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I ORIGINAL CONTRIBUTION

Nonfasting Triglycerides and Risk of
Myocardial Infarction, Ischemic Heart
Disease, and Death in Men and Women

Borge G. Nordestgaard, MD, DMSc
Marianne Benn, MD, PhD

Peter Schnohr, MD

Anne Tybjerg-Hansen, MD, DMSc

YPERTRIGLYCERIDEMIA IS A
heterogeneous disorder with
an unclear association with
atherosclerosis.'* Patients
with high triglyceride levels of more than
25mmol/L (>2212.4 mg/dL) and the fa-
milial chylomicronemia syndrome rarely
develop atherosclerosis,* perhaps be-
cause their plasma lipoprotein par-
ticles are too large to enter into the ar-
terial intima.>® However, patients with
moderate hypertriglyceridemia and con-
ditions like familial hypertriglyceride-
mia, familial combined hyperlipid-
emia, the metabolic syndrome, and
remnant hyperlipidemia often develop
premature atherosclerosis."* With mod-
erate hypertriglyceridemia, chylomi-
cron remnants and very low-density li-
poprotein remnants are present in
plasma. These smaller triglyceride-rich
lipoproteins penetrate the arterial in-
tima’ and appear to be preferentially
trapped within the arterial wall.3?
Triglycerides are routinely mea-
sured in the fasting state excluding rem-
nant lipoproteins; however, except for
the first hours in the early morning,
most individuals are in the nonfasting
state most of the time. Atherosclerosis
may be a postprandial phenomenon in
which remnant lipoproteins play a

See also pp 309 and 336.
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Context Elevated nonfasting triglycerides indicate the presence of remnant lipopro-
teins, which may promote atherosclerosis.

Objective To test the hypothesis that very high levels of nonfasting triglycerides pre-
dict myocardial infarction (Ml), ischemic heart disease (IHD), and death.

Design, Setting, and Participants A prospective cohort study of 7587 women
and 6394 men from the general population of Copenhagen, Denmark, aged 20 to 93
years, followed up from baseline (1976-1978) until 2004.

Main Outcome Measures Hazard ratios (HRs) for incident MI, IHD, and total death
according to baseline nonfasting triglyceride level categories of 1 to 1.99 mmol/L (88.5-
176.1 mg/dL), 2 to 2.99 mmol/L (177.0-264.6 mg/dL), 3 to 3.99 mmol/L (265.5-
353.0mg/dL), 4 to 4.99 mmol/L (354.0-441.6 mg/dL), and 5 mmol/L or more (=442.5
mg/dL) vs triglyceride levels of less than 1 mmol/L (<88.5 mg/dL).

Results With increasing levels of nonfasting triglycerides, levels of remnant lipoprotein
cholesterolincreased. During a mean follow-up of 26 years, 1793 participants (691 women
and 1102 men) developed MI, 3479 (1567 women and 1912 men) developed IHD, and
7818 (3731 women and 4087 men) died. For MI, among women, the age-adjusted HRs
and multifactorially adjusted HRs (aHRs) for each respective category per 1-mmol/L increase
in nonfasting triglyceride levels were 2.2 (aHR, 1.7), 4.4 (aHR, 2.5), 3.9 (aHR, 2.1), 5.1
(@HR, 2.4), and 16.8 (aHR, 5.4); for both, P for trend <.001. For MI, among men, the
values were 1.6 (aHR, 1.4), 2.3 (aHR, 1.6), 3.6 (aHR, 2.3), 3.3 (aHR, 1.9), and 4.6 (aHR,
2.4); for both, P for trend <.001. For IHD, among women, the values were 1.7 (aHR,
1.4), 2.8 (aHR, 1.8), 3.0 (aHR, 1.8), 2.1 (aHR, 1.2), and 5.9 (aHR, 2.6); for both, P for
trend <.001. For IHD, among men, the values were 1.3 (aHR, 1.1), 1.7 (@HR, 1.3), 2.1
(aHR, 1.3), 2.0 (@HR, 1.2), and 2.9 (aHR, 1.5); P for trend <.001 for age-adjusted and P
for trend=.03 for multifactorially adjusted. For total death, among women, the values
were 1.3 (aHR, 1.3), 1.7 (aHR, 1.6), 2.2 (aHR, 2.2), 2.2 (aHR, 1.9), and 4.3 (aHR, 3.3);
for both, P for trend <.001. For total death, among men, the values were 1.3 (aHR, 1.2),
1.4 (aHR, 1.4),1.7 (aHR, 1.5), 1.8 (aHR, 1.6), and 2.0 (aHR, 1.8); for both, P for trend < .001.

Conclusion In this general population cohort, elevated nonfasting triglyceride lev-
els were associated with increased risk of MI, IHD, and death in men and women.
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dominant role.!!? If this is true, in-
creased levels of nonfasting triglycer-
ides, reflecting increased levels of rem-

nant lipoproteins, may predict risk of
myocardial infarction (MI), ischemic
heart disease (IHD), and death.
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TRIGLYCERIDES AND RISK OF HEART DISEASE

We tested the hypothesis that non-
fasting triglycerides predict risk of MI,
IHD, and death in the general popula-
tion. We studied 7587 women and 6394
men from the Copenhagen City Heart
Study cohort who were followed up for
amean of 26 years (maximum follow-
up, 28 years).

METHODS
Participants

The Copenhagen City Heart Study is a
prospective cardiovascular study of
the Danish general population initi-
ated in 1976." We invited 19329
white women and men of Danish
descent stratified into 5-year age
groups from 20 years to 80 years or
older, and drawn randomly from the
Copenhagen Central Person Register.
Of those participants invited, 14 223
(74%) attended and 13981 (72%) had
nonfasting triglyceride levels deter-
mined on fresh plasma samples. Par-
ticipants were followed up using their
unique Central Person Register num-
ber from baseline at the 1976-1978
examination until the beginning of
2004. Follow-up was 100% complete.
Diagnoses of MI and IHD (Interna-
tional Classification of Diseases, Eighth
Revision codes 410 and 410-414; and In-
ternational Classification of Diseases,
Tenth Revision codes 121-122 and 120-
125) were collected and verified by re-
viewing hospital admissions and diag-
noses entered in the Danish National
Patient Register, causes of death en-
tered in the Danish National Register
of Causes of Death, and medical rec-
ords from hospitals and general prac-
titioners. Ischemic heart disease was de-
termined on the basis of a previous MI
or characteristic symptoms of stable or
unstable angina pectoris'*; time to IHD
was determined from the date of study
entry until the first date of a diagnosis
of either MI or angina pectoris. A di-
agnosis of MI required the presence of
at least 2 of the following criteria: char-
acteristic chest pain, increased cardiac
enzymes, or electrocardiographic
changes indicative of MI. Information
on death was obtained from the Dan-
ish National Central Person Register.

300 JAMA, July 18, 2007—Vol 298, No. 3 (Reprinted)

Hypertension was defined as use of
antihypertensive medication, a sys-
tolic blood pressure of more than 140
mm Hg, or a diastolic blood pressure
of more than 90 mm Hg. Diabetes melli-
tus was defined as self-reported dis-
ease, use of insulin or oral hypoglyce-
mic agents, or nonfasting plasma
glucose levels of more than 198.2 mg/dL
(>11 mmol/L). Smokers were defined
as active smokers. Heavy drinkers con-
sumed alcohol at least twice weekly,
while light drinkers consumed alco-
hol less often. Physical inactivity was
defined as leisure time activity less than
4 hours weekly. Women reported
menopausal status and use of hor-
mone therapy. We did not have infor-
mation on food consumed during the
8 hours before blood testing.

A fat tolerance test was performed on
66 healthy participants from the Co-
penhagen City Heart Study aged 46 to
88 years."”” In another study popula-
tion of 10 284 participants aged 20 to
90 years, the Copenhagen General
Population Study ascertained like the
Copenhagen City Heart Study, but in
2003 through 2005, we also measured
nonfasting triglyceride levels. We mea-
sured 1 triglyceride value in each par-
ticipant and noted the amount of time
that had elapsed since their last meal.
Data from this study have never previ-
ously been published.

The studies were approved by Her-
lev University Hospital and a Danish
ethical committee (100.2039/91 and 01-
144/01, Copenhagen and Frederiks-
berg committee) and conducted ac-
cording to the Declaration of Helsinki.
Participants gave written informed con-
sent.

Analyses

Enzymatic methods (Boehringer Man-
nheim, Mannheim, Germany) were
used on fresh samples to measure
plasma levels of nonfasting triglycer-
ides, total cholesterol, and high-
density lipoprotein (HDL) choles-
terol, the latter after precipitation of
apolipoprotein B—containing lipopro-
teins. The coefficient of variation for
measurement of triglycerides at the lev-

els of 1.0 and 3.2 mmol/L (88.5 and
283.2 mg/dL) were 5% and 2%, respec-
tively. Remnant lipoprotein choles-
terol was total cholesterol minus cho-
lesterol in HDLs and low-density
lipoproteins (LDLs). Low-density lipo-
protein was calculated using the Friede-
wald formula if triglycerides were less
than 4 mmol/L (<354.0 mg/dL), and
measured directly at higher triglycer-
ide levels (Thermo, Helsinki, Fin-
land).

Statistical Analysis

Statistical analyses were stratified by
sex. t Test or Pearson x?* test was
used in 2-group comparisons; plasma
triglycerides were logarithmically
transformed to approach normal dis-
tribution. Baseline nonfasting triglyc-
eride levels were stratified into 6
categories (<1 mmol/L [<88.5mg/dL],
1-1.99 mmol/L [88.5-176.1 mg/dL],
2-2.99 mmol/L [177.0-264.6 mg/dL],
3-3.99 mmol/L [265.5-353.1 mg/dL],
4-4.99 mmol/L [354.0-441.6 mg/dL],
and =5 mmol/L [=442.5 mg/dL]). To
examine the effect of very high levels
of nonfasting triglycerides vs low
levels, we preplanned stratification
cutoffs at each increase in 1 mmol/L
(88.5 mg/dL) until the top group
became too small for statistically mean-
ingful comparison with the bottom
group (<1 mmol/L [<88.5 mg/dL]).
Cumulative incidences were plot-
ted using Kaplan-Meier curves and dif-
ferences between strata of nonfasting
triglyceride levels determined using log-
rank tests. Cox proportional hazards re-
gression models estimated hazard ra-
tios (HRs) for MI, IHD, and death.
Proportionality of hazards over time for
nonfasting triglyceride levels was as-
sessed by plotting —In[-In(survival)] vs
In(analysis time). Suspicion of nonpar-
allel lines was further tested using
Schoenfeld residuals. No major viola-
tions of the proportional hazard as-
sumption were detected. For triglycer-
ide levels between 2 and 2.99 mmol/L
(177.0 and 264.6 mg/dL) and between
3 and 3.99 mmol/L (265.5 and 353.1
mg/dL) and total mortality in women,
the proportional hazards assumption

©2007 American Medical Association. All rights reserved.
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was not fulfilled; however, the assump-
tion was fulfilled for the other triglyc-
eride categories in this model. For all
survival statistics, age was the time scale
using left truncation (or delayed en-
try), which implies that age is auto-
matically adjusted for.

Hazard ratios were adjusted for age
alone (age-adjusted), or for age and
other cardiovascular risk factors (mul-
tifactorially adjusted for age, total cho-
lesterol, body mass index, hyperten-
sion, diabetes, smoking, alcohol
consumption, physical inactivity, lipid-
lowering therapy, and in women also
for postmenopausal status and hor-
mone therapy). Information on base-
line covariates was more than 99% com-
plete; individuals with incomplete
information on covariates were ex-
cluded from multifactorial analysis.
Data from the 1976-1978, 1981-1983,
1991-1994, and 2001-2003 examina-
tions were used as time-dependent co-
variates for multifactorial adjust-
ments. This implies that initially
baseline covariate values are used for
the following years until that person is
examined again, after which the new

TRIGLYCERIDES AND RISK OF HEART DISEASE

value is used in the analyses. If only
baseline values were available, these
were used for adjustment during the en-
tire follow-up period.

Hazard ratios were corrected for re-
gression dilution bias using a nonpara-
metric method.'® For this correction, we
used nonfasting triglyceride values from
6709 individuals without lipid-
lowering therapy attending both the
baseline 1976-1978 examination and
the 1991-1994 examination (available
from authors upon request); however,
the main analyses were conducted on
13981 individuals. These 2 measure-
ments were 15 years apart, equivalent
to halfway through the observational
period, the ideal time difference for this
correction.'® A regression dilution ra-
tio of 0.57 was computed for women
and a regression dilution ratio of 0.60
was computed for men.

Due to the complete Danish regis-
ters, we had no losses to follow-up
among responders or nonresponders.
Data were analyzed using Stata ver-
sion 9.2 (StataCorp LP, College Sta-
tion, Texas). Two-sided P<<.05 was con-
sidered significant.

RESULTS

Baseline characteristics of individuals
from the general population by quar-
tiles of nonfasting triglyceride levels are
shown in TABLE 1. At the 1976-1978
(baseline), 1981-1983, 1991-1994, and
2001-2003 examinations, 0%, 0%, 1%,
and 2%, respectively, of the partici-
pants took lipid-lowering drugs. The
study included 13981 individuals
(7587 women and 6394 men) aged 20
to 93 years, with mean 26 years of fol-
low-up. A total of 1793 (691 women
and 1102 men) developed MI, 3479
(1567 women and 1912 men) devel-
oped IHD, and 7818 (3731 women and
4087 men) died.

Nonfasting Triglycerides and
Remnant Lipoprotein Cholesterol
In a cross-sectional sample of the Dan-
ish general population of 10 284 adults
from the Copenhagen General Popu-
lation Study, the plasma triglyceride lev-
els were noted to be increased among
participants who had eaten their most
recent meal from 1 to 7 hours previ-
ously (FIGURE 1). The measured lev-
els of nonfasting triglycerides after nor-

- ________________________________________________________________________________________]
Table 1. Baseline Characteristics of Individuals From the General Population by Quartiles of Triglyceride Levels?

Quartile of Triglycerides, Mean (95% Cl), mmol/L

Men Women
[ 11 1
1 2 3 4 1 2 3 4
[ 1
0.96 1.43 2.03 3.37 0.78 1.10 1.48 2.28
(0.81-1.08)  (1.32-1.55)  (1.84-2.24)  (2.84-4.33)  (0.67-0.87)  (1.02-1.19)  (1.37-1.61)  (1.98-2.84)
No. of observations 1612 1590 1605 1587 1901 1934 1858 1894
Age, median (IQR), y 52 (41-61) 54 (44-62)°  55(46-62)° 54 (45-60)° 48 (39-56) 53 (44-59)° 55 (48-62)° 57 (51-64)°

Total cholesterol, median

5.4 (4.8-6.1) 5.7 (.1-6.4P 6.0(5.3-6.7)° 6.4 (5.7-7.2)°

56 (4.9-6.3) 6.0(5.3-6.8)° 6.3(5.6-7.2° 6.7 (6.0-7.6)°

(IQR), mmol/L

BMI, median (IQR) 24 (22-26)  25(23-27)° 26 (24-28)° 27 (25-30)° 23 (21-25) 23 (21-26)° 24 (22-27)° 26 (23-29)
Hypertension 747 (47) 817 (52)¢ 892 (56)° 1038 (66)P 545 (29) 765 (40)° 855 (47)b 1074 (58)P
Diabetes mellitus 34 (2) 62 (4)° 58 (4)° 121 (8)P 6 (1) 8(1) 35 (2)° 77 (4)P
Smoker 1072 (67) 11083 (69) 1129 (70)© 1162 (73)P 1020 (54) 1109 (57)° 1129 (61)P 1139 (60)P
Heavy alcohol drinker 461 (29) 523 (33)° 455 (29) 420 (27) 1176 (62) 1265 (66)° 1188 (64) 1277 (68)P
Physical inactivity 1044 (65) 1103 (70)© 1122 (70)© 1133 (71)P 1393 (73) 1504 (78)° 1498 (81)P 1547 (82)P
Postmenopausal NA NA NA NA 868 (48) 1153 (64)P 1295 (74)P 1458 (82)P
Postmenopausal with HT NA NA NA NA 278 (15) 352 (18)¢ 326 (18)° 368 (19)P

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); ClI, confidence interval; HT, hormone therapy; IQR, interquartile range.
Sl conversion factors: To convert triglycerides to mg/dL, divide values by 0.0113; and cholesterol to mg/dL, divide values by 0.0259.
aData are presented as number (percentage) unless otherwise specified. Hypertension was defined as use of anti-hypertensive medication, a systolic blood pressure of more than
140 mm Hg, or a diastolic blood pressure of more than 90 mm Hg. Diabetes mellitus was defined as self-reported disease, use of insulin or oral hypoglycemic agents, or non-
fasting plasma glucose levels of more than 198.2 mg/dL (>11 mmol/L). Smoker was defined as active smoker. Heavy alcohol drinkers consumed alcohol at least twice weekly.
Physical inactivity was defined as leisure time activity of less than 4 hours weekly. Women reported menopausal status and use of HT.
bp < 001.
CP < .05 by t test or Pearson x? test comparing individuals with those in the 1st quartile of triglycerides.
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mal food intake marked increased levels
of cholesterol in remnant lipopro-
teins. During a fat tolerance test, plasma
triglyceride levels reached a mean peak
level of 2.3 mmol/L (203.5 mg/dL) 4
hours after fat intake, whereas in indi-
viduals from the general population the
mean peak level was 1.6 mmol/L (61.8

mg/dL) 4 hours after normal food in-
take. Triglyceride levels normally re-
turn to baseline fasting levels at 10
hours after the fat meal'”; however, we
only had data for 6 hours after the fat
meal.

With increasing levels of nonfast-
ing triglycerides, levels of remnant

Figure 1. Triglyceride Levels and Levels of Remnant Lipoprotein Cholesterol as a Function of

Time Since the Last Meal

Copenhagen General Population Study

(n=10284)
3.5
@ Triglycerides
3.0 O Remnant lipoprotein cholesterol
254
2.0

1.5 ) I——I'—'I\I\T I

Median, mmol/L

00—
Fasting 1 2 3 4 5 6 7 8
Time Since Last Meal, h

No. 209 1208 1723 2560 2174 1384 725 194 107

Copenhagen City Heart Study
Fat Tolerance Test
(n=66)

Fasting 1 2 3 4 5 6 7 8
Time Since Last Meal, h

Values are median and interquartile range (error bars). To convert triglycerides to mg/dL, divide values by
0.0113; and remnant lipoprotein cholesterol to mg/dL, divide values by 0.0259. For both plots, we compared
the various nonfasting values (at 1-8 hours after the last meal) vs fasting levels. For triglycerides and remnant
lipoprotein cholesterol in the Copenhagen General Population Study, 1, 2, 3, 4, and 5 hours since last meal,
P<.001 by unpaired t test without correction for multiple comparisons; for 6 hours since last meal, P<.01;
and for 7 hours since last meal, P<.05. For triglycerides in the Copenhagen City Heart Study, 2, 3, 4, 5, and
6 hours since last meal, P<.001 by paired t test without correction for multiple comparisons.

]
Figure 2. Levels of Remnant Lipoprotein Cholesterol as a Function of Levels of Nonfasting

Triglycerides

Men
(n=2780)
4.04
3.59
3.0

2.59

R

2.0+

@
o]
—e—

E
of

Remnant Lipoprotein Cholesterol, mmol/L

<1 1-1.99 2-2.99 3-399 4-499 =25
Nonfasting Triglycerides, mmol/L

No. 366 1300 652 258 107 97

Women

(n=3897)
7 I
, |

¢ ]
B L]
j )
)

7 K 3

<1 1-1.99 2-2.99 3-399 4-499 =5
Nonfasting Triglycerides, mmol/L

638 2088 804 240 70 57

Values are median and interquartile range (error bars). To convert triglycerides to mg/dL, divide values by
0.0113; and remnant lipoprotein cholesterol to mg/dL, divide values by 0.0259. These levels were measured
in 6677 of the original participants from the Copenhagen City Heart Study. These participants also had non-
fasting triglycerides and remnant lipoprotein cholesterol levels measured at the 1991-1994 examination. For
each increase in nonfasting triglyceride levels of 1 mmol/L (88.5 mg/dL) for both men and women, P<.001
by unpaired t test vs individuals with less than 1 mmol/L (<88.5 mg/dL) in nonfasting triglyceride levels.
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lipoprotein cholesterol increased
(FIGURE 2). These levels were mea-
sured in 6677 of the original partici-
pants from the Copenhagen City Heart
Study, who also had nonfasting triglyc-
erides and remnant lipoprotein choles-
terol measured at the 1991-1994 ex-
amination.

MI, IHD, and Total Death

In men and women, the cumulative in-
cidence of MI, IHD, and death in-
creased with increasing levels of non-
fasting triglyceride levels (all log-rank
trend tests, P<<.001) (FIGURE 3).

For MI, the incidence rates in women
in events per 10 000 person-years were
21 (95% confidence interval [CI], 18-
26; 109 events) for nonfasting triglyc-
eride level categories of less than 1
mmol/L (<88.5 mg/dL), 46 (95% ClI,
42-51;382 events) for 1 to 1.99 mmol/L
(88.5-176.1 mg/dL), 77 (95% CI, 65-
91; 141 events) for 2 to 2.99 mmol/L
(177.0-264.6 mg/dL), 71 (95% CI, 49-
101; 30 events) for 3 to 3.99 mmol/L
(265.5-353.0 mg/dL), 77 (95% CI, 46-
130; 14 events) for 4 to 4.99 mmol/L
(354.0-441.6 mg/dL), and 152 (95% CI,
02-252: 15 events) for 5 mmol/L or
more (=442.5 mg/dL). The corre-
sponding incidence rates in men in
events per 10 000 person-years were 60
(95% CI, 49-73; 104 events), 90 (95%
ClI, 82-98; 477 events), 114 (95% CI,
101-128; 270 events), 143 (95% CI,
120-169; 133 events), 137 (95% ClI,
105-178; 54 events), and 150 (95% CI,
117-192; 64 events), respectively.

For MI, women with increased non-
fasting triglyceride levels had age-
adjusted HRs of 2.2 (95% CI, 1.6-3.2)
for triglyceride levels of 1 to 1.99
mmol/L (88.5-176.1 mg/dL), 4.4 (95%
CI, 2.9-6.8) for 2 to 2.99 mmol/L
(177.0-264.6 mg/dL), 3.9 (95% CI,
2.0-7.7) for 3 to 3.99 mmol/L (265.5-
353.0 mg/dL), 5.1 (95% CI, 2.0-12.9)
for 4 to 4.99 mmol/L (354.0-441.6
mg/dL), and 16.8 (95% CI, 6.8-41.6)
for 5 mmol/L or more (=442.5
mg/dL) vs women with nonfasting tri-
glyceride levels of less than 1 mmol/L
(<88.5 mg/dL) (FIGURE 4). The cor-
responding values for men were 1.6

©2007 American Medical Association. All rights reserved.
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(95% CI, 1.1-2.3), 2.3 (95% CI, 1.5-
3.4), 3.6 (95% CI, 2.3-5.7), 3.3 (95%
CI, 1.9-5.9), and 4.6 (95% CI, 2.7-
8.0), respectively.

For IHD, the incidence rates in
women in events per 10 000 person-
years were 58 (95% CI, 51-65;
290 events), 109 (95% CI, 102-117;
878 events), 163 (95% CI, 145-183;
289 events), 164 (95% CI, 129-209;
66 events), 130 (95% CI, 86-195;
23 events), and 223 (95% CI, 146-
342; 21 events), respectively, for the 6
nonfasting triglyceride level catego-
ries. The corresponding incidence
rates in men in events per 10000
person-years were 126 (95% CI, 110-
144; 214 events), 167 (95% CI, 156-
178; 853 events), 205 (95% CI, 188-
225; 469 events), 220 (95% CI, 191-
252: 198 events), 211 (95% CI, 170-
263; 80 events), and 238 (95% CI,
195-290; 98 events), respectively.

For IHD, women with increased non-
fasting triglyceride levels had age-
adjusted HRs of 1.7 (95% CI, 1.4-2.1),
2.8(95% CI,2.1-3.6),3.0 (95% CI, 1.9-
4.7), 2.1 (95% CI, 1.0-4.3), and 5.9
(95% CI, 2.8-12.4), respectively, for the
5 nonfasting triglyceride level catego-
ries vs women with nonfasting triglyc-
eride levels of less than 1 mmol/L
(<88.5 mg/dL) (Figure 4). The corre-
sponding values in men were 1.3
(95% CI1, 1.0-1.7), 1.7 (95% CI, 1.3-
2.3), 2.1 (95% CI1, 1.5-3.0), 2.0 (95%
CI, 1.2-3.1), and 2.9 (95% CI, 1.9-
4.5), respectively.

For total death, the incidence rates
in women in events per 10000
person-years were 145 (95% CI, 135-
156; 754 events), 245 (95% CI, 235-
256; 2076 events), 325 (95% CI,
300-351; 623 events), 373 (95% CI,
320-435; 164 events), 345 (95% CI,
270-441; 64 events), and 469 (95%
CI, 356-619; 50 events), respect-
ively, for the 6 nonfasting triglycer-
ide level categories. The correspond-
ing incidence rates in men in events
per 10000 person-years were 260
(95% CI, 238-285; 470 events), 345
(95% CI, 330-360; 1920 events), 380
(95% CI, 356-405; 959 events), 384
(95% CI, 348-424; 386 events), 412
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Figure 3. Cumulative Incidences of Myocardial Infarction, Ischemic Heart Disease, and Total
Death by Levels of Nonfasting Triglycerides
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Cumulative incidence values are from the Copenhagen City Heart Study, with mean 26 years of follow-up. P val-
ues for overall log-rank tests examine whether the 6 different Kaplan-Meier curves differ. P values for log-rank
trend tests examine whether increased levels of triglycerides associate with increased cumulative incidence.
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(95% CI, 355-477; 176 events), and
377 (95% CI, 325-436; 176 events),
respectively.

For total death, women with in-
creased nonfasting triglyceride levels
had age-adjusted HRs of 1.3 (95% CI,
1.2-1.5), 1.7 (95% CI, 1.5-2.1), 2.2
(95% CI, 1.7-3.0), 2.2 (95% CI, 1.4-
3.4),and 4.3 (95% CI, 2.7-7.0), respec-
tively, for the 5 nonfasting triglycer-
ide level categories vs women with

nonfasting triglyceride levels of less than
1 mmol/L (<88.5 mg/dL) (Figure 4).
The corresponding values in men were
1.3 (95% CI,1.1-1.5),1.4 (95% CI, 1.2-
1.7), 1.7 (95% CI, 1.3-2.1), 1.8 (95%
CI, 1.3-2.4), and 2.0 (95% CI, 1.5-
2.8), respectively.

Hazard ratios for risk of MI, IHD, and
death were attenuated after multifac-
torial adjustment (Figure 4). For Ml in
women, the multifactorially adjusted

HRs were 1.7 (95% CI, 1.2-2.5), 2.5
(95% CI, 1.6-3.9), 2.1 (95% CI, 1.0-
4.3), 2.4 (95% CI, 0.9-6.2), and 5.4
(95% CI, 2.1-13.9), respectively, for the
5 nonfasting triglyceride level catego-
ries vs triglyceride levels of less than 1
mmol/L (<88.5 mg/dL). The corre-
sponding values in men were 1.4 (95%
CI,1.0-2.1),1.6(95% CI1,1.1-2.4),2.3
(95% CI, 1.4-3.7), 1.9 (95% CI, 1.0-
3.4),and 2.4 (95% CI, 1.3-4.2), respec-

- _________________________________________________________________________________________________]
Figure 4. Hazard Ratios for Myocardial Infarction, Ischemic Heart Disease, and Total Death by Increasing Levels of Nonfasting Triglycerides
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Hazard ratios and 95% confidence intervals (Cls) are from the Copenhagen City Heart Study, with mean 26 years of follow-up. Multifactorial adjustment was for age,
total cholesterol, body mass index, hypertension, diabetes, smoking, alcohol consumption, physical inactivity, lipid-lowering therapy, and in women also for post-
menopausal status and hormone therapy. P values for trend tests examined whether increased levels of triglycerides associate with increased hazard ratios (triglyceride
categories were coded 0, 1, 2, 3, 4, and 5 for increasing triglyceride levels). To convert triglycerides to mg/dL, divide values by 0.0113.
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tively. For IHD in women, the multi-
factorially adjusted HRs were 1.4 (95%
CI, 1.1-1.8),1.8 (95% CI, 1.4-2.5), 1.8
(95% CI, 1.2-2.9), 1.2 (95% CI, 0.6-
2.5),and 2.6 (95% CI, 1.2-5.5), respec-
tively, for the 5 nonfasting triglycer-
ide level categories vs triglyceride levels
of less than 1 mmol/L (<88.5 mg/dL).
The corresponding values in men were

TRIGLYCERIDES AND RISK OF HEART DISEASE

1.1 (95% C1,0.8-1.4),1.3 (95% CI, 0.9-
1.7), 1.3 (95% CI, 0.9-1.9), 1.2 (95%
CI, 0.7-1.9), and 1.5 (95% CI, 1.0-
2.4), respectively. For death in women,
the multifactorially adjusted HRs were
1.3(95% CI1,1.1-1.5), 1.6 (95% CI, 1.4-
2.0), 2.2 (95% CI, 1.7-3.0), 1.9 (95%
CI, 1.2-3.0), and 3.3 (95% CI, 2.0-
5.4), respectively, for the 5 nonfasting

triglyceride level categories vs triglyc-
eride levels of less than 1 mmol/L
(<88.5 mg/dL). The corresponding val-
ues in men were 1.2 (95% CI, 1.0-
1.5), 1.4 (95% CI, 1.1-1.7), 1.5 (95%
CI, 1.2-2.0),1.6 (95% CI,1.1-2.1), and
1.8 (95% CI, 1.3-2.5), respectively.
In post hoc analyses in men, age-
adjusted HRs were more pronounced

- _______________________________________________________________________________________________]
Figure 5. Age-adjusted Hazard Ratios for Myocardial Infarction, Ischemic Heart Disease, and Total Death for Increasing Levels of Nonfasting
Triglycerides in Men Stratified for Alcohol Consumption and Age at Entry
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Hazard ratios and 95% confidence intervals (Cls) are from the Copenhagen City Heart Study, with mean 26 years of follow-up. P values for trend tests examine
whether increased levels of triglycerides associate with increased hazard ratios (triglyceride categories were coded 0, 1, 2, 3, 4, and 5 for increasing triglyceride levels).
To convert triglycerides to mg/dL, divide values by 0.0113.
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Table 2. Risk of Myocardial Infarction, Ischemic Heart Disease, and Total Death by a
1-mmol/L Increase in Nonfasting Triglyceride Levels

Hazard Ratio

(95% Confidence Interval)?

Age-Adjusted

1
Adjusted for Age

Adjusted
and HDL Cholesterol®

Multifactorially ©

Women
Myocardial infarction 1.46 (1.34-1.59) 1.41 (1.26-1.57) 1.20 (1.05-1.37)
Ischemic heart disease 1.30 (1.22-1.40) 1.25 (1.14-1.37) 1.10 (0.99-1.21)
Total death 1.26 (1.20-1.32) 1.18 (1.11-1.26) 1.18 (1.10-1.27)
Men
Myocardial infarction 1.18 (1.13-1.23) 1.16 (1.10-1.22) 1.04 (0.98-1.11)
Ischemic heart disease 1.14 (1.10-1.19) 1.12(1.07-1.18) 1.00 (0.95-1.06)
Total death 1.10 (1.06-1.13) 1.10 (1.06-1.15) 1.08 (1.03-1.13)

Abbreviation: HDL, high-density lipoprotein.

2Based on nonfasting triglycerides on a continous scale.

HDL measured at the 1981-1983, 1991-1994, and 2001-2003 examinations; HDL cholesterol was not measured at

the 1976-1978 examination.

€ Adjusted multifactorially for age, total cholesterol, body mass index, hypertension, diabetes, smoking, alcohol con-
sumption, physical inactivity, lipid-lowering therapy, and in women also for postmenopausal status and hormone

therapy.

in those individuals with entry age of
55 years or younger vs older than 55
years, and in light vs heavy alcohol
drinkers (FIGURE 5).

Nonfasting Triglyceride Levels
on a Continuous Scale

When considered as a continuous vari-
able, nonfasting triglyceride levels were
independently predictive of MI and
death in women and of death in men
(TABLE 2).

COMMENT

We found that elevated nonfasting tri-
glyceride levels, which indicate the
presence of remnant lipoproteins,
were associated with increased risk of
MI, IHD, and total death in men and
women in the general population.
Because most previous studies'®?°
have focused on fasting levels of tri-
glycerides that exclude remnant lipo-
proteins, and studied mainly tertiles or
quartiles of triglycerides rather than
very high levels, the demonstrated
predictive ability of nonfasting triglyc-
eride levels of 5 mmol/L or more
(=442.5 mg/dL) has previously gone
unnoticed. In our data, there even
appears in some cases to be a “jump”
in HRs between triglyceride levels of
less than 5 mmol/L and triglyceride
levels of 5 mmol/L or more. It is not
triglycerides per se that cause athero-
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sclerosis but rather the cholesterol
content of remnant lipoproteins. This
finding is apparent from comparing
the age-adjusted HRs with the multi-
factorially adjusted HRs; multifactorial
adjustment masks the effect of triglyc-
erides by adjusting for factors like
overweight and diabetes, which are
known to lead to elevated levels of tri-
glycerides and remnant lipoproteins.
Increased levels of nonfasting tri-
glycerides may indicate the presence of
increased levels of atherogenic rem-
nant lipoproteins.’® Because all hu-
man cells can degrade triglycerides but
not cholesterol, and because remnant
lipoproteins like LDL carry large
amounts of cholesterol, it is the cho-
lesterol content of remnant particles
that upon entrance into the arterial in-
tima can cause atherosclerosis.'®" Like
LDLs, remnant lipoproteins can enter
into the arterial intima” and may even
be trapped preferentially within the ar-
terial wall.® Patients with genetic dis-
orders leading to large amounts of
plasma remnant lipoproteins develop
premature atherosclerosis? and pa-
tients with familial hypertriglyceride-
mia have increased risk of cardiovas-
cular death.' Also, heterozygosity for
genetic defects in lipoprotein lipase, the
plasma enzyme degrading triglycer-
ides, associates with increased triglyc-
eride levels as well as increased risk of

IHD.**2? Furthermore, patients with
the familial chylomicronemia syn-
drome who during part of their life due
to lipid-lowering treatment have tri-
glyceride levels of 3 to 7 mmol/L (265.5-
619.5 mg/dL) also develop premature
atherosclerosis.”® Finally, subanalyses
of 3 randomized double-blind trials sug-
gest that among patients with in-
creased triglyceride levels, a 20% to 40%
reduction in triglyceride levels associ-
ates with a 30% to 40% reduction in risk
of THD.**2¢

Our cross-sectional data (Figure 1)
suggest that most people eat less fat dur-
ing normal food intake than during a
fat tolerance test, simply because indi-
viduals in the general population have
less plasma triglycerides in response to
normal food intake than during a fat tol-
erance test of 1-gram dairy cream per
kilogram of body weight. The only
modest increase in triglyceride levels
during normal food intake together
with our demonstration of high pre-
dictive ability of nonfasting triglycer-
ides for risk of MI, IHD, and death
opens the possibility that nonfasting
rather than fasting triglyceride levels
should be used for risk prediction. If
implemented, this would simplify blood
sampling for lipid measurements.

Increased triglyceride levels associ-
ate with reduced levels of HDL choles-
terol, a strong risk factor for IHD.*”
However, increased triglyceride levels
is a risk factor for cardiovascular dis-
ease independent of HDL cholesterol
levels.'® Because genetically reduced
levels of HDL associate with decreased
rather than increased risk of THD,?®
and vice versa for genetically increased
levels of HDL cholesterol,**-** HDL
cholesterol levels per se may not
directly influence development of ath-
erosclerosis and IHD. Increased levels
of triglycerides also associate with
increased levels of small, dense LDLs,
both of which associate with athero-
sclerosis.®” This association with ath-
erosclerosis possibly can be explained
by increased levels of remnant lipo-
proteins present in the nonfasting
state rather than by small, dense LDL
per se.*®
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Most previous studies on triglycer-
ides have focused on fasting levels that
exclude remnant lipoproteins, and most
have only compared moderately in-
creased vs low levels.'®2° Therefore,
most previous studies cannot be com-
pared directly with the results of our
study. However, in accordance with our
results, a Norwegian study found that
nonfasting triglyceride levels of 3.5
mmol/L or more (=309.7 mg/dL) vs
less than 1.5 mmol/L (<132.7 mg/dL)
was associated with a 5-fold risk of
death from coronary heart disease and
a 2-fold risk of total death in wom-
en.’* A recent meta-analysis found simi-
lar predictive ability for fasting and non-
fasting upper vs lower tertiles of
triglyceride levels on risk of coronary
heart disease.”

In women, we observed better pre-
dictive ability of nonfasting triglycer-
ide levels than in men, in accordance
with similar findings for fasting tri-
glyceride levels in some'®'* but not all
previous meta-analyses.”® Our strati-
fied analyses suggest that the predic-
tive ability of nonfasting triglyceride
levels for risk of MI, IHD, and death in
young men who only consume small
amounts of alcohol is similar to that in
women. Therefore, because large alco-
hol intake often leads to increased tri-
glyceride levels, and because these
triglyceride-rich lipoproteins may dif-
fer from most remnant lipoproteins
present in nonfasting plasma (type V
vs type IIb hyperlipidemia), it is likely
that high alcohol intake may have
confounded the association between
triglyceride levels and risk of MI, THD,
and death in men in this and former
studies.

Our study limitations include that we
only studied white participants, and
therefore our results may not necessar-
ily apply to other racial groups. Fur-
thermore, the relatively small sample
sizes and wide Cls in groups with the
highest triglyceride levels are of con-
cern. A few participants took lipid-
lowering drugs late in the follow-up pe-
riod, which could have confounded the
results slightly; however, at the 1991-
1994 and 2001-2003 examinations af-
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ter the first 15 and 25 years of follow-
up, only 1% and 2% of the participants
took lipid-lowering drugs. When the
analyses were adjusted for lipid-
lowering drugs, the results changed
only minimally. Nonfasting triglycer-
ide level is dependent on the duration
of fasting; however, since information
on timing since the last meal was not
available for participants of the Copen-
hagen City Heart Study examined in
1976-1978, this could not be taken into
account in our analyses. Therefore, if
triglyceride levels were measured at a
fixed time point after a normal meal or
even after a fat tolerance test, the pre-
dictive ability of nonfasting or post-
prandial triglyceride levels may be even
better than that observed in our study
for random nonfasting triglycerides.

Low participation rates may limit the
ability to extend the results obtained to
the population at large. However, we
invited people at random to represent
the general population, had a partici-
pation rate of 74%, and found inci-
dences of MI and IHD, but not of total
death, to be similar between respond-
ers and nonresponders. In addition, re-
gression dilution bias may influence re-
sults,' although we corrected for this
bias. Furthermore, population admix-
ture may bias results; however, 100%
of our participants were white of Dan-
ish descent. Thus, our study strengths
include an ethnically homogeneous
large sample from a white general popu-
lation with a very high participation
rate, 26 years of 100% complete follow-
up, and correction for regression dilu-
tion bias.

In this population, with 10 baseline
dichotomized risk factors, smoking, hy-
pertension, nonfasting hypercholester-
olemia, obesity, physical inactivity, and
diabetes in both sexes, nonfasting hy-
pertriglyceridemia in women and no
daily alcohol intake in men indepen-
dently predicted increased risk of IHD."
As levels of HDLs and LDLs were first
measured at the 1991-1994 examina-
tion, these risk factors could not be
evaluated during the entire period of
follow-up; however, both these lipo-
proteins measured in the nonfasting

state also predicted increased risk of
IHD in the Copenhagen City Heart
Study.*>¢

We found that nonfasting triglycer-
ide levels independently predict MI,
IHD, and death, particularly in women.
These findings may reflect the effects
of remnant lipoproteins and therefore
may be of considerable interest when
designing future trials of agents aimed
at reducing triglyceride levels or at-
tenuating atherogenic metabolic ab-
normalities. If our findings are con-
firmed, clinical care might be simplified
by using nonfasting lipid profiles for
atherosclerosis risk prediction.
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