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ABSTRACT 
Background and Purpose  
Inflammation seems to be a key player in 
the pathophysiology of stroke. In this 
study, we compared plasma C3 and C3a 
levels in cryptogenic and large vessel 
disease (LVD) subtypes of ischemic stroke 
and control subjects and evaluated their 
association to outcome at three months 
and two years. 
Methods  
C3 and C3a in plasma of 79 cryptogenic 
and 73 LVD stroke patients, sampled 
within 10 days and at three months after 
stroke, and age- and sex-matched control 
subjects from the Sahlgrenska Academy 
Study on Ischemic Stroke was measured by 
ELISA. Functional outcome was assesed 
with modified Rankin Scale. 
Results  
Plasma C3 was increased in both stroke 
groups at both time points. Systemic 
elevation of C3a was limited to the acute 
phase in the cryptogenic stroke group, 
whereas plasma C3a levels in the LVD 
group were elevated also at three-month 
follow-up. In the LVD group, three month 
follow-up plasma C3 levels in the upper 
third were associated with unfavourable 
outcome after three months independently 
of age and sex: OR 5.56; 95% CI 1.03-
29.93; P=0.045; as well as after two 
years: OR 4.75; 95% CI 1.11-20.30; 
P=0.036. In the cryptogenic stroke group, 
high plasma C3a levels in the acute phase 
were associated with unfavourable 
outcome after three months: OR 3.75; 95% 
CI 1.01-13.96; P=0.049 in univariate 
analysis but not after adjustment for age 
and sex (P=0.050). 
Conclusions  
Plasma C3 and C3a levels are elevated in 
cryptogenic and LVD stroke and the 
predictive value of these markers may 
depend on stroke subtype. Further studies 
on the role of the complement system in 
ischemic stroke outcome, based on larger 
patient populaptions and controlling for 
the effect of infections, are clearly 
warranted. 

INTRODUCTION 
Inflammation seems to play a key role in 
the pathophysiology of stroke [1, 2] as well 
as in the development and destabilization 
of atherosclerotic plaques [3, 4], and 
progression of symptomatic intracranial 
large vessel disease (LVD) is associated 
with a proinflammatory state [5]. Plasma 
levels of several inflammatory markers 
have recently been shown to be altered 
during the first 7 days after ischemic stroke 
and to be independently related to clinical 
outcome scores on day 90 [6]. The 
complement system is a major 
inflammatory mediator that appears to play 
a dual role in experimental stroke. 
Complement plays a positive role in 
normal CNS maintenance and genetic 
deficiency of the third complement 
component (C3) was associated with larger 
cerebral infarcts after permanent focal 
brain ischemia [7]. Anaphylatoxic peptides 
C3a and C5a, generated in the process of 
complement activation, can be protective 
against excitotoxicity-induced neuronal 
death and can ultimately contribute to 
healing [8,9]. On the other hand, inhibition 
of complement activation reduced infarct 
volume and neurological impairments after 
transient cerebral ischemia in animal 
models [10-13]. In humans, the role of 
complement in ischemic stroke is less 
clear. Complement is activated locally in 
the human brain in the course of ischemic 
stroke as the deposits of both early 
complement components (C1q, C3c and 
C4d) and terminal complex (C5b-9) were 
found in the infarcts [14, 15]. Plasma 
levels of C5b-9, C4d, C3 and C3a were 
shown to be elevated in the acute phase of 
ischemic stroke [16-18] and the levels of 
soluble C5b-9 positively correlated with 
the clinical severity of stroke, the degree of 
neurological deficit and functional 
disability 6 days after admission [16]. 
However, these studies involved only 
small patient groups that did not allow for 
separate analysis of complement system 
response in individual stroke subtypes.  
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In the present study, we compared plasma 
levels of C3 and its activation product C3a 
in control subjects and  in two etiologically 
different ischemic stroke subtypes, namely 
LVD and cryptogenic stroke. We 
investigated association of plasma C3 and 
C3a levels to stroke, correlations to C-
reactive protein (hsCRP), and functional 
outcome at three months and two years 
post admission.  
 
SUBJECTS AND METHODS 
Study population 
The study population comprises 
participants in the Sahlgrenska Academy 
Study on Ischemic Stroke (SAHLSIS) and 
population-based controls free from stroke 
and clinical atherothrombotic disease [19]. 
In short, patients who presented with first-
ever or recurrent acute ischemic stroke 
before reaching the age of 70 years were 
consecutively recruited (n=600). Healthy 
community Caucasian controls (n=600) 
were randomly selected as described. All 
patients underwent neuroimaging and were 
examined by a physician, both at 
admission and at three-month follow up. 
The patients were classified into stroke 
subtypes according to the Trial of Org 
10172 in Acute Stroke Treatment 
(TOAST) criteria. The distribution of 
stroke etiologic subtypes in the population 
was as follows: LVD (n=73, 12%), SVD 
(n=124, 21%); CE (n=98, 16%); 
cryptogenic stroke (n=162, 27%); other 
determined stroke (n=51, 9%); and 
undetermined stroke (n=92, 15%). 
Cryptogenic stroke was defined when no 
cause was identified despite an extensive 
evaluation. Undetermined stroke included 
cases for which more than one cause was 
identified or when the evaluation was 
cursory. Maximum stroke severity within 
the first 10 days after the stroke was scored 
using the Scandinavian Stroke Scale (SSS). 
SSS is a validated measure of neurological 
impairment. However, it should be noted 
that it differs in the direction of 
measurement compared to the National 
Institutes of Health Stroke Scale (NIHSS), 

e.g. no impairment is 58 of 58 in the SSS 
and 0 of 42 in the NIHSS.  Functional 
outcome after three months and two years 
was assessed with the modified Rankin 
Scale (mRS).  

 
In the present study, we investigated 
ischemic stroke due to atherosclerosis, i.e. 
LVD, and stroke due to an unknown cause, 
i.e. cryptogenic stroke. To this end, all 
patients classified as having stroke due to 
LVD (n=73) and a similar number of 
patients with cryptogenic stroke (n=79, i.e. 
half of the patients classified as having this 
subtype) were included. Because the 
cryptogenic group has a relatively 
favourable functional outcome, all 
cryptogenic stroke patients with a mRS 
score >2 were selected (n=31) to minimize 
the effect of uneven distribution of 
outcome categories in this subgroup and 
thus improve the statistical power in the 
outcome regression analysis. The other 48 
cryptogenic stroke patients were selected 
so that they represented an even 
distribution of the mRS scores 0, 1 and 2, 
i.e. a similar number of patients with each 
score was randomely selected. For each of 
the two groups half the number of controls 
(selected so as to have the same mean age 
and sex distribution as the cases) was 
analyzed. 

 
The study was approved by the Ethical 
Committee of the University of 
Gothenburg. All participants provided 
written informed consent prior to 
enrolment. For those participants who were 
unable to communicate, consent was 
obtained from the next-of-kin. 
  
Blood sampling 
In patients, blood sampling was performed 
within 10 days of the stroke event (median 
day of sampling was 4.5 and 5.0 after the 
stroke event, for the cryptogenic and LVD 
group respectively) and at the three-month 
follow up. In controls, blood sampling was 
performed once. Venous blood was 
collected in ethylenediaminetetraacetic 
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acid (EDTA-Vacuette tubes, Greiner) 
between 8:30 and 10:30 AM after an 
overnight fast, centrifuged and 
supernatants were stored at -80oC. Serum 
levels of high sensitivity CRP (hsCRP) 
were analysed as reported previously [20].  
  
C3 and C3a measurements 
Plasma C3 was measured by sandwich 
ELISA. Wells of microtitre plates were 
coated with polyclonal rabbit anti-C3c 
antibody (DAKO, Glostrup, Denmark) in 
phosphate buffered saline (PBS) at 4oC 
overnight. The plates were saturated with 
dilution buffer which is PBS containing 
0.05% (v/v) Tween 20 (Sigma, St. Louis, 
MO, USA) and 1% bovine serum albumin 
(Sigma) for 30 min at room temperature 
(RT). Sample or human C3 (Sigma) used 
as a standard was incubated for 60 min at 
RT. Horseradish peroxidase-conjugated 
polyclonal anti-C3c antibody (DAKO) was 
incubated for 60 min at RT. After each 
incubation step, the plates were washed 
with PBS containing 0.05% (v/v) Tween 
20. The enzyme reaction was started by 
addition of colour reagent: 20 mg of 1,2-
phenylendiamine-dihydrochloride (Sigma), 
and 10 �l H2O2 in 75 ml 0.1 M 
citrate/phosphate buffer, pH 5. The 
reaction was stopped by addition of 1 M 
H2SO4 after 3 min. The staining was 
quantified spectrophotometrically at 490 
nm. Plasma samples were analyzed for 
C3a by ELISA kit (Quidel Corporation, 
San Diego, CA, USA) according to 
manufacturer’s recommendations. 
 
Statistical analysis 
Due to predominantly non-Gaussian 
distribution of C3 and C3a values, non-
parametric tests were employed for the 
statistical analysis. Differences in 
characteristics between cases and controls 
were examined with the χ2 test for 
proportions for categorical variables and 
the Mann-Whitney U test for continuous 
variables. Plasma levels of C3 and C3a are 
presented as medians and inter-quartile 
ranges. Time-point differences of C3 and 

C3a levels were compared using Wilcoxon 
Signed Rank test. Correlations between 
plasma levels of C3, C3a and serum levels 
of hsCRP were estimated by Spearman’s 
rank correlation coefficient, with a two-
tailed significance test. For the regression 
models of the association with stroke, 
values for the C3 and C3a levels were 
standardised using mean and standard 
deviation of the respective control 
population. Furthermore, the values of 
complement proteins levels were divided 
into tertiles. 
 
The association between complement 
levels and case/control status was 
investigated with binary logistic regression 
adjusted for the established risk factors, 
age, sex, hypertension, smoking status, 
diabetes mellitus (Model 1). For studying 
association of complement levels and 
functional outcome at three months and 
two years (after stroke favourable, mRS 0-
2 versus unfavourable, mRS 3-6) a 
regression model adjusted for age and sex 
(Model 2) was used. ORs and 95% CIs 
were calculated separately for the two 
ischemic stroke subtypes, where patient 
groups were compared to their respective 
control group.  

 
The cryptogenic and LVD group samples 
were analysed on two separate occasions 
more than a year apart. Therefore, to avoid 
erroneous conclusions resulting form 
possible change in reagents and plasma 
sample stability between the two 
ocassions, direct comparisons were 
perfomed only between patients and their 
simultaneously analysed controls but not 
between the subtype groups.  

 
Statistical analysis was performed in R 
statistical package 2.10.1. Adjustment for 
multiple testing was not conducted as our 
study was considered to be hypothesis 
generating.  
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Missing values 
The numbers of individuals with missing 
values were as follows: smoking status 2, 
hypertension 3, SSS score 4, 
hyperlipidemia 10, hsCRP 14 (acute 5, 
follow-up 9), C3 17 (acute 6, follow-up 
11), C3a 17 (acute 6, follow-up 11) and 
mRS 7 (three months 5, two years 2). In 
the regression analysis, for the categorical 
variables with missing values, respective 
dummy variables were created and 
included in the model. Dummy was coded 
1 when the value of a parameter was 
missing and 0 when the value was present. 
These variables were not significant at any 
point (P>0.97), indicating that missing 
values did not affect the results of 
regression analysis. 
 
The manuscript was preparred according to 
the STROBE guidelines [21]. 
 
RESULTS 
Demographic and clinical characteristics 
for the patient and control groups whose 
samples were used for the analysis of 
plasma levels of C3 and C3a are 
summarized in Table 1. Hypertension and 
smoking were more common in cases than 
in controls; diabetes was more common in 
patients with LVD stroke than in the 
corresponding control subjects. The LVD 
group also displayed significantly higher 
levels of hsCRP compared to controls. 
 
Plasma C3 and C3a levels after ischemic 
stroke  
In both cryptogenic and LVD stroke 
groups, plasma C3 levels at both time 
points were elevated compared to the 
control groups. C3 levels in the acute 
phase were significantly higher compared 
to the follow-up samples in the LVD group 
(P<0.01), whereas in the cryptogenic 
stroke group C3 levels at three month 
follow-up did not differ from levels in the 
acute phase (Fig. 1A). In the acute phase, 
plasma levels of C3a were higher in 
patients than in the control groups in both 

stroke subtypes (P<0.001). At three 
months follow-up, C3a levels declined in 
both stroke subtype groups (P<0.001), 
however in the LVD group, C3a were still 
elevated above the control levels (P<0.05; 
Fig. 1B).  

 
C3 levels were positively correlated to 
hsCRP at both time points in the 
cryptogenic group. In this group, plasma 
C3a levels in the acute phase correlated 
negatively to C3, and C3a levels at three-
month follow-up were positively correlated 
to hsCRP. In the LVD group, acute plasma 
C3a levels were positively correlated with 
C3 and hsCRP levels; plasma C3a levels at 
three-month follow-up correlated with 
hsCRP (Table 2). 

 
There was no significant difference in 
acute phase SSS between the LVD and the 
cryptogenic stroke group (Table 1). 
Furthermore, there were no significant 
correlations between SSS and the C3 or 
C3a levels, with the exception for an 
inverse correlation between this score and 
the C3 level at follow-up in the LVD group 
(Table 2). In contrast, in both the 
cryptogenic and LVD group, we observed 
an inverse correlation between acute phase 
SSS and acute hsCRP levels ( = -0.41, 
P<0.001, and = -0.36, P=0.002, 
respectively) but not follow-up hsCRP 
levels.  

 
Association of plasma C3 and C3a levels 
with stroke  
Detailed results of binary logistic 
regression analysis of the case/control 
status are presented in Table 3 and values 
of cut-offs for C3 and C3a tertiles are 
listed in Table 4. Acute phase plasma C3 
concentration in the upper and middle third 
was associated with stroke in cryptogenic 
group both in the univariate and 
multivariate analysis (adjusted for age, sex, 
smoking status, hypertension and 
diabetes). In the LVD group, acute phase 
plasma C3 levels in the upper third were 
associated with stroke in both models. 
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Follow-up plasma C3 levels in the upper 
third were associated with stroke in the 
cryptogenic group only in the univariate 
model, whereas plasma C3 levels at this 
time point in the LVD group were 
associated with stroke in both regression 
models. 

 
Higher acute C3a levels were also 
associated with stroke in both subtypes 
under the unadjusted as well as under the 
multiple-adjusted model. At three months 
after stroke, elevated C3a plasma 
concentration was associated with 
case/control status only in the LVD group. 
This association was independent of 
traditional risk factors.  
 
Association of plasma C3 and C3a levels 
with functional outcome 
Among the investigated cryptogenic stroke 
patients, 28 (37%) and 22 (30%) had an 
unfavourable outcome (mRS 3-6) at three 
months and at two years after the stroke 
event, respectively. In the LVD stroke 
group, 17 patients (27%) and 21 patients 
(32%) had an unfavourable outcome at 
three-month and two-year follow-up, 
respectively. The acute phase plasma C3a 
levels in the upper third were found to be 
associated with an increased risk of 
unfavourable outcome at three months in 
the cryptogenic stroke group in the 
univariate analysis. However, this 
association was lost after adjustment for 
age and sex. In the LVD group, three 
month follow-up plasma C3 levels in the 
upper third were associated with 
unfavourable outcome after three months  
as well as after two years both in the 
univariate analysis and after adjustment for 
age and sex (Table 5). 
 
DISCUSSION 
Published reports on systemic complement 
activation after ischemic stroke have been 
based on studies involving small patients 
groups that did not allow for separate 
analysis of complement system response in 
individual etiologic subtypes of ischemic 

stroke [18, 22]. Furthermore, there are only 
a limited number of reports on associations 
between complement levels and clinical 
outcome. Here, we have found that both in 
cryptogenic and LVD stroke, plasma levels 
of both C3 and C3a were elevated in the 
acute phase and were associated with 
ischemic stroke also after adjustment for 
the influence of traditional risk factors 
(age, sex, smoking, hypertension and 
diabetes). These results confirm previous 
findings showing elevated plasma C3a 
levels during the first 7 days after ischemic 
stroke [18] and suggest that systemic 
complement activation in the early post-
stroke phase is an important contributor to 
the inflammatory response after ischemic 
stroke. This notion is supported by a 
previous study that found increased plasma 
levels of C5b-9 during the first 12 days 
after ischemic stroke [22]. In both stroke 
subtypes, C3 levels remained elevated also 
three months after stroke. In the LVD 
group, high plasma C3 levels at this time 
point showed an association with patient 
status independently of traditional risk 
factors. This finding points to the potential 
role of C3 in the pathophysiological 
mechanisms of ischemic stroke.   

 
We observed differences between the 
stroke subtypes in terms of complement 
response. Plasma C3a and C3 levels 
showed a positive correlation only in the 
LVD group and only in the acute phase. 
Plasma C3a levels remained elevated at the 
follow-up only in the LVD group and 
showed a significant association with the 
case/control status. As atherosclerosis has 
been shown to be strongly associated with 
complement activation [23], it is 
conceivable that the elevation of plasma 
C3a levels at follow-up in the LVD group 
is at least partly a consequence of the 
activation of the complement cascade by 
the underlying pathophysiological 
processes. These data, together with our 
findings of positive correlation between 
C3a and C3 in LVD but not cryptogenic 
stroke, indicate that in our study, brain 
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ischemia in the cryptogenic stroke patients 
was not caused by the acceleration of a less 
active and milder form of LVD, as 
proposed by Bang et al. [24,25]. 
Interestingly, plasma levels of hsCRP at 
three-month follow up were associated 
with LVD but not other ischemic stroke 
subtypes [20], again pointing to substantial 
differences in the underlying mechanisms 
between LVD and cryptogenic stroke.  

 
CRP and C3 are acute phase proteins 
produced in large amounts in the liver in 
response to injury. Our correlation data 
indicate that plasma levels of these two 
proteins may be altered differently in 
response to ischemic stroke. Plasma C3 
concentration reflects the net effect of C3 
synthesis (regulated by pro-inflammatory 
cytokines) and its consumption due to the 
activation of the complement cascade. 
Complement activation in this setting can 
be triggered by CRP and most likely other 
activators that are released following 
ischemic brain injury. Thus measurments 
of hsCRP, C3 and C3a after stroke provide 
a complementary information about the 
patient’s inflammatory status that might 
differ between strokes of different 
etiology. 

 
Elevated plasma levels of C3 exhibited 
association with unfavourable outcome at 
three months follow-up as well as at two 
years after stroke. Follow-up but not acute 
levels of C3 were linked to unfavourable 
functional outcome but only in the LVD 
group. This difference in the predictive 
value of plasma C3 levels in the two stroke 
subtypes may be due to the difference in 
the underlying conditions. In the LVD 
group, atherosclerosis leads to chronic 
complement activation and is a strong 
determinant of outcome. In the cryptogenic 
group, the cause of stroke is unknown and 
the extent of systemic inflammatory 
response to cerebral ischemia may play a 
lesser role in outcome determination. In 
the cryptogenic group on the other hand, 
acute phase plasma C3a levels were 

associated with greater disability at three 
months follow-up only in the univariate 
analysis and this association was lost after 
adjustment for age and sex. These findings 
are in line with data reported by Szeplaki 
and co-workers [16]. If infarct volume per 
se has an infuence on C3 levels, this may 
contribute to our findings of an association 
to outcome. However, somewhat 
unexpectedly and in contrast to hsCRP, we 
did not observe any correlation between 
SSS and plasma C3 or C3a levels in the 
acute phase. Although SSS is only a crude 
measure of stroke severity that depends not 
only on the infarct volume but also on its 
location, this finding speaks against any 
major effect of infarct size on these 
parameters. 
 
Results from a number of animal studies 
point to a dual role of inflammation and 
complement activation in brain ischemia. 
Genetic deficiency of C3 was associated 
with larger cerebral infarct after 
experimental permanent focal brain 
ischemia [7]. On the other hand, inhibition 
of complement activation or C3 deficiency 
reduced infarct volume and neurological 
impairments after transient cerebral 
ischemia in rodents [10-13, 26]. Blocking 
of C3a binding to its receptor reduced 
infarct volume assessed 24 hours after 
transient but not permanent cerebral 
ischemia in rodents [27]. Together with 
our findings, these results suggest that the 
role of complement proteins and their 
activation products in ischemic stroke may 
be rather complex and may depend on 
factors such as degree of reperfusion, 
stroke etiology and evaluation time point. 

 
The present study has some limitations. As 
the SAHLSIS project was not initially 
designed to study inflammatory responses, 
a detailed history of recent infections or 
chronic inflammatory events was not 
obtained. Moreover, the design of our 
study does not allow for a comparison of 
the absolute magnitude of complement 
response between LVD and cryptogenic 
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stroke patients. As we did not have access 
to direct measurements of infarct volume 
in the stroke  patients, we cannot exclude 
that infarct volume confounded our results. 
Important to note is that the cryptogenic 
group in our study is not representative for 
all patients with cryptogenic stroke as 
patients with unfavourable outcome are 
overrepresented in the present sample 
compared to the whole cryptogenic group 
in SAHLSIS. Due to low numbers of 
participants, adjustment only for age and 
sex was possible in the analysis of 
outcome. Therefore, larger studies 
controlling for the effect of infections and 
enabling adjustment for the infarct volume, 
and additional risk factors are necessary. 

In conclusion, our data suggest that 
plasma C3and C3a levels are elevated in 
cryptogenic and LVD stroke. As high 
plasma C3 levels at three months after 
stroke were associated with unfavourable 
outcome in LVD but not cryptogenic 
stroke patients, the predictive value of 
complement proteins and their derivatives 
may depend on the ischemic stroke 
subtype. 
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Figure 1. Median levels of plasma C3 (A) and C3a (B) with error bars representing inter-
quartile ranges. Differences between control versus acute or follow-up measurements were 
examined by Mann-Whitney U test and acute versus follow-up by Wilcoxon signed rank test.  
* P < 0.05; † P < 0.01;  ‡ P < 0.001. 



 

 11

Table 1. Demographic and clinical characteristics of the study population 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Differences 
between cases and 

controls were examined with χ2 test for proportions or Mann-Whitney U test for continuous variables.  
*P<0.05; †P<0.01; ‡P<0.001. 
LVD - large vessel disease stroke; IQ-R – inter-quartile range; BMI – body mass index; SSS – Scandinavian Stroke Scale score; hsCRP – high 
sensitivity C-reactive protein.

 Cryptogenic stroke  LVD stroke 

    Controls (n=40) Patients (n=79) Controls (n=39) Patients (n=73) 

Median age, years (IQ-R)       59 (53-62)          57 (51-63)          60 (56-63)        60 (57-64) 

Male sex, n (%)   25 (62)     49 (62)    30 (77)  54 (74) 

Hypertension, n (%)   16 (40)     49 (62)*    14 (36)  44 (60)* 

Diabetes mellitus, n (%)    5 (12)     13 (16)     5 (13)  25 (34)* 

Current smoking, n (%)    5 (12)     31 (39)†     9 (23)  39 (53)† 

Hyperlipidemia, n (%)   21 (52)     53 (69)    29 (74)  53 (82) 

BMI, median (IQ-R) 25.38 (22.29-28.50) 27.71 (24.03-28.23) 26.52 (25.33-28.91) 26.12 (24.05-28.91) 

SSS acute, median (IQ-R) … 52 (31-55) … 52 (33-57) 

hsCRP [mg/L],                 
median (IQ-R)     acute 

 
1.98 (0.89-4.13) 

 
2.76 (1.11-7.91) 

 
1.49 (0.96-2.37) 

 
4.66 (1.86-13.28)‡ 

                           follow-up … 1.81 (1.03-4.24) … 3.64 (1.58-9.28)‡ 
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Table 2. Correlations between plasma levels of C3 and C3a, hsCRP, and SSS 

 C3a follow-up C3 acute hsCRP§ SSS acute 

Cryptogenic stroke     
C3 acute  ---  --- 0.446 ‡ - 0.203 
C3 follow-up      - 0.078 0.670 ‡ 0.364 † - 0.138 
C3a acute     0.502 † - 0.236 * 0.167 - 0.043 
C3a follow-up ---  --- 0.278 * - 0.070 

     

LVD stroke     
C3 acute ---   --- 0.136 - 0.024 
C3 follow-up 0.141 0.438 ‡ 0.141 - 0.307 * 
C3a acute    0.526 ‡ 0.527 ‡ 0.376 † - 0.070 
C3a follow-up ---   --- 0.251 * 0.101 

     
Controls     

C3 ---  --- 0.316 † --- 
C3a ---      - 0.220 0.043 --- 

     
 
Values given represent Spearman’s correlation coefficients () with significance levels denoted 
as follows: *P<0.05; †P<0.01; ‡P<0.001. 
§  - variable measured at the same time point as the respective indicated measurements of C3 or 
C3a. 
--- indicates non-meaningful correlation; hsCRP – high sensitivity C-reactive protein; SSS – 
Scandinavian Stroke Scale score; LVD – large vessel disease. 
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Table 3. Univariate and multivariate ORs with 95 % CIs of association between C3 and C3a 
levels and stroke 

 
OR – odds ratio; CI – confidence intervals; LVD – large vessel disease. 
Model 1: adjusted for age, sex, hypertension, smoking and diabetes; *P<0.05; † P<0.01; 
‡P<0.001. 

 
Tertiles of C3 and C3a 

 
Controls, n 

 
Cases, n 

        Univariate  
      OR (95% CI) 

Multivariate Model 1
     OR (95% CI) 

Cryptogenic stroke     
C3 acute (all) (40) (75)   

Lower third 22 18 1.0 (reference) 1.0 (reference) 
Middle third 9 26 3.53 (1.32-9.42)* 3.95(1.32-11.80)* 
Upper third  9 31 4.21 (1.60-11.09)† 4.45 (1.51-12.87)† 

     
C3 follow-up (all) (40) (77)   

Lower third 21 19 1.0 (reference) 1.0 (reference) 
Middle third 9 28 3.44 (1.30-9.11)* 4.34 (1.48-12.75)† 
Upper third 10 30 3.32 (1.29-8.55)* 2.70 (0.94-7.71) 

     
C3a acute (all) (40) (75)   

Lower third 21 19 1.0 (reference) 1.0 (reference) 
Middle third 13 26 2.21 (0.89-5.49) 2.47 (0.87-7.09) 
Upper third 6 30 5.53 (1.89-16.48)† 8.99 (2.53-31.90)‡ 

     
C3a follow-up (all) (40) (77)   

Lower third 16 24 1.0 (reference) 1.0 (reference) 
Middle third 12 26 1.44 (0.57-3.67) 1.39 (0.43-3.89) 
Upper third 12 27 1.50 (0.59-3.80) 1.18 (0.42-3.27) 

     
LVD stroke     

C3 acute (all) (39) (71)   
Lower third 19 19 1.0 (reference) 1.0 (reference) 
Middle third 14 23 1.64 (0.66-4.12) 1.91 (0.64-5.71) 
Upper third 6 29 4.83 (1.63-14.30)† 5.93 (1.67-20.87)† 

     
C3 follow-up (all) (39) (65)   

Lower third 19 19 1.0 (reference) 1.0 (reference) 
Middle third 10 19 1.80 (0.66-4.89) 1.96 (0.60-6.42) 
Upper third 10 27 2.70 (1.03-7.09)* 3.26 (1.04-10.23)* 

     
C3a acute (all) (39) (71)   

Lower third 23 15 1.0 (reference) 1.0 (reference) 
Middle third 12 25 3.19 (1.24-8.23)* 2.46 (0.84-7.19) 
Upper third 4 31 11.88 (3.48-40.56)‡ 11.55 (2.98-44.79)‡ 

     
C3a follow-up (all) (39) (64)   

Lower third 19 19 1.0 (reference) 1.0 (reference) 
Middle third 12 22 1.83 (0.71-4.73) 2.05 (0.69-7.16) 
Upper third 
 

8 
 

23 
 

2.87 (1.03-8.02)* 
 

3.72 (1.16-11.94)* 
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Table 4. Cut-offs for tertiles of plasma C3 and C3a levels 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LVD – large vessel disease. 

   Cryptogenic stroke     LVD stroke 

   acute follow-up acute  follow-up 

C3 (mg/L)     

Lower third <467.88 <451.70 <320.46 <316.78 

Middle third 467.88 - 566.67 451.70 - 557.21 320.46 - 450.27 316.78 - 391.52 

Upper third >566.67 >557.21 >450.27 >391.518 
     

C3a (g/L)     

Lower third <100.58 < 87.69 <171.78 <152.07 

Middle third 100.58 - 175.22 87.69 - 131.11 171.78 - 260.28 152.07 - 220.27 

Upper third >175.22 >131.11 >260.28 >220.27 
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Table 5. Selected§ univariate and multivariate ORs with 95 % CIs of association between C3 and C3a levels and functional outcome  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

§ - remaining non-significant results are not shown; *P<0.05; OR - odds ratio; CI - confidence intervals; LVD - large vessel disease. 
Model 2: adjusted for age and sex. 
 

  
Tertiles of C3 and C3a 

 

Favourable 
outcome, n 

Unfavourable 
outcome, n 

        Univariate  
      OR (95% CI) 

 Multivariate Model 2 
      OR (95% CI) 

      

O
u

tc
om

e 
at

 t
h

re
e 

m
on

th
s 

Cryptogenic stroke     
C3a acute (all) (47) (28)   

Lower third 15 4 1.0 (reference) 1.0 (reference) 
Middle third 17 9 1.99 (0.51-7.79) 1.97 (0.50-7.76) 
Upper third 15 15 3.75 (1.01-13.96)* 3.74 (0.99-14.04) 

     
LVD stroke      

C3 follow-up (all) (47) (17)   
Lower third 17 2 1.0 (reference) 1.0 (reference) 
Middle third 14 5 3.04 (0.51-18.10) 3.25 (0.53-20.04) 
Upper third 16 10 5.31 (1.01-28.07)* 5.56 (1.03-29.93)* 

     

O
u

tc
om

e 
at

 t
w

o 
ye

ar
s 

     
Cryptogenic stroke     

C3a acute (all) (52) (22)   
Lower third 16 3 1.0 (reference) 1.0 (reference) 
Middle third 18 8 2.37(0.53-10.50) 2.35 (0.51-10.71) 
Upper third 18 11 3.25(0.76-13.80) 3.15 (0.73-13.69) 

     
LVD stroke     

C3 follow-up (all) (44) (21)   
Lower third 16 3 1.0 (reference) 1.0 (reference)
Middle third 14 5 1.90 (0.38-9.44) 1.75 (0.35-8.82) 
Upper third 
 

14 
 

13 
 

4.95 (1.17-21.03)* 
 

4.75 (1.11-20.30)* 
 


