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Background

High plasma levels of nonfasting triglycerides are associated with an increased risk 
of ischemic cardiovascular disease. Whether lifelong low levels of nonfasting tri-
glycerides owing to mutations in the gene encoding apolipoprotein C3 (APOC3) are 
associated with a reduced risk of ischemic cardiovascular disease in the general 
population is unknown.

Methods

Using data from 75,725 participants in two general-population studies, we first 
tested whether low levels of nonfasting triglycerides were associated with reduced 
risks of ischemic vascular disease and ischemic heart disease. Second, we tested 
whether loss-of-function mutations in APOC3, which were associated with reduced 
levels of nonfasting triglycerides, were also associated with reduced risks of isch-
emic vascular disease and ischemic heart disease. During follow-up, ischemic vascu-
lar disease developed in 10,797 participants, and ischemic heart disease developed 
in 7557 of these 10,797 participants.

Results

Participants with nonfasting triglyceride levels of less than 1.00 mmol per liter 
(90 mg per deciliter) had a significantly lower incidence of cardiovascular disease 
than those with levels of 4.00 mmol per liter (350 mg per deciliter) or more (hazard 
ratio for ischemic vascular disease, 0.43; 95% confidence interval [CI], 0.35 to 0.54; 
hazard ratio for ischemic heart disease, 0.40; 95% CI, 0.31 to 0.52). Heterozygosity 
for loss-of-function mutations in APOC3, as compared with no APOC3 mutations, was 
associated with a mean reduction in nonfasting triglyceride levels of 44% (P<0.001). 
The cumulative incidences of ischemic vascular disease and ischemic heart disease 
were reduced in heterozygotes as compared with noncarriers of APOC3 mutations 
(P = 0.009 and P = 0.05, respectively), with corresponding risk reductions of 41% 
(hazard ratio, 0.59; 95% CI, 0.41 to 0.86; P = 0.007) and 36% (hazard ratio, 0.64; 
95% CI, 0.41 to 0.99; P = 0.04).

Conclusions

Loss-of-function mutations in APOC3 were associated with low levels of triglycerides 
and a reduced risk of ischemic cardiovascular disease. (Funded by the European 
Union and others.)
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Low-density lipoprotein (LDL) choles-
terol is the principal target of lipid drugs 
that have been developed for the prevention 

of cardiovascular disease. However, even among 
patients with substantial reductions in LDL choles-
terol levels, residual cardiovascular risk persists.1 
Spurred by the strong association between high 
levels of both fasting and nonfasting triglycerides 
and the risk of cardiovascular disease,2-6 recent 
genetic studies involving mendelian randomization 
have suggested that high levels of nonfasting tri-
glycerides are causally associated with an increased 
risk of ischemic cardiovascular disease, indepen-
dent of high-density lipoprotein (HDL) cholesterol 
levels.7,8 Plasma triglycerides are markers of so-
called remnant particles, which include very-low-
density lipoproteins (VLDLs), intermediate-density 
lipoproteins, and, in the nonfasting state, chylo-
micron remnants.

Apolipoprotein C3 is a component of remnant 
particles that is associated with high levels of 
triglycerides and thus remnant cholesterol. Apo-
lipoprotein C3 increases plasma triglyceride levels 
by inhibiting hydrolysis of triglyceride-rich lipo-
proteins by lipoprotein lipase9 and by attenuating 
the uptake of triglyceride-rich remnant lipopro-
teins by the liver.10-13 A loss-of-function mutation 
in the gene encoding apolipoprotein C3 (APOC3) 
has been associated with markedly reduced levels 
of triglycerides and remnant cholesterol and with 
a decrease in coronary-artery calcification, a sur-
rogate marker for atherosclerosis.14 Therefore, 
apolipoprotein C3 is a potential new target for 
reducing residual cardiovascular risk.

In the current study, we first confirmed that 
low levels of nonfasting triglycerides were asso-
ciated with reduced risks of ischemic vascular 
disease and ischemic heart disease in two general-
population studies. Then, in genetic analyses of 
participants in the same studies, we tested whether 
loss-of-function mutations in APOC3, causing life-
long low levels of nonfasting triglycerides, were 
associated with reduced risks of ischemic vascular 
disease and ischemic heart disease, to the extent 
predicted by the associations observed in the first 
part of the study.

Me thods

Study Oversight

The study was approved by the appropriate in-
stitutional review boards and Danish ethics com

mittees and was conducted according to the 
principles of the Declaration of Helsinki. The 
funding bodies had no role in the conduct of the 
study, in the collection, management, analysis, or 
interpretation of data, or in the preparation, re-
view, or approval of the manuscript.

Participants

We included participants in two similar prospective 
studies involving persons from the general popula-
tion in Denmark, the Copenhagen City Heart Study 
(CCHS) and the Copenhagen General Population 
Study (CGPS). All the participants were white and 
of Danish descent.

In the CCHS, baseline examinations were per-
formed between 1976 and 1978, and follow-up 
examinations were performed between 1981 and 
1983, between 1991 and 1994, and between 2001 
and 2003.7,8 Participants were selected with the use 
of the Danish Civil Registration System to reflect 
the adult Danish population 20 to 100 years of 
age or older. Data were obtained by means of a 
questionnaire, a physical examination, and blood-
sample collection. We included 10,333 consecu-
tive participants in the current analyses. During 
follow-up (which ended in May 2011), 2817 par-
ticipants had incident ischemic vascular disease 
(as defined below), of whom 2198 had ischemic 
heart disease (as defined below).

The CGPS was initiated in 2003, and enroll-
ment is ongoing.7,8 Participants were recruited 
and examined exactly as in the CCHS. We in-
cluded 65,392 consecutive participants in the 
current analyses. During follow-up (which ended 
in May 2011), 7980 participants had incident 
ischemic vascular disease, of whom 5359 had 
ischemic heart disease.

Combining the participants in the CCHS and 
the CGPS yielded a total of 75,725 participants; 
during a median follow-up of 34 years, ischemic 
vascular disease developed in 10,797 participants, 
with ischemic heart disease in 7557 of these 
participants. DNA was available for all partici-
pants, and lipid values were available for more 
than 98%. Written informed consent, including 
consent for genetic analysis, was obtained from 
all the participants.

Laboratory Analyses and Assessment  
of Other Covariates

Plasma levels of triglycerides, total cholesterol, HDL 
cholesterol, apolipoprotein A1, apolipoprotein B, 
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alanine aminotransferase, and aspartate amino-
transferase were measured in the nonfasting 
state,15 with the use of standard hospital assays. 
LDL cholesterol levels were calculated with the 
use of the Friedewald equation16 when plasma tri-
glyceride levels were 4.00 mmol per liter (350 mg 
per deciliter) or less and were otherwise mea-
sured directly (Konelab). Lipoprotein(a) was mea-
sured as described previously.17 Levels of high-
sensitivity C-reactive protein were measured by 
means of turbidimetry (Dako) or nephelometry 
(Dade Behring). Assessment of other covariates is 
described in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org.

Clinical End Points

Ischemic vascular disease was defined as either 
ischemic heart disease or ischemic cerebrovascu-
lar disease. Information on diagnoses of ischemic 
heart disease (International Classification of Diseases, 8th 
revision [ICD-8], codes 410 through 414; 10th revi-
sion [ICD-10], codes I20 through I25) and ischemic 
cerebrovascular disease (ICD-8, codes 431 through 
438; ICD-10, codes I60 through I69 and G45) was 
collected and verified through a review of all hospi-
tal admissions and diagnoses entered in the Danish 
National Patient Registry, all causes of death en-
tered in the National Danish Causes of Death Reg-
istry, and medical records from hospitals and gen-
eral practitioners. Details of these and other end 
points are provided in the Supplementary Appendix.

Resequencing of APOC3 and Genotyping

We resequenced the coding regions and consen-
sus splice sites of APOC3 in all 10,333 participants 
in the CCHS using three polymerase-chain-reac-
tion (PCR) fragments covering the three coding 
exons and the exon–intron boundaries (APOC3 
consensus sequence NC_000011.9 GRCh37.p5) 
(Table S1 in the Supplementary Appendix). Muta-
tional analysis was performed with the use of 
LightScanner (Idaho Technology), followed by se-
quencing on the ABI 3730 DNA Analyzer (Applied 
Biosystems). One splice variant (IVS2+1G→A, 
rs138326449) and three nonsynonymous variants 
(R19X, rs76353203; A43T, rs147210663; and V50M, 
rs201803883), all of which were identified in more 
than one participant in the CCHS, were subse-
quently genotyped in the CGPS participants with 
the use of the ABI PRISM 7900HT Sequence De-
tection System (Applied Biosystems) and TaqMan-

based assays or with the use of an allele-specific 
PCR system (KASPer, LGC Genomics). Genotypes 
of all 302 heterozygotes identified were verified 
by direct sequencing of new PCR products.

Statistical Analysis

Data were analyzed with the use of Stata/SE soft-
ware, version 12.0 (Stata). The Mann–Whitney U test 
and Pearson’s chi-square test were used for two-
group comparisons of continuous and categorical 
variables, respectively. Cuzick’s test was used to 
test covariates as a function of triglyceride levels.

To examine the association between nonfast-
ing triglyceride levels and the risk of ischemic 
vascular disease or ischemic heart disease, we used 
Cox proportional-hazards regression models, with 
age as the time scale and left truncation (delayed 
entry), to estimate hazard ratios. For this analy-
sis, the median follow-up period from the time 
of baseline blood sampling was 4 years. We ex-
amined risk as a function of the triglyceride level 
in increments of 1.00 mmol per liter (90 mg per 
deciliter) as well as in quintiles, with adjustments 
for age (as the time scale), sex, current smoking 
status, presence or absence of hypertension, phys-
ical inactivity (yes vs. no), and alcohol consump-
tion (yes vs. no) or for all of the above plus HDL 
cholesterol level in quintiles. Hypertension was 
defined by a systolic pressure of 140 mm Hg or 
more, a diastolic pressure of 90 mm Hg or more, 
or the use of antihypertensive medication; phys-
ical inactivity by less than 2 hours of light exer-
cise per week; and alcohol consumption by con-
sumption two or more times per week. Hazard 
ratios were corrected for regression dilution bias 
with the use of a nonparametric method.18

To examine the association between APOC3 
genotypes and levels of nonfasting triglycerides 
and other lipids and lipoproteins, we used the 
nonparametric Mann–Whitney U test. To examine 
the association between APOC3 genotypes and 
the risks of ischemic vascular disease and isch-
emic heart disease, we used Kaplan–Meier plots 
and log-rank tests to compare cumulative inci-
dences as a function of age. Cox proportional-
hazards regression models were used to estimate 
hazard ratios for clinical end points as a function 
of APOC3 genotypes. Models were adjusted for mul-
tiple factors as described above; for vascular dis-
ease end points, the models were additionally ad-
justed for triglyceride levels. The median follow-up 
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period (from birth or the establishment of the 
Danish National Patient Registry) was 34 years.

The observed hazard ratio for vascular risk 
associated with a 1-unit increment in log-trans-
formed triglyceride levels was used to calculate 
theoretically predicted risks of ischemic vascu-
lar disease and ischemic heart disease corre-
sponding to the magnitude of the changes in 
nonfasting triglyceride levels associated with 
APOC3 genotype. Further details of the statisti-
cal analyses are provided in the Supplementary 
Appendix.

R esult s

Participants

Baseline characteristics of the 75,725 study par-
ticipants according to increments of nonfasting 
triglyceride levels are shown in Table 1. Charac-

teristics according to disease status are shown in 
Table S2 in the Supplementary Appendix.

Nonfasting Triglyceride Levels and Ischemic 
vascular Disease

The risks of ischemic vascular disease and ischemic 
heart disease decreased in a stepwise fashion as a 
function of decreasing levels of nonfasting tri-
glycerides (Fig. 1). For participants with nonfast-
ing triglyceride levels of less than 1.00 mmol per 
liter, as compared with participants with levels of 
4.00 mmol per liter or more, the hazard ratio for 
ischemic vascular disease was 0.43 (95% confi-
dence interval [CI], 0.35 to 0.54), and the hazard 
ratio for ischemic heart disease was 0.40 (95% CI, 
0.31 to 0.52). Corresponding hazard ratios for par-
ticipants with nonfasting triglyceride levels in the 
lowest quintile as compared with participants with 
levels in the highest quintile were 0.55 (95% CI, 

Table 1. Characteristics of the 75,725 Study Participants According to Plasma Levels of Nonfasting Triglycerides.*

Characteristic Triglyceride Level P Value†

<1.00  
mmol/liter 

(N = 19,924) 

1.00–1.99 
mmol/liter 

(N = 35,122)

2.00–2.99 
mmol/liter 

(N = 12,699) 

3.00–3.99 
mmol/liter 
(N = 4419)

≥4.00 
mmol/liter 
(N = 3561)

Age — yr

Median 54 59 60 60 57 <0.001

Interquartile range 44–64 48–68 50–69 50–68 48–65

Female sex — no. (%) 14,010 (70) 19,808 (56) 5463 (43) 1541 (35) 1087 (31) <0.001

Body-mass index‡

Median 24 26 27 28 28 <0.001

Interquartile range 22–26 23–28 25–30 26–31 26–31

Diabetes — no. (%)§ 407 (2) 1,175 (3) 691 (5) 321 (7) 339 (10) <0.001

Current smoker — no. (%) 3,852 (19) 8,425 (24) 3319 (26) 1284 (29) 1147 (32) <0.001

Hypertension — no. (%)¶ 8,702 (44) 19,914 (57) 8458 (67) 3101 (70) 2519 (71) <0.001

Physical inactivity — no. (%)‖ 1,030 (5) 2,459 (7) 1171 (9) 451 (10) 440 (12) <0.001

Alcohol consumption — no. (%)** 14,451 (73) 25,173 (72) 9113 (72) 3208 (73) 2564 (72) 0.53

Lipid-lowering therapy — no. (%)†† 1,270 (6) 3,325 (9)º 1473 (12) 564 (13) 430 (12) <0.001

*	 To convert the values for triglycerides to milligrams per deciliter, divide by 0.01129.
†	 P values are for the comparison of trend across groups of triglyceride levels and were calculated with the use of 

Cuzick’s extension of a Wilcoxon rank-sum test for trend.
‡	 The body-mass index is the weight in kilograms divided by the square of the height in meters.
§	 Participants were considered to have diabetes if they self-reported the disease, reported using antidiabetic medication, 

or had a nonfasting plasma glucose level of more than 11.0 mmol per liter (200 mg per deciliter).
¶	 Participants were considered to have hypertension if they had a systolic pressure of 140 mm Hg or more or a diastolic 

pressure of 90 mm Hg or more or if they used antihypertensive medication.
‖	 Physical inactivity was defined as less than 2 hours of light exercise per week.
**	 Included in this category were participants who consumed alcohol two or more times per week.
††	Use of lipid-lowering therapy was self-reported. Among participants who reported using lipid-lowering therapy, more 

than 97% took statins.
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0.47 to 0.65) and 0.49 (95% CI, 0.40 to 0.59) (Fig. 1). 
Further adjustment for HDL cholesterol levels mod-
estly attenuated these risk estimates (Fig. S1 in 
the Supplementary Appendix). Results were sim-
ilar in separate analyses of data from the CCHS 
and the CGPS (Fig. S2 and S3 in the Supplemen-
tary Appendix).

APOC3 Genotypes and Levels of Nonfasting 
Triglycerides

Resequencing the coding regions and exon–intron 
boundaries of APOC3 in the entire CCHS population 
(10,333 participants) identified a total of 13 genetic 
variants (Table S3 in the Supplementary Appendix). 

Three rare variants — R19X, IVS2+1G→A, and A43T 
— were identified in a total of 41 participants 
(approximately 1 in 250 participants) and were 
associated with substantially reduced levels of 
nonfasting triglycerides (Fig. S4 in the Sup
plementary Appendix). Two of these variants 
(IVS2+1G→A and A43T) were also associated with 
increased levels of HDL cholesterol and apolipo-
protein A1 in the CCHS population. Genotyping 
these three variants in the CGPS participants 
identified an additional 219 heterozygotes, to-
taling 260 heterozygotes in the two studies com-
bined (heterozygote frequency, 1 in 290 partici-
pants; allele frequency, 1 in 580 alleles).

B Risk of Ischemic Heart Disease

A Risk of Ischemic Vascular Disease

0.50 0.75 1.00

Triglyceride level — mmol/liter

Triglyceride level in quintiles — mmol/liter

No. of Participants Hazard Ratio (95% CI)No. of Events

1.00 <0.001

1.00 <0.001

0.30

3,325

4,127

11,918

33,366

19,241

14,081

14,160

14,194

14,550

14,992

≥4.00

3.00–3.99

2.00–2.99

1.00–1.99

<1.00

≥2.30

1.62–2.29

1.22–1.61

0.91–1.21

<0.91

245

292

798

1799

687

1015

862

768

674

502

0.50 0.75 1.00

Triglyceride level — mmol/liter

Triglyceride level in quintiles — mmol/liter

No. of Participants Hazard Ratio (95% CI) P Value

P Value

No. of Events

1.00 <0.001

1.00 <0.001

0.30

3,245

4,026

11,606

32,578

18,871

13,730

13,788

13,841

14,239

14,728

≥4.00

3.00–3.99

2.00–2.99

1.00–1.99

<1.00

≥2.30

1.62–2.29

1.22–1.61

0.91–1.21

<0.91

331

397

1082

2562

1038

1373

1193

1101

975

768

0.80 (0.62–1.02)

0.67 (0.54–0.83)

0.51 (0.42–0.63)

0.43 (0.35–0.54)

0.74 (0.65–0.85)

0.66 (0.58–0.76)

0.55 (0.48–0.64)

0.55 (0.47–0.65)

0.83 (0.62–1.11)

0.70 (0.55–0.90)

0.51 (0.40–0.64)

0.40 (0.31–0.52)

0.74 (0.63–0.86)

0.63 (0.53–0.74)

0.53 (0.45–0.63)

0.49 (0.40–0.59)

Figure 1. Risks of Ischemic Vascular Disease and Ischemic Heart Disease as a Function of Plasma Levels of Triglycerides.

Data are from participants in the Copenhagen City Heart Study (CCHS) and the Copenhagen General Population Study (CGPS) combined. 
The median follow-up period was 4 years. Triglyceride levels were categorized in increments of 1 mmol per liter and in quintiles. The analyses 
were adjusted for age (as the time scale), sex, current smoking status, presence or absence of hypertension, physical inactivity (yes vs. no, 
with inactivity defined as less than 2 hours of light exercise per week), and alcohol consumption (yes vs. no, with a “yes” answer indicating 
alcohol consumption two or more times per week). Hazard ratios are on a log scale. P values are for tests for trend across lipid levels. 
To convert the values for triglyceride to milligrams per deciliter, divide by 0.01129. CI denotes confidence interval.
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As compared with noncarriers of APOC3 muta-
tions, heterozygotes for these mutations had mean 
reductions of 44% (0.77 mmol per liter [70 mg 
per deciliter]) in levels of nonfasting triglycerides 
(P<0.001) (Fig. 2). Results were similar for the 
individual mutations. Heterozygotes, as compared 
with noncarriers, also had mean reductions of 16% 
(17 mg per deciliter) in apolipoprotein B levels and 
increases in levels of HDL cholesterol and apolipo-
protein A1 of 24% (0.38 mmol per liter [15 mg per 
deciliter]) and 9% (15 mg per deciliter), respec-
tively (Fig. S5 in the Supplementary Appendix).

A fourth variant, V50M, was not associated 
with levels of triglycerides or other lipid mea-
sures in the CCHS, the CGPS, or the two studies 
combined and was therefore considered unlikely 
to be functional — an observation that was con-
sistent with in silico predictions (Fig. S4 and S6 
in the Supplementary Appendix). No homozy-
gotes or compound heterozygotes for any of the 
four variants were identified (expected frequen-
cy, 1 in 251,000 participants for any mutation). 
Rates of other well-known cardiovascular risk 
factors were similar in heterozygotes and non-
carriers of APOC3 mutations (Table S4 in the 
Supplementary Appendix), confirming that as-
sociations of APOC3 genotype with risks of 
ischemic vascular disease and ischemic heart 
disease were not confounded by conventional 
cardiovascular risk factors.

APOC3 Genotypes and Risks of Ischemic 
VASCULAR DISEASE

During follow-up, 10,797 participants had inci-
dent ischemic vascular disease, and of these 
7557 had ischemic heart disease. The cumula-
tive incidences of ischemic vascular disease and 
ischemic heart disease as a function of age were 
decreased in APOC3 heterozygotes as compared 
with noncarriers of APOC3 mutations (P = 0.009 
and P = 0.05, respectively, by the log-rank test) 
(Fig. 3). Results were similar when the V50M vari-
ant was included (Fig. S7 in the Supplementary 
Appendix).

We estimated that low levels of nonfasting 
triglycerides due to mutations in APOC3 would 
theoretically predict hazard ratios for ischemic 
vascular disease and ischemic heart disease of 
0.77 (95% CI, 0.73 to 0.81) and 0.74 (95% CI, 
0.69 to 0.78), respectively (Fig. 4). The observed 
hazard ratios were 0.59 (95% CI, 0.41 to 0.86) 

for ischemic vascular disease (P = 0.007) and 
0.64 (95% CI, 0.41 to 0.99) for ischemic heart 
disease (P = 0.04) (Fig. 4, and Fig. S8 in the Sup-
plementary Appendix). Risk estimates were simi-
lar whether participants were followed from the 
time of DNA blood sampling or from either the 
time of the establishment of the Danish National 
Patient Registry (January 1, 1977) or the partici-
pant’s date of birth, whichever was later. When 
the association between any APOC3 mutation and 
the risk of ischemic vascular disease or ischemic 
heart disease was adjusted for levels of nonfast-
ing triglycerides, the risk estimates were attenu-
ated and became nonsignificant (hazard ratios, 
0.71 [95% CI, 0.49 to 1.04] and 0.80 [95% CI, 
0.51 to 1.24], respectively) (Fig. S9 in the Supple-
mentary Appendix).

Sensitivity Analyses

The reduced risks of ischemic vascular disease 
and ischemic heart disease in APOC3 heterozy-
gotes as compared with noncarriers of APOC3 
mutations were similar across subgroups defined 
according to individual ischemic vascular disease 
end points, individual mutations, and individual 
cardiovascular risk factors. However, not all risk 

0 1 2

Triglyceride Level (mmol/liter)

P<0.001 −44%

−48%

−44%

−47%

P<0.001

P<0.001

P<0.001

Any mutation

Noncarriers (N=75,465)

All heterozygotes (N=260)

R19X (rs76353203)

Noncarriers (N=75,692)

Heterozygotes (N=33)

IVS2+1G→A (rs138326449)

Noncarriers (N=75,516)

Heterozygotes (N=209)

A43T (rs147210663)

Noncarriers (N=75,707)

Heterozygotes (N=18)

Figure 2. Mean Plasma Levels of Nonfasting Triglycerides as a Function  
of APOC3 Genotype.

Data are for heterozygotes versus noncarriers of any APOC3 mutation (R19X, 
IVS2+1G→A, or A43T) and of the individual mutations among participants in the 
CCHS and the CGPS combined. The percent differences in mean triglyceride 
levels between heterozygotes and noncarriers are shown on the right. P values 
were calculated with the use of the Mann–Whitney U test.
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estimates remained significant (Fig. S10, S11, and 
S12 in the Supplementary Appendix).

APOC3 Genotypes and Other End Points

APOC3 genotypes, individually or combined, were 
not significantly associated with plasma levels of 
alanine aminotransferase, aspartate aminotrans-
ferase, or C-reactive protein (Fig. S13 in the Sup-
plementary Appendix). There was also no signifi-

cant association between APOC3 genotype and the 
risk of dementia, any cancer, or death from any 
cause (Fig. S14 in the Supplementary Appendix).

Discussion

The principal finding of this study is that lifelong 
low levels of nonfasting triglycerides due to loss-
of-function mutations in APOC3 are associated with 
reduced risks of ischemic vascular disease and 
ischemic heart disease in the general population. 
These findings are of potential clinical importance, 
because they suggest that APOC3 is a relevant drug 
target for reducing residual cardiovascular risk. 
Inhibition of APOC3 by antisense oligonucleotides 
has recently been shown to reduce plasma levels 
of apolipoprotein C3 and triglycerides in animal 
models and in a phase 1 clinical trial involving 
humans.19

The hypertriglyceridemic effects of apolipo-
protein C3 are attributable to both extracellular 
and intracellular roles in triglyceride metabolism. 
Extracellularly, plasma apolipoprotein C3 inhibits 
hydrolysis of triglyceride-rich lipoproteins cata-
lyzed by lipoprotein lipase9 and attenuates the 
uptake of triglyceride-rich remnant lipoproteins by 
the liver.11,13 Intracellularly, apolipoprotein C3 pro-
motes triglyceride synthesis and VLDL assembly 
and secretion.20-22 All these mechanisms lead 
to high levels of triglyceride-rich remnant lipo
proteins in plasma and hence to atherosclerosis 
and an increased risk of ischemic cardiovascu-
lar disease.2-6 Indeed, like LDLs, triglyceride-rich 
remnant lipoproteins can penetrate the arterial 
intima and may be retained preferentially, thus 
causing atherosclerosis owing to their choles-
terol content.23,24

Similarly low levels of nonfasting triglycer-
ides were observed in association with three of 
the mutations (R19X, IVS2+1G→A, and A43T) 
identified in the current study. In a prior study, 
the R19X loss-of-function mutation in APOC3 
was shown to result in a reduction of 46% in 
triglyceride levels and in a decrease of 60% in 
the risk of coronary-artery calcification, a sur-
rogate marker for subclinical atherosclerosis.14 
The A43T mutation has been identified previ-
ously in Yucatan Indians with low triglyceride 
levels25 and has been shown to compromise as-
sembly of VLDL particles in the liver and hence 
prevent VLDL maturation.22 The IVS2+1G→A 
mutation is located in the consensus splice site, 
most likely resulting in alternative splicing and 
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Figure 3. Cumulative Incidences of Ischemic Vascular Disease and Ischemic 
Heart Disease as a Function of Age and APOC3 Genotype.

Data are for all heterozygotes for the R19X, IVS2+1G→A, or A43T mutation 
versus noncarriers of these mutations among participants in the CCHS and 
the CGPS combined.
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loss of function, probably owing to nonsense-
mediated decay of the messenger RNA tran-
script.26,27 The fourth mutation that we identi-
fied, V50M, has not been described previously 
but, as evidenced by the lack of effect on triglyc-
eride levels in both the CCHS and the CGPS, is 
probably not functional — an observation that is 
also supported by in silico predictions. Never-
theless, the V50M mutation had a correlation 
with ischemic vascular disease, though not a 
significant one. Therefore, we cannot rule out an 
effect of this mutation on ischemic vascular dis-
ease, independent of triglyceride levels.

Because common, noncoding variants in 
APOC3 have been associated with fatty liver dis-
ease and longevity in some,28,29 but not all,30,31 
studies, we examined the association between 
genetic variants in APOC3 and markers of liver 
disease; in addition, to test whether targeting 
APOC3 would be safe, we examined the association 
between genetic variants in APOC3 and inflam-
mation, dementia, cancer, and total mortality. 
We found no significant associations.

In this study and in previous studies, plasma 
levels of nonfasting triglycerides and remnant 
cholesterol were strongly associated with the 
risk of ischemic cardiovascular disease.2-6 Re-
cent genetic studies involving mendelian ran-
domization suggest that this association may be 
causal.7,8 The reduced risks of ischemic vascular 
disease and ischemic heart disease in APOC3 
heterozygotes observed in our study are there-

fore probably mediated by the reduced levels of 
triglyceride-rich remnant lipoproteins that are 
associated with these mutations. The reductions 
in risk determined from genetic analyses tended 
to be nominally larger than the reductions in 
theoretically predicted risk estimated from ob-
servational analyses, most likely reflecting the 
beneficial effects of lifelong reductions in levels 
of triglycerides and remnant cholesterol.7,8

Some limitations to our study must be con-
sidered. First, the inverse association between 
triglyceride levels and HDL cholesterol levels in 
plasma represents the most important pleiotro-
pic effect of the genetic variants in APOC3. Al-
though the risk of ischemic cardiovascular dis-
ease is consistently inversely related to plasma 
levels of HDL cholesterol in observational stud-
ies,4 clinical trials as well as genetic studies in-
volving mendelian randomization have failed to 
establish a causal link between plasma levels of 
HDL cholesterol and the risk of ischemic cardio-
vascular disease.32-38 Second, we did not mea-
sure plasma levels of apolipoprotein C3. How-
ever, apolipoprotein C3 levels have consistently 
been shown to be highly correlated with plasma 
levels of triglycerides in humans as well as in 
mice.39 Third, we did not measure triglyceride 
levels in the fasting state, and we are therefore 
unable to determine whether levels of nonfast-
ing triglycerides are associated with ischemic 
vascular disease independent of levels of fasting 
triglycerides. There are, however, no definitive 
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Figure 4. Mean Plasma Levels of Nonfasting Triglycerides and Hazard Ratios for Ischemic Vascular Disease and Ischemic Heart Disease 
as a Function of APOC3 Genotype.

Data are for all heterozygotes for the R19X, IVS2+1G→A, or A43T mutation versus noncarriers of these mutations among participants in 
the CCHS and the CGPS combined. The median follow-up period was 34 years. The theoretically predicted risk ratios were calculated as 
the risk of ischemic vascular disease or ischemic heart disease associated with a decrease in levels of nonfasting triglycerides among all 
heterozygotes as compared with noncarriers. P values are for the association between genotype and the observed risk of ischemic vas-
cular disease or ischemic heart disease. The analyses were adjusted for age (as the time scale), sex, current smoking status, presence or 
absence of hypertension, physical inactivity, and alcohol consumption.
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data to suggest that one is superior to the other 
in the prediction of ischemic cardiovascular dis-
ease. Finally, the CCHS and the CGPS involved 
white participants only; however, we are not aware 
of data to suggest that our results would not apply 
to populations of other races or ethnic groups.

In conclusion, we identified three loss-of-
function mutations in APOC3 that were associ-
ated with markedly lower levels of nonfasting 
triglycerides. These mutations were also associ-
ated with corresponding reductions in the risk 
of ischemic vascular disease and ischemic heart 
disease in the general population.

Supported by a Specific Targeted Research Project grant 
from the European Union, Sixth Framework Program Priority 
(FP-2005-LIFESCIHEALTH-6, contract #037631), the Danish Med-
ical Research Council, the Danish Heart Foundation, the Research 
Fund at Rigshospitalet, Copenhagen University Hospital, Chief 
Physician Johan Boserup and Lise Boserup’s Fund, Ingeborg and 
Leo Dannin’s Grant, Henry Hansen and Wife’s Grant, COST (Euro-
pean Cooperation in Science and Technology) Action (grant 
BM0904), and a grant from the Independent Order of Odd Fellows.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank senior technician Mette Refstrup, Department of 
Clinical Biochemistry, Rigshospitalet, Copenhagen University 
Hospital, for her attention to the details of the large-scale geno-
typing; and the staff and participants of the Copenhagen Gen-
eral Population Study and the Copenhagen City Heart Study for 
their contributions.

References

1.	 Chapman MJ, Ginsberg HN, Amarenco 
P, et al. Triglyceride-rich lipoproteins and 
high-density lipoprotein cholesterol in 
patients at high risk of cardiovascular dis-
ease: evidence and guidance for manage-
ment. Eur Heart J 2011;32:1345-61.
2.	 Nordestgaard BG, Benn M, Schnohr 
P, Tybjaerg-Hansen A. Nonfasting triglyc-
erides and risk of myocardial infarction, 
ischemic heart disease, and death in men 
and women. JAMA 2007;298:299-308.
3.	 Bansal S, Buring JE, Rifai N, Mora S, 
Sacks FM, Ridker PM. Fasting compared 
with nonfasting triglycerides and risk of 
cardiovascular events in women. JAMA 
2007;298:309-16.
4.	 The Emerging Risk Factors Collabora-
tion. Major lipids, apolipoproteins, and 
risk of vascular disease. JAMA 2009;302: 
1993-2000.
5.	 Freiberg JJ, Tybjaerg-Hansen A, Jen-
sen JS, Nordestgaard BG. Nonfasting tri-
glycerides and risk of ischemic stroke in 
the general population. JAMA 2008;300: 
2142-52.
6.	 Varbo A, Nordestgaard BG, Tybjaerg-
Hansen A, Schnohr P, Jensen GB, Benn M. 
Nonfasting triglycerides, cholesterol, and 
ischemic stroke in the general popula-
tion. Ann Neurol 2011;69:628-34.
7.	 Jørgensen AB, Frikke-Schmidt R, 
West AS, Grande P, Nordestgaard BG, Ty-
bjærg-Hansen A. Genetically elevated 
non-fasting triglycerides and calculated 
remnant cholesterol as causal risk factors 
for myocardial infarction. Eur Heart J 
2013;34:1826-33.
8.	 Varbo A, Benn M, Tybjærg-Hansen AL, 
Jørgensen AB, Frikke-Schmidt R, Nordest
gaard BG. Remnant cholesterol as a causal 
risk factor for ischemic heart disease. 
J Am Coll Cardiol 2013;61:427-36.
9.	 Ginsberg HN, Le NA, Goldberg IJ, et 
al. Apolipoprotein B metabolism in sub-
jects with deficiency of apolipoproteins 
CIII and AI: evidence that apolipoprotein 
CIII inhibits catabolism of triglyceride-

rich lipoproteins by lipoprotein lipase in 
vivo. J Clin Invest 1986;78:1287-95.
10.	 Ooi EM, Barrett PH, Chan DC, Watts 
GF. Apolipoprotein C-III: understanding 
an emerging cardiovascular risk factor. 
Clin Sci (Lond) 2008;114:611-24.
11.	 Windler E, Havel RJ. Inhibitory effects 
of C apolipoproteins from rats and humans 
on the uptake of triglyceride-rich lipopro-
teins and their remnants by the perfused 
rat liver. J Lipid Res 1985;26:556-65.
12.	 Clavey V, Lestavel-Delattre S, Copin C, 
Bard JM, Fruchart JC. Modulation of lipo-
protein B binding to the LDL receptor by 
exogenous lipids and apolipoproteins CI, 
CII, CIII, and E. Arterioscler Thromb Vasc 
Biol 1995;15:963-71.
13.	 Sehayek E, Eisenberg S. Mechanisms 
of inhibition by apolipoprotein C of apo-
lipoprotein E-dependent cellular metabo-
lism of human triglyceride-rich lipopro-
teins through the low density lipoprotein 
receptor pathway. J Biol Chem 1991;266: 
18259-67.
14.	 Pollin TI, Damcott CM, Shen H, et al. 
A null mutation in human APOC3 confers a 
favorable plasma lipid profile and apparent 
cardioprotection. Science 2008;322:1702-5.
15.	 Langsted A, Freiberg JJ, Nordestgaard 
BG. Fasting and nonfasting lipid levels: 
influence of normal food intake on lipids, 
lipoproteins, apolipoproteins, and cardio-
vascular risk prediction. Circulation 2008; 
118:2047-56.
16.	 Friedewald WT, Levy RI, Fredrickson 
DS. Estimation of the concentration of 
low-density lipoprotein cholesterol in plas-
ma, without use of the preparative ultra
centrifuge. Clin Chem 1972;18:499-502.
17.	 Kamstrup PR, Benn M, Tybjaerg-
Hansen A, Nordestgaard BG. Extreme 
lipoprotein(a) levels and risk of myocar-
dial infarction in the general population: 
the Copenhagen City Heart Study. Circu-
lation 2008;117:176-84.
18.	 Clarke R, Shipley M, Lewington S, et al. 
Underestimation of risk associations due to 

regression dilution in long-term follow-up 
of prospective studies. Am J Epidemiol 
1999;150:341-53.
19.	 Graham MJ, Lee RG, Bell TA III, et al. 
Antisense oligonucleotide inhibition of apo
lipoprotein C-III reduces plasma triglycer-
ides in rodents, nonhuman primates, and 
humans. Circ Res 2013;112:1479-90.
20.	 Qin W, Sundaram M, Wang Y, et al. 
Missense mutation in APOC3 within the 
C-terminal lipid binding domain of hu-
man ApoC-III results in impaired assem-
bly and secretion of triacylglycerol-rich 
very low density lipoproteins: evidence 
that ApoC-III plays a major role in the 
formation of lipid precursors within the 
microsomal lumen. J Biol Chem 2011; 
286:27769-80.
21.	 Sundaram M, Zhong S, Bou Khalil M, 
et al. Expression of apolipoprotein C-III 
in McA-RH7777 cells enhances VLDL as-
sembly and secretion under lipid-rich 
conditions. J Lipid Res 2010;51:150-61.
22.	 Sundaram M, Zhong S, Bou Khalil M, 
et al. Functional analysis of the missense 
APOC3 mutation Ala23Thr associated 
with human hypotriglyceridemia. J Lipid 
Res 2010;51:1524-34.
23.	 Shaikh M, Wootton R, Nordestgaard 
BG, et al. Quantitative studies of transfer in 
vivo of low density, Sf 12-60, and Sf 60-400 
lipoproteins between plasma and arterial 
intima in humans. Arterioscler Thromb 
1991;11:569-77.
24.	 Nordestgaard BG, Wootton R, Lewis 
B. Selective retention of VLDL, IDL, and 
LDL in the arterial intima of genetically 
hyperlipidemic rabbits in vivo: molecular 
size as a determinant of fractional loss 
from the intima-inner media. Arterioscler 
Thromb Vasc Biol 1995;15:534-42.
25.	 Liu H, Labeur C, Xu CF, et al. Character-
ization of the lipid-binding properties and 
lipoprotein lipase inhibition of a novel apo-
lipoprotein C-III variant Ala23Thr. J Lipid 
Res 2000;41:1760-71.
26.	 Bochem AE, van Capelleveen JC, 

The New England Journal of Medicine 
Downloaded from nejm.org at SAITAMA MEDICAL SCHOOL LIBRARY on July 4, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 



Loss-of-Function Mutations in APOC3

n engl j med 371;1  nejm.org  july 3, 2014 41

Dallinga-Thie GM, et al. Two novel mu
tations in apolipoprotein C3 underlie 
atheroprotective lipid profiles in fami-
lies. Clin Genet 2014;85:433-40.
27.	 Faustino NA, Cooper TA. Pre-mRNA 
splicing and human disease. Genes Dev 
2003;17:419-37.
28.	 Petersen KF, Dufour S, Hariri A, et al. 
Apolipoprotein C3 gene variants in non
alcoholic fatty liver disease. N Engl J Med 
2010;362:1082-9.
29.	 Atzmon G, Rincon M, Schechter CB, 
et al. Lipoprotein genotype and conserved 
pathway for exceptional longevity in hu-
mans. PLoS Biol 2006;4(4):e113.
30.	 Kozlitina J, Boerwinkle E, Cohen JC, 
Hobbs HH. Dissociation between APOC3 
variants, hepatic triglyceride content and 
insulin resistance. Hepatology 2011;53: 
467-74.
31.	 Novelli V, Viviani Anselmi C, Roncara-
ti R, et al. Lack of replication of genetic 

associations with human longevity. Bio-
gerontology 2008;9:85-92.
32.	 Barter PJ, Caulfield M, Eriksson M, et al. 
Effects of torcetrapib in patients at high 
risk for coronary events. N Engl J Med 
2007;357:2109-22.
33.	 Frikke-Schmidt R, Nordestgaard BG, 
Stene MC, et al. Association of loss-of-
function mutations in the ABCA1 gene 
with high-density lipoprotein cholesterol 
levels and risk of ischemic heart disease. 
JAMA 2008;299:2524-32.
34.	 Johannsen TH, Kamstrup PR, Ander-
sen RV, et al. Hepatic lipase, genetically 
elevated high-density lipoprotein, and 
risk of ischemic cardiovascular disease. 
J Clin Endocrinol Metab 2009;94:1264-73.
35.	 The AIM-HIGH Investigators. Niacin 
in patients with low HDL cholesterol levels 
receiving intensive statin therapy. N Engl 
J Med 2011;365:2255-67. [Erratum, N Engl 
J Med 2012;367:189.]

36.	 Schwartz GG, Olsson AG, Abt M, et 
al. Effects of dalcetrapib in patients with 
a recent acute coronary syndrome. N Engl 
J Med 2012;367:2089-99.
37.	 Haase CL, Tybjærg-Hansen A, Qay
yum AA, Schou J, Nordestgaard BG, 
Frikke-Schmidt R. LCAT, HDL choles-
terol and ischemic cardiovascular dis-
ease: a mendelian randomization study 
of HDL cholesterol in 54,500 individuals. 
J Clin Endocrinol Metab 2012;97(2): 
E248-E256.
38.	 Voight BF, Peloso GM, Orho-Melander 
M, et al. Plasma HDL cholesterol and risk 
of myocardial infarction: a mendelian 
randomisation study. Lancet 2012;380: 
572-80. [Erratum, Lancet 2012;380:564.]
39.	 Yao Z, Wang Y. Apolipoprotein C-III 
and hepatic triglyceride-rich lipoprotein 
production. Curr Opin Lipidol 2012;23: 
206-12.
Copyright © 2014 Massachusetts Medical Society.

an nejm app for iphone

The NEJM Image Challenge app brings a popular online feature to the smartphone. 
Optimized for viewing on the iPhone and iPod Touch, the Image Challenge app lets 

you test your diagnostic skills anytime, anywhere. The Image Challenge app 
randomly selects from 300 challenging clinical photos published in NEJM,  
with a new image added each week. View an image, choose your answer,  

get immediate feedback, and see how others answered.  
The Image Challenge app is available at the iTunes App Store.

The New England Journal of Medicine 
Downloaded from nejm.org at SAITAMA MEDICAL SCHOOL LIBRARY on July 4, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 


