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Background—Higher concentrations of the apolipoprotein B (apoB) lipoproteins increase the risk of cardiovascular disease.
However, whether the risk associated with apoB lipoproteins varies with age has not been well examined.

Methods and Results—We determined the associations for total cholesterol, low-density lipoprotein (LDL)-cholesterol (LDL-C),
non-high-density lipoprotein-cholesterol (non-HDL-C), apoB, apolipoprotein A-I (apoA-l), and HDL-cholesterol (HDL-C) with
myocardial infarction at different ages in 11 760 controls and 8998 myocardial infarction cases of the INTERHEART Study. Logistic
regression was used to compute the odds ratio of myocardial infarction for 1 SD change in each lipid marker by decade from <40
to >70 years of age. Except for those >70, plasma levels of total cholesterol, LDL-C, and non-HDL-C and apoB were greater in
cases than controls. However, the average levels of these markers decreased significantly as age increased. By contrast, levels of
apoA-l and HDL-C were significantly greater in controls than cases but increased significantly as age increased. The cardiovascular
risk associated with the atherogenic lipid markers differed at different ages. Most notably, there was a significant decline in the
odds ratio for total cholesterol, LDL-C, and non-HDL-C, and apoB with increases in age whereas the odds ratios associated with
apoA-I and HDL-C were consistent across the age groups.

Conclusions—These data indicate that the risk of cardiovascular events associated with apoB particles is greater in younger
compared to older individuals. This finding is consistent with greater relative benefit from LDL-lowering therapy in younger
compared to older individuals and so argues for therapy in younger individuals with elevated lipids. (/ Am Heart Assoc. 2016;5:
€003665 doi: 10.1161/JAHA.116.003665)
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ow-density lipoprotein cholesterol (LDL-C), non-high-
density lipoprotein  cholesterol (non-HDL-C), and
apolipoprotein B (apoB) have all been proposed as markers
to quantitate the atherogenic damage attributable to apoB
particles. LDL-C is a measure of the mass of cholesterol
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within LDL particles, whereas non-HDL-C is a measure of the
mass of cholesterol within very-low-density lipoprotein, LDL,
and lipoprotein Lp(a) particles. Each of these lipoprotein
particles contains 1 molecule of apoB." However, except for
unusual circumstances such as remnant lipoprotein disorder,
typically 90% of apoB particles are LDL particles. Thus, apoB is
determined by LDL particle number even though apoB also
includes very-low-density lipoprotein and Lp(a) particles.’
Given that apoB lipoprotein particles are a major determi-
nant of cardiovascular risk and given the rapid increase in
cardiovascular risk with age, the cardiovascular risk associ-
ated with apoB particles might be assumed to increase with
age. However, multiple prospective epidemiological studies
have shown that LDL-C, total cholesterol (TC), and apoB all
appear to be more potent risk factors for a coronary event for
those who are <70 years of age compared to those who are
>70.%7® Nevertheless, because age is such a strong determi-
nant of risk,”? the algorithms adopted by Guidelines such as
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strongly favor lowering of LDL-C for primary prevention of
those over 60 compared those who are under 60.'

However, this practice is hard to reconcile with the fact that
even moderately lower levels of LDL-C over a lifetime are
associated with markedly lower cardiovascular risk over a
lifetime.' "2 Moreover, moderate elevation of LDL-C and non-
HDL-C, particularly if persistent, identify a group of individuals at
age 55 who are at substantial cardiovascular risk over the next
15 years, most of whom would not have been recommended for
preventive therapy based on calculations of global risk. '3

Until now, attention has focused on whether markers of
the atherogenic lipoproteins remain predictive in older
individuals. The alternate question—whether these particles
create greater risk in younger individuals and, if so, how much
—has not been specifically addressed. Were this to be the
case, the relative benefit from lowering of apoB particles
might be even greater in those who are younger compared to
those who are older. Accordingly, the objective of the present
study was to examine the major lipid and apolipoprotein
markers as predictors of coronary risk over a broad range of
age. The INTERHEART study includes more than 25 000
participants from all the major regions of the world and also
allows comparison at different ages of the association of LDL-
C, non-HDL-C, and apoB with coronary events.'*

Methods

Details of the design and methods of the INTERHEART study
have been published previously.'* Institutional Review Board
ethics approval was obtained from all participating sites and
all subjects gave informed consent. INTERHEART consisted of
12 461 cases with a first acute myocardial infarction and
14 637 age and sex-matched controls without known
cardiovascular disease. Subjects were recruited from 262
centers in 52 countries. The use of lipid-lowering medications
was documented. Nonfasting blood samples were obtained

Table 1. Lipid and Apolipoprotein Concentrations by Age

from 9345 cases and 12 120 controls. Concentrations of TC,
HDL-C, apoA1, and apoB were measured with the Roche
Hitachi 917 analyzer and concentrations of non-HDL-C were
calculated as TC minus HDL-C. Apolipoprotein concentrations
were measured using the Tina- quant apoB and apoA1 kits
(version 2, with the International Federation of Clinical
Chemistry SP3-07 reference standard and International
Federation of Clinical Chemistry SP1-01 reference prepara-
tions), which are standardized methods for measurement of
apoB and apoA1. Cholesterol concentrations were measured
with an enzymatic colorimetric method (CHOD-PAP) with
cholesterol esterase, cholesterol oxidase, and 4 aminoan-
tipyrine. Concentrations of HDL-C were measured with a
homogeneous enzymatic colorimetric assay (HDL-C plus, 2nd
generation) that uses cholesterol esterase and cholesterol
oxidase coupled with polyethylene glycol to the amino groups.

Statistical Analysis

Of the 27 098 subjects recruited in the INTERHEART study,
data for this analysis were available in 20 758 individuals.
Subjects were categorized by age in decades. Then the mean
and SD of selected lipid parameters across different age groups
overall and by case or control status of the participants were
computed. These included apoB, apoA-1, LDL-C, HDL-C, TC,
and non- HDL-C, which was computed by subtracting HDL-C
from TC. Standardized variables were computed by subtracting
the sample mean and dividing it by sample SD of each lipid
parameter under consideration. Simple logistic regression was
used to compute the odds ratio of myocardial infarction for 1 SD
change in each lipid marker. In addition to sex and ethnicity, we
have also adjusted the odds ratio estimates for diabetes,
smoking, and systolic and diastolic blood pressure and lipid-
lowering medications. Tests of linear trend were also performed
using orthogonal contrast across age categories and using
corresponding coefficients from the logistic regression model.
All analyses were performed using SAS version 9.2 and figures
were prepared using S-Plus version 8.2.

Age, y Age <40 40< Age <50 50< Age <60 60< Age <70 Age >70 P-Trend
Total number: 20 758 1458 4327 5702 5566 3705

ApoB, mg/100 mL 92 (27) 96 (27) 95 (26) 93 (26) 91 (24) 0.0003
Total cholesterol, mg/100 mL 197 (48) 204 (47) 203 (47) 201 (47) 199 (46) 0.726
LDL-C, mg/100 mL 123 (42) 128 (41) 128 (40) 128 (40) 125 (38) 0.069
Non-HDL-C, mg/100 mL 159 (49) 165 (47) 162 (46) 159 (45) 154 (44) <0.0001
Apo-A1, mg/100 mL 111 (25) 114 (25) 117 (26) 120 (27) 120 (28) <0.0001
HDL-C 38 (13) 39 (13) 40 (14) 43 (14) 45 (15) <0.0001

Numbers in parentheses indicate 95% Cl. ApoA-1 indicates apolipoprotein A1; ApoB, apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol; SD, standard deviation.
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Table 2. Cholesterol and Apolipoprotein Concentrations by Age for Controls
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Age <40 to Age <50 to Age <60 to Age >70

Age, y Age <40 (903) <50 (2535) <60 (3241) <70 (3135) (1946) P-Trend
ApoB, mg/100 mL 88 (25) * 92 (24)* 92 (25" 92 (25" 91 (24) 0.003
Total cholesterol, mg/100 mL 192 (45) 198 (44) 200 (46)* 201 (45) 200 (46)" <0.0001
LDL-C, mg/100 mL 117 (38)* 122 (38)* 124 (39)* 126 (38)* 124 (38)" <0.0001
Non-HDL-C, mg/100 mL 153 (46)* 159 (44)* 159 (46)* 157 (43)* 155 (43)° NS
ApoA-1, mg/100 mL 115 (25)* 118 (25)* 121 (27) 124 (29) 124 (30) <0.0001
HDL-C, mg/100 mL 39 (14)* 39 (14)* 41 (14)* 44 (15)* 45 (15)’r <0.0001

Numbers in parentheses indicate 95% Cl. ApoA-1 indicates apolipoprotein A1; ApoB, apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol; SD, standard deviation.
*P<0.001 controls vs cases.

NS P not significant controls vs cases.

¥P<0.015 controls vs cases.

Results

The number of cases and controls and the average lipid and
apolipoprotein levels by age are described in Table 1. As
would be expected, the smallest numbers of cases were
<40 years of age. Nevertheless, even in this age category,
data on 555 cases and 903 controls are included. For the
total group, that is, for cases and controls taken together, the
average apoB, non-HDL-C, and TC is higher in younger than
older individuals but the differences are small and inconsis-
tent. By contrast, apoA-I and HDL-C are clearly greater in the
older subjects than the younger ones (P<0.0001).

Table 2 describes the average levels of the lipid markers by
age categories separately for controls and Table 3 for cases.
Comparing cases to controls, except for the oldest subjects,
apoB (P<0.001), non-HDL-C (P<0.001 age <40, >40<50;
P<0.015>60<70) and LDL-C (P<0.001) are significantly higher
in cases than controls. However, apoA-l is significantly higherin
controls than in cases at all ages (P<0.001 at all ages) and HDL-
C is significantly higher (P<0.001) at all ages in controls
compared to case except for those >70. The concentrations of

apoB, TC, and LDL-C are slightly, but significantly, higher in the
older controls whereas the converse is observed for apoA-l and
HDL-C. By contrast, apoB, LDL-C, and non-HDL-C levels are
significantly lower in older compared to younger cases whereas
apoA-l and HDL-C are significantly higher in younger cases
compared to older cases.

Table 4 displays the odds ratios (OR) by age group,
adjusted for sex, ethnicity, systolic and diastolic blood
pressure, smoking, and lipid-lowering medications for the
pro- and anti-atherogenic lipoprotein markers. The ORs for
apoB, LDL-C, and non-HDL-C are highest at <40 and 40 to 50
and decrease steadily thereafter. The trends with increased
age are all statistically significant (P<0.001). Except for the
extremes, the age-related ORs for apoB are significantly
higher than for non-HDL-C (P<0.001), whereas the differences
between apoB and LDL-C were not. With regard to the anti-
atherogenic markers, the OR for apoA-l is substantially lower
than for HDL-C at all ages (P<0.001). Moreover, and in
contrast to the proatherogenic markers, except for those >70,
there is little absolute change in values at the different ages
for both apoA-l and HDL-C.

Table 3. Cholesterol and Apolipoprotein Concentrations by Age for Cases

Age <40 to Age <50 to Age <60 to Age >70

Age, y Age <40 (555) <50 (1792) <60 (2461) <70 (2431) (1759) P-Trend

ApoB, mg/100 mL 100 (30) 103 (28) 99 (26) 95 (27) 91 (25) <0.0001
Total cholesterol, mg/100 mL 205 (52) 211 (50) 206 (47) 202 (49) 198 (46) <0.0001
LDL-C, mg/100 mL 133 (47) 137 (43) 133 (40) 131 (41) 126 (39) <0.0001
Non-HDL-C, mg/100 mL 169 (52) 174 (49) 167 (46) 160 (47) 154 (44) <0.0001
ApoA-1, mg/100 mL 105 (23) 109 (23) 111 (24) 114 (24) 116 (25) <0.0001
HDL-C, mg/100 mL 36 (13) 37 (12) 39 (12) 41 (12) 44 (14) <0.0001

Numbers in parentheses indicate 95% Cl. ApoA-1 indicates apolipoprotein A1; ApoB, apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol.
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Table 4. Odds Ratio for 1 SD Change LDL-C, Non-HDL-C, and apoB Adjusted for Age, Sex, Ethnicity, Smoking, SBP and DBP, and
Lipid-Lowering Medication

Non-HDL-C*

TC*

ApoA1*

HDL-CT

1.25 (1.22-1.29

1.20 (1.17-1.24)

0.70 (0.68-0.73

0.87 (0.84-0.90)

Age, y ApoB* LDL-C*
0: Overall 1.36 (1.32-1.41 1.33 (1.29-1.37)
1: Age <40 1.51 (1.34-1.70 1.38 (1.23-1.55)

1.32 (1.18-1.48

1.29 (1.14-1.45)

0.66 (0.57-0.76

0.87 (0.76-0.99)

2: Age <40 to <50

0.87 (0.80-0.94)

3: Age <50 to <60

1.41 (1.33-1.49

1.35 (1.27-1.44)

1.27 (1.20-1.34

1.22 (1.15-1.29)

0.70 (0.66-0.75

4: Age <60 to <70

1.25 (1.18-1.33

1.25 (1.18-1.33)

1.12 (1.05-1.19)

0.69 (0.65-0.74

0.84 (0.79-0.89)

5: Age >70

)
)
1.62 (1.51-1.74)
)
)
)

1.12 (1.04-1.21

(
(
1.55 (1.44-1.67)
(
(
(

1.18 (1.09-1.27)

1.08 (1.00-1.16

)
)
1.47 (1.37-1.58)
)
)
)

(
118 (1.11-1.25
(

(
(
1.43 (1.33-1.53)
(
(
(

1.05 (0.97-1.13)

)
)
0.70 (0.64-0.75)
)
)
)

0.75 (0.70-0.81

(
(
0.85 (0.80-0.90)
(
(

0.94 (0.88-1.01)

Numbers in parentheses indicate 95% Cl. ApoA-1 indicates apolipoprotein A1; ApoB, apolipoprotein B; DBP, indicates diastolic blood pressure; SBP, systolic blood pressure; LDL-C, low-

density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol; TC, total cholesterol.

*P<0.001 significant decrease as age increased.
P not significant across range of ages.

These trends are presented in Figures 1 and 2, which
display the ORs for the markers at different ages when
adjusted for age, sex, ethnicity, diabetes, smoking, and
systolic and diastolic blood pressures. The similarity of the
downward trends as age increased for all the proatherogenic
markers are all significant (P<0.001). By contrast, no clear
trend across the age spectrum is apparent for the anti-
atherogenic markers.

Discussion

This is the first study to systematically evaluate the effects of
LDL-C, non-HDL-C, apoB, HDL-C, and apoA-l on the risk of a
coronary event at different ages. Overall, the ORs were higher
for apoB, non-HDL-C, and LDL-C in myocardial infarction cases
compared to controls. However, contrary to what might have
been expected from the fact that the risk of cardiovascular
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Figure 1. Odds ratios for low-density lipoprotein cholesterol
(LDL-C), non-high-density lipoprotein cholesterol (non-HDL-C), and
apolipoprotein B (apoB) overall and for each decade.

events dramatically increases with age, these ORs all signif-
icantly decreased with age. We also found significant
decreases in the concentrations of the 3 LDL-related markers
of cardiovascular risk as age increased. By contrast, while
there were significant increases in the concentrations of apoA-
| and HDL-C at the older ages, there was no significant trend
to change in the ORs for apoA-l and HDL-C.

At the present time, risk is the primary criterion that has
been adopted by guidelines to initiate lipid-lowering therapy to
reduce the subsequent risk of cardiovascular disease.
Because age is the principal determinant of risk as calculated
by guideline algorithms,®? except for those with markedly
elevated levels of LDL-C or diabetes, lipid-lowering interven-
tions become common only after the age of 60.'° The
evidence that even moderately lower lifelong levels of LDL-C
are associated with substantially lower levels of cardiovascu-
lar events'"'? and that even moderate elevations of LDL-C

1.0 _ %
5 4 % ] %
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M apoA1 (mg/dL) p=0.124
[ HDL-C (mg/dL) p=0.184 '
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Overall <40 40-50 50-60 60-70 >70
Age (years)

Figure 2. Odds ratios for high-density lipoprotein cholesterol
(HDL-C) and apolipoprotein A-1 (apoA-l) overall and for each
decade.
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and non-HDL-C, if sustained, can produce considerable 15-
year cardiovascular risk suggest that important treatment
opportunities are being lost.”® There is no doubt, therefore,
that elevated levels of the apoB lipoproteins, if present during
the third to sixth decades of life, are a potent cause of
cardiovascular events, an observation that argues for earlier
intervention in such individuals.

The use of risk models by guidelines has substantially
advanced cardiovascular prevention because it integrates the
adverse effects of the accepted cardiovascular risk factors.
However, while risk algorithms generate reasonably precise
estimates of the incidence of disease in a group, such estimates
are often unacceptably imprecise for the individuals who make
up the group.'® Moreover, basing the decision as to whether
preventive therapy is justified solely upon calculated risk
assumes that the benefit of statin therapy in an individual is
determined only by the level of risk in that individual, whereas
the Cholesterol Treatment Trialists (CTT) study demonstrated
that benefit will also relate to the baseline level of LDL-C: the
higher the baseline level of LDL-C, the greater the absolute
lowering that is possible and therefore the greater the absolute
benefit that is possible.'® Based on these principles, we have
shown that the potential benefit from statin therapy can be
calculated for each individual—the estimated individual benefit
—and doing so would extend preventive therapy to a substan-
tial number of younger individuals with moderately high levels
of LDL-C without increasing the maximum number to prevent 1
cardiovascular event.'”

The present study demonstrates that the atherogenic risk
attributable to the apoB lipoproteins varies at different ages.
The absolute risk due to LDL would be greatest at younger
ages due to the higher levels and to the higher OR. Since the
level of LDL is a major determinant of the benefit of LDL-
lowering treatment,'® then the benefit of LDL lowering would
be expected to be relatively greater in younger compared to
older subjects.

Because cardiovascular risk, and therefore the incidence of
cardiovascular events, increases so sharply after age 60,
cardiovascular disease is thought to be a disease of older age
groups.'® But half of all cardiovascular events in men and one
third in women occur before age 65."? Forty- and 50-year-olds
account, quantitatively, for an important fraction of the total
number of events. Given that the population at risk in these
age groups is so large and that the 10-year risk for the great
majority of individuals is low, more emphasis will have to be
placed on identifying those subjects in whom the causes of
cardiovascular disease such as high apoB lipoproteins are
present. Similarly, more emphasis must be placed on those
who are younger regarding the causes of vascular disease.
The present findings add to that argument by demonstrating
that the risk associated with the apoB lipoproteins is greater
in younger compared to older individuals.

A strength of the INTERHEART design is that it includes
sufficiently large numbers of younger as well as older individ-
uals, with and without clinical events, to allow comparison of
the atherogenic markers for their relation to the chance of a
clinical event at the different ages. Nevertheless, INTERHEART
is not a prospective observational study.'* The Prospective
Collaboration Study, a meta-analysis, which included 51 000
cardiovascular deaths (nonfatal myocardial infarctions were not
collected) demonstrated that the risk of cardiovascular deaths
associated with higher total cholesterol levels is greater in
younger compared to older individuals.” More recently, inves-
tigators from the Malmo Preventive Project performed a
matched case—control analysis to examine the relation of risk
factors and age of incident myocardial infarction.?® They
reported an inverse relation between the OR for total choles-
terol and quartiles of age for incident myocardial infarction but
not for the other conventional risk factors. A positive family
history was also associated with premature disease. Triglyc-
erides were measured but not apoB or the other lipoprotein
lipids. Our results are consistent with and extend these
observations.

What might explain the inverse relation between cardiovas-
cular risk and the apoB lipoproteins that we have observed? We
hypothesize that the inverse relation of LDL to the risk of a
cardiovascular event is based on the anatomic stage and extent
of atherosclerotic disease present within the arterial wall.
Detailed pathological studies demonstrated that lesions with a
substantial mass of extracellular cholesterol—hence lesions
that can precipitate a clinical event due to plaque rupture—as a
rule appear only in the fourth decade but progress rapidly up to
the sixth decade with more gradual advancement after
that.?"?2 Cholesterol-rich lesions dominate early disease but
are less prominent later as extensive scarring and calcification
progressively develop within the atherosclerotic arteries. The
evolution of these structural features suggests that plaque
rupture, which is the lesion most closely related to LDL, may
predominate in the earlier life history of the disease but may be
less prominent as a mechanism of an acute ischemic event later
when intramural hematoma and endothelial erosion may
become more common. To be sure, depending on the level of
LDL, as well as other factors, progression in lesion pathology
will occur at different rates in different individuals. Neverthe-
less, such a general anatomical sequence would be consistent
with the temporal pattern we have observed. These observa-
tions suggest that earlier LDL lowering will be associated with
greater clinical benefit, a relation that has been documented in
the CTT meta-analysis.

Except for those >70, the OR for apoB was greater at each
age than LDL-C or non-HDL-C. These differences were statis-
tically significant for non-HDL-C but not for LDL-C. More
stringent testing of their relative predictive powers by discor-
dance analysis of the INTERHEART study demonstrates that
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cardiovascular risk is more powerfully predicted by apoB than
by LDL-C and non-HDL-C,?® results that are consistent with a
series of other results of discordance analysis.?* 2% Moreover,
apoB has been shown to correlate more closely with the clinical
benefit of statin therapy than LDL-C or non-HDL-C?° and more
closely than LDL-C or non-HDL-C with a decrease in angio-
graphic progression of coronary lesions.*® Finally, our results
are consistent with the findings of Wiesbauer and colleagues®’
and Zambon et al®” that an apoB that is disproportionately
elevated compared to LDL-C is more common in individuals
with premature coronary artery disease.

In summary, the present data demonstrate an inverse
relation between the cardiovascular risk posed by apoB, LDL-
C, and non-HDL-C and age, a relationship that is consistent
with potentially greater relative benefit of preventive LDL
lowering in younger age groups.
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