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Nonfasting remnant cholesterol and cardiovascular disease
risk prediction in Albertans: a prospective cohort study

Olivia R. Weaver MSc, Jacqueline A. Krysa PhD, Ming Ye PhD, Jennifer E. Vena PhD,
Dean T. Eurich PhD, Spencer D. Proctor PhD

Background: European studies have shown that nonfasting remnant cholesterol can be a strong predictor of cardiovascular disease
risk and may contribute to identifying residual risk; however, Canadian data are lacking on nonfasting remnant cholesterol. In this
study, we aimed to determine the relation between nonfasting remnant cholesterol, low-density lipoprotein (LDL) cholesterol and
cardiovascular disease among people in Alberta.

Methods: In this retrospective analysis, we used data from Alberta’s Tomorrow Project, a large prospective cohort that enrolled
Albertans aged 35-69 years (2000—2015). Participants with consent to data linkage, with complete nonfasting lipid data and without
existing cardiovascular disease were included. The nonfasting remnant cholesterol and LDL cholesterol relation with a composite
cardiovascular disease outcome of major incident cardiovascular diagnoses, ascertained by linking to Alberta Health databases, was
determined by multivariable logistic regression, adjusting for age, sex, statin use, comorbidities, and LDL cholesterol or remnant
cholesterol.

Results: The final sample of 13988 participants was 69.4% female, and the mean age was 61.8 (standard deviation [SD] 9.7) years.
Follow-up time was approximately 15 years. Mean remnant cholesterol was significantly higher among individuals with versus without
cardiovascular disease (0.87 [SD 0.40] mmol/L v. 0.78 [SD 0.38] mmol/L, standardized mean difference [SMD] —0.24), and mean
LDL cholesterol was significantly lower (2.69 [SD 0.93] mmol/L v. 2.88 [SD 0.84] mmol/L, SMD 0.21). The odds of incident composite
cardiovascular disease were significantly increased per mmol/L increase in remnant cholesterol (adjusted odds ratio [OR] 1.48, 95%
confidence interval [Cl] 1.27-1.73) but significantly decreased per mmol/L increase in LDL cholesterol (adjusted OR 0.73, 95% ClI
0.68-0.79).

Interpretation: In this large Albertan cohort of predominantly older females, nonfasting remnant cholesterol had a positive relation
with cardiovascular disease incidence, whereas LDL cholesterol did not. These findings support the clinical utility of measuring non-
fasting remnant cholesterol to detect cardiovascular disease risk.

n Canada, the primary lipid-screening measure for

cardiovascular disease is fasting low-density lipoprotein

(LDL) cholesterol.! Despite fasting LDL cholesterol
being a central screening and treatment target for dyslipid-
emia, substantial proportions of the population receiving
statin therapy (including those with insulin resistance and
diabetes) retain considerable residual cardiovascular disease
risk.” Nonfasting remnant cholesterol has emerged as a
marker of cardiovascular disease risk.?

Nonfasting remnant cholesterol originates from both the
liver (very-low-density lipoprotein remnants) and intestine
(chylomicron remnants) and can be readily calculated using
existing lipid panel criteria from samples drawn during the
nonfasting state.* Longitudinal data from Europe have shown
that a nonfasting lipid profile deviates only minimally from a
fasting lipid profile.*® Circulating nonfasting remnant choles-
terol has also been shown to be a strong, independent predic-
tor of cardiovascular disease risk in European populations.**
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Indeed, Varbo and colleagues reported that risk of ischemic
heart disease was 2.8 times greater for every 1 mmol/L
increase in nonfasting remnant cholesterol.* Nonfasting lipid
assessment has been added to lipid screening guidelines in
Europe and, more recently, to Canadian and American guide-
lines.!”® However, whereas key data on nonfasting remnant
cholesterol have been published in Europe, an important void
exists in North America. In 2012, Sidhu and Naugler deter-
mined nonfasting lipid values using community laboratory
data in a cohort in Alberta to characterize the effect of fasting
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time on plasma lipid subclasses, which was found to be min-
imal.” The authors were unable to analyze the effect on
cardiovascular disease.” More recently, Lawler and colleagues
used an Ontario-based population with atherosclerotic cardio-
vascular disease to report on the association of hypertriglycer-
idemia with atherosclerotic cardiovascular disease. This study
calculated remnant cholesterol but did not contrast the ath-
erosclerotic cardiovascular disease risk relation with remnant
cholesterol values.! Currently, the lack of Canadian data
regarding nonfasting remnant cholesterol, its normative range
in the population and its association with cardiovascular dis-
ease limits its clinical utility in Canada.

The purpose of this study was to calculate nonfasting rem-
nant cholesterol in the Alberta’s Tomorrow Project (ATP) large
prospective cohort and compare the levels of remnant choles-
terol and LDL cholesterol in those with and without incident
cardiovascular disease. We hypothesized that both nonfasting
remnant cholesterol and LDL cholesterol would yield strong
positive relations with incidence of cardiovascular disease.

The present study is a retrospective analysis of ATP, a longi-
tudinal cohort developed to study the etiology of cancer and
chronic disease in Canada.!! Phase 1 enrolment of participants
(aged 35-69 yr) occurred between 2000 and 2008. Phase 2
enrolment occurred between 2009 and 2015 when ATP
merged with the national Canadian Partnership for Tomor-
row’s Health, for a total ATP cohort of 52769 participants
who provided their consent for administrative data linkage.2
Participants completed enrolment (for new participants) and
follow-up (for existing participants) health and lifestyle sur-
veys from 2000 to 2015, which collected information about
demographic characteristics, personal and family health his-
tory, and lifestyle behaviours (Appendix 1, available at www.
cmajopen.ca/content/11/4/E645/suppl/DC1). Participants
were also invited to attend a study centre between 2008 and
2015 to provide blood samples and physical measurements. At
enrolment, participants were asked for consent for use of their
data and samples for research purposes and to link with
administrative health databases. Recruitment and enrolment
data for ATP are described in further detail elsewhere.!'-'*
The present study was reported using the Strengthening the
Reporting of Observational Studies in Epidemiology state-
ment for cohort studies."

Participants

The present analysis included a subset of ATP participants
who provided blood samples at a study visit and which had
been processed at the time of data linkage (i.e., blood samples
had undergone lipid analysis), and those who consented to
follow-up through administrative health data linkage and pro-
vided their personal health number. Those who had missing
date of blood draw variables, incomplete lipid panel data,
calculated remnant cholesterol and LDL cholesterol of
0 mmol/L or less, triglycerides of 4.5 mmol/L or greater, and
prevalent cardiovascular disease were excluded. Prevalent
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cardiovascular disease was determined through linkage to
administrative health data and defined as relevant cardio-
vascular disease diagnoses or procedures (see “Variables and
outcomes” section) within 6 months of ATP enrolment.

Data sources
Health and lifestyle survey data from 2001 to 2015 were used
to obtain participant characteristics, including age and sex.
Details on data coding may be found on the ATP website
(https://myatpresearch.ca/data-dictionaries/). At the time of
collection in the study centres (2008-2015), nonfasting blood
samples (~50 mL) were drawn and separated into plasma and
serum for storage at —80°C in the ATP biobank!*!* (Appen-
dix 1). In 2017-2020, 0.5 mL of serum from every participant
who had provided a blood sample underwent lipid panel analy-
sis (including high-density lipoprotein [HDL] cholesterol,
triglycerides and total cholesterol) by Calgary Laboratory
Services, an accredited clinical laboratory providing medical
diagnostic laboratory services in Alberta. Serum HDL choles-
terol, triglycerides and total cholesterol were directly meas-
ured, and LDL cholesterol, non-HDL cholesterol and non-
fasting remnant cholesterol were calculated using the
Friedewald formula (for LDL cholesterol) or as residual from
total cholesterol (for non-HDL cholesterol and remnant cho-
lesterol) (Appendix 1).°

Cardiovascular disease outcomes (described in “Variables
and outcomes” section), statin drug use and other comorbidity
data were obtained via data linkage using participant personal
health numbers from Alberta Health, including physician
claims, Discharge Abstract Database, emergency department,
Pharmaceutical Information Network and Alberta Blue Cross
data sets from 2000 to 2015. Statin use, identified by Anatom-
ical Therapeutic Chemical coding, was obtained from Alberta
Blue Cross and Alberta’s Pharmaceutical Information Net-
work data sets, which capture all statin use irrespective of age
or formulary status. Statin users were considered to be partici-
pants who were prescribed a statin before diagnosis of cardio-
vascular disease. The Elixhauser Comorbidity Index was gen-
erated based on 30 different identified comorbid conditions
within the physician claims, Discharge Abstract Database and
emergency department data sets. There were no overlapping
conditions between the index and incident cardiovascular dis-
ease outcomes (Appendix 2, available at www.cmajopen.ca/
content/11/4/E645/suppl/DC1).1617

Variables and outcomes

Remnant cholesterol and LDL cholesterol concentration of
nonfasting blood samples were the primary explanatory vari-
ables in the present analysis. Covariates used in adjusted
models included age and sex (self-reported from ATP survey
data sets'), statin use and the Elixhauser Comorbidity Index
(described in the “Data sources” section).

Individual-level information on cardiovascular disease and
related medical procedures was obtained from ATP personal
linked health care data, including data from physician claims and
the Discharge Abstract Database. Cases of cardiovascular dis-
ease were identified by the International Statistical Classification of



Diseases and Related Health Problems codes, and procedures were
identified by the Canadian Classification of Diagnostic, Therapeutic,
and Surgical Procedures codes, using the definitions of the Alberta
Diabetes Surveillance System (Appendix 2)."® Incidence was
defined as occurring in those without prevalent cardiovascular
disease (i.e., cardiovascular disease diagnosis or procedures [per-
cutaneous coronary intervention and coronary artery bypass
graft] before or within 6 months of enrolment to ATP, or
within 1 year of linkage to Alberta Health data). Incident com-
posite cardiovascular disease was the primary outcome and was
an aggregate of cardiovascular disease diagnoses, including
ischemic heart disease, myocardial infarction, angina, heart fail-
ure, transient ischemic attack and acute ischemic stroke, similar
to the definition used by Clair and colleagues.”” Where partici-
pant numbers allowed, these diagnoses analyzed either individu-
ally or aggregated by similar diagnosis were considered as sec-
ondary outcomes. For example, myocardial infarction and
angina were aggregated as acute coronary syndrome, and tran-
sient ischemic attack and acute ischemic stroke as stroke.

Statistical analysis

Data were analyzed using Stata/SE version 16.1 (StataCorp).
We calculated means and standard deviations (SDs) for
descriptive statistics of continuous variables. Baseline means
for participants with and without incident cardiovascular dis-
ease were compared using standardized difference. We used
univariable logistic regression to determine the unadjusted
odds ratios (ORs) and confidence intervals (CIs) for the associ-
ation between nonfasting lipids (remnant cholesterol and
LDL cholesterol) as both continuous and categorical (quartile)
explanatory variables, and incident cardiovascular disease. To
further explore this relation, we used multivariable logistic
regression to determine the adjusted ORs and 95% Cls and
for the relations between remnant cholesterol and LDL cho-
lesterol variables and cardiovascular disease outcomes. We
used 2 adjusted models (1 for continuous and 1 for categorical
lipid variables), and each included remnant cholesterol, LDL
cholesterol, age, sex, statin use and Elixhauser Comorbidity
Index. These models were stratified in turn by sex and statin
use. In addition, we used univariable and multivariable Cox
proportional hazard regression models (1 for continuous and
1 for categorical lipid variables) including remnant cholesterol,
LDL cholesterol, age, sex, statin use and Elixhauser Comor-
bidity Index to determine the relation between remnant cho-
lesterol, LDL cholesterol and the primary cardiovascular
disease outcome, while adjusting for follow-up time. We con-
sidered a p value less than 0.05 statistically significant.

In an exploratory analysis, we assessed the relation
between nonfasting lipids and prevalent cardiovascular dis-
ease. Analyses were similar to those completed for incident
cardiovascular disease.

Ethics approval

The former Alberta Cancer Board Research Ethics Commit-
tee and the University of Calgary Conjoint Health Research
Ethics Board approved the recruitment and data collection for
ATP." The present analysis of nonfasting lipids in the ATP
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cohort and linkage to Alberta Health administrative data was
approved by the University of Alberta Research Ethics Board
(Pro00073641 and Pro00058561, respectively).

The sample used in the analysis of incident cardiovascular
disease included 13 988 of the 52769 in the ATP cohort
(Figure 1). The mean age was 61.8 years, 69.4% were female
and 18.9% were taking statins (Table 1). Few clinical differ-
ences were observed between included and excluded partici-
pants (Appendix 3, Supplemental Table 1, available at www.
cmajopen.ca/content/11/4/E645/suppl/DC1). There were
1156 participants with incident cardiovascular disease over
the course of nearly 15 years of follow-up (Table 1). Statin
use increased with quartiles of remnant cholesterol, but was
highest in quartile 1 of LDL cholesterol (Figure 2). The
group with incident cardiovascular disease was on average
older and had a greater proportion of statin users, but had
lower Elixhauser Comorbidity Index scores and a lower pro-
portion of females than the group without incident cardio-
vascular disease (Table 1).

Total ATP cohort with consent and
personal health number
n=>52769

Excluded: Blood samples not provided
or not processed at time of data
linkage n =36 069

Y

ATP subset
for current analysis
n =16 700

Excluded:

* Missing complete lipid panel data
(TC, HDL-C, LDL-C, TG) n =404

¢ LDL-C < 0 mmol/L n =521

*RC <O0Ommol/lL n=2

e TG =4.5mmollL n=7

* Missing date of blood draw
variable n =2

Exploratory analysis
of prevalent cardiovascular disease
n=15764

Excluded: Prevalent cardiovascular
disease n=1776

Analysis of incident
cardiovascular disease
n=13988

Figure 1: Flow diagram of Alberta’s Tomorrow Project (ATP) partici-
pant selection. Note: HDL-C = high-density lipoprotein cholesterol,
LDL-C = low-density lipoprotein cholesterol, RC = remnant choles-
terol, TC = total cholesterol, TG = triglycerides.
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Individuals with incident cardiovascular disease had Compos.ite cardiovascular C_“sease incidence per
higher mean nonfasting remnant cholesterol and triglycer- mmol/L increase of nonfasting remnant cholesterol

ides but lower LDL cholesterol, HDL cholesterol, total and LDL cholesterol
cholesterol and non-HDL cholesterol than those without  After covariate adjustment, participants had 1.48 (95% CI

cardiovascular disease (Table 1). Similar results for the pri-  1.27-1.73) times the odds of incident composite cardiovascu-
mary lipids of interest were seen for prevalent cardiovascular  lar disease per mmol/L increase of remnant cholesterol. In
disease (Appendix 3, Supplemental Table 2). contrast, participants had 0.73 (95% CI 0.68-0.79) times the

Table 1: Baseline cohort characteristics and nonfasting lipid panel

Mean + SD or no. (%)
Without With
Total incident CVD incident CVD Standardized

Variable n=13988 n=12832 n=1156 difference

Age, yr 61.8 +9.7 612+ 9.6 68.1 £ 8.6 -0.76

Sex, female 9710 (69.4) 9040 (70.5) 670 (58.0) 0.26

Statin use 2639 (18.9) 2342 (18.3) 297 (25.7) 0.18

Elixhauser Comorbidity Index score 2.80+2.19 2.83+2.19 252+ 217 0.14

LDL cholesterol, mmol/L 2.86 + 0.85 2.88 + 0.84 2.69 + 0.93 0.21

HDL cholesterol, mmol/L 151 £ 0.44 1.52 + 0.45 1.39 £ 0.42 0.29

Total cholesterol, mmol/L 5.15+0.96 5.17 £ 0.95 4.95 + 1.06 0.22

Non-HDL cholesterol, mmol/L 3.65 + 0.95 3.66 + 0.94 3.56 + 1.01 0.10

Remnant cholesterol, mmol/L 0.78 £ 0.38 0.78 +0.38 0.87 £ 0.40 -0.24

Triglycerides, mmol/L 1.73 +0.84 1.71 £ 0.84 1.92 + 0.88 -0.25

Note: CVD = cardiovascular disease, HDL = high-density lipoprotein, LDL = low-density lipoprotein, SD = standard deviation.
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Figure 2: Percentage of incident composite cardiovascular disease (CVD) diagnoses and statin users by quartile of nonfasting remnant choles-
terol (RC) (A) and low-density lipoprotein cholesterol (LDL-C) (B). Green bars = cardiovascular disease; blue dots = statin users. Categorical
lipid variables were used in the regressions; however, the figure shows quartiles plotted at the mean lipid value for each quartile. Note: Q =
quartile. Figure created using GraphPad Prism version 9.3.1.
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odds of incident composite cardiovascular disease per
mmol/L increase in LDL cholesterol (Table 2; Figure 3;
Appendix 3, Supplemental Table 3). The ability of remnant
cholesterol to identify increased risk of cardiovascular disease
remained greater than that of LDL cholesterol when the lat-
ter was not adjusted for in the statistical model, and vice versa
(Appendix 3, Supplemental Table 4). Results from the Cox
regression were similar, and few differences were seen by sex

and statin use (Appendix 3, Supplemental Tables 5-7).

Composite cardiovascular disease incidence by
quartile of nonfasting remnant cholesterol and LDL
cholesterol
Quartiles 3 and 4 of nonfasting remnant cholesterol were sig-
nificantly associated with increased adjusted odds of incident
composite cardiovascular disease in comparison to quartile 1
(adjusted OR 1.38 [95% CI 1.15-1.67] and adjusted OR 1.46
[95% CI 1.22-1.76], respectively). Individuals with nonfasting
LDL cholesterol in quartiles 24 had adjusted ORs of 0.63
(95% CI 0.53-0.75), 0.52 (95% CI 0.44-0.63) and 0.52 (95%
CI 0.43-0.62), respectively, of incident composite cardio-
vascular disease compared with those in quartile 1 (Table 3;
Appendix 3, Supplemental Table 8).

Few differences were seen by sex and statin use, and results
from the Cox regression were similar (Appendix 3, Supple-
mental Tables 9-11).

Association between nonfasting remnant cholesterol,
LDL cholesterol and secondary outcomes

Despite attenuation of significance, the adjusted relation of
both nonfasting remnant cholesterol and LDL cholesterol
with secondary outcomes of incident cardiovascular disease

OPEN

generally followed similar trends to that of the composite
cardiovascular disease outcome, regardless of sex or statin use
(Table 2; Figure 3; Appendix 3, Supplemental Tables 6 and 7).

The relations of continuous and categorical variables with
primary and secondary outcomes of prevalent cardiovascular
disease were generally similar to those from incident cardio-
vascular disease outcomes, regardless of sex or statin use

(Appendix 3, Supplemental Tables 12-18).

The current study demonstrates a relation of nonfasting rem-
nant cholesterol with cardiovascular disease in a large popu-
lation in Alberta. Although the absolute difference in mean
lipids between those with and without cardiovascular disease
was not large, remnant cholesterol (but not LDL cholesterol)
was associated with increasing odds of cardiovascular disease
incidence. The frequency of statin users increased with rem-
nant cholesterol quartiles and did not appear to influence
diagnoses of cardiovascular disease.

A US study has shown that nonfasting triglyceride levels
have a stronger positive association with cardiovascular disease
than fasting triglyceride levels.”® A recent study from Ontario,
Canada, showed that hypertriglyceridemia was positively asso-
ciated with cardiovascular disease events under conditions
of pre-existing atherosclerotic cardiovascular disease (possibly,
as noted by the authors, owing to cholesterol content of
triglyceride-rich lipoproteins).!® The median remnant choles-
terol value for those with atherosclerotic cardiovascular disease
was 0.6 (interquartile range [IQR] 0.4-0.8) mmol/L,'* which is
lower than that observed in the present study (mean 0.78 [SD
0.38] mmol/L). The authors were unable to verify fasting or

Table 2: Unadjusted and adjusted odds ratios of cardiovascular disease incidence per mmol/L increase of nonfasting remnant
cholesterol and low-density lipoprotein cholesterol
No. (%)
Variable n=13988 Unadjusted OR (95% Cl) Adjusted* OR (95% CI)
Remnant cholesterol
CVD composite 1156 (8.3) 1.81 (1.56-2.09) 1.48 (1.27-1.73)
Ischemic heart disease 1056 (7.6) 1.83 (1.57-2.13) 1.49 (1.27-1.75)
Acute coronary syndromet 153 (1.1) 2.18 (1.51-3.15) 1.42 (0.97-2.08)
Heart failure 168 (1.2) 1.95 (1.36-2.79) 1.47 (1.01-2.14)
Stroket 53 (0.4) 1.75 (0.92-3.33) 1.12 (0.58-2.17)
LDL cholesterol
CVD composite 1156 (8.3) 0.76 (0.71-0.82) 0.73 (0.68-0.79)
Ischemic heart disease 1056 (7.6) 0.77 (0.71-0.83) 0.74 (0.69-0.81)
Acute coronary syndromet 153 (1.1) 0.51 (0.41-0.62) 0.55 (0.44-0.68)
Heart failure 168 (1.2) 0.64 (0.53-0.77) 0.64 (0.53-0.78)
Stroket 53 (0.4) 0.46 (0.33-0.65) 0.47 (0.33-0.69)
Note: Cl = confidence interval, CVD = cardiovascular disease, LDL = low-density lipoprotein, OR = odds ratio.
*Adjusted model included age, sex, statin use, Elixhauser Comorbidity Index, remnant cholesterol and LDL cholesterol.
tAggregate of myocardial infarction and angina.
Aggregate of transient ischemic attack and acute ischemic stroke.
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Figure 3: Odds ratios and 95% confidence intervals (Cls) for cardiovascular disease (CVD) incidence per mmol/L increase of nonfasting rem-
nant cholesterol (A) and low-density lipoprotein cholesterol (B) on a logarithmic scale. Adjusted model for (A) and (B) included sex, age,
Elixhauser Comorbidity Index, statin use, remnant cholesterol and low-density lipoprotein cholesterol. *Aggregate of myocardial infarction and
angina. TAggregate of acute ischemic stroke and transient ischemic attack.

nonfasting status of the participants; therefore, one explanation
for this could be a higher proportion of sampling in the fasted
state, relative to sampling in the nonfasted state for the present
cohort. In contrast, 3 large European cohort studies in Copen-
hagen have previously demonstrated a causal relation between
nonfasting remnant cholesterol and cardiovascular disease.*?!
The nonfasting remnant cholesterol values in the ATP cohort
were indeed comparable to values from these Copenhagen
cohorts (which ranged from median 0.6 [IQR 0.4-0.9] mmol/L
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to 0.7 [IQR 0.5-1.0] mmol/L).* However, the Copenhagen
cohorts also observed a positive relation of LDL cholesterol
with cardiovascular disease risk, contrary to the current analy-
sis. We note the time frame of blood sampling in the Copen-
hagen cohorts was 1991-2009, and the time frame for ATP
was 2008-2015, which could affect this relation. Finally, a
recent study by Castafier and colleagues found no relation
between LDL cholesterol and cardiovascular disease in a
high-risk cohort from Spain.”



Table 3: Unadjusted and adjusted odds ratios of composite
cardiovascular disease incidence by quartile of nonfasting
remnant cholesterol and low-density lipoprotein cholesterol

Quartile (range)

Unadjusted
OR (95% Cl)

Adjusted”
OR (95% ClI)

Remnant cholesterol

1 (0.06-0.49) 1.00 (Ref.) 1.00 (Ref.)
2 (0.50-0.70) 1.13 (0.93-1.36) 0.97 (0.80-1.19)
3(0.71-0.99) 1.62 (1.35-1.94) 1.38 (1.15-1.67)
4 (1.00-2.04) 1.86 (1.56-2.22) 1.46 (1.22-1.76)
LDL cholesterol
1 (0.26-2.28) 1.00 (Ref.) 1.00 (Ref.)
2 (2.29-2.82) 0.65 (0.55-0.77) 0.63 (0.53-0.75)
3 (2.83-3.40) 0.57 (0.49-0.68) 0.52 (0.44-0.63)
4 (3.41-8.83) 0.62 (0.52-0.73) 0.52 (0.43-0.62)

Note: ClI = confidence interval, LDL = low-density lipoprotein, OR = odds ratio,
Ref. = reference category.

*Adjusted model included age, sex, statin use, Elixhauser Comorbidity Index,
remnant cholesterol and LDL cholesterol.

In the present study, we observed an inverse relation
between LDL cholesterol and cardiovascular disease inci-
dence. The highest number of statin users was observed in
association with the lowest quartile of LDL cholesterol and
the highest number of cardiovascular disease diagnoses. It
has been reported that certain high-risk populations, such
as those with diabetes, are often at elevated risk of cardio-
vascular disease despite lowering LDL cholesterol through
statin use (this is termed residual risk).?* These results also
align with studies in humans and rodent models with dyslip-
idemia showing that statins, which reduce cholesterol syn-
thesis in the liver, may also induce an upregulation of
absorption and secretion of cholesterol in the intestine.?*%*
Thus, it is likely that a subpopulation of statin users who
remained at high risk of cardiovascular disease, despite
lower LDL cholesterol levels, drove the inverse relation
observed in the present analysis. Factors such as statin com-
pliance, dose and strength were not available for use in this
analysis and may be sources of residual confounding. How-
ever, this relation is not unique to the ATP cohort. Of note,
Danish general population studies have observed null rela-
tions between nonfasting LDL particle concentration, LDL
cholesterol concentration and cardiovascular outcomes.?®*’
Several high-risk cohorts from Germany, China and Spain
have also demonstrated null and inverse relations between
fasting or nonfasting LDL cholesterol concentration and
cardiovascular outcomes.??28-30

Currently, there are few standard pharmacologic ther-
apies to reduce nonfasting remnant cholesterol or hypertri-
glyceridemia. Statins tend to have a mixed or null effect on
triglycerides and triglyceride-rich lipoproteins, and therefore
may not influence nonfasting remnant cholesterol per se.’!
The outcomes of the Reduction of Cardiovascular Events
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with Icosapent Ethyl-Intervention Trial suggest additional
benefit of triglyceride lowering to patients with already well-
controlled LDL cholesterol.*? Alternatively, in statin-treated
individuals with high LDL cholesterol, ezetimibe is recom-
mended to further reduce cardiovascular disease risk.'** For
those who are statin intolerant, other drugs such as bempe-
doic acid are being investigated.**

We postulate that adding nonfasting remnant cholesterol
to the management of atherosclerotic cardiovascular disease
risk may further benefit these populations with elevated risk
of residual cardiovascular disease. Future work will need to
delineate the predictive power of nonfasting remnant choles-
terol, explore its utility as a novel or adjunct marker of cardio-
vascular disease risk in Canada, and validate the relation
between remnant cholesterol and cardiovascular disease in
other samples of Canadian populations. It will be important
to determine normative reference values of nonfasting rem-
nant cholesterol that can be used by physicians in Canada.
Given similarities between the distribution range of remnant
cholesterol in both Canada and Europe, it may be possible to
consider the utility of European reference values for practice
in Canada.’?

Limitations

"This study used a calculated estimate of remnant cholesterol.
However, it closely correlates with nonfasting triglycerides
and measured remnant cholesterol (R? = 0.93 and 0.86,
respectively), and recent studies have shown that calculated
remnant cholesterol values can be adopted in a clinical setting
for prognostic, predictive and therapeutic purposes.’'*’ In
future, there may be more reliable, cost-effective options
available for direct measurement of remnant cholesterol, such
as using nuclear magnetic resonance.’® In the meantime, a cal-
culated measurement can be used in a nonfasting/ambulatory
care context, which may provide additional options for clin-
icians at point of care.

Longitudinal studies by their nature make use of older
data; although the data have been collected over many years,
the clinical practice for cholesterol management has not
changed and the results presented here are still applicable in
today’s practice. The use of administrative data also has inher-
ent limitations, including reliance on human reporting by
health professionals leading to possible measurement error.
However, errors were likely nondifferential based on remnant
cholesterol levels and, if anything, would present a bias
toward a null OR. Similarly, although a large proportion of
ATP participants were excluded from the present analysis,
there were few clinical differences compared with those
included (Appendix 3, Supplemental Table 1), and any differ-
ences would not present a true selection bias as the calculation
of remnant cholesterol had no bearing on the diagnosis of
cardiovascular disease.

Logistic regression models do not account for differential
follow-up time, which is a potential limitation of the present
analysis. However, using a method such as Cox regression
generates results that are more difficult to interpret in clin-
ical settings, and when primary outcome analyses were
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repeated with Cox regression (Appendix 3, Supplemental
Tables 5 and 11), the results were similar. Furthermore,
because remnant cholesterol is a relatively new area of study,
less is known about which factors to adjust for in analyses
and there may be some residual confounding. Another lim-
itation is the smaller case numbers for secondary outcomes,
which likely drove the loss of significance due to reduced
statistical power.

Although the ATP cohort provides some unique insights
into the relation of remnant cholesterol and cardiovascular
disease, it is composed primarily of older females, and find-
ings may not be generalizable to the overall Canadian popula-
tion. Indeed, differences have been found between the ATP
cohort and the general population.'”? Older women represent
a group at high absolute risk for cardiovascular disease, due in
part to perimenopausal changes in lipid levels,’” and are an
important group in which to study this relation; however,
measures of relative risk as presented in this analysis are likely
not greatly affected.

Conclusion

Although generalization of these results to the overall
Canadian population may be premature, the data from this
cohort suggest that nonfasting remnant cholesterol is sig-
nificantly associated with increased risk of cardiovascular
disease. Nonfasting remnant cholesterol may be a useful
adjunct target for reduction of cardiovascular disease risk,
especially in the context of well-controlled LDL choles-
terol and high statin use.
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