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Background: Because TAFI (thrombin-activatable fibrinolysis inhibitor) antigen varies widely among different populations,
we performed this case-control study to explore the relationship between TAFI levels and stroke in a Chinese
population.

Material/Methods: Our population-based case-control study included 217 stroke patients and 218 healthy controls. The plas-
ma TAFI level was measured by immune turbidimetry. Univariate and multivariate logistic regression analyses
were used to analyze the association between different TAFI levels and stroke and its subtypes. Restricted cu-
bic spline (RCS) combined with logistic regression analysis were used to explore the dose-response relation-
ship between TAFI levels and stroke.

Results: The plasma TAFI levels of cases were much higher than in the control group (p=0.038) and this difference per-
sisted even after adjustment (OR=2.2). In the elderly (aged over 60) and female subgroups, TAFI levels in stroke
patients were higher than those in controls, and the results were also noted in ischemic stroke. The dose-re-
sponse curve showed that, as a whole, with the increase of TAFI levels, the relative risk of stroke first increased
and then decreased (p=0.0127). Similarly, in general, with the increase of TAFI levels, the curve showed that
the relative risk of ischemic stroke first increased and then decreased (p=0.0110).

Conclusions: There was a definite correlation between TAFI levels and stroke in this Chinese population, and with the in-
crease of TAFI levels, the relative risk of stroke or ischemic stroke first increased and then decreased.
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Background

Stroke is the second leading cause of death and is the most
important cause of disability in the world [1]. As a major public
health concern worldwide, it seriously harms human health [2]
and imposes a heavy economic burden on society. The latest
available estimates from China indicate that the total hospital-
ization expense of the 3 major cardiovascular diseases (ischemic
stroke, myocardial infarction, and intracranial hemorrhage) is
up to 46 billion yuan, and among them, the cost of ischemic
stroke is more than 27 billion yuan [3,4]. Recently, a study [5]
based on 480 000 people in China showed that the burden of
stroke has gradually increased over the past 30 years, present-
ing an increasing trend from south to north, especially in rural
areas. Compared to other similar surveys, China has the high-
est incidence and mortality rate of stroke in the world. Within
China, compared with other regions, the northeast region has
the highest stroke incidence (365.2/10 million) and the high-
est stroke mortality (158.5/10 million). Thus, stroke has be-
come a serious problem that cannot be ignored in China, es-
pecially in the northeast region.

Thrombin-activatable fibrinolysis inhibitor (TAFI), composed of
423 amino acids, is an inactive precursor circulating in plasma
and is activated by thrombin, plasmin, and thrombomodulin [6].
Activated TAFI effectively inhibits fibrinolysis by removing car-
boxyterminal lysine residues from partially degraded fibrin [7].
Because of its anti-fibrinolytic function, TAFI is believed to be
involved in arterial thrombosis. Epidemiological studies have
further shown that higher levels of TAFI are associated with an
increased risk of several cardiovascular events, such as ischemic
stroke (IS) [8-10], myocardial infarction (MI) [11], angina pecto-
ris (AP) [12], acute coronary syndrome (ACS) [13], and coronary
heart disease (CHD) [10]. Therefore, a discussion of changes in
plasma level of TAFI will help identify stroke risk factors and the
pathological process involved [14]. In addition, TAFI is expect-
ed to be a new biomarker and to be applied to clinical practice.

Despite numerous epidemiological studies of stroke in Western
countries [15,16], little information is available from popu-
lation-based studies in developing countries such as China.
Because TAFI antigen varies widely among different popula-
tions [17,18], we performed the present case-control study to
explore the relationship between TAFI levels and stroke in a
Chinese population.

Material and Methods
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areas of Liaoning Province, which is located in northeast China.
Cases were chosen by a convenience non-random sampling pro-
cedure. Inclusion criteria were: stroke patients examined by a
neurologist, diagnosed by CT or magnetic resonance imaging,
and certified by the hospital. Exclusion criteria were: patients
with other types of cerebrovascular diseases (e.g., brain tu-
mor, cerebrovascular malformation, and transient ischemic at-
tack), hematologic disorders, and those taking anticoagulants.
Controls were matched by age and sex with the case group
and they were all “healthy” people who did not have a history
of cerebrovascular diseases or neurological disorders. Controls
with history of bleeding and those who had been taking anti-
coagulants were also excluded. Ethics approval was obtained
from the China Medical University Ethics Committee. Informed
consent was obtained from each participant and data analysis
was conducted on the condition of anonymity.

Measurement of TAFI

The plasma TAFI level was measured by immune turbidimetry
using kits provided by Liaoning Maidi Biological Technology
Co. Ltd. The measurement principle is as follows: TAFI in plas-
ma is specifically bound to the TAFI antibodies labeled on col-
loidal gold, and then colloidal gold is aggregated into an im-
mune complex. The turbidity of the solution can be measured
by a biochemical analyzer, and the turbidity is directly propor-
tional to the content of the complex. Thus, the concentration
of TAFI in plasma can be determined by establishing a stan-
dard curve of the standard sample.

Statistical methods

We used Kolmogorov-Smirnov test and Q-Q plots to check the
normal distribution of variables. The median, upper, and low-
er quartiles, as well as frequency and percentage, were used
to describe the variables. The baseline condition and plasma
TAFI levels between the case group and the control group were
compared by using the Mann-Whitney U test and chi-square
test. Univariate and multivariate logistic regression were used
to analyze the association between the different TAFI levels
and stroke and its different subtypes. Restricted cubic spline
(RCS) combined with logistic regression was used to explore the
dose-response relationship between TAFI levels and stroke [19].
All data were analyzed using SPSS 19.0 and SAS 9.3.2, and the
significance level was p<0.05 (2-sided).

Results

Participants

Our population-based case-control study included 217 stroke
patients and 218 controls. All subjects were recruited from rural

Our study included 217 cases and 218 controls. The case
group consisted of 180 patients with ischemic stroke and 37
patients with hemorrhagic stroke. Among the 271 males in
the study, 143 were in the case group and 128 were in the
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Table 1. General characteristics of the participants based on case and control groups.

Factors All (n=435) Cases (n=217) Controls (n=218) P
Age (years) 62.00 (56.00-68.00) 63.00 (55.00-69.00) 60.00 (57.00-67.00) 0.391
"""" Male 271 (6230%) 143 (6590%) 128 (5872%) 0122
"""" BMI(kg/m) 2353 (21102615 2469 (22.66-27.44) 2218  (2004-2477) 0000*
"""" TC(mmoll) 516  (457-585) 527  (460-598) 506  (452-575) 0114
"""" TG (mmol) 125 (0.88-1.89) 136  (092-209) 117  (081-177) 0033
"""" HDL(mmol) 154 (1.23-179) 137 (116175 162  (134-185)  0000*
"""" LDL(mmoll) 292  (238-355 290  (236-353) 293  (243-355) 0630
"""" Glu(mmoll) 520  (460-600) 550  (500-670) 490  (440-560) 0000*
"""" Nat (mmol/l) 14280 (140.00-14500) 14190 (139.70-14370) 14380 (14105-14590) 0.000*
"""" Kk (mmol/l) 418 (387-441) 417  (385-444) 419  (3.92-439) 0489
"""" WPhistory 346 (79.54%) 168 (7742%) 178 (8165%) 0274
"""" Family WP 165 (3793%) 103 (4747% 62 (2844%)  0000*
"""" Familystoke 96 (2207%) 56 (2581%) 40  (1835%) 0085
"""" FamilyCHD 47 (1080%) 19 (876%) 28 (1284%) 0131
"""" Smoking 207 (4759%) 87 (4009%) 120  (5505%)  0002*
"""" Drinking 141 (3241%) 8  (3134%) 73 (3349%) 0632
"""" Highsaltdiet 326 (7494%) 172 (7926%) 154 (7064%) 0038

BMI — body mass index; TC — total cholesterin; TG — triglyceride; HDL — high density lipoprotein; LDL — low density lipoprotein;
Glu - blood glucose; HP history — hypertension history; Family HP — family history of hypertension; Family stroke — family history of
stroke; Family CHD — family history of coronary heart disease. * p<0.05.

control group. The average age of all subjects was 62 years,
range 30-82 years. The case group and control group were
well-matched by age and sex.

BMI, total cholesterin (TC), triglyceride (TG), high-density li-
poprotein (HDL), low-density lipoprotein (LDL), blood glucose
(Glu), serum sodium (Na*), serum potassium (K*), hyperten-
sion history, family history of hypertension, family history of
stroke, family history of coronary heart disease, smoking, drink-
ing, and high-salt diet were compared between the 2 groups.
The results showed statistically significant (p<0.05) differenc-
es between groups for BMI, triglyceride (TG), high-density lipo-
protein (HDL), blood glucose (Glu), serum sodium (Na*), family
history of hypertension, smoking, and high-salt diet (Table 1).

By analysis, the median TAFI level of cases was 31.28 pg/ml,
the upper quartile was 35.18 pg/ml, and the lower quartile was
27.23 pg/ml; while the median and upper and lower quartiles
of TAFI levels in controls were 29.26 pg/ml, 34.97 pg/ml, and
25.32 pg/ml, respectively. The plasma TAFI level of cases was
higher than in the control group (p=0.038). The level of TAFI
in patients with ischemic stroke was also significantly higher
than that in the control group (p=0.036), but the difference

between hemorrhagic stroke patients and controls showed no
significance (p=0.424).

When stratified by age and sex, the data showed that TAFI lev-
el of cases was significantly higher than in the control group
(p=0.016 for age over 60, p=0.022 for females). In the elderly
(aged over 60 years) and in females, plasma TAFI levels in isch-
emic stroke patients were also higher than in controls, where-
as there were no differences in hemorrhagic stroke (Table 2).

Considering the results of univariate logistic regression (p<0.10
as the significance level) and the practical significance, we ad-
justed the elderly (age over 60 years), male, overweight (BMI
>24), hyperglycemia (>6.1mmol/L), high HDL (>1.2mmol/L),
family history of hypertension, family history of stroke, high-
salt diet (>180g/month), and TAFI as possible influencing fac-
tors. The TAFI was divided into 4 quartiles. Compared with
the first quartile (<25.32 pg/ml), the adjusted OR of the third
quartile (29.26~34.97 ug/ml) was 2.22, which means the risk
of stroke was 2.22 times higher in the third quartile than in
the first quartile. After adjusting for some possible influencing
factors (age, male, overweight, family history of hypertension,
hyperglycemia, high HDL, hypertriglyceridemia, and TAFI), the
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Table 2. Stratified analysis according to age and gender.

Stroke Ischemic stroke Hemorrhagic stroke Control group

<60 31.16 (27.10-34.92) 0.570 31.22 (27.14-34.88) 0.529 30.63 (27.10-35.96) 0.886 30.55 (26.06-35.18)
560 3148 (27333525 0016 3173 (2689-3539) 0018 2908 (28.19-3297) 0321 28.00 (24.96-34.62)
CGender
| Male 3048 (2672-35.02) 0355 3074 (2670-35.02) 0394 30.05 (27.35-3477) 0551 29.69 (25.03-34.89)
 Female 3232 (2843-3629) 0022 3250 (2848-3681) 0017 3136 (27.36-33.06) 0586 2878 (25.57-35.03)

P value came from the compare between each case group (stroke/ischemic stroke/hemorrhagic stroke) and the control group.

Table 3. Multivariate logistic regression for stroke and different subtypes of stroke.

Stroke Ischemic stroke Hemorrhagic stroke

Variate

0.126 2.38

(0.78-7.23)

Drinking — — — —

Overweight: BMI >24; Hyperglycemia: blood glucose >6.1 mmol/L; High HDL: HDL >1.2mmol/L; High-salt diet: salt >180 g/month; HTG:
hypertriglyceridemia, TG >1.7 mmol/L; hypokalemia: K+ <3.5 mmol/L.

risk of ischemic stroke increased by 134% in the third quar-
tile. However, the risk of hemorrhagic stroke was not statisti-
cally significant even after adjustment (Table 3).

Since the TAFI antigen level has a large variability in different
populations [17,18], we used the median of the control group
(29.26 pg/ml) as the reference concentration. We selected 5

knots (p5, p25, p50, p75, and p95) [19] of TAFI levels to ex-
plore the dose-response relationship between TAFI levels and
stroke or ischemic stroke after adjustment. Because the num-
ber of patients with hemorrhagic stroke was too low and we
found no association between TAFI and hemorrhagic stroke,
hemorrhagic stroke was not analyzed in this section. Testing
showed the association between TAFI levels and stroke was
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Association between stroke and TAFI using RCS with 5 knots
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Figure 1. The dose-response curve of the relationship between
TAFI and stroke.

nonlinear (p=0.0065). The dose-response curve (Figure 1)
showed that, as a whole, with the increase of TAFI levels, the
risk of stroke first increased and then decreased (p=0.0127).
Similarly, in general, with the increase of TAFI levels, the curve
(Figure 2) showed that the risk of ischemic stroke first increas-
es and then decreases (p=0.0110).

Discussion

To the best of our knowledge, this is the first dose-response
study of TAFI level and stroke in a Chinese population. The
method of TAFI detection commonly used before was enzyme-
linked immunosorbent assay (ELISA), but the complicated pro-
cess limits clinical application to some extent. Different man-
ufacturers use different antibodies and sites for detection,
which makes it impossible to do a unified and accurate eval-
uation of the clinical significance of TAFI. In contrast, the TAFI
kit for the test of TAFI antigen level used in our study, based
on the immune turbidimetry, is simple and reliable. A previ-
ous study [20] has demonstrated that this method is feasible
in clinical practice. Because detection methods were different
and the TAFI antigen level has a large variability in different
populations [17,18], quantitative results from different studies
cannot be compared directly. However, our finding that TAFI
level of stroke patients was higher than in the control group
is similar to results reported by Leebeek et al. [8,21]; and our
results regarding ischemic stroke are also consistent with re-
sults reported by Santamaria et al. [8,14,22,23]. After adjust-
ing for some possible related factors, we found that a higher
TAFI level (29.26~34.97pg/ml) can increase the risk of stroke
by 122% and can increase the risk of ischemic stroke by 134%.
The dose-response curve further shows that, as a whole, the
risk of stroke first increases and then decreases with the in-
crease in TAFI levels, and this tendency was also demonstrated

Figure 2. The dose-response curve of the relationship between
TAFI and ischemic stroke.

in ischemic stroke. The mechanism involved is probably as fol-
lows: TAFI is mainly activated by thrombin, and the procoag-
ulant activity of thrombin has been demonstrated. The coag-
ulation system leads to the generation of thrombin and turns
fibrinogen into fibrin, and then a fibrin clot forms at the vas-
cular injury site, preventing blood loss from damaged vessels.
If the coagulation system was over-activated and/or fibrino-
lysis function is reduced, the coagulation and fibrinolysis sys-
tems become imbalanced, which may lead to fibrin deposition
and then thrombosis. The function of TAFI is not only limit-
ed to the regulation of thrombin, but also plays a widespread
role in the regulation of fibrinolysis. Activated TAFI can effec-
tively inhibit fibrinolysis by removing C-terminal lysine resi-
dues from the partially degraded fibrin. Therefore, it is specu-
lated that the formation of thrombin and the activation of TAFI
can lead to imbalance of the coagulation system and fibrino-
lysis system, which can lead to thrombotic diseases, especial-
ly ischemic stroke. In addition, a study has revealed that the
activation and secretion of TAFI are dependent on the gener-
ation of thrombin in a dose-dependent manner [24]. In view
of this opinion, in the coagulation process, increased throm-
bin generation is associated with increased TAFI secretion and
activation, which can regulate the production of thrombin and
reduce coagulation in a feedback loop. However, it is still im-
possible to distinguish whether the decrease in plasma TAFI
concentration is due to reduced production, increased con-
sumption, or some other reasons. Therefore, the trend of the
dose-response curve may be explained, but the definite mech-
anism needs to be confirmed by more studies.

At present, the common examination for stroke diagnosis is
CT or MRI, but CT is usually not sensitive in the early stage,
while MRI is expensive and requires much time. Since the de-
tection of TAFI is simple, rapid, convenient, and low-cost, it is
expected to become a biological marker and to assist in clinical
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diagnosis. However, there were no relevant published articles
and the recommendations still need some well-designed and
large-scale prospective studies.

Our study has certain limitations. First, the case-control de-
sign is a limit to determination of causation and prospective
studies are needed. Second, since stroke is a complex hetero-
geneous disease, more details about subtypes are required.
Third, our study included 435 patients but only 37 patients
had hemorrhagic stroke; the sample size was thus a bit limited
and the analysis in this part could not be performed effectively.
Finally, due to limitations of the condition of detection, we did
not test the TAFI activity. Therefore, the reliability of the con-
clusion needs to be further confirmed by high-quality studies.
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Conclusions

There was a definite correlation between TAFI level and stroke
in this Chinese population, and with the increase of TAFI lev-
els, the relative risk of stroke or ischemic stroke first increased
and then decreased.
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