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High Lipoprotein(a) Levels and Small Apolipoprotein(a) Size
Prospectively Predict Cardiovascular Events in Dialysis Patients
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Lipoprotein(a) [Lp(a)] levels are increased in dialysis patients, suggesting that they may play a role in the elevated athero-
sclerotic cardiovascular disease (ASCVD) risk in this population. Few prospective studies of Lp(a) level, apolipoprotein(a)
[apo(a)] size, and ASCVD have been performed in the dialysis population. An inception cohort of 833 incident dialysis
patients were followed prospectively. Baseline Lp(a) was measured by apo(a) size-independent ELISA and apo(a) size by
Western blot after SDS—-agarose gel electrophoresis. A combined prospective nonfatal and fatal ASCVD end point included
myocardial infarction, coronary revascularization, cerebrovascular accident, carotid endarterectomy, peripheral revasculariza-
tion, gangrene, or limb amputation. Survival analyses were performed with adjustment for baseline demographics, comorbid
conditions, ASCVD risk factors, albumin, lipids, and C-reactive protein. Median follow-up was 27.4 mo, with 297 ASCVD
events, 130 non-ASCVD deaths, and seven losses to follow-up over 1649 person-years. In multivariate Cox regression models,
both high Lp(a) concentration (=53 nmol/L) and low molecular weight (LMW) apo(a) isoforms (=22 Kringle-IV repeats)
predicted ASCVD events (relative hazard [RH] = 1.38, P = 0.02; RH = 1.58, P < 0.0005, respectively). In models that included
both Lp(a) concentration and apo(a) size, only apo(a) size remained associated with ASCVD. Among those with both LMW
apo(a) and Lp(a) level >123 nmol/L, the relative hazard (RH) of ASCVD was 1.73 (P < 0.0005), compared with high molecular
weight apo(a) and Lp(a) level <123 nmol/L. No interactions by age, race, gender, diabetes, or ASCVD were present. Both LMW
apo(a) size and high Lp(a) level predict ASCVD risk in dialysis patients, but the association of ASCVD with LMW isoforms

is stronger than the association with high Lp(a) concentration.
atients with ESRD have a greatly elevated risk for ath-
erosclerotic cardiovascular disease (ASCVD). This in-
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P creased risk is only partially explained by traditional
risk factors associated with ESRD (1-4), prompting interest in
novel ASCVD risk factors, such as lipoprotein(a) [Lp(a)], levels
of which are elevated in ESRD (5). Lp(a) is composed of an LDL
particle covalently bonded to apolipoprotein(a) [apo(a)], a gly-
coprotein with a highly variable number of Kringle-IV (K-IV)
units related to a polymorphism encoded in the apo(a) gene.
Lp(a) levels are inversely related to apo(a) isoform size (6).
Many previous studies in the general population have found
that high Lp(a) levels (7) and small apo(a) size (8-12) are
associated with ASCVD. The few studies of Lp(a) in ESRD have

provided conflicting results (13-15), with the only prospective
study to evaluate both Lp(a) and apo(a) size reporting that
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small apo(a) size but not Lp(a) level is associated with increased
ASCVD (13).

The Choices for Healthy Outcomes in Caring for ESRD
(CHOICE) Study, a prospective study of outcomes among black
and white incident dialysis patients, previously found that
small apo(a) size but not Lp(a) level was associated with total
mortality (16). The current study, based on the CHOICE cohort,
tested the a priori hypothesis that small apo(a) size but not high
Lp(a) level is associated with prospectively ascertained ASCVD
in a national, biracial cohort of patients who begin dialysis.

Materials and Methods
Study Design and Population

The CHOICE Study enrolled 1041 participants in 19 states from 81
dialysis clinics associated with Dialysis Clinic, Incorporated (DCI;
Nashville, TN; n = 923 from 79 clinics), New Haven CAPD (New
Haven, CT; n = 86 from one clinic), or Saint Raphael’s Hospital (New
Haven, CT; n = 32 from one clinic) from October 1995 to June 1998.
Enrollment occurred a median of 1.6 mo after first dialysis (98% within
4 mo). Blood was obtained only at the DCI clinics, and samples were
available for determination of Lp(a) level and apo(a) size for 872
(93.6%) of the 923 DCI participants; 833 (90.2%) were eligible for Lp(a)-
related analysis. Enrollment criteria included initiation of dialysis in the
preceding 3 mo, ability to give written informed consent, age over 17
yr, and ability to speak English or Spanish. The Johns Hopkins Uni-
versity School of Medicine Institutional Review Board approved the
protocol.
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Data Collection

Baseline comorbidity was ascertained using a validated comorbidity
score (range 0 to 3) derived from the Index of Co-Existent Disease
(ICED) as described previously (17). Baseline ASCVD was defined as
any history of myocardial infarction, cardiac revascularization proce-
dure, stroke, carotid endarterectomy, extremity gangrene or peripheral
revascularization procedure, limb amputation, or abdominal aortic an-
eurysm repair.

A composite ASCVD outcome was composed of the first cardiovas-
cular event (fatal or nonfatal) during follow-up, including the same
events as ascertained for the baseline ASCVD. Hospital records were
requested for all deaths and for potential nonfatal events when any of
four sources (quarterly dialysis nurse assessment, annual dialysis clinic
record review, annual patient questionnaire, or periodic Health Care
Financing Administration [HCFA] billing data) indicated a hospitaliza-
tion for a potential ASCVD event or for congestive heart failure. A
study physician reviewed all charts, flagging charts with a possible
event for review by the ASCVD Outcomes Committee. Two ASCVD
Outcome Committee physicians then independently reviewed all
records with a potentially positive ASCVD event. Any disagreement
between the two independent reviewers was adjudicated by a third
reviewer.

All nonfatal events had specific written criteria for classification
(myocardial infarction: history, EKG, and enzymes; stroke: symptoms,
physical examination, and radiologic criteria; surgical procedures: op-
erative note or date documented in the medical record). Depending on
the combination of data observed, events were coded as “definite,”

s

“probable,” “suspect,” or “no event.” Hospitalization charts were re-
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viewed for 177 (92%) of 192 nonfatal events. The 15 events without an
available hospital record were coded on the basis of the agreement of
two of the four sources listed above, with a condition that one of the
sources included the HCFA discharge diagnosis. The « statistic be-
tween the two initial reviewers regarding the strength of diagnosis
(definite, probable, suspect, and none) was 0.86 for myocardial infarc-
tion and 0.85 for cerebrovascular accident. After it became apparent
that the agreement on strength of diagnosis between two reviewers was
essentially 100% for procedure events, a single review was deemed
sufficient for accurate coding. “Definite” and “probable” events were
included as events in the final analysis.

Vital status is verified actively every 3 mo, and records are sent to the
coordinating center upon a participant’s death. Fatal outcome events
were adjudicated by two independent physicians using a written algo-
rithm for ASCVD cause of death ascertainment (see Table 1 for ASCVD
cause of death classification codes modified from the HEMO Study
[18]). The same criteria used for nonfatal events were used for fatal
events. Medical records were available and reviewed for 92 (62%) of the
148 in-hospital deaths. Out-of-hospital deaths and in-hospital deaths
with no chart available were coded according to the HCFA Death
Notification Form (see Table 2). Agreement between the two indepen-
dent reviewers on ASCVD causes of death was excellent (k = 0.88 for
coronary artery disease, 0.92 for cerebrovascular disease, and 0.82 for
peripheral vascular disease).

Serum was collected and stored at —80°C. Sample draw occurred at
a median of 4.4 mo after first dialysis (95% within 6.8 mo). Lp(a)
concentration was measured by a direct binding double mAb-based
ELISA, as previously reported (6). The detection antibody is directed to

Table 1. Atherosclerotic cardiovascular disease causes of death classification codes (modified from the

HEMO Study)?®

Code Description
CHD codes
01DA Sudden death as a result of CHD (sudden death in setting of previous CHD event)
01DB MI
01DE Other forms of ischemic heart disease
01DE-1 History positive for MI within 4 wk of death
01DE-2 Chest pain was present within 72 h of death
01DE-3 Congestive heart failure present at time of death, with a history of CHD
01DE-4 Lethal arrhythmia (not sudden) with history of coronary artery disease,
but not qualifying for 01DE-1 to 01DE-3
01DH Death from complication of cardiac revascularization
Cerebrovascular
disease codes
06DA Cerebrovascular accident, thrombotic
06DF Death from complication of carotid endarterectomy procedure
PVD codes
07DB Peripheral vascular disease (coded if any of the following are positive)
07DA Hemorrhage from ruptured vascular aneurysm
07DE Abdominal aortic aneurysm
07DF Thoracic aortic aneurysm
07DG Aortic aneurysm (not specified as abdominal aortic aneurysm or thoracic aortic aneurysm)
07DJ Mesenteric ischemia or infarction/ischemic bowel
07DK Gangrene with or without septicemia-shock as a result of PVD
07DN Death from complication of a PVD procedure

2All codes are assigned using specific designated criteria. CHD, coronary heart disease; MI, myocardial infarction; PVD,

peripheral vascular disease.



J Am Soc Nephrol 16: ???-2??, 2005

Lipoprotein(a) and Cardiovascular Disease 3

Table 2. Atherosclerotic cardiovascular disease causes of death on HCFA Death Notification Form (used for out-
of-hospital deaths and in-hospital deaths for which no hospital record was available)®

Code Description
CHD death codes
23 MI, acute
26 Atherosclerotic heart disease
28 Cardiac arrhythmia (coded as an ASCVD death if the patient had a previous CHD event)
29 Cardiac arrest, cause unknown (coded as an ASCVD death if the patient had a previous
CHD event)
Cerebrovascular
disease death codes
36 Cerebrovascular accident
37 Ischemic brain damage
PVD death codes
41 Hemorrhage from ruptured vascular aneurysm
44 Mesenteric infarction/ischemic bowel
51 Septicemia, as a result of PVD, gangrene

2ASCVD, atherosclerotic cardiovascular disease; HCFA, Health Care Financing Administration.

anonrepeating epitope present in apo(a) K-IV type 9, making this assay
insensitive to apo(a) size. Lp(a) concentrations were expressed in
nmol/L. The analytical coefficient of variation of Lp(a), based on five
duplicate samples of varying Lp(a) concentrations (12 to 120 nmol/L)
in each ELISA plate, ranged from 4.0 to 6.7%.

Apo(a) isoforms were characterized using a high-resolution SDS—
agarose gel electrophoresis method followed by immunoblotting, as
previously reported (19). We used a size designation related to each
isoform’s number of K-IV repeats (19,20). The coefficient of variation
for apo(a) size in the CHOICE cohort was 11.7% (1 = 49). An exact
match of the smallest allele size for the 49 blindly split samples was
present for 48.9%, and a match * 1 repeat was present for 93.8%.

Statistical Analyses

Statistical analyses were performed with Stata (version 6.0). The
Mann-Whitney U test was used to test for differences in median values
of skewed variables. Lp(a) was dichotomized at the median (52.5
nmol/L) and log-transformed when analyzed continuously. Low mo-
lecular weight (LMW) apo(a) isoforms were designated by convention
as =22 K-IV repeats. Both were also analyzed by quartile and tested for
trend across quartiles. In addition, some analyses evaluated an Lp(a)
cutoff of =206 nmol/L (=90th percentile) and an apo(a) size cutoff of
=16 K-IV repeats (=10th percentile). All analyses of apo(a) size used
the predominantly expressed isoform.

Survival time was defined as time from blood draw to outcome event
or censoring. The time scale used in the analysis was time from first
dialysis, with staggered entry at time of exposure ascertainment. Of the
872 individuals with Lp(a) data, 29 were excluded from analysis owing
to a new ASCVD event between enrollment and Lp(a) determination,
and 10 individuals were excluded to allow for left truncation at 4.0 mo
for the purpose of producing more stable Kaplan-Meier curves.

Several groups of covariates were selected a priori for inclusion in
Cox regression models. Group 1 (demographics and modality) in-
cluded age, race, gender, and baseline dialysis modality. Group 2
(comorbid conditions) added the ICED score, cause of renal disease,
and baseline ASCVD. Group 3 (other CVD risk factors) added total
cholesterol, HDL cholesterol, smoking status, and systolic BP. Group 4
(nutrition) added albumin, body mass index, and creatinine. C-reactive

protein (CRP) was also added to group 4 in separate models. A priori
stratified analyses investigating interactions were also performed by
age, race, gender, dialysis modality, diabetes, prevalent ASCVD, LDL
cholesterol, and CRP level. The proportionality assumption of the Cox
models was tested using —In[—In(survival)] curves and regression of
scaled Schoenfeld residuals on functions of time. No variables were
found to violate model assumptions.

Those with prevalent ASCVD outcomes were included in the pri-
mary analysis for several reasons. First, an analysis that was restricted
to those without prevalent ASCVD found a similar association to that
of the analysis that was restricted to those with a history of ASCVD
(there was no interaction). Importantly, those with previous ASCVD
events remain at risk (and higher risk) for future ASCVD events. There
is no scientific evidence that Lp(a) ceases to be a risk factor for future
events after a first event. Furthermore, because the prevalence of AS-
CVD is almost 50%, to exclude prevalent cases significantly reduces the
statistical power of the analysis. Excluding so many in the cohort would
also likely render the results less generalizable to the whole dialysis
population. Last, in the dialysis population, those without a history of
CVD events have a far higher level of atherosclerosis than is found
among those in the general population without a history of CVD.
Therefore, the difference in the degree of atherosclerosis between those
with and without CVD in the dialysis population is not as great as
would be seen in other populations. For all of these reasons, it was
decided to include those with prevalent CVD and to adjust for this
factor in the primary analyses.

Results

Median follow-up was 27.4 mo, with 297 ASCVD events (192
nonfatal and 105 fatal) during 1649 person-years at risk. A total
of 130 (15.6%) died from non-ASCVD causes, seven (0.8%) were
lost to follow-up, 144 (17.3%) were censored upon renal trans-
plantation, and the remainder were followed until the end of
follow-up.

Table 3 shows that age, gender, and race in the CHOICE
cohort are similar to the contemporary US dialysis population
(1997 US Renal Data System data) (21). Table 4 demonstrates
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Table 3. Characteristics of the US dialysis population (USRDS data) and baseline characteristics of the CHOICE

cohort®
1997 USRDS Incident CHOICE
Characteristic Dialysis Patients Participants
(' = 79,102) (n = 833)

Median age (years [IQR]) 61 59.2 (46.3, 68.9)
Female gender (n [%]) 47 391 (46.9)
Race (1 [%])

white 65 534 (64.1)

black 29 255 (30.6)

other 6 44 (5.3)
Dialysis modality (1 [%])

HD 87 675 (81.0)

PD 13 158 (19.0)
ESRD cause (1 [%])

diabetes 42 392 (47.1)

HTN 25 146 (17.5)

GN 9 130 (15.6)

other 23 44 (19.8)
Baseline CVD (1 [%]) 352 (42.3)
Diabetes (1 [%]) 453 (54.4)

Median Lp(a) (nmol/L [IQR])
all
whites
blacks
Median apo(a) size (K-IV repeats [IQR])
all
whites
blacks

Median time from first dialysis to enrollment (mo [IQR])
Median time from first dialysis to Lp(a) determination (mo [IQR])

Median follow-up (mo [range])

52.5 (16.2 to 121.9)
36.3 (10.6 to 106.0)
86.9 (46.9 to 148.1)

24 (19 to 28)
25 (19 to 29)
23 (20 to 27)
1.6 (0.9 to 2.5)
44 (3.7 t0 5.1)
33.8 (0 to 63.9)

*USRDS, US Renal Data System; CHOICE, Choices for Healthy Outcomes in Caring for ESRD; IQR, interquartile range; HD,
hemodialysis; PD, peritoneal dialysis; HTN, hypertension; GN, glomerulonephritis; CVD, cardiovascular disease; K-V,

Kringle-IV.

that those who were censored at renal transplantation (n =
163), compared with those who remained under follow-up,
were significantly younger and included more men, whites,
participants on peritoneal dialysis, participants with a low
ICED comorbidity score, and causes of renal disease other than
diabetes and hypertension. The transplant group had a lower
Lp(a) level (45.0 versus 54.4 nmol/L) but did not differ signifi-
cantly by apo(a) subtype.

Figure 1A presents unadjusted Kaplan-Meier curves showing
a marginal association between Lp(a) level and ASCVD events
among whites but no association among blacks. A stronger
association exists between LMW apo(a) isoform size and
ASCVD in both whites and blacks (Figure 1B).

In multivariate Cox models, Lp(a) level >52.5 nmol/L was
independently associated with a 30 to 40% increased risk for
ASCVD events (Table 5). A 60 to 90% increased risk for ASCVD
was seen for Lp(a) levels =206 nmol/L (90th percentile), com-
pared with Lp(a) <206 nmol/L. LMW apo(a) size was associ-
ated with a 60 to 90% increase risk for ASCVD events, with

adjustment for the same covariates, and apo(a) size =16 K-IV
repeats (=10th percentile) was associated with a 40 to 100%
increase in ASCVD risk, compared with apo(a) size >16 K-IV
repeats (Table 6).

Figure 2 presents ASCVD risk by Lp(a) concentration and
apo(a) size quartile, showing that the adjusted risk for ASCVD
events is significantly increased both with higher Lp(a) concen-
trations (A) and with smaller apo(a) size (B), although the
association with smaller apo(a) size is stronger than the asso-
ciation with increased Lp(a) concentration. For Lp(a) =206
nmol/L (=90th percentile) compared with the first quartile, the
relative hazard (RH) was 1.71 (1.11-2.65; P = 0.015). For apo(a)
isoforms =16 K-IV repeats (=10th percentile) compared with
the fourth apo(a) size quartile, the RH was 2.0 (1.27-3.14; P =
0.003).

The same associations were present when only individuals
with no prevalent ASCVD were included in the analysis (1 =
410 with 92 events; for LMW isoforms, RH = 1.82, P = 0.007; for
Lp(a) =52.5 nmol/L, RH = 1.33, P = 0.23; and for Lp(a) =206.0
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Table 4. Cohort characteristics, by transplant status®
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Nontransplant Group®

Transplant Group®

Characteristic (n = 682) (n = 144) P Value
Median age (yr) 61.8 45.4 <0.0005
Race (%) 0.03

white 62.0 73.6
black 324 23.6
other 5.6 2.8
Female gender (%) 48.8 36.8 0.009
Dialysis modality (%) <0.0005
HD 83.7 69.4
PD 16.3 30.6
Cause of renal disease (%) <0.0005
diabetes 50.6 31.9
HTN 18.3 13.9
GN 13.1 26.4
other 18.0 27.8
ICED comorbidity score (%) <0.0005
level 0-1 28.9 56.9
level 2 39.8 25.7
level 3 31.2 17.4
CVD (%) 47.0 20.8 <0.0005
Diabetes (%) 56.4 375 <0.0005
Median Lp(a) level (nmol/L) 54.4 45.0 0.06
Median apo(a) size 24 25 0.36

AICED, Index of Co-Existent Disease.

PThose who remained under active or passive follow-up until administrative censoring or death.

“Those who remained under follow-up until transplantation.

nmol/L, RH = 2.53; P = 0.003]. The association was similar in
whites (n = 460 with 188 events; for Lp(a) =52.5 nmol/L, RH =
1.44, P = 0.02; and for LMW apo(a) size, RH = 1.63, P = 0.001)
and blacks, although the estimates for blacks were not statisti-
cally significant (n = 230 with 59 events; for Lp(a) =52.5
nmol/L, RH = 143, P = 0.26; and for LMW apo(a) size, RH =
1.44, P = 0.24). No significant interactions by age, race, gender,
dialysis modality, diabetes, prevalent ASCVD, LDL cholesterol,
and CRP level were present for either Lp(a) level or apo(a) size.

When high Lp(a) concentration (quartile 4 cutoff) and LMW
apo(a) size are entered simultaneously into a Cox regression
model, the effect of small apo(a) size remains (RH = 1.52; P =
0.004), whereas the effect of high Lp(a) concentration becomes
insignificant (RH = 1.15; P = 0.238). Figure 3 demonstrates that
there is no interaction between Lp(a) concentration and apo(a)
size in the risk for ASCVD events and that the effect size of
LMW apo(a) size is much larger than that of high Lp(a) con-
centration, when considered together. Similar associations were
seen when Lp(a) level and apo(a) size were dichotomized at the
median or the quartile 4 cutoff.

Discussion

Previous studies have found either high Lp(a) concentration
or small apo(a) size but not both to be risk factors for ASCVD
in the dialysis population. This prospective study of 833 inci-
dent dialysis patients found a moderate, independent associa-

tion between ASCVD and high Lp(a) concentration and a stron-
ger association with LMW apo(a) isoform size. Although no
multiplicative interaction was seen between small apo(a) size
and high Lp(a) level, the group with LMW isoforms and Lp(a)
concentration >123 nmol/L had the highest risk (RH = 1.73;
P < 0.0005).

A large number of prospective studies in the general popu-
lation have found an association between high Lp(a) level and
coronary heart disease (7), but few prospective studies of apo(a)
isoform size and CHD in the general population have been
published (8,12). The largest nested case-control study of Lp(a),
apo(a), and incident CHD in the general population (n = 134
cases) found an association between Lp(a) and CHD but not
between apo(a) size and CHD, although the crude analysis
showed a trend toward smaller apo(a) size among cases (12).
Conversely, the Bruneck Study found that LMW isoform size
was prospectively associated with advanced atherosclerosis,
especially in the presence of elevated Lp(a) concentrations, and
that Lp(a) concentration was associated with early atheroscle-
rosis, but this was restricted to those with elevated LDL cho-
lesterol levels (8).

Kronenberg et al. reported the only previously published
prospective study that investigated both Lp(a) level and apo(a)
size as risk factors for CHD in the dialysis population (13). They
found that LMW isoform size, not Lp(a) level, was associated
with the development of CHD (n = 66 CHD events; adjusted
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Event-free survival, by Race and Lp(a) Level
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Figure 1. Kaplan-Meier survival curves showing time to com-
bined fatal and nonfatal atherosclerotic cardiovascular disease
(ASCVD) event, stratified by race, lipoprotein(a) [Lp(a)] level
[low Lp(a) level <52.5 nmol/L; high Lp(a) level =52.5 nmol/L;
A], and apolipoprotein(a) [apo(a)] size [low molecular weight
(LMW) apo(a) size =22 Kringle IV (K-IV) repeats; high molec-
ular weight (HMW) apo(a) size >22 K-IV repeats; B].

RH = 2.3; P = 0.0008). The same authors reported earlier that,
among those with high molecular weight apo(a) isoforms, Lp(a)
levels are much higher in hemodialysis patients than in apo(a)
phenotype-matched population control subjects (17.2 versus
10.8 mg/dl; P < 0.0001), whereas among those with LMW
isoforms, the Lp(a) level in ESRD patients is only slightly
higher than that of phenotype-matched population control sub-
jects with high Lp(a) levels (40.8 versus 36.9 mg/dl; P = 0.14)
(5,22). If such a differential increase in Lp(a) by apo(a) subtype
occurs as renal failure develops, then the association between
Lp(a) and ASCVD would be altered toward the null, while
maintaining the association between small apo(a) size and
ASCVD. This hypothesis is supported by our study in that the
association between Lp(a) and ASCVD was weaker than that
seen with small apo(a) size. Our earlier finding that small
apo(a) size but not Lp(a) level prospectively predicts total mor-
tality also is consistent with the above hypothesized mecha-
nism (16).

Other explanations are possible, however. Because apo(a)
size remains the strongest predictor of Lp(a) levels in the ESRD
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population, one would expect that Lp(a) would still predict
ASCVD to some extent, which this study demonstrates. Several
features may explain why our study found an association be-
tween Lp(a) and ASCVD whereas some other studies may not.
First, most other studies recruited prevalent ESRD patients,
leading to a potential survival bias. If a risk factor is associated
with an outcome that can lead to death (e.g., death from myo-
cardial infarction), then those with the highest levels tend to be
underrepresented in a prevalent population, because they die
sooner. This “survival” bias, which tends to bias associations
toward the null, is particularly strong in the setting of ex-
tremely high mortality rates in the dialysis population. Because
this study recruited all participants soon after initiation of
dialysis, the Lp(a) association is less affected by such a bias,
although it is probably still affected to some extent. Second,
because the association between Lp(a) and ASCVD is moderate
in magnitude, other studies with fewer outcome events may
not have had the statistical power to find associations. Third, as
shown in Table 4, there may be significant informative censor-
ing associated with transplantation, which would affect a prev-
alent study population much more than a cohort of incident
dialysis patients. Among the much healthier group that re-
ceived a transplant, Lp(a) levels were lower than among the
less healthy adherent group. This selective removal of healthier
patients with lower Lp(a) levels biases the association of Lp(a)
with ASCVD toward the null. Last, this study used an apo(a)
size-independent assay for Lp(a), whereas other studies gen-
erally used assays that are sensitive to apo(a) size. Assays for
which the antibody detects all K-IV repeats may result in mis-
classification of Lp(a) level. The larger the test sample apo(a)
isoform size [i.e., in those with lower Lp(a) levels] relative to the
apo(a) size of the reference standard, the more the Lp(a) mass
value will be overestimated. The smaller the test sample apo(a)
isoform size [i.e., in those with higher Lp(a) levels] relative to
the apo(a) size of the reference standard, the more the Lp(a)
mass value will be underestimated. This process results in a
type of misclassification that biases relationships between Lp(a)
and associated outcomes toward the null while leaving associ-
ations with apo(a) size intact. Apo(a) size-independent assays,
such as used in this study, avoid this source of misclassification.

Some other studies have suggested that high Lp(a) levels are
most atherogenic when present in conjunction with other
ASCVD risk factors such as elevated LDL cholesterol (23) or
elevated fibrinogen (24). However, in this study, no significant
interactions by age, race, gender, diabetes, dialysis modality,
prevalent ASCVD, LDL cholesterol, or CRP level were present
for either Lp(a) level or apo(a) size.

The strengths of this study include the enrollment of incident
dialysis patients; inclusion of a sample of blacks and whites
from a wide geographic area; a high follow-up rate; the mea-
surement of Lp(a) concentration, not mass; and the accuracy of
the apo(a) assay. The most important limitation of this study is
the problem of informative censoring as a result of the high
transplantation rate (17.3%), which may have biased the Lp(a)
results toward the null. This may partially explain why Lp(a)
level is more weakly associated with ASCVD than is apo(a) size
in this cohort. For apo(a) size, however, informative censoring
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Table 5. Adjusted associations between Lp(a) concentration (nmol/L) and ASCVD events, by adjustment group®

Adjustment

Median Lp(a) Models Lp(a) =
52.5 nmol/L versus Lp(a) < 52.5

90th Percentile Lp(a) Models
Lp(a) = 206 nmol/L versus

o Model (N) CVD(IPI)V ents nmol/L Lp(a) < 206 nmol/L
HR 95% CI P HR 95% CI P
Group 1° 833 297 131  (1.03to1.65) 003 164 (1.17t0231)  0.004
Group 2° 832 296 125 (099 to158) 007 151  (1.07to214)  0.02
Group 3¢ 731 262 138 (1.06to179) 002 189 (1.30t0275)  0.001
Group 4° 675 242 144  (1.09to190) 001 189 (127t0279)  0.002
Group 4+CRP 660 238 137  (1.03to1.82) 003 188 (125t0281)  0.002

?ClI, confidence interval; CRP, C-reactive protein.
bAdjusted for age, race (black, white, other), gender, and dialysis modality.

€Adjusted for group 1 and baseline CVD, comorbidity score, and cause of renal disease.

9Adjusted for group 2 and total cholesterol, HDL cholesterol quartile, smoking status, and systolic BP quartile.
°Adjusted for group 3 and albumin, creatinine, and body mass index quartiles.

Table 6. Adjusted associations between apo(a) size (K-IV repeats) and CVD events, by adjustment group®

LMW Apo(a) Size Models Apo(a) =
22 K-IV Repeats versus Apo(a) > 22

10th Percentile Apo(a) Size
Models Apo(a) = 16 K-IV

Adjustment Model CVD Events Repeats versus Apo(a) > 16
]Group (N) (N) K-IV Repeats P K-V Repel:;ts

HR 95% CI P HR 95% CI P
Group 1P 833 297 1.40 (1.11 to 1.75) 0.004 1.44 (1.01 to 2.06) 0.046
Group 2° 832 296 1.42 (1.13 to 1.79) 0.003 1.39 (0.96 to 1.99) 0.08
Group 3d 731 262 1.58 (1.23 to 2.03) <0.0005 1.68 (1.13 to 2.49) 0.01
Group 4° 675 242 1.57 (1.21 to 2.04) 0.001 1.90 (1.27 to 2.84) 0.002
Group 4+CRP 660 238 1.71 (1.31 to 2.25) <0.0005 1.96 (1.30 to 2.96) 0.001

‘LMW, low molecular weight.

bAdjusted for age, race (black, white, other), gender, and dialysis modality.

€Adjusted for group 1 and baseline CVD, comorbidity score, and cause of renal disease.

9Adjusted for group 2 and total cholesterol, HDL cholesterol quartile, smoking status, and systolic BP quartile.
°Adjusted for group 3 and albumin, creatinine, and body mass index quartiles.
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Figure 2. Adjusted relative risk (adjusted for group 3 covariates) of combined fatal and nonfatal ASCVD events, by Lp(a) quartile

(A) and apo(a) size quartile (B).

is probably not a major issue because the distribution of apo(a)

size did not differ by transplantation status.

Lp(a) may produce atherogenic effects through its action as a
lipid or through inhibition of fibrinolysis by the apo(a) glyco-

protein (25). The apo(a) glycoprotein moiety displays an 80%

homology with plasminogen (26) and inhibits fibrinolysis (27).

Small apo(a) isoforms also have been found to bind more
strongly to fibrin than larger isoforms (28), suggesting that
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Figure 3. Adjusted ASCVD risk (adjusted for group 3 covari-
ates) associated with apo(a) size and Lp(a) concentration
among 833 dialysis patients. **P < 0.01; ***P < 0.0005.

small apo(a) isoform size itself, not only the associated Lp(a)
level, may be important in accelerating atherosclerosis. Never-
theless, in this mechanism, Lp(a) level would probably still be
expected to play a significant role because more apo(a) glyco-
protein particles would be available to inhibit fibrinolysis.

If the risk of ASCVD related to Lp(a) is mediated by both
apo(a) isoform size and the attendant Lp(a) level, then Lp(a)-
lowering therapy has potential to prevent ASCVD, particularly
among those with LMW apo(a) isoforms. The finding that high
Lp(a) levels are associated with an approximately 40% increase
in ASCVD event rate suggests that successful lowering of Lp(a)
level has potential to lower ASCVD risk in dialysis patients.
The recent Report of the National Heart, Lung, and Blood
Institute Workshop on Lipoprotein(a) and Cardiovascular Dis-
ease (29) presented a brief review of treatment strategies to
decrease Lp(a) levels, including niacin, ascorbic acid with
L-lysine, estrogen, aspirin, statins, diet, and apheresis. Overall,
Lp(a) level is difficult to lower, and most of the medications
that do have an effect on Lp(a) levels also treat other athero-
genic lipids. Sorting out the beneficial effect of Lp(a)-lowering
medications beyond the cardiovascular benefit of such medica-
tions will require carefully designed, randomized, clinical
trials.

Whether lowering Lp(a) levels is feasible or ultimately re-
duces ASCVD risk, elevated Lp(a) level or the presence of
LMW apo(a) phenotype may be clinically useful in risk strati-
fication and identification of dialysis patients who warrant
more aggressive ASCVD prevention efforts. If part of the
atherogenic effect of Lp(a) is mediated specifically through the
antifibrinolytic action of LMW apo(a) isoforms, then future
therapies that are designed specifically against the fibrin-bind-
ing action of LMW isoforms might also be effective. Further
studies should explore whether the risk associated with LMW
isoforms is mediated through the associated long-term eleva-
tion in Lp(a) levels or other mechanisms related to apo(a) size.
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