
Lipoprotein Biomarkers and Risk of
Cardiovascular Disease: A Laboratory Medicine
Best Practices (LMBP) Systematic Review

Paramjit K. Sandhu,1* Salma M.A. Musaad,2 Alan T. Remaley,3 Stephanie S. Buehler,4

Sonya Strider,1 James H. Derzon,5 Hubert W. Vesper,6 Anne Ranne,1 Colleen S. Shaw,1

and Robert H. Christenson7

Background: Controversy exists about the incremental utility of nontraditional lipid biomarkers [e.g.,
apolipoprotein (apo) B, apo A-I, and non-HDL-C] in improving cardiovascular disease (CVD) risk predic-
tion when added to a conventional model of traditional risk factors (e.g., total cholesterol, LDL choles-
terol, HDL cholesterol, sex, age, smoking status, and blood pressure). Here we present a systematic
review thatwas conducted to assess the use of nontraditional lipid biomarkers including apoB, apo A-I,
apo B/A-I ratio, and non-HDL-C in improving CVD risk prediction after controlling for the traditional risk
factors in populations at risk for cardiovascular events.
Content: This systematic review used the Laboratory Medicine Best Practices (LMBP™) A-6 methods. A
total of 9 relevant studies published before and including July 2015 comprised the evidence base for
this review. Results from this systematic review indicated that after the adjustment for standard
nonlipid and lipid CVD risk factors, nontraditional apolipoprotein biomarkers apo B (overall effect =
relative risk: 1.31; 95%CI, 1.22–1.40; 4 studies) and apoB/apoA-I ratio (overall effect = relative risk: 1.31;
95% CI, 1.11–1.38; 7 studies) resulted in significant improvement in long-term CVD risk assessment.
Summary: Available evidence showed that nontraditional lipid biomarkers apo B and apo B/apo I ratio
can improve the risk prediction for cardiovascular events after controlling for the traditional risk factors
for the populations at risk. However, because of insufficient evidence, no conclusions could be made
for the effectiveness of apo A-I and non-HDL-C lipid markers to predict the CVD events, indicating a
need for more research in this field.
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IMPACT STATEMENT
The findings from this study are beneficial for the population at risk of developing adverse cardio-

vascular events, including men (>35 years), women (>45 years), and younger adults (≥20 years) with
multiple cardiovascular risk factors for cardiovascular disease (CVD). Existing guidelines mainly used
traditional lipid levels and other risk factors—namely total cholesterol, LDL, HDL, triglycerides, high
blood pressure, smoking, diabetes, age, and sex—as risk factor scores for CVD risk prediction. This
study evaluated the incremental utility of nontraditional lipid biomarkers (e.g., apo B, apo A-I, and
non-HDL-C) in improving CVD risk prediction to a conventional model of traditional risk factors.

Cardiovasculardisease (CVD)8 remains the leading
cause of death and inpatient hospital care in the
United States (1–4). Research has shown that ap-
proximately 50% of population-attributable risk of
developing CVD is associated with abnormalities in
lipid biomarker profile (5). Most of the existing guide-
lines have used traditional lipid levels and other risk
factors, namely total cholesterol (TC), LDL cholesterol
(LDL-C), HDL cholesterol (HDL-C), triglycerides (TG),
and nonlipid risk factors, e.g., high blood pressure,
cigarette smoking, diabetes, age, sex, diet, and obe-
sity, as risk factor scores for CVD risk prediction (6, 7).
Based on recent studies, there is a growing interest
to investigate whether nontraditional lipid-related
markersadd incremental value tostandardprognos-
tic models containing information on TC, HDL-C, and
other conventional risk factors and can improve the
CVD risk prediction (5). The utility of nontraditional
markers in riskassessment isbestexaminedbycom-
bining them with a model that includes traditional
risk factors (8, 9). Non-HDL cholesterol (non-HDL-C),
apolipoprotein (apo) B, and apo A-I are among the
most investigated nontraditional lipid biomarkers
and hence were the focus of this study (10–12).

QUALITY GAP: LIPID BIOMARKERS AND
CVD RISK

Traditional risk factors provide estimates of
plasma pool sizes and do not necessarily relate to

the flux of cholesterol between lipoproteins and
tissues, which may be more relevant to the pro-
cess of atherosclerosis. Controversy exists about
the effectiveness of traditional lipid tests to accu-
rately predict risk of cardiovascular events, causing
potential for missed opportunities for prevention
and leading to suboptimal clinical management
because these do not (a) account for the variability
in cholesterol subfraction content, (b) measure li-
poprotein particle size and number, or (c) provide
information suggestive of changes associated with
insulin resistance progression. Two major trends
may be further compromising the ability of LDL-C
to serve as the best surrogate for atherogenic lipo-
proteins to target CVD risk reduction. First, the
prevalence of obesity in the US remains high (13),
leading to a higher prevalence of mixed dyslipi-
demia and more discrepancies between LDL-C
and other lipoproteins such as apo B, LDL parti-
cle number, and non-HDL-C (14–16). Second, ev-
idence suggests that even when LDL-C is within
the normal range, significant residual cardiovas-
cular risk remains (17). Because a majority of pa-
tients on conventional lipid-lowering treatment
have either diabetes or some component of the
metabolic syndrome, there is an increasing need
to identify the degree of residual cardiovascular
risk (14–16, 18–20).
The objective of this review was to evaluate the

available evidence to compare the incremental
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utility of apolipoprotein and non-HDL lipid bio-
markers to the traditional lipid measures (e.g.,
TC, TG, HDL-C) and other nonlipid standard risk
factors (e.g., smoking status, high blood pres-
sure, type 2 diabetes) for risk prediction of CVD
events. For the purposes of this review, cardio-
vascular events of interest included ischemic
heart disease, congestive heart failure, stable
angina, unstable angina, myocardial infarction,
and CVD death.

DESCRIPTION OF EVALUATED PRACTICES

This review evaluated the effectiveness of the
following 4 biomarkers (practices) to improve the
prediction of CVD events when added to tradi-
tional lipid biomarkers (e.g., TC, HDL-C): (i) apo B; (ii)
apo A-I; (iii) apo B/apo A-I ratio; and (iv) non-HDL
cholesterol (non-HDL-C).

Apo B

Apo B is the primary apolipoprotein of chylomi-
crons, VLDL, intermediate-density lipoprotein, and
LDL particles (14, 21, 22). Importantly, there is 1
apo B-100 molecule per hepatic-derived lipopro-
tein; hence, measurement of apo B can quantify
the number of lipoprotein particles by noting the
total apo B-100 concentration in the circulation
(more specific to LDL particle concentration) (23).
Furthermore, high levels of apoB are indicative of a
higher risk even when LDL-C or non-HDL-C levels
commonly stay low in highly atherogenic states
such as the metabolic syndrome and type 2 dia-
betes (24, 25). Prospective studies suggest that
concentrations of apo B are superior indicators
of vascular/heart disease and CVD risk predic-
tion than standard lipid profile, e.g., TC and
LDL-C (22, 26–31).

Apo A-I

Apo A-I is the major apolipoprotein in the HDL
particles (32), accounting for 70% of all HDL-asso-

ciated proteins (16) andmediatesmany of the anti-
atherogenic functions of HDL (33). HDL-C levels are
inversely correlated with risk for CVD, but HDL-C is
heterogeneous in composition and size and varies
widely across patients; thus, apo A-I is potentially
more accurate than HDL-C in reflecting the
“atheroprotective” potential of lipid metabolism
(16, 18, 32).

Apo B/A-I ratio

The apolipoprotein B/A-I ratio is used as a mea-
sure of the proatherogenic to anti-atherogenic
cholesterol (34). It was found to be strongly asso-
ciated with CVD risk, (16, 29, 35, 36) and in some
cases more than that of other cholesterol ratios
(34, 36). Furthermore, compared to other lipid ra-
tios, apolipoprotein B/A-I ratio may be more accu-
rate in risk prediction, particularly among high-risk
individuals (37).

Non-HDL-C

Non-HDL-C is the difference between the TC
concentration and the HDL-C concentration,
providing an estimate of cholesterol in the
atherogenic particles including intermediate-
density lipoprotein, VLDL, lipoprotein(a), and
LDL (31, 38). Although the CVD risk prediction is
based on the increased concentrations of TC (39,
40), mostly from increased LDL-C, research has
shown the utility of non-HDL-C in the prevention
of CVD (41) and varying CVD risk prediction
across several studies (11, 18, 25, 28, 31, 36, 42).
The latest guidelines for both European and
American Cardiological Societies emphasize the
importance of this parameter for assessing
the risk of atherosclerosis and coronary heart
disease.

METHODS

This systematic evidence review was conducted
using the Laboratory Medicine Best Practices
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(LMBP) Initiative's “A-6” systematic review meth-
ods, which is reported in detail elsewhere (43)
(LMBP™ website). In brief, the process includes for-
mation of a review team that includes a review co-
ordinator, data abstractors, CDC liaison, and
subject matter experts (expert panel team) with
the expertise in the area of cardiovascular medi-
cine, laboratory management, and evidence re-
view methods. The team worked under the
oversight of the LMBP Workgroup. Supplemental
Appendix A lists the members of the expert panel
team for this review; see the Data Supplement that
accompanies the online version of this article at
http://www.jalm.org/content/vol1/issue2. The re-
sults of the evidence-based best practice are
presented to and approved by the LMBP Work-
group team (Supplemental Appendix B lists the
LMBP Workgroup members; see the online Data
Supplement).

Ask (A-1): review question and analytic
framework

Review question. What practices are effective at im-
proving the risk prediction (or risk estimation) for
CVD events among the populations at risk, specifi-
cally ischemic heart disease, congestive heart failure,
angina, myocardial infarction, and CVD death, when
supplemented to the traditional lipid (e.g., TC, LDL,
TG, and HDL) and nonlipid (e.g., age, sex, smoking
status, and blood pressure) risk factors?
This review question is addressed in the context

of an analytic framework as depicted in Fig. 1.
The following were the relevant Population, In-

tervention/Practice, Comparator, and Outcome
(PICO) elements considered for this review.

Population

• Men (>35 years)

• Women (>45 years)

Fig. 1. Analytic framework.
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• Younger adults (≥20 years) withmultiple cardio-
vascular risk factors for CVD

• No previously diagnosed CVD or diabetes at
baseline

• In ambulatory (including primary, specialty care)
and inpatient settings

Interventions. Practices using nonstandard lipo-
protein measurements in addition to the existing
traditional risk factors (e.g., TC, TG, LDL-C, HDL-C,
age, sex, smoking status, and blood pressure) for
calculating cardiovascular risk assessment. The
following lipid biomarkers were considered for this
review:

• Apo B

• Apo A-I

• Apo B/apo A-I ratio

• Non-HDL-C

Comparison. Practices using traditional risk fac-
tors (e.g., TC and HDL-C, age, sex, smoking sta-
tus, and blood pressure) alone to calculate CVD
risk prediction.

Outcome. Improvement in the 10-year risk pre-
diction of CVD events (e.g., myocardial infarction,
ischemic heart disease, and CVD death) upon
adding the nonstandard biomarker. Studies with
follow-up period <10 years were still included in
the review but were penalized in the study
quality rating because of type 1 censoring of the
findings (44).

Inclusion/exclusion criteria for studies to be
included in this review

Inclusion criteria. Tomeet the eligibility criteria for
this review, a study had to (a) address one or more
of the proposed practices of interest in the context
of CVD outcomes; (b) target populations in the
studies who met the population criteria—that is,
at-risk populations described above, with no pre-

viously diagnosed CVD or diabetes; (c) report the
outcome(s) of interest—that is, improvement in
the 10-year risk prediction of CVD events (e.g.,
myocardial infarction, CVD death) due to the addi-
tion of 1 of the 4 practices; and (d) provide compar-
isondata to calculate theeffectivenessofpracticesof
interest (e.g., pre- and post-intervention data, con-
current comparison data).
In addition, interventions were considered to be

included in this review if the biomarker of interest
was added to a model or algorithm of the tradi-
tional lipid profile (e.g., TC, TG, HDL-C) and other
risk factor (e.g., high blood pressure, cigarette
smoking, diabetes, family history of premature
heart disease, age, sex, diet, obesity, and physical
inactivity) for predicting CVD risk. The practices
were considered individually (e.g., the combina-
tion of apo B and non-HDL-C simultaneously
added into a model was not considered a
practice of interest), unless the results for the
effectiveness of each practice was reported sep-
arately. A practice was considered effective if the
fit of a model containing all traditional risk fac-
tors was significantly improved through the ad-
dition of a practice.

Exclusion criteria. The exclusion criteria were as
follows: (a) previously diagnosed CVD or symptom-
atic coronary artery disease at baseline and (b)
previously diagnosed diabetes at baseline.

Acquire (A-2): search for evidence

A comprehensive electronic literature search
was conducted to retrieve the relevant evidence
published before and including July 2015. Three
databases were used for a formal literature
search: PubMed, CINAHL, and EMBASE (focusing
on international biomedical literature). Details of
the formal literature search strategy can be found
in Supplemental Appendix C (see the online Data
Supplement). In addition, the systematic review
teamused other sources to locate relevant studies
including hand searches (e.g., the citations from
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retrieved studies, Google scholar) and referrals
from the experts in the field (e.g., expert panel
team). To collect relevant unpublished data, re-
searchers in the field, laboratories, and institutions
were invited through personal requests and the
LMBP website, but the review team did not receive
any relevant unpublished data to be included in
this review.

Appraise (A-3): screening, data abstraction,
and quality scoring of individual studies

During the initial screening process, studies were
excluded if they did not satisfy the inclusion criteria
for this review as described in a previous section.
Each eligible study was abstracted and assessed for
quality of execution by 2 independent reviewers.
Data abstraction was conducted by using the stan-
dardized LMBP abstraction methods and abstrac-
tion form. All differences were resolved through
consensus. After the full abstraction, each study was
evaluated for quality scoring to minimize any issue
related to internal and external validity using LMBP
quality assessment methods (43).
Details on the rating process of individual stud-

ies can be found elsewhere (43). Each study was
classified into 1 of 3 quality ratings: good (8–10
score), fair (5–7 score), and poor (≤4 score). Studies
with poor quality ratings were excluded from the
effect size metaanalyses and the overall practice
evidence base. See Supplemental Appendix D (in
the online Data Supplement) for the Evidence
Summary Tables containing quality ratings for
each study.

Analyze (A-4): summarization of results and
strength of the effect magnitude

Results from all included studies were vari-
ously reported risk ratios: odds ratios, relative
risks, or hazard ratios. For the analyses pur-
poses, these ratios were assumed to approxi-
mate the same measure of relative risk.
Metaanalysis was performed to calculate the

overall grand mean effect recommended by
Borenstein et al. (45). A random-effects model
was used for these statistics to perform meta-
analysis because (a) not all the studies com-
pared the same mixture of nontraditional lipid
biomarkers to the traditional risk factors to im-
prove the CVD risk prediction and (b) the long-
term CVD risk prediction was based on different
clinical CVD events in individual studies. To eval-
uate the effectiveness of these interventions,
pooled point estimates across studies were ex-
pressed as an overall grandmean with CIs. When
possible, all metaanalysis results were pre-
sented as forest plots, where the vertical line
labeled “1” equals “no/minimal” difference be-
tween practices, and estimates to the right of the
line favor the tested practice, i.e., improved risk
prediction of CVD events due to the assessed
practice. However, as apo A-I levels inversely corre-
late with risk for CVD (i.e., high apo A-I levels are pro-
tective against future cardiovascular events), the
effect estimates less than 1 were considered favor-
able for development of CVD risk prediction.
For the effectiveness strength rating, the point

estimate from each study between ≤1 and ≤2.0
was considered as a “moderate” magnitude of ef-
fectiveness; and any point estimate >2.0 was con-
sidered a “substantial” magnitude of effect. Final
conclusions and recommendations for the overall
effectiveness were based on the criteria including
number of studies, quality of available evidence,
consistency of results, and magnitude of effect es-
timates. Criteria for these ratings are described in
greater detail elsewhere (43).

RESULTS

A total of 5575 bibliographic records were re-
trieved from the literature search, of which 106
were identified from other sources (e.g., hand
searches, referrals). A total of 5305 studies were
excluded (2044 duplicates and 3261 were not rel-
evant to the topic). The remaining 270 published
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studies were screened further, and 179 were ex-
cluded. The remaining 91 studies were subjected
to full abstraction and quality assessment; finally, 9
independent published studies (34, 46–53) met
the inclusion criteria and comprised the total body
of evidence (Fig. 2).

Apo B

Four eligible studies (48, 49, 51, 52) examined the
associations between the plasma apo B levels when
added to other traditional lipidswith CVD risk predic-
tion. The combined evidence from all included stud-
ies indicated that the risk assessment to develop
long-term CVD events was significantly improved by
adding apo B marker to the traditional risk factors

(overall effect = relative risk: 1.31, 95% CI, 1.22–1.40,
Fig. 3). The total evidence showed consistently favor-
able association of apoB lipidmarkerwith the better
long-term CVD risk prediction. The effect estimates
for the CVD risk prediction were statistically signifi-
cant from all included studies (48, 49, 52) but 1 study
(51). The overall evidence was derived from 3 good
quality studies (49, 51, 52) and 1 “fair” quality study
(48) (Fig. 3).

Conclusions. Applying the LMBP criteria (43), the
overall strength of evidence is considered moder-
ate to conclude that the addition of apo B bio-
marker to the traditional risk factors can improve
the risk prediction for cardiovascular events for
populations at risk (Table 1).

Fig. 2. Biomarkers and risk of CVD review search flow diagram.
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LMBP working group (WG) recommendation (apo
B). Based on the moderate evidence of effective-
ness, lipoprotein apo B measure is recommended
to improve the risk prediction for cardiovascular
events when added to other traditional risk factors
for the populations at risk (e.g., men >35 years,
women >45 years, and younger adults ≥20 years
old with multiple risk factors for CVD, in ambula-
tory and inpatient settings). This recommendation
is based on consistently favorable results from 3
“good” quality and 1 fair quality studies.

Apo A-I

Two studies (48, 49) qualified to be included in
the evidence that reported the impact of the

measures of apo A-I in CVD risk prediction. One
study was rated good quality of execution (49) and
the other study was of fair quality (48). Combined
results from both studies showed the favorable
association of apo A-I marker with the CVD risk
prediction—that is, the participants with the
higher apo A-I levels tended to have lower risk of
developing CVD events (overall random effect:
0.85; 95% CI, 0.79–0.92) (Fig. 4).

Conclusions. Applying the LMBP criteria, due to
the limited available evidence, the overall strength
of evidence is considered “insufficient” to conclude
that the addition of apo A-I to the traditional risk
factors can improve the risk prediction for cardio-
vascular events for populations at risk.

Fig. 3. Risk prediction for CVD events due to apo B vs other traditional risk factors.

Table 1. Body of evidence LMBP ratings for apo B.

Study, year Study quality rating Effect size rating
Steffen et al., 2015 Good Moderate
Kappelle et al., 2011 Fair Moderate
St-Pierre et al., 2006 Good Moderate
Lamarche et al., 1996 Good Moderate
Body of evidence ratings 1 Fair/moderate

3 Good/moderate
Consistency Yes
Overall strength Moderate
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LMBP WG recommendation (apo A-I). Because of
the insufficient available evidence, no recom-
mendations could be made for or against the
effectiveness of apo A-I practices to predict the
CVD events.

Apo B/apo A-I

Seven studies provided evidence for the effec-
tiveness of apo B/A-I ratio. Results from 4 included
studies (46, 47, 50, 51) were presented as hazard

ratios, 2 as relative risk (34, 48), and 1 as odds ratio
(53); the results from these studies were combined
to calculate overall grand mean estimate of effec-
tiveness. The combined results from the total
evidence showed a consistent and positive associ-
ation of apo B/A-I ratio marker to the development
of long-term CVD events [overall grand mean esti-
mate: 1.31 (95% CI, 1.11–1.38)] (Fig. 5). The results
were statistically significant from all but 2 studies
(47, 51). Of 7 studies, 4 studies (34, 47, 50, 51) had a

Fig. 4. Risk prediction for CVD events due to apo A-I vs other traditional risk factors.

Fig. 5. Risk prediction for CVD events due to apo B/apo A-I ratio vs other traditional risk factors.
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quality rating of good, and 3 (46, 48, 53) were of fair
quality. One study (50) showed a substantial effect
estimate but had a large CI, indicating a less pre-
cise estimate. Six studies (34, 46–48, 51, 53)
showed moderate effect for the CVD risk predic-
tion (Fig. 5).

Conclusions. Applying the LMBP criteria, the over-
all strength of evidence is considered moderate to
conclude that the addition of apo B/apo I ratio to
the traditional risk factors can improve the risk pre-
diction for cardiovascular events for populations at
risk (Table 2).

LMBP WG recommendation (apo B/apo A-I ra-
tio). According to the LMBP methods, based on
the moderate evidence of effectiveness the lipo-
protein apo B/apo A-I ratio is recommended to
improve the risk prediction for cardiovascular
events when added to other traditional risk factors
for the populations at risk (e.g., men >35 years,
women >45 years, younger adults ≥20 years old
with multiple risk factors for CVD, in ambulatory
and inpatient settings). This recommendation is
developed based on evidence from 4 good and 3
fair quality studies (Table 2).

Non-HDL-C

Only 1 fair quality study (48) was identified inves-
tigating the association of non-HDL-C with CVD

outcomes after controlling for traditional risk fac-
tors. The results from this prospective cohort
study showed that non-HDL-C lipid marker when
adjusted for nonlipid (e.g., age, sex) and lipid (e.g.,
triglycerides) risk factors were associated with bet-
ter CVD risk prediction at the 7.9-year follow-up
period (hazard ratio: 1.25; 95% CI, 1.11–1.41).

Conclusions. Applying the LMBP criteria (43),
the overall strength of evidence is considered
insufficient to conclude at the time that the mea-
sures of non-HDL-C can improve the risk predic-
tion for cardiovascular events for populations at
risk.

LMBPWG recommendation (non-HDL-C). Because
of the insufficient available evidence, no recom-
mendations could be made for or against the ef-
fectiveness of non-HDL-C practices to predict the
CVD events (Table 3).

DISCUSSION

Best practices recommendations

Based on the findings from this systematic re-
view, below are the LMBP workgroup recommen-
dations for 4 evaluated practices in this review.
Lipoprotein apo B and apo B/apo A-I ratio mea-

sures are recommended to improve the risk pre-

Table 2. Body of evidence LMBP ratings for apo B/A-I.

Study, year Study quality rating Effect size rating
Steffen et al., 2015 Good Moderate
Kappelle et al., 2011 Fair Moderate
Sierra-Johnson et al., 2009 Good Substantial
Ingelsson et al., 2007 Good Moderate
van der Steeg et al., 2007 Fair Moderate
Ingelsson et al., 2005 Fair Moderate
Walldius et al., 2004 Good Moderate
Body of evidence ratings 1 Good/substantial

3 Good; 3 fair/moderate
Consistency Yes
Overall strength Moderate
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diction for cardiovascular events when added to
other traditional risk factors for the populations at
risk (i.e., men >35 years, women >45 years, and
younger adults ≥20 years old withmultiple risk fac-
tors for CVD, in ambulatory and inpatient settings).
Because of the insufficient evidence, no recom-

mendations could be made for or against their ef-
fectiveness of apo A-I and non-HDL-C practices to
improve the prediction of CVD events. This result
does not discount the utility of these lipid markers
in this context, but points to the lack of sufficient
and consistent evidence in the literature. This is
partly driven by the fact that many studies had to
be excluded from the analyses because they did
not include or adjust for all of the traditional risk
factors included in this review.
This review examined 4 nontraditional lipid bio-

markers, namely apoB, apo A-I, apo B/A-I ratio, and
non-HDL-C, for improving CVD risk assessment. In
contrast to previous guidelines, to date, some
published reviews focus on 1 biomarker (22, 54)
whereas others examine several biomarkers
(3, 31, 55). The intent of the current review was not
to determine howwell the lipid biomarkers predict
the risk of CVD in comparison to or as a replace-
ment to traditional lipid and nonlipid risk factors,
but rather, how do these emerging lipoproteins
improve the risk prediction for CVDwhen added to
traditional cardiovascular risk factors.
The lipid biomarkers examined in this review

have great potential utility in the field of cardiovas-
cular health and have been investigated for at least
2 decades. Undoubtedly, the literature is available
to answer different types of review questions in
this field. Based on the existing evidence, major

Canadian guideline groups have concluded that
specific apolipoproteins should be included into
CVD screening biomarkers as an alternative to the
traditional cholesterol indices to estimate risk and
to guide therapy (56, 57). Yet, limited evidence was
available to answer our review question, “Did the
lipid biomarker provide additional benefit beyond
traditional risk factors?” Our findings are consis-
tent with current national guidelines in the use of
apo B (55). We extend and add to those findings by
investigating the use of other lipid biomarkers (apo
A-I, apo B/A-I ratio, and non-HDL-C), which, to the
best of our knowledge, have not been assessed in
the same review and subjected to the same rigor-
ous review criteria. It is important to acknowledge
that the practices and outcomes used in this sys-
tematic review agree with the general principles of,
but do not necessarily mimic, the current (ATP
[Adult Treatment Panel] IV) (55) and past (ATP III)
(58) guidelines for CVD risk prevention in the gen-
eral population. The approach for this review
was intended to be independent and stand
alone and was thoroughly evaluated with guid-
ance from the expert panel. This review was initi-
ated while ATP III guidelines were enacted; the ATP
IV guidelines were published towards the end. The
traditional risk factors used in this review are in
common with those assessed in both guidelines
and are considered standard practice. For the ap-
plicability of the review, substantial and moderate
findings were reported from Sweden (50), the US
(46, 47, 50, 51), Canada (49, 52), the Netherlands
(48, 53), and Denmark (58). In contrast, ATP IV
guidelines (55) report risk equations from a pooled
population of non-Hispanic African Americans and

Table 3. Body of evidence LMBP ratings for non-HDL-C.

Study, year Study quality rating Effect size rating
Kappelle, 2011 Fair Moderate
Body of evidence ratings 1 Fair/moderate
Consistency Not applicable
Overall strength Insufficient
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whites. Several studies reviewed herein provided
promising results.

Considerations for implementation

Apo B is measured mainly by immunonephelo-
metric or immunoturbidimetric assays. Efforts to
improve variability among these assays have been
made by harmonizingmeasurements using a thor-
oughly characterized immunoassay. Because apo
B is a well-characterized analyte, it has the poten-
tial of being standardized and linked to the Inter-
national System of Units (SI system), which is not
possible with LDL-C, which is often only indirectly
measured and harmonized to a thoroughly charac-
terized ultracentrifugation method (16, 33, 60, 61).
Like apo B, apo A-I is mainly measured with immu-
nonephelometric or immunoturbidimetric assays.
These assays are being harmonized to a thoroughly
characterized immunoassay, while HDL-C (2) assays
are standardized toa thoroughly characterizedultra-
centrifugation method (23, 33, 61). Non-HDL-C is
simply calculated as the difference between total
plasma cholesterol and HDL-C. Since it can be cal-
culated directly from routine lipid tests, it does not
incur additional cost, making it more readily avail-
able (54, 62). Since non-HDL-C does not depend on
triglycerides, it can be calculated from nonfasting
samples.

Economic evaluation

No eligible economic evaluations were identified
for analysis of cost-effectiveness.

Potential harms

The use of additional lipid biomarkers could re-
quire an additional venipuncture. All venipuncture
procedures pose a minimal risk to clinical staff of
needle stick injury and exposure to infectious or
other harmful agents. In addition, patients identified
at intermediate risk to develop CVD events may be-
come candidates for unnecessary additional testing
to better stratify risk and for aggressivemedical ther-

apy (e.g., lipid lowering, blood pressure control) for
secondary CVD prevention (63).

Study limitations

The scope and clinical relevance of this review
is confined to CVD events and excludes stroke,
which has been included in the outcome for CVD
risk assessment in the recent national guidelines
for assessment of cardiovascular risk (55). Most
of the evidence for this review is from prospec-
tive studies with populations having a single
race/ethnicity, thus limiting generalizability.
However, across the studies, there was a variety
of findings supporting the need to develop
population-specific risk prediction systems. In
some cases, the follow-up period was <10 years,
which may introduce bias into the case ascer-
tainment process. However, this concern was
compensated during the quality scoring of these
studies. Differences in inherent or baseline risk
status may arise from the type of population
used in the studies (community based vs clinic
based), which may affect study results. In addi-
tion, the restriction to English language studies
may also introduce bias.
Several studies summarized in this review did

not control for variations in measurement
method and interindividual variation—for exam-
ple, this review assumed that all biomarker tests
used in individual studies performed at the same
level of analytical quality. The impact of these
differences on the outcome of this review is not
known.

Future research needs

There was sufficient evidence to make recom-
mendations for 2 risk biomarkers based on the
moderate strength of evidence. However,more re-
search is needed to strengthen the evidence rating
and also to make recommendations for the other
2 biomarkers (e.g., apo A-I and non-HDL-C). Exam-
ination of the literature revealed several deficits
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that need to be highlighted as best practices for
high-quality studies examining the added benefit
of nontraditional lipid biomarkers to predicting CVD
events. Several studies did not adjust for all the tra-
ditional risk factors and provided incomplete infor-
mation about the demographics of the population.
Model descriptions varied, and in some cases, it was
difficult to understand the model selection criteria,
model specifications, andwhat factorswere included
in the model. Several studies lacked sufficient raw
data eliminating the ability to replicate findings. Fi-
nally,many studiesuseddifferent analyticalmethods
to calculate the effectiveness of evaluated practices;

thus, we were not able to combine the result from
thosestudies toperformmetaanalysis toproducean
overall grandmeanof effectiveness. It is desirable for
future studies to use common standardized analyti-
cal methods.
The aim of this study was to assess the additive

benefits obtained by adding the lipid biomarkers
to a panel of traditional risk factors. Thus, the po-
tential benefits of replacing the traditional risk fac-
tors with the new biomarkers, especially in
patients with conditions known to have highly al-
tered lipid particle profiles, was not assessed and
requires further investigation.
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