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Blood lipids have major cardiovascular and public health implications. Lipid-lowering drugs are prescribed
based in part on categorization of patients into normal or abnormal lipid metabolism, yet relatively little
emphasis has been placed on: (1) the accuracy of current lipid measures used in clinical practice, (2)
the reliability of current categorizations of dyslipidemia states, and (3) the relationship of advanced lipid
characterization to other cardiovascular disease biomarkers. To these ends, we developed the Very Large
Database of Lipids (NCT01698489), an ongoing database protocol that harnesses deidentified data from
the daily operations of a commercial lipid laboratory. The database includes individuals who were referred
for clinical purposes for a Vertical Auto Profile (Atherotech Inc., Birmingham, AL), which directly measures
cholesterol concentrations of low-density lipoprotein, very low-density lipoprotein, intermediate-density
lipoprotein, high-density lipoprotein, their subclasses, and lipoprotein(a). Individual Very Large Database of
Lipids studies, ranging from studies of measurement accuracy, to dyslipidemia categorization, to biomarker
associations, to characterization of rare lipid disorders, are investigator-initiated and utilize peer-reviewed
statistical analysis plans to address a priori hypotheses/aims. In the first database harvest (Very Large
Database of Lipids 1.0) from 2009 to 2011, there were 1340 614 adult and 10 294 pediatric patients; the adult
sample had a median age of 59 years (interquartile range, 49-70 years) with even representation by sex.
Lipid distributions closely matched those from the population-representative National Health and Nutrition
Examination Survey. The second harvest of the database (Very Large Database of Lipids 2.0) is underway.
Overall, the Very Large Database of Lipids database provides an opportunity for collaboration and new
knowledge generation through careful examination of granular lipid data on a large scale.
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Introduction

Blood lipids have major cardiovascular and public
health implications. Despite a century of progress since
Anitschkow’s classic experiments,! coronary heart dis-
ease (CHD) is projected to remain the leading cause of
death worldwide through at least 2020.2 Approximately
56% of modern CHD is attributable to abnormal blood
lipids according to the World Health Organization® and the
INTERHEART study spanning every inhabited continent.*

Lifestyle changes are paramount in combating the
negative global impact of dyslipidemia in combination with
therapeutic drug options.”~? Statins, in particular, have a
strong evidence base,!? and in association with growing use,
favorable trends in lipid levels have occurred.!! The societal
benefit attributable to statin utilization in the United States
from 1987 to 2008 was estimated on the order of $1 trillion.12
Generic availability of intensive statin therapy promises to
bring even greater societal benefit in the United States and
overseas.

Although statins are generally the drug of choice for
dyslipidemia, a number of other agents are also widely used,
and more are on the horizon. Existing pharmacotherapies
beyond statins include bile acid sequestrants, niacin,
fibrates, ezetimibe, and omega-3 polyunsaturated fatty
acids. Among novel agents, though outcomes studies with
cholesterol ester transfer protein (CETP) inhibitors have
been disappointing,'®!4 other agents have found a niche.
Apolipoprotein B synthesis inhibition'>!6 and microsomal
triglyceride transfer protein inhibition!” have gained US
Food and Drug Administration approval for homozygous
familial hypercholesterolemia. The proprotein convertase
subtilisin/kexin type 9 inhibitors are injectable agents with
an attractive mechanism of action (inhibition of low-density
lipoprotein [LDL] receptor degradation) and promising
results in phase 2 clinical trials.!8721

Lipid-lowering medications are prescribed based in part
on categorization of patients into normal or abnormal
lipid metabolism. For population-based treatment purposes,
worldwide guidelines®~? predominantly categorize patients
according to low-density lipoprotein cholesterol (LDL-C)
levels, estimated by the Friedewald equation.?? However,
there is great interest in further refining categorizations
of abnormal lipid metabolism.?24 Although levels of high-
density lipoprotein cholesterol (HDL-C) and triglycerides
(TG) are most commonly used for assessment beyond LDL-
C, even more granularity to lipid characterization is possible
by using multiple complementary methods.

One established method is the Vertical Auto Pro-
file (VAP) (Atherotech, Inc., Birmingham, AL), which
directly measures cholesterol concentrations in LDL, very
low-density lipoprotein, intermediate-density lipoprotein,
high-density lipoprotein (HDL), their subclasses, and
lipoprotein(a) (Lp[a]).?> Closer examination of granular
lipid data in a large population offers numerous opportu-
nities to generate new knowledge, ranging from studies
examining concordance between commonly used lipid
parameters to phenotypic characterization of rare or
extreme disorders of lipid metabolism, opening possibili-
ties for better personalizing future treatment of abnormal
blood lipids.

Methods
Objectives and Leadership

The overall purpose of the Very Large Database of
Lipids (VLDL) is to derive important scientific and clinical
information through careful examination of a large pool of
detailed lipid profiles. The VLDL is an investigator-initiated
database conceived by our group at the Ciccarone Center
for Prevention of Heart Disease and made possible through
collaboration with Atherotech Diagnostic Laboratory. A key
objective is to foster strong professional teamwork between
the academic and private sectors, with open and transparent
information sharing. Aimed at promoting a consistent level
of scientific rigor across VLDL studies, we have formed a
Publications and Presentations Committee.

Testing of Lipids and Other Analytes

A detailed description of the VAP procedure is provided
in the online Appendix. As opposed to sequential
flotation methods using swinging bucket rotors to separate
lipoproteins over days along the longer (horizontal) axis of
the centrifuge tube, the VAP test separates lipoproteins
in <60 minutes along the shorter (vertical) axis by
single vertical spin, density gradient ultracentrifugation.
Continuous flow analysis of the cholesterol concentrations
of lipoprotein fractions is then performed.

TG in the VLDL database are directly measured using the
Abbott ARCHITECT C-8000 system (Abbott Laboratories,
Abbott Park, IL). Other analytes measured by validated
assays in subsets of the VLDL database are shown in the
online Appendix, Table Al. In the year spanning November
1, 2011 to October 31, 2012, >7 million analytes were
quantified at Atherotech.

Procedures

The Atherotech Diagnostics Laboratory maintains raw data,
whereas only deidentified data are delivered to the inves-
tigational academic site for research use. Deidentification
fulfills the Safe Harbor privacy rule of the Health Insurance
Portability and Accountability Act (HIPAA). Therefore, the
Johns Hopkins Institutional Review Board has declared
VLDL research exempt.

Figure 1 illustrates data flow in the first harvest of the
VLDL database (VLDL 1.0). Upon receipt of aggregate
deidentified data, the academic investigators performed a
screen in which patients were removed if (1) core lipid
measures (total cholesterol [TC], TG, HDL-C, LDL-C) were
missing or (2) range and logic checks were not satisfied.
This screen ensured a standard set of core data and
internal consistency. The <0.001% samples removed by
this process attests to the high quality of data supplied by
Atherotech Diagnostics Laboratory. In the planned second
harvest of the VLDL database (VLDL), screening will
occur at Atherotech. The master database is housed at
The Johns Hopkins Hospital in Baltimore, Maryland. Only
deidentified electronic data, not biological specimens, are
sent to Hopkins.

Analyses are investigator initiated. The academic inves-
tigators using the VLDL have unrestricted access to data
and conduct analyses independently. The investigators have
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Atherotech Atherotech

Clinical Workflow
~1 million samples annually
Remove if incomplete VAP

Remove if missing TG
Remove repeated patients

Initial Raw
Data Harvest
N=1,361,009

lDe-Identification

Hopkins Aggregate

De-ldentified Data
N=1,361,009
Data screen (N=365)*
l Missing age (N=9,736)

Master Database
N=1,350,908

/N

Adult Sample Pediatric Sample
(Age 218) (Age <18)
N=1,340,614 N=10,294

Figure 1. Very Large Database of Lipids Version 1.0 information and
patient flow. Illustration of the flow of information from Atherotech
Diagnostics Laboratory (Birmingham, Alabama) to Johns Hopkins
University (Baltimore, Maryland) and delineation of the patients included
in the initial raw data harvest, the master database, adult database, and
pediatric database. *Removed if (1) core lipid measures (total cholesterol,
triglycerides [TG], high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol) are missing or (2) range and logic checks are not
satisfied. Abbreviations: VAP, Vertical Auto Profile.

authority over manuscript preparation and the decision to
submit manuscripts for publication. Atherotech has not
provided any payments for the analyses or preparation of
manuscripts.

VLDL Population

VLDL 1.0 contained 1361009 consecutive, unique individ-
uals who underwent a VAP test between 2009 and 2011
for clinical purposes. Testing was ordered by thousands
of clinicians across a wide variety of clinical facilities in
the United States. The majority of samples (approximately
85%) originated at primary care clinics, whereas the remain-
ing samples originated at specialized clinics such as lipid
clinics, as well as from inpatients at both university-based
and private hospitals. Approximately 30% were enrolled in a
Medicare health plan and ~60% were enrolled in a private
sector health insurance plan.

A small fraction of samples were excluded by data
screening or because they were missing age information,
yielding 1350908 samples in VLDL 1.0, of which 1340614

are from adults and 10294 are from pediatric patients
(Figure 1). Characteristics of the adult and pediatric
samples are shown in Table 1. The median age is 59
years (interquartile range [IQR], 49-70 years; full range,
18-112 years) in the adult sample and 14 (IQR, 11-16
years; full range, <1-17 years) in the pediatric sample.
Both samples are approximately evenly distributed by sex
with <1% missing sex data.

Population density distributions of TC, HDL-C, TG,
Friedewald LDL-C,2 non-HDL-C, and the TC to HDL-
C ratio (Figure 2) are nearly identical as shown by
superimposable curves of lipid distributions from adults in
the VLDL database and population-representative National
Health and Nutrition Examination Survey (NHANES) 2007
to 2008. In VLDL adults, the median directly measured LDL-
C is 108 mg/dL (2.79 mmol/L) and IQR 85 to 135 mg/dL
(2.20-3.49 mmol/L). Median non-HDL-C is 133 mg/dL
(3.44 mmol/L) and IQR 106 to 163 mg/dL (2.74-4.22
mmol/L). These values in adults are somewhat higher
compared with the pediatric sample. Details on distributions
for each lipid parameter are provided in Table 1.

Although the lipid profile of the average patient in
the VLDL sample is typical of the general population,
a considerable number of patients with rare phenotypes
exist within the sample. For example, there are 15
pure type I hyperchylomicronemic subjects in the VLDL
database based on a ratio of TG to TC >9 (a phenotype
estimated to occur at a frequency of approximately 10—°
in the general population). The type V dyslipidemia
phenotype, characterized by hyperchylomicronemia in
addition to very low-density lipoprotein cholesterol excess
(defined as very low-density lipoprotein cholesterol >95th
percentile), occurs in 588 subjects. Of the more common
non-hyperchylomicronemic dyslipidemia phenotypes, we
estimate that there are 25119 type IIb, 1391 type III, and
117 642 type IV subjects.

Current Variables

The variables currently in the VLDL are year of VAP
testing, age, sex, VAP lipid profile (as detailed in
Table 1), and other analytes (online Appendix, Table Al).
From these primary variables, many additional variables
are derived for inclusion in the master database to
facilitate the efficiency and uniformity of future studies.
Key derived variables at the present time include
cholesterol ratios (eg, TC/HDL-C, TG/HDL-C), estimated
cholesterol parameters (eg, Friedewald estimated LDL-
C), absolute differences in cholesterol parameters (eg,
Friedewald estimated minus directly measured LDL-C),
population percentiles of cholesterol parameters, guideline
classifications of cholesterol parameters (based exclusively
on the cholesterol profile [eg, LDL-C <70, 70-99, 100-129
mg/dL]), and dyslipidemia classifications (eg, Fredrickson-
Levy dyslipidemia classes, I, IIa, IIb, IV, V, and rare
hyperchylomicronemia phenotypes).

Registration and Statistical Analysis Plans

The VLDL database is registered on clinicaltrials.gov
(NCT01698489). VLDL investigators will periodically reg-
ister individual studies on clinicaltrials.gov. Existing VLDL
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Table 1. VLDL Characteristics in Adult and Pediatric Samples

Adult Pediatric
Sample, Sample,
n=1340614 n=10294
Testing year
2009 461561 (34.4%) 3347 (32.5%)
2010 540 810 (40.4%) 4294 (41.7%)
2011 338 243 (25.2%) 2653 (25.8%)
Age,y 59 (49 to 70) 14 (110 16)
[33 to 84] [4 to 17]
Sex
Men 692 752 (51.7%) 5169 (50.2%)
Women 640102 (47.7%) 5060 (49.2%)
Missing 7760 (0.6%) 65 (0.6%)
TC 188 (159 to 220) 167 (145 to 191)
[124 to 270] [119 to 245]
HDL-C 52 (42 to 63) 50 (42 to 59)
[32 to 86] [33to 74]
TG 115 (82 to 166) 95 (67 to 140)

TG >400 mg/dL

[54 to 305]

30,174 (2.3%)

[44 to 264]

144 (1.4%)

Friedewald 106 (82 to 134) 93 (75 to 114)
estimated [54 to 177] [53 to 160]
LDL-C*

Directly 108 (85 to 135) 94 (77 to 115)
measured [58 to 178] [55 to 162]
LDL-C

LDLr-C 88 (66 to 113) 78 (62 t0 97)

[41t0 151] [42 to 138]

Non-HDL-C 133 (106 t0 163) 115 (95 to 139)

[76 to 212] [71t0 191]
LDL pattern
A (large, 640735 (47.8%) 6581 (63.9%)
buoyant)
A/B (inter- 265 055 (19.8%) 1693 (16.5%)
mediate)
B (small, 434 823 (32.4%) 2020 (19.6%)
dense)

TC/HDL-C 3.5 (2.9 t0 4.4) 3.3 (2.8 10 4.0)

[2.2t0 6.1] [2.2t0 5.7]

TG/HDL-C 2.2 (1.4t03.7) 1.9 (1.2t0 3.1)

[0.7 to 8.1] [0.7 to 7.0]
TG/TC 0.6 (0.4 t0 0.9) 0.6 (0.4 t0 0.8)
[0.3t0 1.6] [0.3to 1.5]

Lp(a)-C 6 (4 to 10) 6(4to9)

[2 to 18] [3to17]

IDL-C 12 (8 to 16) 8 (610 12)

[5 to 26] [4 to 20]

Table 1. continued

Adult Pediatric
Sample, Sample,
n=1340614 n=10294
VLDL-C 22 (17 to 29) 19 (16 to 25)
[13 to 47] [12 to 38]
LDL,-C 13 (8 t0 18) 10 (6 to 15)
[4 to 28] [3to 24]
LDL,-C 16 (8 to 28) 20 (12 to 29)
[1t0 48] [3to 46]
LDL;-C 41 (29 to 56) 37 (27 to 49)
[16 to 79] [15 to 71]
LDL,-C 12 (7to 19) 9 (5 to 13)
[2to 35] [1to 25]
HDL,-C 12 (9 to 17) 12 (9 to 16)
[6 to 27] [6 to 23]
HDL;-C 39 33 to 47) 37 (3210 43)
[26 to 60] [26 to 53]
VLDL,,,-C 9 (7to13) 8 (6 to 11)
[5 to 24] [5 to 20]
VLDL;-C 13 (10 to 16) 11 (9 to 13)
[8 to 23] [8t0 19]

Abbreviations: HDL-C, high-density lipoprotein cholesterol; IDL-C,
intermediate-density lipoprotein cholesterol; LDL pattern, low-density
lipoprotein modal density pattern; LDL-Cd, directly measured low-
density lipoprotein cholesterol per traditional definition; LDLr-C,
directly measured low-density lipoprotein real cholesterol; Lp(a)-C,
lipoprotein(a) cholesterol; non—HDL-C, non-high-density lipoprotein
cholesterol; RLP, remnant lipoprotein cholesterol (IDL-C + VLDL;-C); TC,
total cholesterol; TG, triglycerides; VLDL-C, very low-density lipoprotein
cholesterol.

Lipid parameters, other than ratios, are reported in mg/dL. Median (25th
to 75th percentile) and [5th to 95th percentile] presented for continuous
variables. No. (%) presented for categorical variables.

*Reported in those with triglycerides <400 mg/dL; bottom limit set at o.

studies are shown in the online Appendix, Table A2. Individ-
ual VLDL studies utilize peer-reviewed statistical analysis
plans (SAPs) to address a priori hypotheses/aims. The
study proposal form is included in the online Appendix.

SAPs will follow a quantitative and stepwise manner.
SAPs may be descriptive to characterize the prevalence of
a given lipid abnormality or patterns of lipid abnormalities.
They may examine the association between certain lipid
parameters. SAPs might focus on discordance between
population percentiles of lipid parameters or investigate
classification by 1 lipid parameter vs others (eg, Friedewald
LDL-C vs direct LDL-C or non—-HDL-C) based on guideline-
established cut-points. SAPs may register additional
exclusions to meet the needs of individual studies. For
example, our founding study (VLDL-1)26 focused on
Friedewald estimation of LDL-C and therefore excluded
those with TG >400 mg/dL (4.52 mmol/L), consistent with
the specifications of the Friedewald equation.?

Expressing the Density of Data in a Large Database

In working with a database of over 1 million records, we
found that in expressing the density of data with simple dot

Clin. Cardiol. 36, 11, 641-648 (2013)

S.S. Martin et al.: Very Large Database of Lipids

Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22214 © 2013 Wiley Periodicals, Inc.



Non-HDL-C

0 100 200 300

mg/dL

Study Sample (N=1,310,440)

Density
1x101

- - - ~NHANES (N=2,679)

4

" TC/HDL-C

Ratio

Figure 2. Lipid distributions in adult samples of the Very Large Database of Lipids and National Health and Nutrition Examination Survey (NHANES). Kernel
density plots of non—high-density lipoprotein cholesterol (HDL-C) and total cholesterol (TC)/HDL-C in the study sample (Very Large Database of Lipids

2009-2011) and the NHANES 2007-2008.

plots, the dots blended together such that the density of data
could not be appreciated (even with a very small dot size).
After investigating alternatives, we found that R version
2.14.1 (R Foundation for Statistical Computing, Vienna,
Austria) offered a powerful graphics package (IDPmisc
package) for generating pseudocolor encoded data density
gradient plots or “heat plots.” In these plots (see example
in the online Appendix, Figure Al), the density of data is
expressed by different shades of color, which represent
increasing densities of patients per pixel, from light blue to
purple. The patients are expressed in log, patients per pixel
(ie, 2, 4, 8, 16, 32, 64, 128, and so on); increments represent
the maximum number of points in each category.

VLDL 2.0 and Prospective Database Organization

Harvesting of the VLDL 2.0 database is underway. Thus far,
an updated database suited to assess seasonal variation has
been established with 2 859 333 unique samples dating back
to 2006. VLDL 2.0 will add International Classification of
Disease code diagnoses submitted with test requisition as
well as prandial status (fasting vs nonfasting) at the time of
sample acquisition. We will also add mortality information
via linkage to the Social Security Death Index.

Table 2. VLDL Database Structure
Naming

Summation dataset VLDL

3-year interval dataset VLDL 2006-2008, VLDL 2009-2011,

VLDL 2012-2014, and so on

Serial lab dataset VLDL-S

VLDL-XXXX where XXXX is the other
non-VAP analyte (eg, VLDL-ApoB,
VLDL-VitD, VLDL-hsCRP)

Ancillary datasets

Included

First VAP test for each patient

First VAP test for each patient in
3-year intervals

All VAP tests for patients with
repeated testing

Samples with VAP plus another
relevant analyte; nested within
summation dataset

As we complete harvest 2, we plan to organize information
into a Summation Dataset, 3-Year Interval Datasets, Serial
Lab Dataset, and Ancillary Datasets to fit specific purposes
(Table 2). By the convention established in our first study,
the Summation Dataset (VLDL) will include the first VAP
test for each patient and thus will include all unique
patients. Similar to NHANES, 3-Year Interval Datasets will
be named with the year span after VLDL: VLDL 2006 to
2008, VLDL 2009 to 2011, VLDL 2012 to 2015, and so on.
The Serial Dataset (VLDL-S) will capture a nested group of
patients with repeated testing. Finally, Ancillary Datasets
will consist of multiple nested groups of patients with
additional analytes beyond the VAP test (eg, apolipoprotein
B, vitamin D, high-sensitivity C-reactive protein, thyroid-
stimulating hormone/thyroxine).

Discussion

Herein, we describe the rationale and design of the
investigator-initiated VLDL database. It leverages an
academic relationship with industry to enable science
at cost substantially less than primary data collection,
and science that may be otherwise unachievable using
traditional, independent, third party-funded mechanisms.

Primary Purpose

Large-scale analyses; examination of
rare or extreme phenotypes

Large-scale contemporary data
analysis; secular trend assessment

Reproducibility of measurements;
associations of changes in
parameters

Assessment of association of VAP test
parameters with other analytes

Abbreviations: ApoB, apolipoprotein B; hsCRP, high-sensitivity C-reactive protein; VAP, Vertical Auto Profile; VitD, vitamin D; VLDL, Very Large Database

of Lipids.
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Studies using the VLDL database promise to complement
other avenues of research to generate meaningful scientific
and clinical information through examination of granular
lipid information.

A Cost-Efficient and Well-Integrated Research Paradigm

Modern cardiovascular epidemiology is too costly and
too far removed from everyday clinical practice. In this
context, the National Heart Lung and Blood Institute is
encouraging innovative ways of efficiently using existing
clinical data, including that available in the electronic
health records or from “big data,” to leverage the power
of epidemiologic observation from everyday practice.?’ The
VLDL database takes advantage of existing information from
the routine daily operations of a commercial laboratory
to provide an important source of rapidly available, real-
world data. All age groups are represented in the database,
including children, wherein universal cholesterol screening
is now recommended.?® As clinical laboratory data feed into
research studies, and new knowledge is generated, this
can then feed directly back into the way the laboratory
data are reported to clinicians and impact patient care
in a timely fashion. In this way, the VLDL database
represents efficient integration of the clinical sphere with the
research sphere.

Another extension of the hypothesis generation-testing
cycle may also evolve from the industrial-academic
collaboration that has enabled the development of the VLDL
database. We aim to identify testable hypotheses that can
be investigated through prospective data gathering using
the clinical laboratory routine sample stream. For example,
if a particular phenotype of interest is identified in the VLDL
database, these phenotypes would be discovered in the
daily throughput of the clinical laboratory by use of novel
software-based triggers. Serum would be saved for further
characterization of the specimen in the conventional clinical
laboratory setting or in the research laboratory setting.
The volume of testing at Atherotech (~1 million specimens
accessioned annually) would support rapid accrual of a
useful number of subjects’ serum for study even if the
phenotype were rare.

Synergy With Complementary Lines of Research in New
Knowledge Generation

New knowledge generation from studies using the VLDL
promises to synergize with complementary lines of research
(Figure 3). Prospective cohort studies can generate
knowledge about how these lipid parameters are associated
with future cardiovascular outcomes, whereas randomized
clinical trials can generate knowledge about how altering
the lipid parameters with pharmaceuticals impacts clinical
outcomes. We anticipate that the distinctive knowledge
generated from the VLDL database, focused on detailing
the lipid information itself, will interact with and merge in
novel ways with knowledge generated from complementary
lines of research.

For example, some apparent discrepancies between
prospective cohort studies in the association of lipid
parameters with outcomes® or the failure of major
randomized clinical trials of drug therapies!®430 may be

Lipids

Analysis

Cohort
Studies

Figure 3. Synergy of the Very Large Database of Lipids study with
complementary lines of research. Illustration of potential synergy in new
information generation from lipids analysis, cohort studies, and clinical
trials. The aggregate impact on patient care is the result of modification of
each avenue of research by the other and their integration.

explained in part by greater complexities in the lipid
profile than were initially appreciated. LDL and HDL
particles are both heterogeneous in density. LDL-C is
also commonly estimated, not directly measured, and does
not account for some atherogenic lipoprotein fractions.
On the antiatherogenic side of the lipid profile, it is
increasingly clear that measuring HDL-C inadequately
captures the full complexity of HDL functionality, including
in reverse cholesterol transport, monocyte chemotaxis,
endothelial inflammation, oxidation, nitric oxide production,
and thrombosis.

The failure of randomized clinical trials of drug
therapies indexed to HDL-C raising may be explained
in part by heterogeneity of HDL particles. Armed with
subclass data on LDL and HDL particles, and all
lipoprotein particles, the VLDL database could produce
new knowledge to help understand controversial findings
in prior studies and better inform future cohort studies and
clinical trials.

Prior Examples of Collaboration With Commercial
Laboratories

The paradigm of using data from a large clinical laboratory
to derive clinically meaningful information exists. The
impact of 25-hydroxyvitamin D (25[0OH]D) levels on lipids
is 1 example. 25(0OH)D deficiency is prevalent and
associated with dyslipidemia and cardiovascular disease.?!
However, causality was previously uncertain, with existing
randomized clinical trials providing conflicting results in
the setting of small sample sizes and confounding factors.
Therefore, investigators used a very large (N = 107 811)
sample of cross-sectional and serial deidentified data from
Quest Diagnostics in the United States to examine the
relationship between 25(0OH)D levels and lipids.?* Results
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were not compatible with a direct impact of interval
changes in 25(OH)D on the lipid profile. A subsequent
randomized clinical trial confirmed that correcting 25(OH)D
deficiency with oral supplementation did not improve the
lipid profile.32

Therefore, leveraging information from a very large
clinical laboratory database quickly and inexpensively
predicted the randomized clinical trial result and arguably
provided important information to clinicians upon which
to base treatment decisions in the meantime. Importantly,
this particular result from the Quest database was best
assessed using serial laboratory data. This point, along with
studies showing the value of past compared to current lipid
measurements,® emphasizes the importance of the ongoing
effort in harvest 2 of the VLDL database to capture serial
information. Generation of knowledge from serial data may
fill an important research gap.

Current Limitations

Key present limitations of the VLDL database are the
lack of data on prandial status, diagnoses, serial labs,
and patient outcomes. Although VLDL 2.0 will address
these limitations, immediate use of the VLDL database
is limited to questions centered on interrelationships
between lipoprotein cholesterol parameters or descriptions
of biochemical phenotypes. Regarding the generalizability of
results, there is the possibility of referral bias in patients who
undergo a VAP test. Nevertheless, population distributions
of lipid parameters in the VLDL database are essentially
superimposable on those from NHANES, a nationally
representative, population-based cohort. This fits with the
origin of the majority of samples (approximately 85%) at
primary care clinics.

Another important limitation of the VLDL database is the
lack of medication information. To address this moving
forward, we plan to capture medication information in
several ways. First, on the VAP test order sheet, we
are adding check boxes for current statin use and other
current lipid-modifying medication use, as well as an area
to write in specific drug names and doses. Second, we are
reaching out to major insurers to explore the possibility
of pinning their medication data to the VLDL database.
Third, in collaboration with large health systems utilizing
electronic health records, we aim to link in with medication
information as well as detailed clinical information, similar
to existing multi-institutional cohorts linking biospecimens
with electronic health records.

Conclusion

We herein describe the rationale and design of the
VLDL database to increase transparency so that editors,
reviewers, and readers can better monitor adherence to the
database protocol as individual studies using the database
are presented. The VLDL database is a national resource
that promises exciting opportunities for collaboration and
new knowledge generation through careful examination of
granular lipid data. We anticipate that this new knowledge
will synergize with complementary lines of research to
better inform patient care.
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