Cardiovascular and Metabolic Risk

ORIGINAL ARTICLE

Complement Activation and Prognosis
in Patients With Type 2 Diabetes and

Myocardial Infarction

A report from the DIGAMI 2 trial

StEFFEN THIEL, PHD’

1
LinpA G. MELLBIN, MD, PHD .
TroEeLs K. HANSEN, MD, PHD

p)
METTE BJERRE, PHD

OBJECTIVE—The activation of the complement system may be involved in the pathology of
myocardial infarction (MI) and type 2 diabetes. To explore their potential as prognostic markers,
we characterized two factors in the complement cascade, the end product sC5b-9 and the
mannose-binding lectin—associated Ser protease-2 (MASP-2), in type 2 diabetic patients with
suspected MI.

RESEARCH DESIGN AND METHODS —Plasma sC5b-9 and MASP-2 were determined
in patients with MI and type 2 diabetes (n = 397; median age 70; male 68%). The adjudicated end
points were cardiovascular events (CVEs), including cardiovascular mortality and nonfatal MI or
stroke.

RESULTS —The median sC5b-9 was 134 pg/L (interquartile range [IQR] 101-190 pg/L) and
the median MASP-2 was 333 pg/L (IQR 235-463 wg/L), with no significant correlation between
them. Women had higher sC5b-9 than men (median 152 vs. 130 pg/L; P = 0.02). Both sC5b-9
and MASP-2 were correlated to age and creatinine clearance, while MASP-2 was also correlated to
BMI. During a median follow-up of 2.4 years, CVEs occurred in 141 patients (36%). Both sC5b-9
(hazard ratio 1.37 [95% CI 1.13-1.65]; P < 0.01) and MASP-2 (0.68 [0.51-0.92]; P = 0.01)
predicted CVEs in unadjusted analyses. After multiple adjustments, the predictive capacity
remained for sC5b-9 (1.30 [1.02-1.66]; P = 0.04) but not for MASP-2.

CONCLUSIONS —In type 2 diabetic patients with MI, high levels of sC5b-9 predict future
CVE. This indicates that the complement system may play a significant role in the pathology of
the subsequent myocardial damage and that the pathways leading to complement activation
warrant further exploration as potential therapeutic targets to improve the prognosis for these
patients.

Diabetes Care 35:911-917, 2012

atients with diabetes are prone to
P develop cardiovascular complications,

and despite therapeutic improve-
ments, the presence of glucose abnormali-
ties is associated with a poorer outcome in
patients with coronary artery disease (1,2).
The activation of inflammatory processes
triggers several factors contributing to the
poor prognosis (3,4).

The complement system is part of
the innate immune system and a central
feature of inflammation. The activation of
the complement cascade helps to clear in-
vading pathogens, but it may also produce
negative cardiovascular effects, including
atherosclerosis and the aggravation of
ischemia/reperfusion injury (4-6). The role
of complement activation in diabetes and
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cardiovascular disease has not been fully
explored.

Mannose-binding lectin (MBL) is a
pattern-recognition molecule that acti-
vates the complement cascade (4). The
information relating to a potential link be-
tween MBL and cardiovascular compli-
cations in patients with and without
diabetes is contradictory. In a substudy
of the Diabetes Mellitus Insulin-Glucose
Infusion in Acute Myocardial Infarction
(DIGAMI 2) trial, the combination of a
low-coding MBL genotype with a low
serum MBL level appeared prognosti-
cally unfavorable. This association, how-
ever, was blunted by traditional risk
factors (7). Together with the three ficolins
(H-ficolin, L-ficolin, and M-ficolin), MBL
is an upstream activator of the so-called
lectin pathway of the complement cascade,
and the degree of complement activation
may not be directly correlated to measur-
able amounts of MBL alone. When MBLs
or ficolins recognize a fitting pattern on,
for example, a microorganism, they are
all able to activate the enzyme MBL-
associated Ser protease 2 (MASP-2), sub-
sequently initiating the rest of the cascade
(6). In the present report, we analyze the
levels of MASP-2 in patient samples be-
cause this could possibly reflect the ability
of all four proteins to initiate complement
activation via the lectin pathway.

A potentially more effective way to
evaluate the actual degree of complement
activation is to measure downstream fac-
tors in the complement cascade, such as
sC5b-9, the soluble form of the mem-
brane attack complex, which is formed
by a number of activated complement
factors.

The current study was thus per-
formed with the aim of characterizing
sC5b-9 and its relationship to two factors
in the lectin pathway of complement
activation, MASP-2 and MBL, in patients
with type 2 diabetes and myocardial in-
farction (MI). A secondary aim was to
test the hypothesis that sC5b-9 and/or
MASP-2 may be useful as prognostic mark-
ers in these patients.
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RESEARCH DESIGN AND
METHODS —DIGAMI 2 compared
three different management strategies in
1,253 patients with type 2 diabetes and a
suspected acute MI (AMI) (Supplemen-
tary Fig. 1). An extensive description of
the study has been presented elsewhere
(8). There was no significant difference
in total mortality or nonfatal MI and
stroke between the treatment arms
during a median follow-up period of 2.1
years. The present cohort consists of 397
patients participating in a biochemistry
substudy of DIGAMI 2 (Supplementary
Fig. 1). Assessments of plasma levels of
sC5b-9, MASP-2, and MBL were made
from samples acquired as soon as possi-
ble after hospital admission and 3 months
later.

Investigations

In addition to the samples described above,
serum creatinine, blood lipids, glucose
(mmol/L in whole blood), and HbA, . (up-
per limit 5.3%) were determined at hospital
admission. Creatinine clearance (ml/min)
was calculated using the Cockeroft-Gault
formula.

Plasma sC5b-9 was analyzed using
anovel, sensitive, in-house, time-resolved
immunofluorometric assay (9). The limit
of detection for the sC5b-9 assay was
1 pg/L. The intra- and interassay coeffi-
cients of variation (CVs) were <5 and
12%, respectively. The MASP-2 concen-
tration in plasma was measured using an
in-house sandwich assay described in de-
tail elsewhere (10). The limit of detection
was 1.6 wg/L, and the intra- and interassay
CVs were <10%. As presented previously,
the MBL concentration was measured using
an in-house time-resolved immunofluoro-
metric assay based on the recognition of a
physiologically relevant ligand combined
with detection by a specific monoclonal
antibody (11).

End points

A composite of time to the first event of
cardiovascular death or nonfatal rein-
farction or stroke, adjudicated by an
independent committee composed of ex-
perienced cardiologists, served as the pri-
mary end point (8). Secondary end points
included all-cause mortality and nonfatal
and fatal components of the primary end
point analyzed separately.

Statistical methods
Continuous variables are presented as the
median and interquartile ranges (IQRs),

unless otherwise stated. The Kruskal-
Wallis test was used to study differences
between groups of patients stratified by
dichotomous variables (sex, previous MI,
heart failure, and hypertension), while the
association between continuous variables
(age, BMI, creatinine clearance, B-glucose,
and HbA,. at admission) and different
parts of the complement system was as-
sessed by means of Spearman rank corre-
lation test (correlation coefficient = r;).

The relationship between sC5b-9,
MASP-2, and end points was assessed
using Cox proportional hazards regres-
sion model to be presented as hazard
ratios (HRs) and Cls. Because of a skewed
distribution, sC5b-9 and MASP-2 levels
were log transformed prior to analysis. Cox
proportional hazards regression models
were adjusted for age, sex, BMI, previous
MI, heart failure, hypertension, creatinine
clearance, B-glucose, and HbA; at admis-
sion. These variables were selected because
they are known predictors of outcome in
the DIGAMI 2 trial or are of clinical impor-
tance in the present setting.

Model building using a best subset
selection criterion for sC5b-9 and MASP-2
was performed for the primary and sec-
ondary end points using the same co-
variates.

For outcome analyses, sC5b-9 was
divided into tertiles. In addition, a sepa-
rate analysis was performed; it focused on
whether the respective levels increased
or decreased/remained stable between
admission and 3 months. To illustrate
time trends for cardiovascular outcome,
Kaplan-Meier curves were drawn using
sC5b-9 tertiles as strata. A log-rank test
for trend was applied to assess differences
in event patterns.

Two-tailed statistical tests were used
at the 5% significance level. SAS version
9.2 was used for all statistical analyses.

Ethical considerations

The study followed the recommendations
of the Helsinki Declaration, and local ethics
review boards approved the protocol.
Written informed consent was obtained
from all patients prior to enrolment.

RESULTS —The baseline characteristics
of the 397 patients are presented in Table 1.

The levels of sC5b-9 at admission (n =
391) varied between 17 and 6,944 pg/L
(median 134 wg/L, mean 241 pg/L, IQR
101-190 pg/L) and after 3 months (in
patients with both admission and 3-month
levels measured, n = 298), between 27
and 379 pg/L (median 123 pg/L, mean

129 ng/L, IQR 97-155 pg/L). MASP-2 at
admission (n = 387) varied between 50
and 1,356 pg/L (median 333 pg/L, mean
365 pg/L, IQR 235-463 wg/L) and after
3 months (n = 294 patients), between 50
and 1,076 pg/L (median 300 pg/L, mean
322 wg/L, IQR 209-401 pg/L). The levels
at admission and after 3 months correlated
for all three assessed components of the
complement system (sC5b-9: Spearman
rank correlation [r,] = 0.56, P < 0.001;
MASP-2: r, = 0.78, P < 0.001; and MBL.:
r.=0.93, P < 0.001).

As presented in Table 2, women had
significantly higher sC5b-9 at admission
than men (median 152 vs. 130 ug/L, re-
spectively; P = 0.02), and there was a sig-
nificant correlation between sC5b-9, age,
and creatinine clearance. When sex differ-
ences were assessed separately, women
were older than men (74.9 [66.2-80.6]
vs. 67.4 [59.1-74.7] years, respectively;
P < 0.001) and had alower creatinine clear-
ance (54.0 [39.0-80.3] vs. 76.9 [56.2—
97.5] mL/min, respectively; P < 0.001).

The levels of sC5b-9 did not differ
between patients with or without a history
of MI, heart failure, or hypertension, and
sC5b-9 did not correlate to BMI, glucose,
or HbA; . at admission.

The results of the Kruskal-Wallis test
and Spearman rank correlation test for
MASP-2 are outlined in Table 2. The MBL
data have recently been presented else-
where (7).

No significant correlations were found
between admission sC5b-9 and MASP-2 or
MBL (sC5b-9 and MASP-2: r,= —0.08,P =
0.14; sC5b-9 and MBL: .= 0.01, P=0.93).

Mortality and morbidity

During the follow-up period of 2.4 (1.02—
3.00) years, 141 (36%) of the 397 patients
reached the combined cardiovascular end
point, 99 (25%) died (cardiovascular
reasons = 81), 60 had a reinfarction,
and 25 had a stroke.

sC5b-9

The predictive value of sC5b-9 for the
composite end point, nonfatal and fatal
components, and all-cause mortality is
shown in Table 3. The levels of sC5b-9 at
admission predicted cardiovascular
events (CVEs) in unadjusted analyses
(HR 1.37 [95% CI 1.13-1.65]; P =
0.001) and after univariable adjustments
for all covariates. In a multiple Cox re-
gression model adjusting for significant
covariates using a best subset selection cri-
terion, sC5b-9 remained as an indepen-
dent predictor of CVEs (1.30 [1.02-1.66];
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Table 1—Baseline characteristics and revascularization procedures during hospitalization
for the total cohort of patients with sC5b-9, MASP-2, or MBL levels available at admission

and with or without CVEs

Variable

All patients

Patients without

Patients with

P value

Age (years)
Male sex
BMI (kg/m?)
Diabetes duration
(years)
Blood pressure
(mmHg)
Systolic
Diastolic
Killip class
1
2
3
4
Previous medical
history
MI
Angina pectoris
Heart failure
Hypertension
Hyperlipidemia
Current smoker
Medication prior to
admission
Insulin
Metformin
Sulfonylurea
Beta blocker
Aspirin
ACE inhibitor
Lipid lowering
Biochemistry at
admission
Blood glucose
(mmol/L)
HbAlc (0/0)
Serum creatinine
(pmol/L)

Creatinine clearance

(mL/min)
Serum cholesterol
(mmol/L)

Serum triglycerides

(mmol/L)
Revascularization

during hospitalization

Thrombolysis
Primary PCI
Subacute PCI
CABG

0.01
0.14

(N =397) CVE (n=256)  CVE (n=141)
70.2 (61.2-77.0) 65.8(58.3-73.3) 75.2 (69.6-80.2) <<0.001
270 (68) 186 (73) 84 (60)
28 (25-31) 28 26-31) 28 (25-30)
6.0 (2.0-14.0) 6.0 (1.0-14.0) 7.0 (2.0-13.5)

130 (120-150)
74 (64-85)

275 (69.3)
83 (20.9)
31 (7.8)

8 (2.0)

152 (38)
205 (52)
80 (20)
219 (56)
137 (35)
84 21

143 (36)
104 (26)
155 (39)
182 (46)
208 (52)
127 (32)
121 31)

11.8 (9.2-14.9)
7.2 (6.2-8.5)

91 (78-112)
71 (49-92)
5.0 (4.2-5.8)
1.7 (1.2-2.6)
124 (31)

28 (7)

45 (11)
24 (6)

130 (120-150)
75 (65-85)

203 (79.3)
40 (15.6)
12 (4.7)

1(0.4)

83 (32)
126 (49)
37 (15)
136 (53)
90 (35)
63 (25)

86 (34)
69 27)
95 (37)
113 (44)
133 (52)
76 (30)
79 3D

11.6 (9.1-14.8)
7.2 (6.3-8.4)

88 (75-104)
80 (57-100)
5.0 (4.2-5.8)
1.8 (1.2-2.7)
82 (32)

24 (9)

40 (16)
18 (7)

130 (115-150)

72 (60-85)

72 (51.1)

43 (30.5)

19 (13.5)
7 (5.0

69 (49)
79 (56)
43 3D
83 (59)
47 (33)
21 (15)

57 (40)
35 (25)
60 (43)
69 (49)
75 (53)
51 (36)
42 (30)

12.3 (9.7-15.5)
7.2 (6.0-8.5)

103 (85-127)
54 (39-73)
4.8 (4.3-6.0)
1.6 (1.2-2.5)
42 (30)
43

5(4)
6@

0.48

0.28
0.10
<0.001

0.002
0.21
<0.001
0.29
0.74
0.04

0.19
0.72
0.33
0.34
0.83
0.22
0.91

0.08
0.62

<0.001

<0.001

0.57

0.38

0.73

0.01

0.0002
0.34

Data are n (%) or median (quartile 1-quartile 3). P values represent differences between patients with or
without CVE. PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.

Mellbin and Associates

P = 0.04). A similar pattern was seen for
cardiovascular death but not for the non-
fatal subset of the primary end points
(Table 3). The prediction of CVEs re-
mained in separate analyses in which
sC5b-9 was adjusted for MASP-2 (1.31
[1.08-1.60]; P = 0.007) and for MBL
(1.38 [1.13-1.68]; P = 0.002).

Patients suffering a CVE had higher
levels of sC5b9 at admission, 154 (110—
219) pg/L vs. 129 (95-177) pg/L (P =
0.003).

Patients in the highest sC5b-9 tertile
ran an increased risk of a CVE (log-rank
test P = 0.003) (Fig. 1). Similar findings,
with the poorest outcome for patients
with high sC5b-9 levels, were demon-
strated for all separate end points, except
stroke (data not shown).

After the 3-month follow-up, the
sC5b-9 levels had increased in 141
(47%) and remained stable or decreased
in 53% of the patients. Increasing or de-
creasing sC5b-9 levels did not influence the
prognosis (log-rank test for trend P = 0.85).

The levels of sC5b-9 measured in
samples taken after 3 months did not
predict CVEs (HR 0.81 [0.47-1.41]; P =
0.46). The prediction ability of sC5b-9
measured after 3 months was 0.85
(0.51-1.42; P = 0.53) when studied in
all 417 patients with samples available at
this time point.

MASP-2
Patients with a CVE had lower MASP-2
levels at admission, 308 (213-423) wg/L,
than those without, 350 (243-477) nug/L
(P=0.01). MASP-2 at admission predicted
CVEs in unadjusted analyses (HR 0.68
[95% CI 0.51-0.92]; P = 0.01) and after
univariable adjustments for glucose,
HbA,, sex, heart failure, MI, and hyper-
tension, but not after adjusting for age,
creatinine clearance, or BMI (data not
shown). In the final multiple model
using a best subset selection criterion, the
HR for MASP-2 at admission to predict the
composite end point was 0.86 (0.62-1.20;
P=0.37). MASP-2 had no significant impact
on the other end points apart from death in
univariable analysis (0.67 [0.47-0.95]; P =
0.03). After 3 months, MASP-2 had a signif-
icant impact on CVEs (0.66 [0.45-0.98];
P=0.04), and it remained after adjustments
for glucose, HbA,., BMI, or MI, but not
after adjustments for age, creatinine clear-
ance, sex, heart failure, or hypertension or
in a multiple model (data not shown).

At admission, MBL did not predict
events in the present patient cohort as
previously presented (7).
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Table 2—sC5b-9 and MASP-2 levels

Variable sC5b-9 ng/mL P value MASP-2 pg/L P value
n 391 387
Kruskal-Wallis test
Males vs. females 130 (95-186) vs. 152 (110-219) 0.02 334 (239-479) vs. 328 (222-422) 0.16
Previous medical history
MI vs. no previous MI 137 (102-187) vs. 132 (101-193) 0.92 328 (215-454) vs. 338 (253-466) 0.29
Heart failure vs. no heart failure 134 (109-205) vs. 134 (97-187) 0.41 301 (212-413) vs. 340 (239-468) 0.06
Hypertension vs. no hypertension 131 (104-191) vs. 135 (97-186) 0.92 329 (223-454) vs. 337 (242-471) 0.31
Spearman rank correlation
Age 0.19 <0.001 —-0.21 <0.001
BMI —0.04 0.46 0.20 <0.001
Biochemistry at admission
Creatinine clearance —0.19 <0.001 0.14 0.01
Glucose 0.09 0.08 0.08 0.10
HbA,. -0.07 0.19 0.10 0.05
sC5b-9 — —-0.08 0.14

Differences between groups of patients stratified by dichotomous variables (Kruskal-Wallis test) and associations between continuous variables (Spearman rank
correlation) at admission. Data are median (quartile 1—quartile 3) or correlation coefficient.

CONCLUSIONS—The main finding
was that high admission levels of sC5b-9
predict a poor cardiovascular outcome
in patients with type 2 diabetes and ML
The other component of the complement
system that was studied, MASP-2, did
not independently predict outcome, but
the results indicate that in contrast to
sC5b-9, patients with low admission lev-
els have a poorer prognosis. This suggests
that the activation of the complement
system is involved in the pathogenesis of
ischemic heart disease in patients with
diabetes.

The lectin pathway of the complement
cascade is activated when MBL or the
ficolins recognize a pathogen-associated
molecular pattern of carbohydrates. In all
four cases, this activates MASP-2, which in
turn induces the cleavage of complement
factors C4 and C2. The three pathways of
complement activation, the classic, lectin,
or alternative pathway, finally merge at the
cleavage of C3, resulting in the main
effects of complement activation: the re-
cruitment of inflammatory cells, opsoni-
zation, and the formation of the C5b-9
complex (an association of C5b, C6, C7,
C8, and multiple C9 molecules), also
called the membrane attack complex
(MAC). The insertion of MAC in mem-
branes leads to swelling and the lysis of
pathogens with subsequent cell death.
During these processes, a significant
amount of the soluble form of the MAC
(sC5b-9) is formed in the absence of tar-
get membranes. C5b-9 binds to S-protein,
which inhibits the membrane-damaging
effect and creates a stable nonlytic soluble
MAC form (sC5b-9).

The finding that high levels of sC5b-9
at admission predict the combined end
point of CVEs and cardiovascular death,
even after multiple adjustments, supports
the notion that complement activation
and subsequent inflammation play a role
in cardiovascular disease.

The lack of association between the 3-
month levels and CVEs indicates that
high sC5b-9 levels during AMI, as a result
of complement activation, are predictive
of outcome rather than the constitutive
level of sC5b-9. This is in line with
observations from animal models, as well
as clinical studies linking the activation of
the complement system (e.g., triggered by
ischemia/reperfusion) to the subsequent
myocardial damage (4,12-16). Further-
more, complement activation is involved
at an early stage of developing atheroscle-
rosis, causing cell proliferation and the re-
lease of growth factors (5,17).

Itis interesting to note that in contrast
to sC5b-9, low levels of MASP-2 appeared
to be associated with a poor cardiovascu-
lar prognosis, although this did not re-
main significant after adjustments. While
MBL levels vary significantly from person
to person based on genetic differences
and sC5b-9 levels vary depending on the
degree of complement activation, MASP-2
is instead a constitutive protein. As a re-
sult, variations in MASP-2 levels are re-
latively modest and may mirror liver
function (18). MASP-2 levels in general
are not believed to be the limiting factor
in the activation of the lectin pathway
(19), and a possible explanation of the
association between low MASP-2 and
poor outcome could be that liver function

and thereby MASP-2 synthesis were
lower in the patients who were most ill
at admission.

It has been suggested, based primarily
on findings in experimental models, that
the complement system may play a dual
role in the development of atherosclerosis
and atherothrombotic events (5,6). Com-
plement activation may act proatherogen-
ically through inflammatory activation. In
addition, activation by the alternative
pathway and the C3 convertase, with
the formation of anaphylatoxins and the
MAC, may lead to the onset of acute CVEs
by triggering plaque destabilization and
rupture (5). On the other hand, the acti-
vation of the classical and lectin pathways
may protect the vessels by removing im-
mune complexes, cell debris, and apopto-
tic cells (6). In one of the early studies in
this research area, Yasuda et al. (20) found
that sC5b-9 in particular was related to
myocardial damage in patients with
AMI. The hypothesis that different parts
of the complement system may play dif-
ferent roles in the setting of cardiovascu-
lar disease and diabetes obtains further
support from this study, in which there
was a lack of correlation between sC5b-9,
MASP-2, and MBL.

The plasma levels of sC5b-9 in the
present cohort are higher (median 134
pg/L at admission) than those reported
in a study comprising 193 patients with
congestive heart failure (sC5b-9: 88 [69—
128] pg/L) and healthy age-matched con-
trol subjects (sC5b-9: 98 [72-170] wg/L)
(21). The high admission levels may, at
least in part, be a result of the activation
of the complement cascade due to acute
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Table 3—Number of events and the predictive value of sC5b-9 at admission (Cox proportional hazards regression models)

for respective event

Mellbin and Associates

CVE (M1, stroke, or

cardiovascular death)

MI or stroke

Cardiovascular death

All-cause mortality

P P P P
n HR (95% CI) value n HR (95% CI) value n HR (95% CI) value n HR (95% CI) value
Univariable
model 138 1.37(1.13-1.65) 0.001 77 1.29(0.98-1.68) 0.07 79 142 (1.13-1.77) 0.002 97 1.32(1.07-1.64) 0.01
Multivariable
models
Age 138 1.30(1.05-1.61) 0.02 77 1.26(0.95-1.67) 0.11 79 133(1.03-1.72) 0.03 97 1.23(0.96-1.57) 0.10
Creatinine
clearance 128 1.29 (1.03-1.62) 0.03 74 1.25(0.93-1.68) 0.14 71 136(1.03-1.78) 0.03 87 1.27(0.99-1.64) 0.07
Glucose 136 1.34(1.10-1.62) 0.003 75 1.25(0.95-1.64) 0.11 79 138(1.11-1.73) 0.004 97 1.30(1.05-1.61) 0.01
HbA, . 129 1.36 (1.12-1.65) 0.002 72 1.29(0.99-1.69) 0.06 74 1.42(1.13-1.78) 0.002 88 1.35(1.09-1.67) 0.006
BMI 120 1.33(1.09-1.64) 0.006 71 1.30(0.98-1.73) 0.07 65 1.35(1.06-1.71) 0.02 81 1.28(1.03-1.61) 0.03
Sex 138 1.33(1.10-1.61) 0.004 77 1.25(0.95-1.65) 0.11 79 139(1.11-1.74) 0.005 97 1.31(1.05-1.62) 0.02
Heart failure 138 1.38 (1.13-1.68) 0.002 77 1.29 (0.98-1.70) 0.07 79 1.46(1.15-1.84) 0.002 97 1.35(1.08-1.69) 0.008
MI 138 1.41(1.16-1.73) 0.001 77 1.32(1.00-1.75) 0.05 79 1.49(1.18-1.88) 0.001 97 1.40(1.11-1.75) 0.004
Hypertension 138 1.37 (1.13-1.67) 0.001 77 1.29(0.98-1.70) 0.07 79 1.43(1.14-1.79) 0.002 97 1.33(1.07-1.64) 0.009
Multiple model 118 1.30 (1.02-1.66)* 0.04 69 1.25(0.91-1.73)f 0.17 79 1.33(1.03-1.72)% 0.03 97 1.23(1.00-1.58)§ 0.10

In the multivariable models, sC5b-9 at admission is adjusted for the each of the presented variables. *sC5b-9 at admission adjusted for age, creatinine clearance, BMI,
and blood glucose. +sC5b-9 at admission adjusted for creatinine clearance, blood glucose, and BMI. $sC5b-9 at admission adjusted for age. §sC5b-9 at admission

adjusted for age and previous congestive heart failure.

ischemia. However, the sC5b-9 levels re-
mained high after 3 months (median 124
pg/L), with a correlation to the admission
levels (r;=0.56; P < 0.001). In contrast
to the expected high correlation be-
tween MBL levels at admission and after
3 months, this correlation cannot be
explained by genetic factors but may

1.001

Event-free survival

0.751 i

indicate an ongoing increase in comple-
ment activation in patients with diabe-
tes and ischemic heart disease. A
schematic outline of a potential mecha-
nism behind the involvement of com-
plement activation in the development
of CVEsin patients with diabetes and M1
is depicted in Fig. 2. In fact, in the

0.004 : .
0 200 400

600 800 1,000 1,200

Time to CVE (days)

Figure 1—Tertiles of sSC5b-9 at admission and their impact on CVEs. Log-rank test P=0.003. 1 =
median 85.5 (min 17, max 111) pug/L, 2 = median 134.0 (min 112, max 167) ug/L, 3 = median
232.5 (min 169, max 6,944) ug/L. (A high-quality color representation of this figure is available

in the online issue.)

above-mentioned heart failure study,
sC5b-9 levels were elevated in patients
with congestive heart failure due to is-
chemic heart disease in contrast to pa-
tients with congestive heart failure of
nonischemic etiology (P < 0.02) (21).
Despite differing in absolute quantity
(no international standard is available
for standardization), the present find-
ings fit with the report by Yasuda et al.
(20) of significantly higher plasma
sC5b-9 levels in patients with AMI
(810 = 80 wg/L [mean * SEM]) than
with unstable angina (150 = 50 pg/L),
stable angina (90 % 60 pg/L), or healthy
control subjects (60 % 30 wg/L). The
somewhat high 3-month levels in the
present analyses indicate that not only
the coronary artery disorder but also di-
abetes per se is associated with comple-
ment activation and inflammation. One
explanation could be that some of the
complement regulatory proteins are af-
fected by glycation. CD59 has been
shown to increase the deposition of sC5b-
9 (22). In addition, Bjerre et al. (21)
proposed a relationship between sC5b-9
and insulin resistance, suggesting that the
latter leads to endothelial activation result-
ingin the activation of the complement sys-
tem, thereby damaging the heart.

Women had higher sC5b-9 at admis-
sion than men. One possible explana-
tion is that they were older and had lower
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{

Worsening of I/R injury

Local and systemic
inflammation

be taken into consideration when devel-
oping new drugs.

Limitations

This is an observational study, albeit pro-
spectively planned, and it is thereby
limited to the available subpopulation.
For this reason, the findings should be
regarded as hypotheses generating and
need to be confirmed in prospective trials.
In the total biochemical cohort, the num-
ber of patients with analyzable samples
differed between admission and 3 months
for logistical reasons. A larger number had
sC5b-9 measured after 3 months (n =
417) than at admission (n = 391). When
studying the impact of the 3-month levels,
we chose to include only patients for whom
both samples were available.

To summarize, patients with AMI and
type 2 diabetes have a poor prognosis,
and the exaggerated activation of the
complement system may be one of the
reasons. An improved knowledge of patho-
physiological mechanisms is essential to
understand the reasons for complications,
and it is also a prerequisite for the develop-
ment of new treatment targets to improve
the prognosis for patients with type 2
diabetes and cardiovascular disease.

!

{

CVEs

Figure 2—A potential mechanism behind the involvement of complement activation in the de-
velopment of CVEs in patients with diabetes and MI. I/R, ischemia/reperfusion.

creatinine clearance, two factors that both
correlate to sC5b9 levels. It is possible to
speculate that the clearance of sC5b-9 is
somewhat compromised in patients with
reduced creatinine clearance and that this
subsequently leads to higher plasma lev-
els. A positive correlation between age and
sC5b-9 and higher levels would then be
expected among the women.

If the complement cascade is involved
in the development of atherosclerosis and
myocardial ischemic damage, not least in
patients with diabetes, it is appealing to
further explore this system as a possible
pharmacological target. The use of agents
blocking different parts of the complement
cascade (anti-C5 antibody, C1-inhibitor, and
soluble complement receptor 1) has been
associated with reduced myocardial damage

after ischemia and reperfusion in animal
models and even in some clinical trials
(4,23). The expectations that these drugs
will reduce mortality or cardiovascular mor-
bidity, however, have not been met in clinical
trials, such as the Assessment of Pexelizumab
in Acute Myocardial Infarction (APEX AMI)
trial, which randomized 5,745 patients with
acute ST-elevation MI to pexelizumab (an
anti-C5a antibody) or placebo (24).

The results of the present analyses,
with an apparently harmful effect of
sC5b-9 and a possible beneficial effect of
the lectin pathway, provide some indica-
tion of just how complex the impact of the
complement system is on cardiovascular
disorders and diabetes. It underlines the
fact that different parts of the system may
have different effects and that this should
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