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Abstract

Aims Cholesterol carried in triglyceride-rich lipoproteins, also called remnant cholesterol, is being increasingly acknowledged as an 
important causal risk factor for atherosclerosis. Elevated remnant cholesterol, marked by elevated plasma triglycerides, is 
associated causally with an increased risk of atherosclerotic cardiovascular disease. The association with cause-specific mor
tality is, however, unclear. The aim of this study was to test the hypothesis that elevated remnant cholesterol and plasma 
triglycerides are associated with increased mortality from cardiovascular disease, cancer, and other causes.

Methods 
and results

Using a contemporary population-based cohort, 87 192 individuals from the Copenhagen General Population Study aged 
20–69 years at baseline in 2003–2015 were included. During up to 13 years of follow-up, 687 individuals died from cardio
vascular disease, 1594 from cancer, and 856 from other causes, according to the National Danish Causes of Death Registry. 
In individuals with remnant cholesterol ≥1.0 mmol/L (≥39 mg/dL; 22% of the population) compared with those with levels 
<0.5 mmol/L (<19 mg/dL), multivariable-adjusted mortality hazard ratios were 2.2 (95% confidence interval 1.3–3.5) for 
cardiovascular disease, 1.0 (0.7–1.3) for cancer, and 2.1 (1.4–3.3) for other causes. Exploratory analysis of the cause of death 
subcategories showed corresponding hazard ratios of 4.4 (1.6–11) for ischemic heart disease, 8.4 (2.0–34) for infectious 
diseases, and 9.1 (1.9–43) for endocrinological diseases. Results for plasma triglycerides >2 vs. <1 mmol/L (>177 vs. 
<89 mg/dL) were similar.

Conclusion Remnant cholesterol of ≥1 mmol/L (39 mg/dL), present in 22% of the population, and plasma triglycerides of ≥2 mmol/L 
(177 mg/dL), present in 28% of the population, were associated with two-fold mortality from cardiovascular and other 
causes, but not from cancer. This novel finding should be confirmed in other cohorts.
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Structured Graphical Abstract

Is cholesterol carried in triglyceride-rich lipoproteins, also called remnant cholesterol, associated with increased mortality from
cardiovascular disease, cancer, and other causes?

Remnant cholesterol above 1 mmol/L (39 mg/dL), observed in 22% of the population, was associated with 2-fold mortality from
cardiovascular and other causes, but not from cancer.

Large randomized trials should investigate if remnant cholesterol-lowering therapy without increases in LDL cholesterol or
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The previously unknown association between elevated remnant cholesterol and cause-specific mortality was investigated in the Copenhagen 
General Population Study. Results are hazard ratios from Cox regression adjusted for age, sex, LDL cholesterol, systolic blood pressure, smoking 
status, cumulative smoking, time since last meal, and birth year. LDL, low-density lipoprotein; No., number; vs., versus. Parts of the figure were drawn 
using pictures from Servier Medical Art. Servier Medical Art by Servier is licensed under a Creative Commons Attribution 3.0 Unported License.
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Introduction
Remnant cholesterol, also called triglyceride-rich lipoprotein choles
terol, comprises cholesterol carried in very-low-density lipoproteins 
and chylomicron remnants. Alongside low-density lipoprotein (LDL) 
cholesterol, remnant cholesterol is emerging as a causal risk factor in 
the development of atherosclerotic cardiovascular disease.1

Drugs that lower remnant cholesterol (or plasma triglycerides, a 
commonly used marker for remnant cholesterol) are currently being 
tested for the prevention of atherosclerotic cardiovascular disease in 

large randomized controlled trials. REDUCE-IT (Reduction of 
Cardiovascular Events With Icosapent Ethyl–Intervention Trial) found 
that a purified omega-3 fatty acid, compared with mineral oil, decreased 
the risk of major ischemic events after lowering triglycerides by 20%.2

Meanwhile, the somewhat similar STRENGTH (Long-Term Outcomes 
Study to Assess STatin Residual Risk Reduction With EpaNova in HiGh 
CV Risk PatienTs With Hypertriglyceridemia) was terminated due to 
futility despite 19% triglyceride reduction.3 Also, the PROMINENT 
(Pemafibrate to Reduce Cardiovascular OutcoMes by Reducing 
Triglycerides IN patiENts With diabesTes) trial, testing a selective 
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peroxisome proliferator-activated receptor α modulator (SPPARMα) 
was also recently terminated due to futility despite a 26% reduction 
in plasma triglycerides.4

Finally, several other drug companies are considering yet other drugs 
with the aim of reducing atherosclerotic cardiovascular disease through 
the reduction of plasma triglycerides, triglyceride-rich lipoproteins, and 
remnant cholesterol, including inhibition of apolipoprotein C3 and 
angiopoietin-related protein 3.5 It is thus possible that therapies for 
lowering remnant cholesterol and plasma triglycerides could become 
increasingly clinically available, and associations of elevated remnant 
cholesterol and plasma triglycerides with cause-specific mortality could 
potentially suggest important new indications and/or contraindications 
for remnant cholesterol and plasma triglyceride-lowering therapy.

It is unknown whether elevated remnant cholesterol and plasma tri
glycerides are associated with increased mortality from cardiovascular 
disease, cancer, and/or other diseases. While an association between 
elevated remnant cholesterol and plasma triglycerides with increased 
cardiovascular disease mortality seems likely, an association with cancer 
mortality is also possible, as elevated levels of triglyceride-rich lipopro
teins have been causally associated with decreased risk of breast can
cer.6 Furthermore, triglyceride-rich lipoprotein levels may also be 
causally associated with several non-cardiovascular and non-cancer 
diseases.7

Using the Copenhagen General Population Study, we tested the hy
pothesis that elevated remnant cholesterol and plasma triglycerides are 
associated with increased mortality from cardiovascular disease, cancer, 
and other causes.

Methods
Study cohorts
We included 87 192 individuals aged 20–69 years from the contemporary 
Copenhagen General Population Study as the primary cohort and as sec
ondary cohort 11 743 individuals aged 20–69 years from the historic 
Copenhagen City Heart Study, the latter to yield absolute incidences for 
a high-risk population without statin use at baseline and with a high smoking 
prevalence.8 Individuals aged 70–100 years were excluded due to violation 
of the proportional hazards assumption (further explained in the statistical 
analyses section). No individual appeared in both studies. Both studies were 
approved by local institutional review boards and Danish ethical commit
tees (H-KF-01–144/01 and KF-100.2039/91) and were conducted accord
ing to the Declaration of Helsinki. All participants signed written 
informed consent. The Danish Data Protection Agency does not allow 
open access to our data; however, upon reasonable request to the corre
sponding author, additional analyses can be performed.

The Copenhagen General Population Study is an ongoing prospective co
hort initiated in 2003–15, consisting of individuals aged 20–100 years. 
Individuals were selected and invited from the Danish Civil Registration 
System to reflect the adult White Danish general population. At baseline, 
participants completed a questionnaire, underwent a physical examination, 
and had blood drawn for biochemical analyses.

The Copenhagen City Heart Study is an ongoing prospective study of the 
adult White general population initiated in 1976–78 (see Supplementary 
material online, Methods). The recruitment procedure and baseline exami
nations were like those of the Copenhagen General Population study.

Endpoints
Information on death was obtained from the Danish Civil Registration 
System, which records vital status for all individuals living in Denmark. 
Information on cause of death was obtained from the National Danish 
Register of Causes of Death, based on mandatory reporting of death 

certificates by the individuals’ general practitioner, attending hospital phys
ician, or following autopsy.9 Cause of death was classified into three major 
categories. If one of the three first-ranked causes of death were a cardiovas
cular disease diagnosis (ICD-8: 3900–4589, 7820–7829, ICD-10: I00–I99), 
the death was classified as death from cardiovascular disease. Remaining 
deaths were classified as death from cancer if any of the three first-ranked 
causes was a cancer diagnosis (ICD-8: 1400–2399, ICD-10: C00–C99), and 
all other deaths were classified as death from other causes (see 
Supplementary material online, Table S1, Figure S1).

Information on vital status was available until the end of 2018, and infor
mation on the cause of death until the end of 2016. By using the unique 
Central Person Registration number provided to everyone in Denmark 
at birth or immigration and linking it with the national registries, no 
person was lost to follow-up; individuals were followed until death, emigra
tion (n = 441 for the Copenhagen General Population Study and n = 59 for 
the Copenhagen City Heart Study), or end of follow-up, whichever 
occurred first.

Laboratory methods
Non-fasting plasma triglycerides, total cholesterol, high-density lipoprotein 
(HDL) cholesterol, glucose, creatinine, high-sensitivity C-reactive protein, 
apolipoprotein B, and blood leukocytes were measured using standard hos
pital assays. LDL cholesterol was calculated using the Friedewald equa
tion,10 unless triglycerides were >4 mmol/L (352 mg/dL), where it was 
measured directly. Remnant cholesterol was calculated as total cholesterol 
minus LDL cholesterol minus HDL cholesterol in the Copenhagen General 
Population Study. This means that in individuals with triglycerides ≤4 mmol/ 
L (352 mg/dL), remnant cholesterol was triglycerides (in mmol/L) divided by 
2.2, as calculated by the Friedewald equation, while at triglycerides 
>4 mmol/L remnant cholesterol was total cholesterol minus measured 
LDL cholesterol minus measured HDL cholesterol. Remnant cholesterol 
was also calculated using the Martin–Hopkins equation11 and the 
Sampson–NIH equation12 for sensitivity analysis. In the Copenhagen City 
Heart Study, there were no measurements of LDL or HDL cholesterol at 
the baseline examination in 1976–78. Therefore, remnant cholesterol 
was calculated using the Friedewald equation. Directly measured remnant 
cholesterol was from the re-examination of the Copenhagen General 
Population Study and measured using a newly developed Denka (TRL-C) 
assay on standard hospital equipment.13,14 Statin treatment is often given 
to individuals at high cardiovascular risk and on average decreases LDL chol
esterol, remnant cholesterol, and plasma triglycerides by approximately 40, 
20, and 20%, respectively.15,16 To correct for this, LDL cholesterol values of 
individuals taking statins at baseline were divided by 0.6, and remnant chol
esterol and plasma triglyceride values by 0.8. The estimated glomerular fil
tration rate was calculated from creatinine, sex, and age using the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.17

Other covariates
Smoking, medication, time since last meal, diet, alcohol intake, income, and 
education were self-reported. Systolic blood pressure and weight and 
height for calculation of body mass index were measured at the baseline 
examination. The use of lipid-lowering drugs was mainly statins (see 
Supplementary material online, Table S2) and only 3% of individuals not re
porting the use of lipid-lowering drugs had lipid-lowering drugs prescribed 
before baseline in data based on all individuals in the Copenhagen General 
Population Study (see Supplementary material online, Table S3). Time since 
last meal was hours since blood sampling categorized as 0–1, 1–2, 2–3, 3–4, 
4–5, 5–6, 6–7, 7–8, or >8 h. Fasting was >8 h. Impaired kidney function was 
estimated glomerular filtration rate <60 mL/min/1.73 m2. Income was year
ly household income recorded in six brackets. High household income was 
the two highest brackets. Education was ranging from 0 to ≥14 years of 
school attendance. Higher education was ≥13 years. Atherosclerotic car
diovascular disease was ischemic heart disease or ischemic stroke in the na
tional Danish Patient Registry, and diabetes was either a diagnosis in the 

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/44/16/1432/6985366 by guest on 17 June 2024

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac822#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac822#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac822#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac822#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac822#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac822#supplementary-data


Remnant cholesterol and (non-)cardiovascular mortality                                                                                                                                1435

national Danish Patient Registry or diagnosed at the baseline examination 
(see Supplementary material online, Methods). High dietary guideline adher
ence was determined according to a food frequency questionnaire.18

Cancer diagnoses were obtained from the national Danish Cancer 
Registry, in addition to the national Danish Patient Registry, according to 
ICD-7 or ICD-10. Cancer was defined as the diagnosis of any cancer, except 
for non-melanoma skin cancer.

Statistical analyses
We used R, version 3.6.1. For more details on statistical analyses, please see 
Supplementary material online, Methods.

The proportional hazards assumption for Cox regression and Fine and 
Gray competing risk regression was examined using Schoenfeld residuals 
and log(time) plots. For all-cause mortality, cardiovascular mortality, and 
other mortality, there were violations of proportional hazards. However, 
after excluding individuals aged 70–100 years, there were no violations. 
This well-known phenomenon19 led us to focus on results for those aged 
20–69 years; however, we also tested the associations in individuals aged 
70–100 years.

Associations of remnant cholesterol and plasma triglycerides on continu
ous scales with all-cause and cause-specific mortality were plotted using 
Cox regression with restricted cubic splines. The associations of LDL chol
esterol with all-cause mortality, and of non-HDL cholesterol, apolipopro
tein B, and LDL cholesterol with cause-specific mortality were plotted 
for comparison. The numbers of knots were chosen according to 
Akaike’s information criterion and placed at default locations.

Entry age-adjusted age (age with left truncation, also termed delayed en
try) was used as a timescale in all prospective analyses. Left truncation ad
justs for age at baseline (entry age) in a non-parametric way (i.e. does not 
require statistical modeling) and eliminates survival-time bias from indivi
duals entering the study.20 It, therefore, yields less biased probabilities of 
survival and is considered the most appropriate model for epidemiological 
studies;21 however, if the time on the study used was the timescale with age 
adjustment at the baseline, results were similar to those reported.

Cumulative mortality curves using the Aalen–Johansen estimator were 
plotted according to clinically relevant remnant cholesterol and plasma tri
glyceride groups. Deaths from the two remaining causes were used as com
peting risks for cause-specific mortality. Using identical groups, Cox 
regressions were done for all-cause and cause-specific mortality.

Multivariable adjustment was done for the potential confounders age, 
sex, systolic blood pressure, smoking status, cumulative smoking, time since 
last meal, birth year, and LDL cholesterol (for remnant cholesterol and plas
ma triglyceride analyses) or remnant cholesterol (for LDL cholesterol ana
lyses). Variables located within the biological pathway from elevated 
remnant cholesterol and plasma triglycerides to mortality, i.e. body mass in
dex, waist circumference, diabetes, statin use, atherosclerotic cardiovascu
lar disease, adherence to dietary guidelines, and alcohol consumption were 
purposely not adjusted for in main analyses. Information on covariates was 
99.5% complete and missing values were imputed using a single imputation 
based on predictive mean matching; however, results were similar in com
plete case analyses.

Interactions between continuous remnant cholesterol and plasma trigly
cerides and covariates on mortality endpoints were tested for by introdu
cing two-factor interaction terms. Remnant cholesterol and plasma 
triglyceride groups were numerically ordered, and a χ2 Wald test was 
used to yield P-values for trend and interaction. Multivariable adjusted cu
mulative mortalities at age 75 years from cardiovascular disease, cancer, 
and other causes were each estimated using a Fine and Gray competing 
risk model.

Random measurement error biases regression coefficients toward lower 
estimates (=regression dilution bias). Correction for measurement error 
was done in all analyses using regression calibration,22 except for the inter
action analyses, as the measurement error may not be the same in different 
subgroups. The regression calibration was done using two repeat measure
ments 10 years apart from the Copenhagen City Heart Study.

Sensitivity analyses were done to test for the impact of (i) using time on 
study as a timescale, (ii) adjustment for variables within the biological path
way, (iii) adjustment for comorbidities, (iv) competing risk, by using Fine and 
Gray competing risk regression, (v) not correcting for measurement error, 
(vi) reverse causation, by excluding individuals with <1–5 years of follow-up, 
(vii) using the Martin–Hopkins and the Sampson–NIH remnant cholesterol 
equations, (viii) remnant cholesterol and LDL cholesterol values half cor
rected and uncorrected for statin use, (ix) adjustment for HDL cholesterol, 
and (x) only using first-ranked cause of death. For other mortality, additional 
sensitivity analyses were done (i) censoring the cause of death subcategories 
‘unclassified’ and ‘remaining’ and (ii) with additional adjustment for athero
sclerotic cardiovascular disease either before baseline or during follow-up.

Results
Among 87 192 individuals from the Copenhagen General Population 
Study followed for up to 15 years (median 9.7 years), 4252 died. 
Individuals were followed for up to 13 years (median 7.9 years) for cause- 
specific mortality, during which time 687 died from cardiovascular causes, 
1594 from cancer, and 856 from other causes. Baseline characteristics ac
cording to remnant cholesterol levels are shown in Table 1, according to 
plasma triglyceride levels in Supplementary material online, Table S4, and 
according to the cause of death in Supplementary material online, 
Table S5. In the re-examination of 23 220 individuals in the Copenhagen 
General Population Study, calculated remnant cholesterol as used in this 
study was highly positively correlated to directly measured remnant chol
esterol (see Supplementary material online, Figure S2).

Remnant cholesterol and plasma 
triglycerides on continuous scales
Higher levels of remnant cholesterol and plasma triglycerides were as
sociated with increased all-cause mortality (Figure 1), while LDL choles
terol had a U-shaped association with all-cause mortality, as reported 
previously.23 For cause-specific mortality, higher levels of remnant chol
esterol and plasma triglycerides were associated with increased cardio
vascular and other mortality, whereas no association with cancer 
mortality was observed (Figure 2). In contrast, associations for 
non-HDL cholesterol, apolipoprotein B, and LDL cholesterol with 
cause-specific mortality were U-shaped (see Supplementary material 
online, Figure S3), analogous to previously reported corresponding as
sociations for LDL cholesterol.23

Clinically relevant groups according to 
remnant cholesterol and plasma 
triglyceride levels
Groups with incrementally higher levels of remnant cholesterol and 
plasma triglycerides had stepwise higher cumulative all-cause, cardio
vascular, and other mortality, while there was no convincing evidence 
that similar incrementally higher levels were associated with higher cu
mulative mortality from cancer (Figure 3). The cumulative all-cause 
mortality at age 75 years was 12.6% for individuals with remnant chol
esterol <0.5 mmol/L (<19 mg/dL), 14.3% for 0.5–0.99 mmol/L 
(19–38 mg/dL), 16.5% for 1–1.49 mmol/L (39–58 mg/dL), and 20.4% 
for individuals with remnant cholesterol ≥1.5 mmol/L (≥58 mg/dL). 
The corresponding cumulative mortalities were 2.5, 3.4, 3.5, and 
5.8% for cardiovascular mortality, 7.2, 7.4, 7.6, and 9.6% for cancer 
mortality, and 3.4, 4.1, 5.1, and 5.8% for other mortality, respectively. 
For individuals with plasma triglycerides levels <1 mmol/L (89 mg/dL), 
1–1.99 mmol/L (89–176 mg/dL), 2–2.99 mmol/L (177–265 mg/dL), 
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and ≥3 mmol/L (≥266 mg/dL), corresponding cumulative mortalities 
were 12.5, 13.8, 16.2, and 19.3 for all-cause mortality, 2.4, 3.0, 3.8, 
and 6.3% for cardiovascular mortality, 7.2, 7.3, 7.9, and 8.2% for cancer 
mortality, and 3.6, 3.7, 4.2, and 6.4% for other mortality, respectively.

After multivariable adjustment, there was stepwise higher mortality 
in groups with higher levels of remnant cholesterol for all-cause, cardio
vascular, and other mortality (Figure 4); however, there was no associ
ation with cancer mortality. For plasma triglycerides, results were 
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Table 1 Baseline characteristics of individuals from the Copenhagen General Population Study

Remnant cholesterol, mmol/L (mg/dL)

<0.5 (<19) 0.5–0.99 (19–38.9) 1.0–1.49 (39–57.9) ≥1.5 (≥58)

Number of individuals 30 236 37 852 13 134 5970

Men 8903 (29%) 17 437 (46%) 8052 (61%) 4185 (70%)

Age, years 51 (44–60) 55 (47–63) 56 (49–63) 56 (48–63)

Remnant cholesterol, mmol/L 0.4 (0.3–0.4) 0.7 (0.6–0.8) 1.2 (1.1–1.3) 1.7 (1.6–2.0)

Remnant cholesterol, mg/dL 15 (12–17) 27 (23–31) 46 (42–51) 67 (62–78)

Plasma triglycerides, mmol/L 0.8 (0.7–1.0) 1.5 (1.3–1.8) 2.7 (2.4–3.0) 4.1 (3.6–5.2)

Plasma triglycerides, mg/dL 74 (61–86) 135 (114–161) 236 (213–266) 360 (321–461)

LDL cholesterol, mmol/L 3.0 (2.4–3.5) 3.5 (2.9–4.1) 3.7 (3.0–4.3) 3.6 (3.0–4.4)

LDL cholesterol, mg/dL 115 (94–135) 135 (112–159) 142 (116–168) 140 (116–170)

Current smokers 4089 (14%) 7047 (19%) 2928 (22%) 1657 (28%)

Cumulative smoking, pack-years 0 (0–11) 3 (0–18) 7 (0–25) 13 (0–30)

Systolic blood pressure, mmHg 132 (120–146) 138 (125–152) 142 (130–156) 144 (132–158)

Fasting 384 (1%) 320 (1%) 96 (1%) 43 (1%)

Within biological pathway

Body mass index, kg/m2 24 (22–26) 26 (24–29) 28 (25–30) 29 (26–32)

Waist circumference, cm 81 (74–89) 90 (82–98) 96 (89–104) 100 (93–108)

Diabetes 463 (2%) 1109 (3%) 766 (6%) 591 (10%)

Statin usea 1084 (4%) 3325 (9%) 1956 (15%) 1473 (25%)

ASCVD 776 (3%) 1668 (4%) 879 (7%) 529 (9%)

High dietary guideline adherence 9559 (32%) 10 496 (28%) 2913 (22%) 1166 (20%)

Alcohol, g/week 84 (36–156) 96 (36–180) 108 (48–204) 120 (48–228)

Biomarkers and lipids

hsCRP, mg/L 1.2 (0.7–1.6) 1.4 (0.9–2.2) 1.6 (1.1–2.7) 1.7 (1.2–2.9)

Leukocytes, 109/L 6.6 (5.7–7.7) 7.0 (6.0–8.2) 7.4 (6.3–8.6) 7.6 (6.5–8.9)

eGFR, mL/min/1.73 m2 85 (75–95) 82 (72–93) 82 (72–92) 83 (73–93)

Non-HDL cholesterol, mmol/L 3.3 (2.8–3.9) 4.2 (3.6–4.9) 4.9 (4.3–5.6) 5.6 (4.9–6.5)

Non-HDL cholesterol, mg/dL 129 (108–152) 162 (138–188) 190 (164–218) 218 (190–252)

Apolipoprotein B, mg/dL 85 (73–99) 109 (94–126) 135 (117–156) 164 (139–192)

Comorbidities and socioeconomic factors

Cancer 1260 (4%) 1894 (5%) 688 (5%) 316 (5%)

Impaired kidney function 982 (3%) 2058 (5%) 788 (6%) 351 (6%)

High household income 17 080 (56%) 18 671 (49%) 6011 (46%) 2503 (42%)

Higher education 8006 (26%) 7899 (21%) 2352 (18%) 926 (16%)

Values are median (interquartile range) for continuous variables and number (%) for categorical variables. ASCVD, atherosclerotic cardiovascular disease, defined as ischemic heart disease 
or ischemic stroke at baseline; eGFR, estimated glomerular filtration rate; hsCRP, high-sensitivity C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein. 
aStatin use indicates the use of lipid-lowering drugs, which were mostly statins.
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similar, but other mortality was only markedly increased in the group 
with ≥3 mmol/L (≥266 mg/dL). Multivariable adjusted hazard ratios 
for individuals with remnant cholesterol ≥1.5 mmol/L (≥58 mg/dL) 
compared with individuals with remnant cholesterol <0.5 mmol/L 
(<19 mg/dL) were 1.5 (95% confidence interval: 1.2–2.0) for all-cause 
mortality, 2.6 (1.4–4.7) for cardiovascular mortality, 1.1 (0.7–1.6) for 
cancer mortality, and 2.4 (1.4–4.2) for other mortality (Figure 4). For in
dividuals with plasma triglycerides ≥3 mmol/L (≥266 mg/dL) compared 
with those with plasma triglycerides <1 mmol/L (<89 mg/dL), corre
sponding hazard ratios were 1.6 (95% confidence interval: 1.2–2.0) 
for all-cause mortality, 2.4 (1.4–4.3) for cardiovascular mortality, 1.1 
(0.7–1.5) for cancer mortality, and 2.5 (1.5–4.1) for other mortality 
(Figure 4). For individuals with remnant cholesterol ≥1 mmol/L 
(≥39 mg/dL; 22% of the population) compared with individuals with 
remnant cholesterol <0.5 mmol/L (<19 mg/dL), corresponding hazard 
ratios were 1.3 (1.1–1.6), 2.2 (1.3–3.5), 1.0 (0.7–1.34), and 2.1 (1.4–3.3), 
respectively (Figure 5). Results for individuals with plasma triglycerides 
≥2 mmol/L (≥177 mg/dL; 28% of the population) compared with indi
viduals with plasma triglycerides <1 mmol/L (<89 mg/dL) were similar 
(see Supplementary material online, Figure S4). In individuals aged 70 
years or older, there were no associations between remnant choles
terol groups and all-cause or cause-specific mortality (see 
Supplementary material online, Figure S5).

In subcategory analyses taking 19 multiple comparisons into account 
(Bonferroni correction: P = 0.05/19 = 0.003), elevated remnant choles
terol was associated with increased mortality from ischemic heart dis
ease and infectious diseases at P < 0.05, while there was a borderline 
association with increased mortality from endocrinological diseases 
(Figure 5). Multivariable adjusted hazard ratios were 4.4 (1.6–11) for 
ischemic heart disease, 8.4 (2.0–34) for infectious diseases, and 9.1 

(1.9–43) for endocrinological diseases. Elevated plasma triglycerides 
were not associated with increased mortality from any individual sub
category after Bonferroni correction for multiple comparisons (see 
Supplementary material online, Figure S4).

Sensitivity analyses
Results were consistent across different strata (Figure 6 and 
Supplementary material online, Figure S6), with no convincing statistical 
evidence of interaction after taking multiple comparisons into account. 
Results were similar when using time on study as timescale, when using 
Fine and Gray competing risk regression (see Supplementary material 
online, Figure S7), when excluding individuals with <1–5 years of follow- 
up (see Supplementary material online, Figure S8), when adjusting for 
alcohol consumption and diet, income, or education (see 
Supplementary material online, Figure S9), and when adjusting for can
cer or impaired kidney function (see Supplementary material online, 
Figure S10). Results lost statistical significance when additionally adjust
ing for variables in the biological pathway (see Supplementary material 
online, Figure S7); results were attenuated after individual adjustment 
for body mass index, diabetes, and statin use (see Supplementary 
material online, Figure S11), and lost significance after adjustment for 
waist circumference (see Supplementary material online, Figure S9). 
Results also lost significance when adjusting for HDL cholesterol (see 
Supplementary material online, Figure S12), which is a marker of average 
remnant cholesterol over time.24 Cardiovascular mortality results were 
attenuated when only using the first-ranked cause of death (see 
Supplementary material online, Figure S13). When using remnant chol
esterol and LDL cholesterol values with half the correction or uncor
rected for statin use, results were similar (see Supplementary 
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material online, Figure S14), and when using the Martin–Hopkins or the 
Sampson–NIH equations for remnant cholesterol and LDL cholesterol 
calculations, associations were slightly strengthened (see 
Supplementary material online, Figure S15). For other mortality, 

estimates were similar also when censoring unclassified and uncommon 
cause of death subcategories and when adjusting for an atherosclerotic 
cardiovascular disease before baseline or during follow-up (see 
Supplementary material online, Figure S16).
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Cumulative mortality
Groups with incrementally higher levels of remnant cholesterol had 
stepwise higher multivariable adjusted estimated cumulative mortality 
at age 75 from cardiovascular and other causes, but only a slight 

irregular trend toward higher cumulative cancer mortality (Figure 7
and Supplementary material online, Figure S17). This was independently 
confirmed in the Copenhagen City Heart Study with individuals exam
ined in 1976–78, though with a clearer trend for cancer mortality and 
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overall higher cumulative mortality estimates (Figure 7 and 
Supplementary material online, Figure S17). Results for groups with in
crementally higher levels of plasma triglyceride were similar (see 
Supplementary material online, Figure S18).

Discussion
This study of 87 192 individuals with up to 13 years of follow-up 
showed consistently that elevated levels of remnant cholesterol found 
in 22% of the population were associated with two-fold increased mor
tality from cardiovascular disease and other causes, but not from cancer 
(Structured Graphical Abstract); with similar results for plasma triglycer
ides >2 mmol/L (177 mg/dL) present in 28% of the population. We 
previously observed that elevated remnant cholesterol is associated 
with increased risk of peripheral artery disease,25 ischemic heart dis
ease,13,26–30 and ischemic stroke31 observationally and/or causally 
through human genetics; however, it has hitherto been unknown 
whether elevated remnant cholesterol and plasma triglycerides also 
are associated with increased cause-specific mortality. Consequently, 
the results from the current study are novel.

Potential explanations for our findings
The association between elevated remnant cholesterol and increased 
mortality from cardiovascular disease could mechanistically be 

explained by remnant cholesterol per se causing atherosclerosis. Like 
LDL particles, remnant lipoproteins can enter the arterial intima, where 
they get trapped and cause atherosclerosis due to their cholesterol 
content.32 In this context, earlier studies have shown causal, genetic as
sociations between elevated remnant cholesterol and ischemic heart 
disease and myocardial infarction,26,27 conditions with high mortality.

The association with increased mortality from other causes is less 
easy to explain since the relationship between elevated remnant chol
esterol and plasma triglycerides and most non-cardiovascular diseases is 
unclear. In our study, the relationship was nominally attributed to in
creased mortality from all other mortality subcategories, except for 
mental disorders and respiratory diseases, and especially to infectious 
and endocrinological diseases.

Hypertriglyceridemia has been causally associated with an increased 
risk of severe COVID-19 infection,33 perhaps through lowering of im
munoglobulin G levels,34 indirectly making it plausible that hypertrigly
ceridemia may also be linked to increased mortality from other 
infectious diseases. In contrast, while low HDL cholesterol was causally 
associated with an increased risk of infections in the UK Biobank, hyper
triglyceridemia was not.35 The causal mechanism underlying the associ
ation between elevated remnant cholesterol and increased infectious 
mortality, therefore, needs to be further investigated.

Hypertriglyceridemia is known to cause inflammation and increase 
the risk of acute pancreatitis.36,37 As an explanation for our observed 
association between elevated remnant cholesterol and increased 

Cause of death
mmol/L mg/dL

No. of 
individuals

No. of 
events

No. of events
per 10,000 
person-years

Multivariable adjusted
hazard ratio (95% CI) P for trendRemnant cholesterol

All causes

<0.5 <19 30,236 1,021 36 1.0 
0.5-0.99 19-38.9 37,852 1,896 52 1.1 (1.0-1.3) 0.0001
1.0-1.49 39-57.9 13,134 860 67 1.3 (1.1-1.6)
≥1.5 ≥58 5,970 475 80 1.5 (1.2-2.0)

Cardiovascular

<0.5 <19 30,236 134 6 1.0
0.5-0.99 19-38.9 37,852 298 10 1.4 (0.9-2.1) 0.0002
1.0-1.49 39-57.9 13,134 161 16 2.0 (1.2-3.4)
≥1.5 ≥58 5,970 94 20 2.6 (1.4-4.7)

Cancer

<0.5 <19 30,236 427 19 1.0
0.5-0.99 19-38.9 37,852 713 25 1.0 (0.8-1.3) 0.72
1.0-1.49 39-57.9 13,134 297 29 1.0 (0.7-1.4)
≥1.5 ≥58 5,970 157 33 1.1 (0.7-1.6)

Other

<0.5 <19 30,236 185 8 1.0
0.5-0.99 19-38.9 37,852 382 13 1.6 (1.1-2.4) 0.0002
1.0-1.49 39-57.9 13,134 183 18 2.1 (1.3-3.3)
≥1.5 ≥58 5,970 106 22 2.4 (1.4-4.2)

Figure 4

Plasma triglycerides

All causes

<1 <89 24,364 782 34 1.0
1-1.99 89-176 38,828 1,851 50 1.2 (1.0-1.4) 3 x 10-5

2-2.99 177-265 14,553 915 65 1.4 (1.1-1.7)
≥3 ≥266 9,447 704 77 1.6 (1.2-2.0)

Cardiovascular

<1 <89 24,364 102 6 1.0
1-1.99 89-176 38,828 285 10 1.4 (0.8-2.2) 0.0005
2-2.99 177-265 14,553 165 15 2.0 (1.1-3.4)
≥3 ≥266 9,447 135 18 2.4 (1.4-4.3)

Cancer

<1 <89 24,364 322 18 1.0
1-1.99 89-176 38,828 714 24 1.1 (0.8-1.4) 0.59
2-2.99 177-265 14,553 335 29 1.2 (0.9-1.7)
≥3 ≥266 9,447 223 30 1.1 (0.7-1.5)

Other

<1 <89 24,364 157 9 1.0
1-1.99 89-176 38,828 362 12 1.3 (0.9-1.9) 0.0005
2-2.99 177-265 14,553 166 15 1.3 (0.8-2.0)
≥3 ≥266 9,447 171 23 2.5 (1.5-4.1)

1 2 3 4
Hazard ratio (95% CI)

Figure 4 All-cause and cause-specific mortality according to higher remnant cholesterol and plasma triglycerides in clinically relevant groups in the 
Copenhagen General Population Study. Cox regression adjusted for age, sex, LDL (low-density lipoprotein) cholesterol, smoking status, cumulative 
smoking in pack-years, time since last meal, systolic blood pressure, and birth year. All-cause mortality had follow-up until the end of 2018, while cause- 
specific mortality had follow-up until the end of 2016. CI, confidence interval; No., number.
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mortality from endocrinological diseases, it could thus be hypothesized 
that the increased inflammation from hypertriglyceridemia causes 
endocrinological diseases through inflammatory pathways, exemplified 
by the release of toxic-free fatty acids in the pancreas.5 Free fatty acids 
may damage pancreatic beta-cells and increase insulin resistance,38

which could lead to worse glycemic control and increased mortality 
in individuals with diabetes.

No causal associations between hypertriglyceridemia and risk of can
cers were found in the UK Biobank,39 supporting the lack of a causal 
role for elevated remnant cholesterol/hypertriglyceridemia in cancer 
mortality. Nevertheless, the relationship between elevated remnant 
cholesterol/hypertriglyceridemia and many non-cardiovascular diseases 
has not been extensively studied; our findings, therefore, warrant con
firmation and further exploration in additional populations.

We observed that the association between elevated remnant chol
esterol and other mortality was attenuated after adjustment for body 
mass index, waist circumference, and diabetes. These are factors that 
increase remnant cholesterol and plasma triglyceride levels but also 
have other pathophysiological effects, which could explain part of the 
association with other mortality. However, it is also likely that elevated 
remnant cholesterol and plasma triglycerides (or some other 

component of triglyceride-rich remnant particles) mediates the in
creased mortality from these factors and that adjustment for body 
mass index, waist circumference, and diabetes, therefore, obscures 
an actual causal association between elevated triglyceride-rich remnant 
particles and other mortality. The association could also be due to con
founding by atherosclerotic cardiovascular disease; however, by defin
ing all deaths with any cardiovascular disease diagnosis as cardiovascular 
deaths, we aimed to minimize this issue. Furthermore, the association 
between elevated remnant cholesterol and other mortality was not at
tenuated when adjusting for atherosclerotic cardiovascular disease or 
statin use (a marker of high atherosclerotic cardiovascular disease 
risk or even presence at atherosclerotic cardiovascular disease), sug
gesting the absence or minor influence of confounding from athero
sclerotic cardiovascular disease.

In contrast to remnant cholesterol and plasma triglycerides, LDL 
cholesterol levels had a U-shaped association with all-cause mortality. 
The association between low LDL cholesterol and increased mortality 
was previously explained by higher mortality from cancer and other 
causes in our cohort.23 In other words, cancer and other causes of 
death likely lead to low LDL cholesterol due to wasting before death 
occurs, so-called reverse causation. Interestingly, such reverse 

Cause of death ICD-10 codes
No. of 
individuals

No. of 
events

No. of events per 10,000 person-
years by remnant cholesterol levels Multivariable adjusted

hazard ratio (95%CI) 
for ≥1.0 vs. <0.5 mmol/L

P for 
comparison

<0.5 mmol/L
(<19 mg/dL)

≥1.0 mmol/L
(≥39 mg/dL)

All causes N/A 87,192 4,252 36.0 71.3 1.3 (1.1-1.6) 0.0004

All cardiovascular I00-99 87,192 687 5.9 16.7 2.2 (1.3-3.5) 0.0007
Myocardial infarction 87,192 97 0.5 2.7 4.7 (1.1-19) 0.03*
Ischemic heart disease 87,192 195 1.2 5.6 4.4 (1.6-11) 0.002
Ischemic stroke 87,192 89 1.1 2.2 1.5 (0.5-5.0) 0.43
Other cardiovascular 87,192 403 3.7 9.0 1.8 (0.9-3.2) 0.06

All cancer C00-99 1,594 18.8 29.8 1.0 (0.7-1.3) 0.85
Pulmonary 87,192 384 4.2 7.4 0.6 (0.3-1.2) 0.17
Colorectal 87,192 159 1.8 2.5 1.2 (0.4-3.2) 0.69
Breast (women only) 48,615 152 2.9 7.1 2.6 (1.0-6.9) 0.04*
Prostate (men only) 38,577 65 1.8 2.0 1.0 (0.2-4.9) 0.96
Other cancer 87,192 836 10.3 16.1 1.0 (0.7-1.5) 0.84

All other 87,192 856 8.2 19.0 2.1 (1.4-3.3) 0.0002
Infectious A00-B99 87,192 89 0.6 2.6 8.4 (2.0-34) 0.002
Hematologic D00-99 87,192 35 0.2 1.1 16 (1.8-144) 0.01*
Endocrinological E00-99 87,192 73 0.4 2.3 9.1 (1.9-43) 0.005*
Mental disorders F00-99 87,192 93 0.9 1.5 0.7 (0.2-2.6) 0.64
Neurological G00-99 87,192 84 0.8 1.7 1.8 (0.5-6.8) 0.36
Respiratory J00-99 87,192 264 2.8 4.9 1.1 (0.5-2.4) 0.70
Digestive K00-99 87,192 115 1.1 2.6 2.1 (0.7-6.3) 0.19
External V00-Y99 87,192 116 1.1 2.4 2.8 (0.8-9.2) 0.08
Unclassified R00-99 87,192 267 2.5 6.6 2.4 (1.1-5.0) 0.02*
Uncommon N/A 87,192 51 0.4 1.1 2.2 (0.3-12.) 0.37

Hazard ratio (95%CI) 
for ≥1.0 vs. <0.5 mmol/L

0 1 2 3 4 5

Figure 5 All-cause and cause-specific mortality by subcategory according to high remnant cholesterol in clinically relevant groups in the Copenhagen 
General Population Study. Cox regression adjusted for age, sex, LDL (low-density lipoprotein) cholesterol, smoking status, cumulative smoking in pack- 
years, systolic blood pressure, time since last meal, and birth year. All-cause mortality had follow-up until the end of 2018, and cause-specific mortality 
had follow-up until the end of 2016. A cause of death subcategory was assigned to a death if an ICD-10 code included in the subcategory was registered 
as any of the three first-ranked causes of death. This means that any single death could be included in the analysis of up to three different cause of death 
subcategories within each cause of death. In each analysis, all remaining causes of death were treated as censored. *After Bonferroni correction for 19 
multiple comparisons of subcategories, the P = 0.05 equivalent threshold for significance is 0.05/19 = 0.003. CI, confidence interval; ICD, International 
Classification of Diseases; No., number.
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causation does not seem to affect the association between low levels of 
remnant cholesterol and plasma triglycerides with all-cause or cause- 
specific mortality, as demonstrated in the present study. Taken 
together, the present study clearly demonstrates a differential relation
ship between remnant cholesterol and plasma triglycerides with cause- 
specific mortality (direct relationship for cardiovascular and other 
mortality) compared with U-shaped relationships for LDL cholesterol, 
non-HDL cholesterol (=remnant cholesterol + LDL cholesterol), and 
apolipoprotein B.

The adjusted cumulative mortality estimates by remnant cholesterol 
and plasma triglyceride levels were higher in the Copenhagen City 
Heart Study examined in 1976–78 than in the Copenhagen General 
Population Study examined in 2003–15, and might resemble the risk 
of contemporary populations with a higher risk factor burden (e.g. 
smoking)40 and more limited access to modern healthcare (e.g. statin 
treatment and coronary artery revascularization).

Previous studies
Observational and causal, genetic associations between elevated rem
nant cholesterol and atherosclerotic cardiovascular diseases have 
been found repeatedly.26,27,29,31,41 In Danish individuals examined in 
1976–78 and followed until 2007, elevated triglyceride levels were 

associated with increased cardiovascular, cancer, and other mortality.42

The differential result for cancer mortality compared to the present 
study may be explained by less accurate classification of causes of death, 
and by differences in cancer diagnosis and treatment in the earlier dec
ades. Partly supporting the present findings, a study of 5729 individuals 
from Italy observed that elevated remnant cholesterol, calculated from 
plasma triglycerides, was associated with increased cardiovascular mor
tality; however, this was not the case for cancer or other mortality.43

The absence of association between elevated remnant cholesterol 
and other mortality might be due to lower power (271 deaths from 
other causes vs. 856 such deaths in the present study) and a different 
context in terms of diseases and diagnoses.

Strengths
This population-based study used a large cohort with a long follow-up 
period. Furthermore, the statistical power was high due to a large num
ber of events collected from nationwide registers without losses to 
follow-up. Also, remnant cholesterol and plasma triglyceride levels 
were from standard laboratory measurements, which makes the results 
easily translatable to real-world clinical settings. Finally, the wide collec
tion of baseline information made extensive adjustment and stratifica
tion possible, which clarifies and strengthens the results.

All-cause mortality Cardiovascular mortality Cancer mortality Other mortality
Int.
variable

Int. 
stratum

No. of 
individuals

No. of
events Hazard ratio (95% CI)

P for 
int.

No. of
events Hazard ratio (95% CI)

P for 
int. 

No. of
events Hazard ratio (95% CI)

P for 
int.

No. of
events Hazard ratio (95% CI)

P for 
int.

All 87,192 4,252 1.2 (1.1-1.2) 687 1.3 (1.2-1.5) 1,594 1.1 (1.0-1.2) 856 1.2 (1.1-1.3)

Sex
Women 48,615 1,907 1.2 (1.1-1.4) 0.06 239 1.4 (1.1-1.7) 0.81 807 1.2 (1.0-1.4) 0.21 340 1.4 (1.2-1.8) 0.01*

Men 38,577 2,345 1.1 (1.0-1.2) 448 1.3 (1.2-1.5) 787 1.1 (0.9-1.2) 516 1.1 (0.9-1.2)

Age, years
<70 59,107 1,479 1.1 (1.1-1.2) 0.90 208 1.2 (1.0-1.5) 0.30 577 1.1 (1.0-1.3) 0.95 337 1.2 (1.0-1.4) 0.41

≥70 28,085 2,773 1.2 (1.1-1.3) 479 1.4 (1.2-1.7) 1,017 1.1 (1.0-1.3) 519 1.1 (1.0-1.4)

Birth year, 
after 1952

No 43,593 3,681 1.1 (1.1-1.2) 0.59 618 1.3 (1.1-1.5) 0.95 1,375 1.1 (1.0-1.2) 0.76 724 1.1 (1.0-1.3) 0.46

Yes 43,599 571 1.2 (1.0-1.3) 69 1.3 (1.0-1.8) 219 1.0 (0.8-1.4) 132 1.2 (1.0-1.5)

BMI, kg/m2
<25 39,450 1,599 1.1 (1.0-1.2) 0.60 232 1.2 (0.9-1.6) 0.53 614 1.1 (0.9-1.4) 0.68 345 1.1 (0.9-1.3) 0.86

≥25 47,742 2,653 1.2 (1.1-1.3) 455 1.4 (1.2-1.6) 980 1.1 (1.0-1.2) 511 1.2 (1.1-1.4)

Abd. 
obesity

No 52,901 3,113 1.1 (1.1-1.2) 0.56 528 1.3 (1.2-1.5) 0.60 1,136 1.1 (1.0-1.2) 0.50 630 1.2 (1.0-1.3) 0.67

Yes 34,291 1,139 1.1 (0.9-1.2) 159 1.1 (0.8-1.6) 458 1.2 (0.9-1.4) 226 1.1 (0.8-1.4)

Systolic 
BP, mmHg

<140 46,913 1,703 1.2 (1.1-1.4) 0.01* 248 1.4 (1.2-1.7) 0.20 678 1.2 (1.1-1.4) 0.05* 368 1.2 (1.0-1.4) 0.61
≥140 40,279 2,549 1.1 (1.0-1.2) 439 1.3 (1.1-1.5) 916 1.0 (0.9-1.2) 488 1.2 (1.0-1.3)

LDL-C, 
mmol/L

<2.5 16,234 781 1.1 (1.0-1.2) 0.06 114 1.2 (0.9-1.5) 0.21 294 1.2 (1.0-1.3) 0.35 213 0.9 (0.7-1.2) 0.005*
≥2.5 70,958 3,471 1.2 (1.1-1.3) 573 1.4 (1.2-1.6) 1,300 1.1 (0.9-1.2) 643 1.4 (1.2-1.6)

Current 
smoking

No 70,958 2,654 1.3 (1.2-1.4) 0.06 405 1.5 (1.3-1.7) 0.36 1,023 1.2 (1.1-1.4) 0.25 495 1.4 (1.2-1.6) 0.03*
Yes 15,721 1,571 1.1 (1.1-1.2) 278 1.3 (1.1-1.5) 559 1.1 (0.9-1.3) 352 1.1 (0.9-1.3)

Diabetes
No 84,263 3,798 1.1 (1.0-1.2) 0.63 596 1.3 (1.1-1.5) 0.67 1,464 1.1 (1.0-1.2) 0.68 725 1.1 (1.0-1.3) 0.61

Yes 2,929 454 1.2 (1.0-1.4) 91 1.4 (0.9-1.9) 130 1.1 (0.8-1.4) 131 1.1 (0.8-1.4)

ASCVD
No 83,340 3,771 1.1 (1.0-1.2) 0.05* 558 1.2 (1.1-1.4) 0.39 1,470 1.1 (1.0-1.2) 0.15 739 1.2 (1.0-1.3) 0.37

Yes 3,852 481 1.3 (1.2-1.5) 129 1.4 (1.1-1.8) 124 1.4 (1.1-1.7) 117 1.1 (0.8-1.4)

Statin use
No 79,354 3,478 1.1 (1.0-1.2) 0.09 507 1.2 (1.0-1.4) 0.52 1,350 1.1 (1.0-1.2) 0.67 709 1.1 (1.0-1.3) 0.98

Yes 7,838 774 1.2 (1.1-1.4) 180 1.3 (1.1-1.6) 244 1.2 (1.0-1.4) 147 1.2 (0.9-1.6)

CRP, mg/L
<2 63,477 2,293 1.1 (1.0-1.2) 0.52 336 1.2 (1.0-1.5) 0.77 875 1.1 (1.0-1.3) 0.26 438 1.1 (0.9-1.3) 0.78

≥2 23,715 1,959 1.1 (1.0-1.2) 351 1.3 (1.1-1.5) 719 1.0 (0.9-1.2) 418 1.2 (1.0-1.4)

Leukocytes
, 109/L

<8.8 72,481 3,127 1.2 (1.1-1.3) 0.13 486 1.3 (1.1-1.5) 0.41 1,192 1.2 (1.0-1.3) 0.02* 600 1.2 (1.1-1.4) 0.30

≥8.8 14,711 1,125 1.1 (1.0-1.2) 201 1.4 (1.2-1.7) 402 0.9 (0.7-1.1) 256 1.0 (0.8-1.3)

eGFR, ml/ 
min/1.73 m2

<60 4,179 493 1.3 (1.2-1.6) 0.05* 105 1.3 (1.0-1.7) 0.75 171 1.4 (1.1-1.9) 0.03* 101 1.7 (1.2-2.4) 0.07

≥60 83,013 3,759 1.1 (1.0-1.2) 582 1.3 (1.1-1.5) 1,423 1.0 (0.9-1.2) 755 1.1 (1.0-1.3)

Hazard ratio (95% CI) Hazard ratio (95% CI)Hazard ratio (95% CI) Hazard ratio (95% CI)

multivariable adjusted, per 1 mmol/L (39 mg/dL) increment in remnant cholesterol

0.75 1 1.25 1.5 0.75 1 1.25 1.5 0.75 1 1.25 1.5 0.75 1 1.25 1.5

Figure 6 All-cause and cause-specific mortality as functions of 1 mmol/l (39 mg/dL) higher remnant cholesterol in different strata in the Copenhagen 
General Population Study. Cox regression adjusted for age, sex, LDL cholesterol, smoking status, cumulative smoking in pack-years, time since last meal, 
systolic blood pressure, and birth year. Estimates are not corrected for measurement error. All-cause mortality had follow-up until the end of 2018, 
while cause-specific mortality had follow-up until the end of 2016. *After Bonferroni correction for 56 multiple comparisons, the P = 0.05 equivalent 
threshold for significance is 0.05/56 = 0.0009. Abd., abdominal obesity, indicated by waist circumference ≥80 cm in women and ≥90 cm in men; 
ASCVD, atherosclerotic cardiovascular disease; BP, blood pressure; CI, confidence interval; CRP, C-reactive protein; eGFR, estimated glomerular fil
tration rate; Int, interaction; LDL-C, low-density lipoprotein cholesterol; No., number.
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Limitations
As observational studies like the present study can never fully exclude 
confounding and reverse causation, we cannot draw conclusions about 
causality; even after extensive adjustment, there could be residual con
founding. Even though we excluded individuals with <1–5 years of 
follow-up to disprove reverse causation and estimates were similar, 
we cannot completely rule out reverse causation as individuals may 
live for an even longer time span with a disease before dying from it.

The use of calculated remnant cholesterol may be considered a limi
tation of our study, as it is highly dependent on triglyceride levels, that is, 
in the main analyses remnant cholesterol was triglycerides in mmol/L 
divided by 2.2 when triglycerides were ≤4 mmol/L (352 mg/dL), while 
at triglycerides >4 mmol/L remnant cholesterol was total cholesterol 
minus measured LDL cholesterol minus measured HDL cholesterol. 
However, calculated and directly measured remnant cholesterol are 
closely correlated14,44 as also demonstrated in the present study, and 
for clinical use, calculation of remnant cholesterol can be easily per
formed from available lipid profile measurements at no extra cost; in 
fact, all lipid profiles for hospitals and general practice in the 
Copenhagen region of Denmark now automatically calculate and re
port remnant cholesterol levels. Furthermore, blood samples were col
lected in the non-fasting state, in which some remnant cholesterol and 
plasma triglycerides are held in chylomicron remnant particles. Some 
may argue that non-fasting samples is a limitation, while we believe it 
is a strength as it better captures the average remnant cholesterol 
and plasma triglyceride levels in plasma during a 24-h period. 
Although we adjusted for time since the last meal, it is nevertheless pos
sible that results would have been slightly different in fasting individuals.

We lack data for the effect of statins on cholesterol and plasma tri
glyceride levels on an individual level, and correction for statin use was 
therefore done assuming an identical effect of statins on remnant chol
esterol, plasma triglycerides, and LDL cholesterol levels in all individuals. 
Even though sensitivity analysis with different levels of correction for 
statin use did not change the overall conclusions, we cannot know 
which level of correction is the most appropriate; both over-correction 
and under-correction may lead to some bias due to statin use.

Another potential limitation is the validity of the cause of death diag
noses used. Additionally, the statistical power was low for the analysis 
of the cause of death subcategories, and these findings should be re
garded as highly exploratory. However, our key question was the asso
ciations with cardiovascular, cancer, and other mortality, where power 
was higher. Finally, our study is limited by only including White indivi
duals aged 20–69 years, the latter because of violation of statistical as
sumptions in those aged 70–100 years. However, younger individuals 
on average have more life years to gain from interventions, why they 
arguably are of more interest in mortality studies. The generalizability 
of our results is also potentially limited by the homogenous cohort, 
which is exclusive of White Danish descent; however, to our knowl
edge, there are no studies yet that would indicate any ethnic differences 
in the ability of elevated remnant cholesterol or plasma triglycerides to 
drive morbidity and mortality.

Clinical context and future studies
Drugs lowering triglyceride-rich remnant lipoproteins are currently 
being investigated in large clinical trials, with even more studies on 
the horizon aiming at inhibition of apolipoprotein C3 and angiopoietin- 
related protein 3;5 promising results with extensive lowering of rem
nant cholesterol and plasma triglycerides have already been reported 
for some of these drugs in development.45–47 Findings regarding asso
ciations between elevated remnant cholesterol and plasma triglycerides 
with cause-specific mortality are potentially important for determining 
additional indications for current and future remnant cholesterol and 
plasma triglyceride-lowering therapies. Our results should therefore 
be confirmed and further explored in other populations, and be inves
tigated by methods that can infer causality, that is, Mendelian random
ization studies and randomized controlled trials.

Conclusions
Remnant cholesterol ≥1 mmol/L (39 mg/dL) found in 22% of the popu
lation, and plasma triglycerides ≥2 mmol/L (177 mg/dL), present in 28% 
of the population, are associated with two-fold mortality from 
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Figure 7 Adjusted cumulative cause-specific mortality at age 75 years in the Copenhagen General Population Study and the Copenhagen City Heart 
Study. Fine and Gray competing risk regression with the two remaining causes of death as competing risks. Estimates were adjusted to birth year 
75 years before the end of follow-up, LDL cholesterol (Copenhagen General Population Study), total cholesterol (Copenhagen City Heart Study), cu
mulative smoking in pack-years, systolic blood pressure to median values, and to non-current smoking. Cardiovascular, cancer, and other mortality were 
modeled together, as three competing events.
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cardiovascular and other causes, but not from cancer. These novel find
ings should be confirmed in other populations. Large, randomized trials 
should investigate if remnant cholesterol-lowering therapy without in
creases in LDL cholesterol or apolipoprotein B can reduce all-cause and 
cause-specific mortality.

Supplementary data
Supplementary data is available at European Heart Journal online.
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