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Remnant Cholesterol and Its
Visit-to-Visit Variability Predict
Cardiovascular Outcomes in
Patients With Type 2 Diabetes:
Findings From the ACCORD Cohort

Diabetes Care 2022;,45:2136-2143 | https://doi.org/10.2337/dc21-2511

OBJECTIVE

Remnant cholesterol (remnant-C) predicts atherosclerotic cardiovascular disease,
regardless of LDL-cholesterol (LDL-C) levels. This study assessed the associations
between remnant-C and cardiovascular outcomes in type 2 diabetes.

RESEARCH DESIGN AND METHODS

This post hoc analysis of the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial used patient (type 2 diabetes >3 months) remnant-C and major
adverse cardiovascular event (MACE) data from the study database. The associa-
tions between remnant-C and MACEs were evaluated using Cox proportional haz-
ards regression analyses. We examined the relative MACE risk in remnant-C
versus LDL-C discordant/concordant groups using clinically relevant LDL-C targets
by discordance analyses.

RESULTS

The baseline analysis included 10,196 participants, with further visit-to-visit variability
analysis including 9,650 participants. During follow-up (median, 8.8 years), 1,815 pa-
tients (17.8%) developed MACEs. After adjusting for traditional cardiovascular risk
factors, each 1-SD increase in remnant-C was associated with a 7% higher MACE risk
(hazard ratio [HR] 1.07, 95% Cl 1.02-1.12, P = 0.004). In the fully adjusted model, the
visit-to-visit remnant-C variability calculated using logSD (HR 1.41, 95% Cl 1.18-1.69,
P < 0.001) and logARV (HR 1.45, 95% Cl 1.22-1.73, P < 0.001) was associated with
MACEs. Residual lipid risk (remnant-C 231 mg/dL) recognized individuals at a higher
MACE risk, regardless of LDL-C concentrations. Within each LDL-C subgroup (>100 or
=100 mg/dL), high baseline remnant-C was associated with a higher MACE risk (HR
1.37,95% C1 1.09-1.73, P = 0.007; HR 1.22, 95% Cl 1.04-1.41, P = 0.015, respectively).

CONCLUSIONS

Remnant-C levels were associated with MACEs in patients with type 2 diabetes
independent of LDL-C, and visit-to-visit remnant-C variability helped identify
those with higher cardiovascular risk.

Type 2 diabetes is associated with an increased incidence of atherosclerotic cardio-
vascular disease (CVD) (1,2), which is partially attributable to dyslipidemia and is
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characterized by elevated plasma tri-
glyceride (TG) levels, low levels of HDL-
cholesterol (HDL-C), and high levels of
small, dense LDL particles (3,4). Current
guidelines for CVD prevention include
lowering plasma LDL-cholesterol (LDL-C)
levels (3,5); however, patients with a
substantial reduction in LDL-C levels
continue to have considerable residual
cardiovascular risk (6). Efforts have been
made to identify strategies to tackle this
residual risk (7,8). Since HDL-C—raising ther-
apies have failed to reduce atherosclerotic
cardiovascular events (9,10), the research
focus has shifted to TG-rich lipoproteins
(TRLs), which are composed of chylomi-
cron remnants, VLDL-C, and intermediate-
density lipoprotein. TG-rich lipoproteins
are associated with the development of
CVD (11-15). Notably, TG, but not cho-
lesterol, can be easily metabolized in
most cells. Therefore, it has been hy-
pothesized that cholesterol, not TG, is
the harmful component of TRLs (16).
Remnant cholesterol (remnant-C) is
the cholesterol content of TRLs (6). High
serum levels of remnant-C contribute to
increased penetration into the arterial
wall (17), ultimately leading to major ad-
verse cardiovascular events (MACEs). Mul-
tiple studies have shown that circulatory
remnant-C levels correlate with MACEs in
the primary and secondary prevention of
CVD (18-21). More specifically, one study
showed that the median remnant-C level
was 20 mg/dL in patients without known
CVD and that elevated remnant-C levels
were associated with CVD, independent of
traditional risk factors, LDL-C, and apolipo-
protein B levels, suggesting that remnant-C
might be important in primary prevention
(22). In overweight or obese individuals at
high cardiovascular risk, every 10-mg/dL
increase in the remnant-C (but not in LDL-
C or HDL-C) level was associated with a
21% higher MACE risk after full adjust-
ment for potential confounders (21). How-
ever, limited data are available in patients
with type 2 diabetes. Notably, TG-lowering
therapy in type 2 diabetes failed to reduce
the rate of coronary heart disease events
in the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) (2) and Fenofi-
brate Intervention and Event Lowering in
Diabetes (23) trials. This suggests that rem-
nant-C might play an important role in the
occurrence of MACEs in type 2 diabetes.
Data also suggest that remnant-C levels
are elevated in type 2 diabetes and might
predict myocardial function and future

coronary outcomes (24,25). Additionally,
evidence indicates that individuals with
prediabetes with high remnant-C levels
have a higher tendency to develop di-
abetes than those with normoglyce-
mia (26,27).

Previous studies relied on a single
time point or baseline remnant-C sam-
ple for relationship analysis and did not
address changes in remnant-C levels de-
rived from multiple measurements over
time and the discordance between rem-
nant-C and LDL-C levels. Bangalore et al.
(28) showed that visit-to-visit variability
in LDL-C levels was an independent pre-
dictor of cardiovascular events in the
Treating to New Targets (TNT) trial, but
whether dynamic changes in remnant-C
over time are also associated with adverse
cardiovascular outcomes is unknown. In
the current study, we evaluated the re-
lationship between MACEs and visit-to-
visit remnant-C variability during follow-
up in patients with type 2 diabetes. To
further identify whether the risk associ-
ated with remnant-C is independent of
LDL-C levels, discordance analysis was
performed in patients with type 2 diabe-
tes using data from the ACCORD study
and its follow-up study (ACCORDION).

RESEARCH DESIGN AND METHODS

Study Design and Participants

This post hoc analysis of a prospective
study used data from the ACCORD study
(ClinicalTrials.gov number, NCT00000620).
Participants in the ACCORD trial were re-
cruited between June 2001 and October
2005 at 77 sites across the U.S. and
Canada. The trial enrolled 10,251 peo-
ple whose mean age was 62 years, who
had type 2 diabetes for a median dura-
tion of 10 years, with a mean glycated
hemoglobin (HbA,.) level of 8.3%, and
who had previous CVD or CVD risk
factors. All surviving ACCORD partici-
pants from participating sites who
could be contacted were subsequently
offered the opportunity to participate in
the ACCORDION study, during which data
on cardiovascular and other health-re-
lated outcomes and measurements were
collected and analyzed between May
2011 and October 2014.

The inclusion criteria of this study
were identical to those of the original
ACCORD study: 1) type 2 diabetes de-
fined according to the 1997 American
Diabetes Association guidelines; 2) HbA;.
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7.5-11% or 7.5-9% (depending on insu-
lin dosage and administration of oral hy-
poglycemic agents); 3) type 2 diabetes
duration >3 months; 4) stable type 2 di-
abetes for >3 months; and 5) an age
of 40-79 years with CVD or an age of
55-79 years with anatomical evidence of
significant atherosclerosis, albuminuria, left
ventricular hypertrophy, or at least two
additional risk factors for CVD (dyslipide-
mia, hypertension, current smoking sta-
tus, or obesity). Individuals meeting the
inclusion criteria of the original ACCORD
study were screened. Patients were ex-
cluded from the study if their baseline
remnant-C values were missing or if they
had fewer than three valid remnant-C
measurements during follow-up.

Data Collection and Outcomes

Data collected included demographics
(age, sex, education, and living status),
fasting plasma lipid profiles, and cardio-
vascular risk factors. The following equa-
tion was used to calculate remnant-C
levels: remnant-C(mg/dL) = HDL-C — LDL-
C. The blood lipid and clinical follow-up
time points were 0, 4, 8, 12, 24, 36, 48,
60, 72, 84, and 96 months. Non—-HDL-C
levels were calculated using the following
equation: non-HDL-C(mg/dL) = TC —
HDL-C (22). Visit-to-visit remnant-C vari-
ability was defined as variability in rem-
nant-C values between visits. For
patients with missing remnant-C values
at any visit, any other available remnant-
C data were used to calculate remnant-C
variability.

The primary outcome was MACE oc-
currence, including nonfatal myocardial
infarction (M), nonfatal stroke, and death
from cardiovascular causes.

Statistical Analysis
Normally distributed continuous data are
expressed as mean + SD, nonnormally
distributed continuous data as median
(interquartile range), and categorical
data as numbers (percentage). Differ-
ences among groups were evaluated us-
ing the ANOVA or Kruskal-Wallis H test
for continuous variables and the x* test
for categorical variables. The Bonferroni
test was used to evaluate differences
among the groups. Correlation analysis
was conducted using the Pearson test.
The participants were classified into
three remnant-C groups (low, middle, and
high) based on the remnant-C tertiles
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within the entire cohort, as previously
described (20). Kaplan-Meier estimates
were used to compute the cumulative
incidence of incident MACEs according
to remnant-C tertiles. Differences in the
estimates were compared using the log-
rank test. Unadjusted and adjusted Cox
proportional hazard models were used to
assess the associations between remnant-C
and incident MACEs and the components
of MACEs. Univariate analyses were con-
ducted to evaluate relationships between
all variables and MACEs before the multi-
variate Cox regression analyses. Variables
with P < 0.10 in the univariate analyses
were included in the multivariable analyses.
Additionally, variables that were clinically
closely related to MACEs were included in
the multivariable analyses (even if P > 0.10
in univariable analyses) to avoid missing
important conventional cardiovascular risk
factors (e.g., age, sex, smoking). Three mul-
tivariable models with progressive degrees
of adjustment were used to adjust for po-
tential confounders of incident MACEs and
components of MACEs. Model 1 was ad-
justed for sex, age, education, years of hy-
pertension diagnosis, depression, smoking
habit, alcohol consumption, systolic blood
pressure, diastolic blood pressure, heart
rate, BMI, and cardiovascular history;
model 2 was adjusted for model 1 co-
variables plus plasma glucose, estimated
glomerular filtration rate (eGFR), HbA,,
and LDL-C; and model 3 was adjusted for
model 2 covariables plus treatment with
biguanide, statins, and insulin.

To explore the effect of changes in
remnant-C on MACEs during follow-up,
visit-to-visit remnant-C level variability was
calculated. Various measurements of vari-
ability were used, as described in previous
studies (28,29): 1) the SD of remnant-C
levels and logSD; 2) the average real vari-
ability (ARV) and logARV, defined as the
average absolute difference between suc-
cessive values; and 3) the coefficient of
variation (CV) and logCV.

Discordance analysis was used to
identify whether the risk associated
with remnant-C was independent of
LDL-C levels. We used a clinically relevant
LDL-C cutoff (100 mg/dL) based on world-
wide guideline recommendations (5,30).
The remnant-C cutoff point was identified
using equivalent population percentiles
from the cohort corresponding to the
clinically relevant LDL-C target. In addi-
tion, previous studies used the aforemen-
tioned methods for determining remnant-

C cutoffs corresponding to three different
LDL-C values (70, 100, and 130 mg/dL)
for discordance analyses (22,31). Further-
more, according to the 2019 European
Society of Cardiology guidelines on diabe-
tes, prediabetes, and CVDs developed in
collaboration with the European Associa-
tion for the Study of Diabetes (3), LDL-C
target levels for the management of pa-
tients with diabetes were summarized as
<1.4 mmol/L (<55 mg/dL) for patients
with a very high cardiovascular risk, <1.8
mmol/L (<70 mg/dL) for patients with a
high cardiovascular risk, and <2.6 mmol/L
(<100 mg/dL) for patients with a moder-
ate cardiovascular risk. A target LDL-C level
of <3.0 mmol/L (<116 mg/dL) may be
considered for patients without diabetes
but with a low cardiovascular risk. Be-
cause only 13 patients in the ACCORD
database had an LDL-C level <55 mg/dL,
the corresponding remnant-C cutoff was
not analyzed. Therefore, we determined
the corresponding remnant-C cutoff val-
ues according to the four different LDL-C
cutoff values (70, 100, 116, and 130 mg/dL)
and conducted a Cox regression correction
analysis. The discordant groups were defined
as low remnant-C/high LDL-C and high
remnant-C/low LDL-C levels. Concordant
groups included those with low remnant-C/
low LDL-C and high remnant-C/high LDL-C
levels. Baseline characteristics were com-
pared across the four concordance/dis-
cordance groups using the x? test for
categorical variables or ANOVA (or Kruskal-
Wallis when appropriate) for continuous
variables. A Cox proportional hazards re-
gression model was used to assess the
association between remnant-C and LDL-C
concordant/discordant groups and incident
MACEs. A receiver operating characteristic
(ROC) curve was constructed to determine
the predictive value of remnant-C.

All analyses were conducted using
SPSS 23.0 (IBM, Armonk, NY) and Stata
15.1 (StataCorp LLC, College Station, TX)
software. Statistical significance was de-
fined as a two-sided P value <0.05.

RESULTS

Baseline Characteristics According to
Tertiles of Remnant-C

The baseline analysis included 10,196 par-
ticipants (Supplementary Fig. 1); 61.48%
were men, and the average age was 62.8 +
6.6 years. Baseline blood tests revealed
mean levels of TC, 183.3 + 41.9 mg/dL;
HDL-C, 41.9 + 11.6 mg/dL; LDL-C, 104.9 +
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33.9 mg/dL; non—HDL-C, 141.4 + 41.4 mg/dL;
and TG, 190.1 + 148.4 mg/dL. The mean
remnant-C level was 36.5 + 24.4 mg/dL.
The baseline characteristics were used to
stratify participants according to tertiles
of remnant-C levels (Table 1). The mean
age differed slightly across the groups.
Individuals with high tertile remnant-C
levels (Table 1) were more likely to be
men, smokers, to have had previous car-
diovascular events, and to have a high
BMI, diastolic blood pressure, heart rate,
HbA;., and fasting blood glucose levels.
Insulin and statin use was lower in indi-
viduals with remnant-C levels in the high
tertile, whereas metformin use was higher
in the low tertile. Correlation testing con-
firmed expected direct associations be-
tween remnant-C, TC, TG, and non—HDL-C
levels. Interestingly, there was a clear in-
verse association between HDL-C and rem-
nant-C levels (Supplementary Table 1).

Baseline Remnant-C Levels and MACEs
During a mean follow-up period of
7.7 years (median 8.8 years), 1,815 patients
(17.8%) developed MACEs. As shown in
Table 1, the risk of MACEs increased with
increasing tertiles of remnant-C. Similarly,
the risk of CVD death and nonfatal Ml
also increased with increasing tertiles of
remnant-C. In tertile analyses, the rem-
nant-C level showed a graded association
with MACEs (P for trends <0.001), but a
significant difference was only observed
between tertiles 1 and 3 (hazard ratio
[HR] 1.38, 95% Cl 1.20-1.58, P < 0.001)
(Table 2). In model 3, when the remnant-C
level was measured as a continuous vari-
able, a 1-SD increase in the remnant-C
level was associated with a 7% higher
risk of MACEs after full adjustment for
potential confounders (HR 1.07, 95% CI
1.02-1.12, P = 0.004) (Table 2). These
findings suggest that the baseline rem-
nant-C level could be used as a predictor
of MACEs. Furthermore, when evaluating
associations between the baseline rem-
nant-C level and individual outcomes, we
found that there was also a graded asso-
ciation of the remnant-C level with CVD
death and nonfatal Ml (P for trends =
0.002 and <0.001, respectively), but
not for nonfatal stroke. After adjusting
for potential confounders, significant dif-
ferences in CVD death and nonfatal Ml
were still observed between tertiles 1
and 3. However, when the remnant-C
level was measured as a continuous
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Table 1—Subject baseline characteristics by tertiles of remnant-C level

Total Low Middle High
N = 10,196 n = 3,448 n = 3,485 n = 3,263 P value

Age, years 62.8 £ 6.6 63.4 £ 6.8 629 + 6.6 619 + 6.4 <0.001
Sex 0.681

Female 3,928 (38.5) 1,339 (38.8) 1,352 (38.8) 1237 (37.9)

Male 6,268 (61.5) 2,109 (61.2) 2,133 (61.2) 2026 (62.1)
Education

Less than high school 1,502 (14.7) 583 (16.9) 527 (15.1) 392 (12.0) <0.001

High school graduate or GED 2,692 (26.4) 926 (26.9) 898 (25.8) 868 (26.6) 0.561

Some college 3,343 (32.8) 1,052 (30.5) 1,144 (32.8) 1,147 (35.2) <0.001

College degree or higher 2,652 (26.0) 885 (25.7) 913 (26.2) 854 (26.2) 0.852
Living alone 2,065 (20.7) 722 (20.9) 710 (20.4) 633 (19.4) 0.284
Depression 2,412 (23.7) 650 (18.9) 836 (24.0) 926 (28.4) <0.001
History of CVD 3,586 (35.2) 1,171 (34.0) 1,193 (34.2) 1,222 (37.5) 0.004
Duration of hypertension, years 10.2 + 9.6 9.9+94 10.4 + 9.6 104 £ 9.7 0.109
Cigarette-smoking <0.001

Yes 5,925 (58.1) 1,920 (55.7) 2,024 (58.1) 1,981 (60.7)

No 4,271 (41.9) 1,528 (44.3) 1,461 (41.9) 1,282 (39.3)
Alcohol use 0.006

Yes 2,434 (23.9) 814 (23.6) 892 (25.6) 728 (22.3)

No 7,757 (76.1) 2,633 (76.4) 2,590 (74.3) 2,534 (77.7)
BMI, kg/m2 322 +54 31.2+55 325+54 329 +£5.2 <0.001
Blood pressure, mmHg

Systolic 136.4 + 17.1 136.8 + 17.1 1359 + 17.3 136.3 £ 16.9 0.082

Diastolic 74.9 + 10.7 73.9 £ 10.5 75.1 £ 10.7 75.7 £ 10.7 <0.001
Heart rate, bpm 72.7 £ 11.8 72.0 £ 11.7 722 +11.8 73.8 + 11.9 <0.001
Medication use

Insulin 3,565 (35.0) 1,458 (42.3) 1,162 (33.3) 945 (29.0) <0.001

Metformin 6,519 (63.9) 2,070 (60.0) 2,320 (66.6) 2,129 (65.3) <0.001

Statin 6,468 (63.4) 2,317 (67.2) 2,238 (64.2) 1,913 (58.6) <0.001

Cholesterol absorption inhibitors 207 (2.0) 60 (1.7) 79 (2.3) 68 (2.1) 0.288
HbA;., % 83+1.1 83+1.0 83+1.1 84+1.1 <0.001
Fasting plasma glucose, mg/dL 175.2 + 56.2 162.6 + 53.8 173.7 £+ 53.6 190.2 + 57.8 <0.001
eGFR, mL/min/1.73 m? 91.1 + 27.2 92.2 + 23.6 89.7 £ 25.5 91.3 + 32.0 <0.001
Remnant-C, mg/dL 36.5 244 17.8 £ 4.3 31.8 £ 45 61.5 + 28.1 <0.001
Plasma concentration

TG, mg/dL 190.1 + 148.4 88.8 + 21.5 1589 + 23.4 330.6 + 190.1 <0.001

Total cholesterol, mg/dL 183.3 £ 41.9 168.2 + 34.9 180.4 + 37.0 202.4 + 46.0 <0.001

LDL-C, mg/dL 104.9 + 33.9 102.6 + 30.3 107.1 + 33.7 105.0 £ 37.5 <0.001

HDL-C, mg/dL 419 + 11.6 47.8 +12.8 415+ 1.0 359+ 84 <0.001

non—HDL-C, mg/dL 1414 + 41.4 120.3 + 31.1 138.9 + 34.0 166.5 + 44.7 <0.001
Incident MACEs 1,815 (17.8) 552 (16.0) 599 (17.2) 664 (20.4) <0.001
CVD death 663 (6.5) 192 (5.6) 221 (6.3) 250 (7.7) 0.002
Nonfatal Ml 932 (9.1) 267 (7.7) 302 (8.7) 363 (11.1) <0.001
Nonfatal stroke 485 (4.8) 160 (4.6) 160 (4.6) 165 (5.1) 0.618

Data are presented as mean + SD or as n (%). The tertile ranges were low (3—24 mg/dL), middle (25-40 mg/dL), and high (41-474 mg/dL). P
value for the test of the difference across tertiles of remnant-C were obtained by using the XZ test (categorical variables), ANOVA (continuous
variables), or Kruskal-Wallis test (nonparametric comparisons). GED, General Education Development.

variable, a 1-SD increase in the remnant-
C level was only associated with a higher
risk of nonfatal MI. These findings indi-
cate that the baseline remnant-C level

was correlated with major coronary
events. Kaplan-Meier curves were
used to determine the probability of
MACEs and individual outcomes

(Supplementary Fig. 2). Compared with
patients with a low remnant-C level, the
probability of poor patient outcomes was
significantly higher in patients with a high
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Table 2—Risk of incident MACEs for baseline remnant-C level
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Unadjusted Model 1 Model 2 Model 3

Remnant-C Events/n at risk HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value
MACEs

Tertile 1 552/3,448 Ref Ref Ref Ref

Tertile 2 599/3,485 1.07 (0.96-1.21) 0.228 1.11 (0.97-1.26) 0.144 1.08 (0.94-1.23) 0.285 1.11 (0.97-1.27) 0.137

Tertile 3 664/3,263 1.32 (1.18-1.47) <0.001 1.36 (1.19-1.55) <0.001 1.31 (1.14-1.50) <0.001 1.38 (1.20-1.58) <0.001

Per 1 SD 1.07 (1.04-1.12) <0.001 1.08 (1.03-1.13) <0.001 1.06 (1.01-1.11) 0.010 1.07 (1.02-1.12) 0.004

P for trend <0.001 <0.001 <0.001 <0.001
CVD death

Tertile 1 192/3,448 Ref Ref Ref Ref

Tertile 2 221/3,485 1.15 (0.95-1.40) 0.152 1.21 (0.96-1.52) 0.099 1.17 (0.93-1.47) 0.192 1.20 (0.95-1.51) 0.129

Tertile 3 250/3,263 1.41 (1.17-1.70) <0.001 1.51 (1.21-1.88) <0.001 1.35 (1.08-1.70) 0.009 1.38 (1.10-1.74) 0.006

Per 1 SD 1.06 (0.99-1.13) 0.081 1.07 (0.99-1.16) 0.058 1.05 (0.97-1.14) 0.249 1.05 (0.97-1.13) 0.270

P for trend <0.001 <0.001 0.003 0.002
Nonfatal Ml

Tertile 1 267/3,448 Ref Ref Ref Ref

Tertile 2 302/3,485 1.11 (0.92-1.34) 0.181 1.09 (0.90-1.32) 0.386 1.06 (0.88-1.29) 0.534 1.10 (0.91-1.34) 0.329

Tertile 3 363/3,263 1.48 (1.26-173) <0.001 1.38 (1.14-1.67) 0.001 1.37 (1.13-1.65) 0.001 1.53 (1.26-1.85) <0.001

Per 1 SD 1.10 (1.06-1.16) <0.001 1.10 (1.05-1.17) <0.001 1.09 (1.03-1.16) 0.004 1.10 (1.04-1.17) <0.001

P for trend <0.001 <0.001 <0.001 <0.001
Nonfatal stroke

Tertile 1 160/3,448 Ref Ref Ref Ref

Tertile 2 160/3,485 0.99 (0.79-1.23) 0.917 1.16 (0.90-1.49) 0.240 1.13 (0.88-1.45) 0.348 1.14 (0.88-1.47) 0.311

Tertile 3 165/3,263 1.12 (0.90-1.39) 0.313 1.23 (0.96-1.59) 0.105 1.18 (0.91-1.53) 0.223 1.20 (0.92-1.57) 0.177

Per 1 SD 1.05 (0.97-1.14) 0.201 1.05 (0.96-1.15) 0.304 1.03 (0.94-1.14) 0.489 1.04 (0.95-1.14) 0.414

P for trend 0.318 0.091 0.200 0.138

Model 1: Adjusted for sex, age, education, years of hypertension diagnosis, depression, smoking habit, alcohol consumption, systolic blood
pressure, diastolic blood pressure, heart rate, BMI, and CVD history. Model 2: Adjusted for model 1 covariables plus levels of plasma glucose,
eGFR, HbA;, and LDL-C. Model 3: Adjusted for model 2 covariables plus treatment with biguanide, statins, and insulin.

remnant-C level (P < 0.05), further indicat-
ing that the baseline remnant-C level could
be used as a prognostic marker for patients
with type 2 diabetes.

Associations Between Visit-to-Visit
Remnant-C Level Variability and
MACEs

Further visit-to-visit variability analysis
including 9,650 participants was performed
to explore the effects of changes in the
remnant-C level on MACEs over time.
Table 3 shows that the visit-to-visit rem-
nant-C level variability, calculated using
logSD and logARV, was associated with
MACEs in the fully adjusted model. For
CVD death, an association with visit-
to-visit remnant-C level variability was
observed for logARV. The visit-to-visit
remnant-C level variability calculated us-
ing all three calculation methods was
associated with nonfatal MI. None of
the visit-to-visit remnant-C level variabil-
ity values were associated with nonfatal
stroke (all P > 0.05). These results indi-
cate that visit-to-visit remnant-C level
variability is a predictor of MACEs, CVD

death, and nonfatal Ml in patients with
type 2 diabetes.

Contribution of Remnant-C to
Residual Lipid Risk by LDL-C Level
To examine the relative risk of MACEs in
the remnant-C versus LDL-C discordant/
concordant groups using clinically rele-
vant LDL-C target levels, we performed
discordance analyses. A high LDL-C level
was defined as >100 mg/dL for the pri-
mary prevention cohort. Abnormally high
remnant-C values used for the cutoff
were defined as =31 mg/dL. The baseline
characteristics of the participants strati-
fied by the four remnant-C/LDL-C concor-
dance/discordance groups are shown in
Supplementary Table 2. The subgroups
with higher LDL-C levels had fewer men
and a lower frequency of insulin, metfor-
min, and statin use, whereas those with
high remnant-C levels had lower HDL-C
and higher TG levels, a higher BMI, and a
greater frequency of depression.
Residual lipid risk assessed by a
remnant-C level =31 mg/dL recognized
individuals at higher risk of MACEs, re-
gardless of LDL-C concentrations (Fig. 1).

Within each LDL-C subgroup (>100 or
=100 mg/dL), in model 3, high baseline
remnant-C concentrations identified
individuals at a higher risk of MACEs com-
pared with those with lower remnant-C
concentrations (LDL-C =100 mg/dL and
remnant-C =31 mg/dL: HR 1.22, 95% Cl
1.04-1.44, P = 0.015; LDL-C >100 mg/dL
and remnant-C =31 mg/dL: HR 1.37,
95% Cl 1.09-1.73, P = 0.007) (Fig. 1).
Additional comparisons were made be-
tween various groups, including LDL-C
>100 mg/dL and remnant-C =31 mg/dL
vs. LDL-C =100 mg/dL and remnant-C
=31 mg/dL (HR 1.18, 95% Cl 0.95-1.47,
P = 0.139), LDL-C >100 mg/dL and rem-
nant-C <31 mg/dL vs. LDL-C =100 mg/dL
and remnant-C =31 mg/dL (HR 0.86,
95% Cl 0.67-1.10, P = 0.241), and LDL-
C >100 mg/dL and remnant-C =31 mg/
dL vs. LDL-C >100 mg/dL and remnant-
C <31 mg/dL (HR 1.30, 95% Cl
1.12-1.52, P = 0.001). These results fur-
ther demonstrated that a remnant-C level
=31 mg/dL was a predictor of MACEs in
patients with type 2 diabetes, regardless
of LDL-C levels. Using the 70 mg/dL LDL-C
and 17 mg/dL remnant-C level cutoffs
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Table 3—Risk of incident MACEs for visit-to-visit variability of remnant-C level

Unadjusted Model 1 Model 2 Model 3

Remnant-C HR (95% CI) P value HR (95% CI) P value HR (95% Cl) P value HR (95% ClI) P value
MACEs

logSD 1.52 (1.31-1.76) <0.001  1.45 (1.22-1.73) <0.001  1.39 (1.16-1.65) <0.001  1.41 (1.18-1.69)  <0.001

logARV 1.57 (1.35-1.82) <0.001  1.49 (1.25-1.77) <0.001 1.43 (1.20-1.71) <0.001 1.45 (1.22-1.73) <0.001

logCV 1.31 (1.02-1.69)  0.035  1.11 (0.84-1.49)  0.461  1.04 (0.78-1.39)  0.770  1.06 (0.79-1.41) 0.700
CVD death

logSD 1.31 (1.02-1.69) 0.037 1.39 (1.03-1.87) 0.029 1.28 (0.94-1.73) 0.111 1.27 (0.94-1.72) 0.120

logARV 1.42 (1.10-1.83) 0.007 1.57 (1.17-2.12) 0.003 1.47 (1.08-1.99) 0.013 1.46 (1.08-1.97) 0.014

logCV 1.03 (0.67-1.57) 0.901 1.03 (0.63-1.68) 0.910 0.93 (0.57-1.53) 0.786 0.92 (0.56-1.51) 0.743
Nonfatal Ml

logSD 2.07 (1.69-2.52) <0.001 1.91 (1.51-2.41) <0.001 1.86 (1.46-2.36) <0.001 1.92 (1.51-2.43) <0.001

logARV 2.04 (1.67-2.50) <0.001  1.90 (1.50-2.40) <0.001  1.86 (1.47-2.36) <0.001  1.90 (1.50-2.40)  <0.001

logCV 2.09 (1.48-2.95) 0.000 1.63 (1.10-2.43) 0.016 1.67 (1.05-2.33) 0.027 1.62 (1.09-2.42) 0.017
Nonfatal stroke

logSD 1.22 (0.92-1.62) 0.176 1.28 (0.92-1.78) 0.136 1.23 (0.88-1.72) 0.218 1.26 (0.90-1.76) 0.175

logARV 1.25 (0.94-1.67)  0.126  1.28 (0.92-1.78)  0.142  1.24 (0.89-1.73)  0.207  1.26 (0.90-1.76) 0.171

logCV 0.92 (0.57-1.48) 0.728 0.89 (0.52-1.52) 0.665 0.83 (0.48-1.43) 0.502 0.84 (0.49-1.45) 0.535

Model 1: Adjusted for sex, age, education, years of hypertension diagnosis, depression, smoking habit, alcohol consumption, systolic blood
pressure, diastolic blood pressure, heart rate, BMI, and CVD history. Model 2: Adjusted for model 1 covariables plus levels of plasma glucose,
eGFR, HbA;, and LDL-C. Model 3: Adjusted for model 2 covariables plus treatment with biguanide, statins, and insulin.

did not vyield significant associations in
model 3, whereas using a 130 mg/dL cut-
off showed a significant association only
for an LDL-C level =130 mg/dL and rem-
nant-C level =49 mg/dL (Supplementary
Table 3). Although cutoffs of 116 mg/dL
for LDL-C and 100 mg/dL for rem-
nant-C levels both demonstrated sig-
nificant associations in model 3, a
target LDL-C level of 100 mg/dL is de-
sirable for patients with type 2 diabetes
according to clinical guidelines. Thus, in
the current study, we considered a
remnant-C cutoff value (31 mg/dL)
corresponding to an LDL-C level of
100 mg/dL.

Remnant-C & LDL-C Groups

LDL-C £ 100 mg/dL & Remnant-C < 31 mg/dL

LDL-C £ 100 mg/dL & Remnant-C > 31 mg/dL

LDL-C > 100 mg/dL & Remnant-C < 31 mg/dL

LDL-C > 100 mg/dL & Remnant-C > 31 mg/dL

To explore associations between the
remnant-C level and MACEs in more
detail, we performed subgroup analy-
ses stratified by age, sex, BMI, and
CVD history. There were no differences in
the relationship between the remnant-C
level and MACEs in patients <65 vs.
=65 years of age, with a BMI =25 vs.
<25 kg/mz, and a CVD history versus
no CVD history (all P > 0.05), but the
association was stronger in women (HR
1.43, 95% Cl 1.11-1.83) than in men
(HR 1.28, 95% Cl 1.08-1.51, P = 0.02)
(Supplementary Fig. 3). To assess the predic-
tive value of the outcomes, we further ana-
lyzed the ROC curves. Combined models

with and without remnant-C were estab-
lished using MACEs as the outcome. After
increasing remnant-C levels, the area
under the ROC curve increased signifi-
cantly, indicating that the combination
with remnant-C improved prediction effi-
ciency (Supplementary Fig. 4).

CONCLUSIONS

Our study sought to examine correla-
tions between adverse cardiovascular
outcomes and remnant-C levels (including
visit-to-visit variability in the remnant-C
level) in patients with type 2 diabetes
while performing an analysis designed
to identify the impact of changes in the

HR (95% CI) P-value
Reference
— 1.22 (1.04-1.44) 0.015
0.99 (0.77-1.27) 0.913
———— 1.37 (1.09-1.73) 0.007
T T T 1
0.0 0.5 1.0 1.5 2.0

Figure 1—Discordance analyses of remnant-C and LDL-C levels. In order to assess the risk of MACEs by categories of low and high LDL-C and rem-
nant-C levels, HRs were estimated relative to the lowest risk category (LDL-C =100 mg/dL and remnant-C <31 mg/dL). Data were adjusted for sex,
age, years of hypertension diagnosis, depression, smoking habit, alcohol consumption, systolic blood pressure, diastolic blood pressure, heart rate,
BMI, previous cardiovascular history, plasma glucose level, eGFR level, HbA,. level, LDL-C level, biguanide treatment, statin treatment, and insulin
treatment. A high remnant-C level was associated with MACEs, regardless of LDL-C values.
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remnant-C level on MACEs. We demon-
strated that for patients with type 2 dia-
betes at high cardiovascular risk, baseline
remnant-C levels are associated with
MACEs. During long-term follow-up, visit-
to-visit variability in the remnant-C level
is an independent predictor of adverse
cardiovascular events, suggesting that a
more uniform/less variable remnant-C
level is desirable. Discordance analyses
indicated that elevated remnant-C levels
are associated with MACEs, independent
of traditional risk factors and LDL-C levels.

With elevated plasma remnant-C lev-
els, patients with type 2 diabetes repre-
sent a special population that deserves
more attention regarding residual risk
(24). Our primary findings indicated that
baseline estimated remnant-C levels were
associated with MACEs, regardless of
clinical phenotypes, lifestyle confounders
related to cardiovascular risk, and lipid-
lowering treatment. Similarly, an observa-
tional study showed that the remnant-C
level was associated with a higher risk of
death from CVD in patients with type 2
diabetes and incidental diabetic ne-
phropathy (32). In addition, post hoc
data from the TNT trial showed that in-
creased remnant-C levels are associated
with increased cardiovascular risk (19).
Furthermore, genetic studies strongly sug-
gest that a higher remnant-C level is a
causal risk factor for coronary artery dis-
ease (33,34). These observational, clinical
intervention, and genetic studies not only
confirmed a strong association between
elevated remnant-C levels and a high
risk of developing cardiovascular events
(26,27,32) but also implied that the ath-
erogenic effects of remnant-C may explain
associations with an increased incidence
of MACEs.

Notably, previous studies on remnant-C
were based on single time point meas-
urements (21,22,25,32,35), which may
not reflect long-term exposure given
that remnant-C levels often vary over
time. In patients with coronary artery
disease and an LDL-C level <130 mg/dL
who were enrolled in the TNT, visit-to-
visit variability in the LDL-C level was
predictive of adverse long-term cardio-
vascular outcomes, including coronary
events, cardiovascular events, death, M,
and stroke, independent of the treat-
ment effect and achieved LDL-C levels
(28). This suggests that a more uniform
and less variable LDL-C level is desirable.

However, it is not known whether the
same is applicable to remnant-C. In the
current study, patients were followed
over a mean period of 7.7 years, mul-
tiple remnant-C tests were conducted
on individual participants, and variability
in the remnant-C levels was calculated
as indicated by logSD, logASV, and logCV.
Our results demonstrate that visit-to-visit
remnant-C variability is a powerful pre-
dictor of MACEs, CVD death, and nonfa-
tal Ml in patients with type 2 diabetes
who are at a high risk of CVDs. There-
fore, a more uniform, less variable visit-
to-visit remnant-C level is more impor-
tant than the remnant-C level itself.
Another noteworthy observation is
that remnant-C was the major choles-
terol fraction contributor to MACEs in
patients with type 2 diabetes at high
cardiovascular risk. Participants with
remnant-C levels =31 mg/dL had a higher
risk of MACEs in the current study, re-
gardless of whether the LDL-C level was
optimal (=100 mg/dL [2.59 mmol/L]).
The discordance analysis showed that
remnant-C levels predicted cardiovas-
cular outcomes independent of LDL-C
levels and support remnant-C as both
a clinical predictor and a clinical inter-
vention target. Interestingly, recent re-
ports showed that lowering remnant-C
levels by 32 mg/dL (0.83 mmol/L) re-
duced recurrent MACEs by 20% in sec-
ondary prevention (36). Additionally, a
large observational study showed that
high levels of remnant-C, but not LDL-C,
are associated with cardiovascular out-
comes in overweight or obese individu-
als (21) and in atherosclerotic CVD-free
individuals (22). From these data, we
could postulate that treatment of resid-
ual risk, measured as remnant-C, was
likely more beneficial than further re-
duction of LDL-C levels in high-risk indi-
viduals already treated with moderate-
or high-dose statins (19,36,37). In context,
while LDL-C and non—HDL-C were reduced
to levels below guideline-recommended
targets, the remnant-C level was only
mildly reduced, suggesting that residual
risk could possibly be targeted with
remnant-C—lowering medications such
as apolipoprotein C3 and angiopoietin-
like 3 (ANGPTL3) (38). To explore the as-
sociation between remnant-C level and
MACEs in more detail, we categorized
the study population based on patient
demographics and medical history. After
adjusting for potential confounders, the
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association between higher remnant-C lev-
els and an increased risk of study outcomes
remained significant. In addition, we found
an interaction between sex and MACEs,
which could be explained by the theory
that female patients who already had a
certain level of risk for CVD may have a
higher incidence of MACEs. Furthermore,
conventional risk factors combined with
remnant-C could improve prediction effi-
ciency. Taken together, these data suggest
that remnant-C may be both a prognostic
marker and a potential target for future
therapeutic interventions.

The strengths of this study include its
large population with complete follow-
up of MACEs and repeat assessment of
remnant-C measurements, allowing us to
model long-term remnant-C level changes
and assess the associations between visit-
to-visit remnant-C level variability and
MACEs. These advantages not only al-
lowed us to more reliably estimate rem-
nant-C-related risk beyond LDL-C level
in patients with type 2 diabetes with
high cardiovascular risk but also demon-
strated that patients with type 2 diabe-
tes with high visit-to-visit remnant-C level
variability had greater risks of MACEs, sug-
gesting this population may benefit from
earlier and more frequent screening for
adverse cardiovascular events, aggressive
risk factor management, and maintenance
of metabolic health.

This study had some limitations. First,
indirect calculations of remnant-C levels
might have overestimated values com-
pared with direct measurements. Sec-
ond, our findings were observational,
and the causal role of remnant-C level
on cardiovascular event risk should be
verified in further prospective interven-
tion studies. Third, despite adjustments
for potential known confounding vari-
ables in multivariable Cox regression
analysis, we cannot exclude a possi-
ble residual bias because of the post
hoc nature of this study or assess all
metabolic factors and parameters related
to insulin resistance. Finally, the population
of the ACCORD trial included only high-risk
patients with type 2 diabetes. Additional
studies are necessary to increase the gener-
alizability of the results.

In type 2 diabetes, remnant-C levels
are associated with MACEs regardless of
LDL-C. Visit-to-visit changes in remnant-C
levels can help identify patients at higher
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risk of CVD and may allow for the devel-
opment of specific preventive and thera-
peutic approaches.
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