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Table 3. Risk Ratios for Coronary Heart Disease and Ischemic Stroke per 3.5-Fold (1-SD) Higher
Usual Lipoprotein(a) Levels With Progressive Adjustment for Usual Levels of Confounders®

Risk Ratio 2, %
Adjustments (85%Cl) Wald x? (95% Cl)
Coronary heart disease®
Age and sex only 1.16 (1.11-1.22) 48 57 {36-72)
Age and sex plus ’
Systolic blood pressure 116 (1.11-1.21) 43 57 (36-71)
Smoking status 116 (1.11-1.21) 42 57 {36-72)
History of diabetes 1.17 (1.12-1.22) 47 58 (37-72)
Body mass index 1.17 (1.12-1.23) 51 57 (36-71)
Total cholesterol 1.13 (1.08-1.18) 36 49 (22-66)
Ischemic stroke®
Age and sex only 1.11 (1.02-1.20) 6 46 (0-72)
Age and sex plus
Systolic blood pressure 1.08 (1.01-1.17) 6 31 (0-64)
Smoking status 1.09 (1.01-1.17) 6 30 (0-64)
History of diabetes 1.10 (1.02-1.17) 7 26 (0-62)
Body mass index 1.10 (1.03-1.18) 8 25 {0-61)
Total cholesterol 1.10(1.02-1.18) 7 30 (0-64)

Abbreviation: Cl, confidence interval.

aAnalyses were restricted to participants with complete information on sex and all confounding variabies. Risk ratios
are stratified by sex and study group where appropriate. Studies with fewer than 10 cases of coronary heart disease
or ischemic stroke outcomes were excluded from the analyses of that outcome.

BFor coronary heart disease, 106645 individuals, B362 cases, 30 studies.

CFor ischemic stroke, 69 539 individuals, 1684 cases, 13 studies.

1.04) for all cancer deaths and 1.03
(95% CI, 0.97-1.09) for smoking-
related cancer deaths, The adjusted RR
for nonvascular deaths other than can-
cerwas 1.00(95% CI,0.95-1.06). There
were too few cases of particular types
of cancer (or other nonvascular out-
comes) to enable reliable analyses by
subtype. Adjusted RRs for major vas-
cular and nonvascular outcomes were
qualitatively similar in analyses that in-
cluded fatal outcomes without censot-
ing previous nonfatal outcomes
(eFigure 8).

COMAMENT

Contrary to previous suggestions of
steep threshold effects, the current
analysis of 126 634 individuals has
demonstrated broadly continuous as-
sociations of Lp(a) concentration with
the risk of CHD. Because these asso-
ciations were only slightly reduced af-
ter adjustment for long-term average
levels of lipids and other established risk
factors, it increases the likelihood that
Lp(a) is an independent risk factor for
CHD. Lipoprotein(a) concentration is,
however, a relatively modest coronary
risk factor, being only about one-
quarter as strong overall as non—-HDL
cholesterol, although Lp(a) may be-
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come proportionally more important to
CHD at very high concentrations ow-
ing to its potentially curvilinear risk re-
lationship. Because associations of
higher Lp(a) concentration with CHD
are similar at different levels of non-
HDL cholesterol, the absolute benefits
of cholesterol lowering should be
greater if Lp(a) concentration is high
(or when absolute risk is high for some
other reason).

‘Whereas previous literature-based re-
views of Lp(a) have focused only on
CHD *¥ the current individual partici-
pant meta-analysis also investigated
stroke subtypes and cause-specific mor-
tality, including nonvascular deaths. Al-
though current data in relation to Lp(a)
concentration and stroke were some-
what sparser and less distinct than those
for CHD, findings were broadly simi-
lar to those for CHD. In contrast, Lp(a)
concentration was unrelated to the ag-
gregate of nonvascular mortality, in-
cluding cancer and noncancer deaths.
Hence, Lp(a) appears to be more spe-
cifically associated with vascular out-
comes than are a number of systemic
markers of inflammation that have been
strongly associated with both vascular
and nonvascular outcomes.5*7> As a
subsidiary finding, the current analy-

ses convincingly demonstrate that Lp(a)
concentration is more consistent within
individuals over several years than are
levels of total cholesterol, HDL choles-
terol, or systolic blood pressure.

Recent large studies have reported
highly significant associations of vari-
ants in or near the LPA gene (a locus
known to strongly influence circulat-
ing Lp[a] concentration)’®® with CHD
risk.”® Together with the current find-
ings of continuous, independent, and
specific associations of Lp(a) concen-
tration with vascular outcomes, avail-
able data are consistent with the exis-
tence of a causal relationship and
increase priority for investigation of
Lp(a) as a potential therapeutic target.
Because the current findings show that
Lp(a) concentration is a relatively mod-
est risk factor for CHD, however, in-
terventions capable of much more pow-
erful and specific Lp(a) lowering than
currently available may be required to
demonstrate any vascular benefits in
randomized trials.

Substantial modification of Lp(a)
concentration has been difficult to
achieve without pharmacological
agents.®! Niacin and certain inhibitors
of cholesteryl ester transfer protein can
reduce Lp(a) by about 20% and about
40%, respectively.® Contradictory find-
ings have been reported about the effect
of statins on Lp(a) concentration 8
and it remains uncertain whether statin
use attenuates the CHD risk associ-
ated with Lp(a) concentration.?#%8
Large randomized trials of niacin and
cholesteryl ester transfer protein in-
hibitors in the secondary prevention of
CHD are in progress.®” Such studies may
not, however, enable causal infer-
ences because, in addition to Lp(a) low-
ering, these agents increase HDL cho-
lesterol and decrease LDL cholesterol
and triglyceride concentrations. Simi-
lar considerations may apply to mi-
pomersen, an antisense oligonucleo-
tide directed at human apo B;g now in
phase 2 clinical trials that has been
shown to reduce circulating Lp(a) con-
centration by 70% in transgenic mice,
as well as reducing L DL cholesterol, apo
Bioo, and oxidized phospholipids.®##
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Figure 3. Risk Ratios for Vascular and Nonvascular Outcomes per 3.5-Fold (1-3D) Higher Usual Lp(a) Level, Adjusted for Cardiovascular Risk Factors

No. of No. of No. of Risk Ratio
Qutcome Studies Individuals  Cases (95% Cl) .

Nonfatal Mi and coronary death 30 106645 8362 1.13(1.09-1.18) —a—
Coronary deathd 24 72683 2159 1.14 (1.07-1.22) e
Nonfatal MI? 26 102221 6045 1.12(1.07-1.18} —E—

ischemic stroke 13 69539 1684 1.10(1.02-1.18) P B——

Unclassified stroke 12 48407 680 1.01 {0.92-1.12) ———

Hemorrhagic stroke 9 56165 285 1.06 {0.90-1.26)

Nonvascular death 25 102268 7268 1.01 {0.98-1.05) B
Alt cancer death 20 91424 3492 1.00 (0.97-1.04) — 8

Smoking-related cancer death | 16 63585 1340 1.03 {0.97-1.09) o et
Cther cancer death 19 91307 2140 1.01(0.94-1.08) —-~l—

Other nonvascular death 22 100378 3745 1.00 (0.95-1.08) —a—

t T
0.8 1.0 1.2 14

Risk Ratio per 3.5-Fold Higher
Lpta) Level (95% Cj)

Lp(a) indicates lipoprotein(a); MI, myocardial infarction; Cl, confidence interval. Sizes of data markers are proportional to the inverse of the variance of the risk ratios.
Risk ratios are adjusted for age, usual levels of systolic blood pressure, smoking status, history of diabetes, body mass index, and total cholesterol and are stratified,
where appropriate, by sex and study group. Studies involving fewer than 10 cases of any outcome were excluded from the analysis of that outcome.

asybtotals do not add to the total number of coronary heart disease outcomes because some nested case-control studies did not subdivide outcomes into coronary
death or nonfatal MI.

T
Figure 4. Risk Ratios for Coronary Heart Disease per 3.5-Fold (1-SD) Higher Usual Lp(a) Level, by Age and Thirds of Individual Characteristics

No. of No. of No. of Risk Ratio ' P Value for
Characteristics Studies Individuals  Cases (95% Cl) Interaction
Sex :
Female 16 50016 2197 1.16 (1.07-1.26) —_— e 1 45
Male 27 56694 6255 1.13 (1.07-1.19) i 47
Age at survey, ¥ i
40-59 26 74315 5310 1.15 {1.09-1.22) H —— 3
60-69 24 19359 1900 1.11{1.05-1.147} ; e f— J 23
270 15 7939 1010 1.07 (0.98-1.15) e
History of diabetes i
Yes 27 6372 941 1.09 (1.01-1.18) —n——— ’} 79
No 28 100212 7495 1.14 (1.09-1.19) —— 4 7
Systolic blood pressure, mm Hg :
<122 30 38682 2212 1.12(1.07-1.18) —a— 7
122-135 30 39277 2848 1.15(1.08-1.21) —— 29
>135 30 29653 3413 1.13(1.08-1.19) : e B
Body mass index®
<24 30 36098 2338 112 (1.04-1.20) P 3
24-27 30 35814 2883 1.13 (1.08-1.18) —a— 43
27 30 35700 3252 1.15(1.08-1.22) —a— ]
Non-HDL-C, mg/dL. ;
<148 27 32834 1307 1.05 {0.98-1,13) ———— 7
148-187 27 32452 1983 1.14 (1.06-1.22) e B—— 27
>187 27 32438 2816 1.16 (1.10-1.28} — B
HDL-C, mg/dL. :
<43 26 33844 2816 1,15 (1.09-1.21) : e — B
43-55 26 328335 1880 1.15(1.08-1.23) —— A7
>55 26 31321 1389 1.08 (0.99-1.18) e B
Triglycerides, mg/dL. ;
<97 29 35792 1988 1.13(1.07-1.20) H — 3
97-180 29 35220 2678 1.15 (1.08-1.23) : e 35
>150 29 35134 3365 1,14 {1.08-1.19) —a— ]
Corrected total cholesterol, mg/dL? :
<198 30 35885 2053 1.13 (1.07-1.21) — 7
198-235 30 35870 2757 1.17 (1.08-1.25) —_— 45
>236 30 35857 3663 117 {1.11-1.23) —a— |

T
0.8 1.0 1.2 1.4

Risk Ratio per 3.5-Fold Higher
Lp(a) Level (85% CI)

Lp(a) indicates lipoprotein(a); HDL-C, high-density lipoprotein cholesteral; Cl, confidence interval. Sizes of data markers are proportional to the inverse of the variance
of the risk ratios. Risk ratios are adjusted for age, usual levels of systolic blood pressure, smoking status, history of diabetes, body mass index, and total cholesterol and
are stratified, where appropriate, by sex and study group. Studies with fewer than 3 cases per stratum were excluded from analyses.

2Body mass index is calculated as weight in kilograms divided by height in meters squared.

bCorrection for the cholesterol content of Lp(a) was made by subtracting estimated Lp(a) cholesterol values from total cholesterol; Lp(a) cholesterol was estimated
from Lp(a) total mass using the following equation: Lp{a)—-cholesterol (mg/dL)=0.15X Lp{a) (mg/dL)+1.24.7
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Even though the first epidemiologi-
cal study of Lp(a) and CHD was re-
ported in 1972,% the investigation of this
lipoprotein as a potential cardiovascu-
lar risk factor has been hampered by the
lack of consistent approaches to its mea-
surement. International reference mate-
rial for Lp(a) laboratory standardiza-
tion emerged only in 2000°! and was
accepted by the World Health Organi-
zation in 2003 Even with methods that
use the same standard, however, there
is significant variability in measured
Lp(a) concentration if assays are sensi-
tive to variation in numbers of repeat do-
mains in apo(a).®*** Hence, in 2003 an
expert panel recommended use of as-
say systems not sensitive to apo(a) iso-
forms (eFigure 2B).® Population differ-
ences can also contribute to variation in
Lp(a) concentration, particularly since
values differ substantially between indi-
viduals and are highly heritable."™% Nev-
ertheless, pooled analyses of individual
data from prospective studies should re-
main informative, provided that, as in the
current study, analyses compare cases
and noncases only within each study and
explore potential diversity across groups
of studies using similar assay methods.

Despite considerable scope for such di-
versity, itis notable that there isrelatively
moderate heterogeneity in RRs among the
studies based in 15 different Western
countries contributing to the current find-
ings, an observation thatsupports the abil-
ity to generalize these data to such popu-
lations, Because more than 90% of the par-
ticipants in the current study were of
European continental ancestry, however,
further studies are needed in nonwhite ra-
cial groups, particularly in black and South
Asian populations, which have different
Lp(a) concentrations.®**” The RRs in the
current analysis were notstrongly differ-
ent between studies using assays sensitive
and insensitive to apo(a) isoforms (al-
though there was, of course, some hetero-
geneity within each of these groups of
studies). Although the findings did not
differ appreciably in subgroups defined
by the laboratory and population features
recorded, further studies are needed that
canexplore in greater depth such potential
sources of heterogeneity and joint effects
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with other lipid markers. For example,
large studies are needed to assess whether
Lp(a) particles with smaller-sized apo(a)
isoforms confer even higher RRs for
CHD** (such assessment was not
possible in the current study because it
lacked concomitant data on apola] iso-
forms). Similarly, larger studies are needed
to assess proposed synergy in the promo-
tion of vascular disease through oxidative
damage (again, this was not possible in
the current study because the data set
lacked concomitant information on oxi-
dized LDL and lipoprotein-associated
phospholipase A;) %1%

CONCLUSION

Under a wide range of circumstances,
there are continuous, independent, and
modest associations of Lp(a) concentra-
tion with the risk of CHD and stroke that
appear exclusive to vascular outcomes.
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Efficacy of Adhering a Behavioral Intervention in Japanese
Patients with Diabetes Mellitus
: Comparison between Adherence Group and Nnon-Adherence Group

Koji YamaTsu', Shuzo Kumacar®, Haruka SASAKI®

Summary

The purpose of the present study was to observe diabetic conditions of the non-adherence
participants and to examine the efficacy of adhering behavioral intervention in patients with diabetes
mellitus. Among 206 diabetic patients who participated the intervention from Sep 1994 to June 2002,
consisted of the 94 adhered (45.6%) and the 112 non-adhered (54.4%) participants. Among the 112
non-adhered participants, 22 subjects were replied and defined as non-adherence group. Age, sex,
diabetic type, and follow-up durations matched subjects were selected from the adherence group. The
adhered participants improved visceral fat area, endurance fitness, fasting insulin, and high-density-
lipoprotein-cholesterol better than the non-adhered patients. Therefore, adhering the behavioral
mtervention may have contributed to improved endurance fitness, central obesity. and lipid and

glucose metabolism in patients with diabetes mellitus.
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BRI IR L D K& o,

F 70 GBI CIREEEER TH o B IR T2 3% Th - 72D 25 L, kg T Th » 72,
3. HEFHONAEFOZRIL

HERRBEIZ DV, N=AT 10, AR TE, BLOBMEOZLLEE L EURT0-0E
VFA, \.7Ogmax, HbAleB L U HDL-cHO ATHE TH 72 FDH 5, A AR TE O EICEME F THEE
L“Cb\f:a)li\"'ozmaxtHDIrcf“&)o 7. bbb, VO maxiiN— A7 4 D32, 7x5 9miskg/min/’

—217—



My RE RN IR T 2 R FrB R 70 VT L o RWIEHIOF 1 269

F2. BETHXETOT 7 LAOFERERE EMBRBON—-Z251 484

JRHEAEEE e iE
(n=22) (n=22)
Mean (SD) Mean (SD) P

Age (yrs) 52.7 ( 10.4) 54.4 (12.0) 0.6115
Body weight (kg) 64.6 ( 12.8) 66.3 ( 17.6) 0.7146
BMI (kg/m) 24.3 ( 4.6) 20.2 (5.3 0.5688
Waist circumference {(cm} 8.4 (10.2) 88.5 ( 12.4) 0.5566
%BEAT (%) 21.9 ( 10.5) 22,20 6.9 0.9272
WHR 0.97 (0.1 0.94 ( 0.05) 0.3457
Visceral Fat Area (cni) 152.3 ( 51.3) 168.2 ( 41.3) 0.2625
Subcutaneous Fat Area {(cnf) 157.3 ( 94.5) 175.1 (118.5) 0.5836
V/S ratio 1.2 € 0.8) 1.1 ¢ 0.9 0.6759
HbAlc (%) 6.5 1.6) 6.1 ( 1.3 0.4290
Total Cholesterol (mg/dL) 222.7 1 39.1) 212.4 ( 31.1) 0.3364
High Density Lipoprotein Cholesterol (mg/dL) 53.3 . 7.7) 51.0 ( 15.7) 0.5294
Triglyceride (mg/dL) 148.3 (113.1) 137.6 ( 72.8) 0.7114
Fasting Plasma Glucose {(mg/dL) 131.3 ( 31.6) 126.5 { 34.7) 0.6387
Fasting Insulin { 2 U/ml) 5.1 ¢ 2.9 7.3 ( 5.6 0.1015
HOMA-IR 1.65 ¢ 1.09) 2.31 (1.76) 0.1421
AUCBG 1628.0 (197.5) 586.7 (175.5) 0.4675
AUCIRI 183.3 ( 48.2) 163.7 (234.6) 0.1315
VOumax (ml/kg/min) 34.5 ( 4.9) 326 (5.8  0.2316
SBP (mmHg) 132.3 ( 15.2) 130.1 ¢ 14.00 0.6263
DBP (mmHg) 82.0 ( 11.9) 82.9 ( 7.2) 0.7657
HR at rest (beat/min) 4.7 (10.7) 73.6 (1L.1) 0.7393
GOT 23.7 { 8.6) 24.3 0 6.9 0.8128
GPT 31.1 ( 15.4) 30.8 (17.3) 0.9404
7y -GTP 71.3 ( 86.2) 41.3 ( 21.6) 0.1453
FRAE 5.1 ( 1.5 5.8 ( 1.5) 0.1158
SHEFEIE (4F) 5.6 ( 2.4 5.2 ( 2.2) 0.6315
Male / Female 16/6 1676
Tvpe 2 DM 13 13
IGT 5 5
Normal 4 4
Medication started at follow—up 27.3 0.0
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