.

54::t 11
56/26

5

9
124::t20
78::t 11
70::tI4

89::t 19
30.0::t5.4

.8.2::t5.8

TABLE II Medication profile (n =82)

Medication class Number of patients (%)

ACE inhibitor
Aspirin
Beta blocker

Lipid-loweringdrug(s)
Statin
Fibrate
Niacin
Bileacidresin
Ezetimibe

24 (29)
40 (49)
19(23)
56(68)

26
17
8
1
4

Abbreviation: ACE =angiotensin-converting enzyme.

TABLE III Lipid results (n =82)

Total cholesterol (mg.d}-l)

High-density lipoprotein cholesterol (mg.dl-I)

Non-high density lipoprotein cholesterol (mg.dl-I)

Low-density lipoprotein cholesterol (mg.dl-l)

Triglycerides (mg.dl-l)

253::t 10l
50 :t 27

202 :t 98
145 :t93
446 :t 688

Low-density lipoprotein particle size Small

n(%)
Large
n(%)

18(22)
14(33)
2 (11)
2 (10)

64(78)
29(67)
16(89)
19(90)

All subjects (n =82)
Low risk (n =43)
Intermediate risk (n = 18)

High risk (n =21)

Values represent mean:t standard deviation.
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TABLE IV Main study results

Abbreviations: HDL =high-density lipoprotein, TG =triglycerides, LDLPS =low-density lipoprotein pmticle size.

levels of risk, the majority of patients who had achieved their
non-HDL-C goal (range 63-75%) and/or all predefined stan-
dard lipid goals (range 54-100%) still had a small LDLPS. It
was surprising that when patients with TG values that were
within goals and even with values < 100 mg/dl-1, traditionally
believed to be associated with a very low likelihood of having
a small LDL pattern, were analyzed, patients across all risk
categories still had a small LDL pattern (Table V). The clinical
usefulness of LDLPS determination tended to an increase in
direct relation to the overall CV risk.

Discussion

Our [mdings demonstrate the potential clinical usefulness
of measuring LDLPS at all levels of CV risk. Knowing the

LDLPS could alter subsequent therapeutic recommendations
in most patients who have reached non-HDL-C goals or even
met sequentially more stringent target standard lipid values. In
general, this therapy would involve adding either niacin or a fi-
brate to the medical regimen, which otherwise may not have
been considered. Prior to this analysis, it would have been rea-
sonable to hypothesize that the intensity of lifestyle changes
and medication usage normally required to achieve non-HDL-
C goals would assure success in increasing LDLPS in a high
percentage of patients. If that were the case, standard lipid
measurements would eliminate most of the clinical benefit of

determining LDLPS. However, these [mdings show that sim-
ply targeting therapeutic aggressiveness in 'order to achieve
ATP III guidelines for non-HDL-Cll (or even HDL-C >40
mg/dl and triglycerides < 200 mg/dl) does not assure that pa-
tients are successfully treated specifically to increase their
LDLPS. Despite being at goal, 61-71 % patients still had small
LDLPS. Even when controlled for TO level, many subjects
still had small LDL size (Table V). Therefore, even in patients
perceived to be at lipid goals, LDLPS measurement is clinical-
ly beneficial and could lead to more intensive subsequent ther-
apy in most patients tested.

Small LDLPS has been shown in somel2-14 but not aHl5 .

studies to predict CV mortality independently. Enhanced ath-
erosclerosis could occur by a variety of mechanisms. 16In sev-
eral studies, once other lipid values were accounted for,17.18
or once apoB (atherogenic particle number) was lowered to
goal, 12LDLPS did not convey independent risk information.
More recent observations suggest that the simple classification
of small versus large size is not as beneficial as quantifying the
severity of small LDLPS distribution. 13,14In addition, athero-
genic particle number may be at least as important. 19Whether
a small LDLPS phenotype conveys excess CV risk once lipids
are aggressively treated (i.e., non-HDL-C, HDL-C, and TG are
at goal) has never been demonstrated. It is possible that lower-

Number of patients at Number of patients at non-HDL,
Number of patients at non-HDL and HDL (> 40 mg.dl-l), and

non-HDL goal HDL(>40 mg-dJ-I) goals (%) TG « 200 mg.dl-I) goals (%)

At above goal, At above goal, At above goaL
Risk factor stratum yet with a smail LDLPS yet with a small LDLPS (%) yet with a smaU LDLPS (%J

n % n % n %

Low(n=43) 19 (44) ]5 (35) 13 (30)
12 (63) 9 (60) 7 (54)

Intermediate (n = 18) 8 (44) 4 (22) 3 (17)
7 (88) 3 (75) 2 (67)

High(n=2]) 4 (19) 2 (10) 2 (10)
3 (75) 2 (100) 2 (00)

Total cohort (n = 82) 31 (39) 21 (26) 18 (22)
22 (71) 14 (67) 11 (61)

TABLE V Identificationof patients' risk stratificationbased on
triglyceridelevel

Triglycerides Triglycerides
< 100mg.dl-1 < 150mg.dl-1

Risk factorstratum PattemB (%) PattemB (%)

Low 11 (73) 19 (63)
6 (55) 10 (53)

Intermediate 3 (20) 5 (17)
2 (67) 1 (20)

High 1 (1) 6 (20)
1 (100) 1 (17)

TotalCohort 15 - 30
9 (60) 12 (40)
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ing non-HDL to < 100 mg/dl (i.e., apoB < 80 mg/dl) would
eliminate any risk associated with a small LDLPS. In theory, in
such patients, a small LDLPS may be common because of re-
ductions in the available cholesterol content for lipoproteins,
thus making apoB (or particle number) a superior risk predic-
tor. However, the focus of this observational study was not to
validate the prognostic importance of LDLPS, but to inves-
tigate the theoretical clinical usefulness of knowing this labo-
ratory information during CV disease prevention treatment.

Study Limitations

This study is limited by a potential selection bias of referral
to our tertiary care preventive cardiology and lipid manage-
ment clinic, as well as by the small number of patients. The
high overall percentage of patients with a small LDLPS, due to
the prevalence ofhypertriglyceridemia, may also account for
some of our findings. Nevertheless, due to the overwhelming
prevalence of obesity and the metabolic syndrome,2° we feel
these findings have significant external validity. In addition,
most patients still had a small LDLPS even when TG were
treated to goal. We used three different methods that may not
always agree to quantify LDLPS. However, our purpose was
not to assess the validity of each technique, but rather to inves-
tigate in routine practice the impact of assessing LDL pattern,
regardless of the methodology utilized. A [mal limitation is
that few high-risk patients were at standard lipid goals com-
pared with lower-risk patients; this may limit the strength of
our findings in this portion of our cohort. However, the per-
centages of patients reaching non-HDL-C goal at each level of
CV risk are similar to population-wide observations.21

Conclusions

Measurement of LDLPS may provide important clinical
information at all levels of CV risk. Targeting'treatments to
achieve standard lipid goals does not assure that such therapy
will increase LDLPS. Further studies are required to deter-
mine whether modulating therapy (such as adding niacin)
based upon LDLPS determination actually improves clinical
outcomes.

References

I, YusufS, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F. McQueen M.
Budaj A, Pais P. Varigos J, Lisheng L: Effect of potentially moditiable risk

537

factors associated with myocardial infarction in 52 countries (the INfER-
HEART study): Case-control study. Lancer 2004;364:952-962

2. Greenland P, Knoll MD, Stamler J, Neaton JD, Dyer AR, Garside DB,
Wilson PW: Major risk factors as antecendents of fatal and nonfatal coro-
nary heart disease events. JAm Med Assoc 2003;290:891-897

3. Grundy SM, Pasternak R, Greenland P, Smith S Jr, Fuster V: Assessment of
cardiovascular risk by use of multiple-risk-factor assessment equations. A
statement for healthcare professionals from the American Heart Association
and the American College of Cardiology. J Am Coli CardioI1999;34:
1348-1359

4. Greenland P, Smith SC, Grundy SM: Improving coronary heart disease risk
assessment in asymptomatic people. Role of traditional risk factors and non-
invasive cardiovascular tests. Circulation 2001 ;104; 1863-1867

5. Ridker PM, Brown NJ, Vaughan DE, Harrison DG, MehtaJL: Established
and emerging plasma biomarkers in the prediction of first atherothrombotic
events. Circulation 2004; IO9(supplN):N6-NI9

6. Bard RL, Kalsi H, Rubenf1fe M, Wakefield T, Fex B, Rajagopalan S,
Brook RD: Effect of carotid atherosclerosis screening on risk stratification
during primary cardiovascular disease prevention. Am J CardioI2004;93:
1030-1032 .

7. Bard RL, Rubenf1feM, Eagle K, Clarke NS, Brook RD: Utility of C-reac-
tive protein measurement in risk stratification during primary cardiovascu-
lar disease prevention. Am J CardioI2005;95: 1378-1379

8. http://www.liposcience.coml(accessed April 4, 2005).
9. hltp:/Iwww.atherotech.coml(accessed April 4, 2005).

10. http://www.berke1eyheartlab.coml(accessed April 4, 2005).
II. Executive summary of the third report 'of the National Cholesterol Education

Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment on
High Blood Cholesterol in Adults (Adult Treatment Panel ill). JAm Med
Assoc 200 1;285:2486-2509

12. Lamarche B, Tchernof A. MOOljaniS, Prud'homme D, Nadeau A, Tremblay
A, Lupien PJ, Bouchard C, Despres JP: Small, dense LDL particles as a pre-
dictor of the risk of ischemic heart disease in men: Prospective results from
the Quebec Cardiovascular Study. Circulation 1997;95:69-75 .

13. St-Pierre AC, RuellL, Cantin B. Dagenais GR, Bernard PM. Despres JP.
Lamarche B: Comparison of various electrophoretic characteristics ofLDL
particles and their relationship to the risk of ischemic heart disease.
Circulatiun 200 I; 104:2295-2299

14, St-Pierre AC, Cantin B, Dagenais GR, Mauriege P. Bernard PM, Despres
JP, Lamarche B: Low-density lipoprotein subfractions and the long-term
risk of ischemic hean disease in men. i 3-year follow-up data from the
Quebec Cardiovascular Study. Arteriosc/er Thromb Vasc Bioi 2005;25:
553-559

15. Campos H, Moye LA, Glasser SP, Stampfer MJ, Sacks PM: Low-density
lipoprotein size, pravastatin treatment, and coronary events. JAm Med
Assoc 2001;286: 1468-1474

16. Rajman I, Eacho PI, Chowienczyk PJ, Ritter 1M:LDL particle size: An im-
portant drug target? Br J Clin Pha17nacoI1999;48:125-133

17. Stampfer MJ. Krallss RM. Ma J, Blanche PJ, Holl LG, Sacks PM,
Hennekens CH: A prospective study of TG level, LDL particle diameter,
and risk of myocardial infarction. JAm Med Assoc 1996;276:882-888

18. Gardner CD. Fonmann SP, Krauss RM: Association of small LDL particles
with the incidence of CAD in men and women. JAm Med Assoc ]996;
276:875-881

19. Otvos JD, Jeyarajah EJ, Cromwell we: Measurement issues related to
lipoprotein heterogeneity. Am J CardioI2002;9O(suppl):22i-29i

20. Ford ES, Giles WH, Dietz WHo Prevalence of the metabolic syndrome
among US adults, Findings from the Third National Health and Nutrition
Examination Survey. JAm MedAssoc 2002;287:356--359

21. Ford ES. Mokdad AH, Giles WH: Serum total cholesterol concentrations
and awareness, treatment. and control of hypercholesterolemia among US
adults. Findings from the National Health and Nutrition Examination
Survey. 1999-2000. Circulatiol12003; 107:2185-2189


