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Abstract

Background: As a fibrinolytic enzyme from fermented soybean, nattokinase has been shown to be potentially beneficial for cardiovas-
cular health, but current clinical evidences regarding the nattokinase supplementation on cardiovascular risk factors are various. This
study aims to evaluate the cardiovascular efficacy of nattokinase. Methods: Four electronic databases were systematically searched to
collect eligible randomized controlled trials. Data were extracted and summarized in a pre-designed form by two independent reviewers.
Review Manager 5.4 software (Cochrane Library Software, Oxford, U.K.) was used for meta-analysis and bias risk assessment. Results:
Six studies were eligible for quantitative analysis with 546 participants. The overall methodological quality of included studies was
high. Relatively low total dosage of nattokinase had a negative effect on blood total cholesterol (MD [mean difference] = 5.27, 95%
CI [confidence intervals]: 3.74 to 6.81, p < 0.00001), high-density lipoprotein cholesterol (MD = -2.76, 95% CI: -3.88 to —1.64, p <
0.00001), and low-density lipoprotein cholesterol (MD = 6.49, 95% CI: 0.83 to 12.15, p = 0.02). Nattokinase supplementation signifi-
cantly reduced systolic blood pressure (MD = -3.45, 95% CI: —4.37 to —2.18, p < 0.00001) and diastolic blood pressure (MD = -2.32,
95% CI: —2.72 to —1.92, p < 0.00001), and led a slight increase in blood glucose (MD = 0.40, 95% CI: 0.20 to 0.60, p < 0.0001) as
compared to placebo. Nattokinase group with relatively high total dosage also had a higher total cholesterol (MD = 3.18, 95% CI: 2.29 to
4.06, p < 0.00001) than control interventions, but no significant differences were found in levels of high-density lipoprotein cholesterol
and low-density lipoprotein cholesterol. No significant correlation was found between nattokinase supplementation and triglyceride (p
=0.71). No notable adverse events were reported in all studies due to intake of nattokinase. Conclusions: This study further supports
that nattokinase can be used as an effective adjunctive therapy for hypertension, but relatively low-dose supplementation of nattokinase
may have no significant lipid-lowering effect. More work will need to be done to determine whether the positive efficacy of nattoki-
nase on cardiovascular risk factors is dose-dependent. Systematic Review Registration: This work has been registered on PROSPERO
(CRD42022315020).
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1. Introduction of functional ingredients, including nattokinase. As a serine
protease produced by Bacillus subtilis, nattokinase has po-
tential anti-coagulatory, thrombolytic, anti-atherosclerotic,
lipid-lowering, and anti-hypertensive effects [6,7]. In addi-
tion to these favourable cardiovascular profiles, nattokinase
can be orally administered with inexpensive cost, proven
safety and preventative efficacy [8]. Hence, nattokinase
consumption is growing in both healthy and CVD individ-
uals around the world, especially in Asian countries.

Cardiovascular diseases (CVDs) remain the most
common causes of premature mortality and disability glob-
ally [1]. The major risk factors of CVD, such as coagu-
lation abnormality, hypertension, dyslipidemia, and hyper-
glycemia have been well established [2]. Dietary modifica-
tion is a fundamental strategy for the prevention of CVD,
and adequate dietary choices may promote cardiovascular
health [3]. Previous research has established that dietary in-

take of soybeans is negatively associated with the risks of Nattokinase has a stronger fibrinolytic activity than

CVD [4], which shows the promise of soy food as a dietary
therapy for CVD.

Over past decades, traditional Japanese diets have at-
tracted growing attention because of substantially low CVD
morbidity and the highest life expectancy of Japanese pop-
ulation [5]. Natto is a famous traditional Japanese food
made from fermented soybeans, which contains a variety

plasmin in vivo, and can even hydrolyze fibrin directly [9].
Oral administration of nattokinase not only promotes the
release of tissue plasminogen activator from vascular en-
dothelial cells, but inhibits the level of plasminogen acti-
vator inhibitors [10,11]. Recently, experimenters also pro-
vide a new insight that nattokinase is able to prevent arte-
riosclerosis and thrombosis by exerting anti-inflammatory,
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anti-oxidative stress and anti-apoptotic effects [6,12—14].
In addition, a number of in vitro and animal experiments
have established that nattokinase suppresses hypertension
via inhibiting angiotensin-converting enzyme and plasma
angiotensin II level [8,15,16].

Although recent review studies suggest that nattoki-
nase is a promising alternative in the prevention and treat-
ment of CVD [17-19], cardiovascular benefits of nattok-
inase, such as its lipid-lowering effect, remain contro-
versial [20-23]. This study thus aims to assess the ef-
ficacy of nattokinase on cardiovascular risk factors and
to provide evidence-based recommendations for clinical
decision-making.

2. Methods

This systematic review and meta-analysis followed
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) recommendations [24],
and the protocol had been registered on PROSPERO
(CRD42022315020).

2.1 Search Strategy

Electronic searches for pertinent studies were con-
ducted in PubMed, Web of Science, Embase, and Cochrane
Library from their inceptions to February 14, 2023, using
the keyword “nattokinase” in the title or abstract. In order
to adequately identify eligible studies, no restrictions were
placed on terms of cardiovascular risk factors. Two au-
thors separately screened retrieved records, and discrepan-
cies were resolved by consulting with other authors. More-
over, references of included literature were checked to find
more eligible studies.

2.2 Selection Criteria

(I) Type of study: prospective parallel-group random-
ized controlled trials (RCTs) with at least a 1-month follow-
up.

(II) Subjects: adults with or without established car-
diovascular risk factors.

(IIT) Intervention and control measures: comparison
between nattokinase supplementation and placebo interven-
tion without limitations on oral dosage and frequency.

(IV) Outcome measurements: blood lipids, blood
pressure, blood glucose, metabolic factors, hemorheolog-
ical parameters, coagulation indexes, and adverse effects.

Studies in which the outcome measurements could
not be synthetically evaluated were included for qualitative
analysis but excluded from the meta-analysis. This study
did not include trials that observed fermented soybeans
(natto) on cardiovascular risk factors, because fermented
soybean product contained a high amount of nutrients, some
of which had cardiovascular benefits (not just nattokinase).
Furthermore, we excluded cohort studies, case control stud-
ies, case report/series, and review studies.

2.3 Data Extraction and Quality Assessment

Collected data were summarized in a pre-designed
form by two authors, and any difference was solved by con-
sensus, which included basic information of research, pop-
ulation characteristics, medication administration details,
and outcome measurements. Quality appraisal was under-
taken by two reviewers based on the Cochrane Collabora-
tion’s tool, and another author made a final decision regard-
ing any disagreement.

2.4 Data Synthesis and Analysis

This meta-analysis was performed using the RevMan
5.4 version software (Cochrane Library Software, Oxford,
U.K.). Quantitative analyses were carried out if more than
one study reported the same outcome data that were avail-
able and consistent on clinical grounds. Between-study het-
erogeneity was tested by the Q-test (Chi-square) and quan-
tified by the I? statistic, where a significant Q-test (p <
0.10) and value for I? > 50% represented high heterogene-
ity among studies, and random-effect models were used.
Otherwise, the fixed-effect model was utilized [25]. For
continuous variables, mean difference (MD) was utilized
to signify the degree of deviation between variables, and
standardized mean difference (SMD) was used when mean
value varied widely. We conducted sub-group analysis to
investigate the potential sources of heterogeneity, and pro-
vided a narrative overview for unexplained substantial het-
erogeneity. The sensitivity analysis would be used to as-
sess the robustness of our findings via excluding trials that
were considered to have a high risk of bias in one or more
domains. Publication bias was detected using funnel plot
if more than 10 eligible studies were included in the cor-
responding meta-analysis [26]. The p value of <0.05 was
defined as statistically significant, and 95% confidence in-
tervals (CI) were calculated for all included data.

3. Results
3.1 Search Results

The first search yielded 1032 studies, and thirty-six
remained after excluding duplicates and irrelevant studies.
Based on the selection criteria, 24 studies were removed,
and 7 RCTs were finally included in the qualitative analysis
[27-33]. Data from the 6 RCTs could be synthesized for
the meta-analysis [27-29,31-33]. The PRISMA flow chart
presents the detailed retrieval process (Fig. 1).

3.2 Participant Characteristics

The main study characteristics are presented in Table 1
(Ref. [27-33]). A total of 311 participants received nattoki-
nase and 296 received matching placebo. The mean number
of participants per study was 86, ranging from 28 to 265.
The average age of participants was significantly varied in
each trial, and approximately 62% of the population was
female. Five studies recruited subjects with cardiovascu-
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Fig. 1. The PRISMA flow diagram of study selection.

lar disease risk factors, including hypertension [28,29] and
hyperlipidemia [31-33]. One trial recruited patients diag-
nosed with sub-acute ischemic stroke [30], and another trial
included healthy subjects without any clinical evidence of
cardiovascular risk factors [27]. Nearly 56% of the included
participants were Americans and the others were Asians.

3.3 Intervention and Outcome Measurements

In the present meta-analysis, nattokinase supplemen-
tation as an intervention to manage cardiovascular risk fac-
tors was compared with the matching placebo. The daily
dosage of nattokinase was highly variable among the in-
cluded trials, ranging from 1200 to 8000 FU (a fibrin unit
used to quantify the ability of nattokinase to lyse fibrin in
vitro) [34]. Both nattokinase and placebo were produced in
the same capsule form. Five studies performed a follow-
up evaluation at the eighth week [28-31,33]. The follow-
up time of the other two studies was 6 months [32] and 3
years [27]. All included studies evaluated potential risks
of CVDs, including blood coagulation and fibrinolysis fac-
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tors, blood lipids, blood pressure, and blood glucose. Six
of'included trials observed adverse events encountered with
nattokinase and control interventions [27,28,30-33]. Four
studies evaluated compliance by counting returned capsules
[27,28,32,33].

3.4 Risk of Bias Assessments

All the studies were randomized and provided infor-
mation about randomization and allocation concealment.
Double-blinded method was reported in six trials [27—
29,31-33] and one trial had a single-blinded design [30].
Two studies reported no patient drop-outs [29,30], and five
studies provided numbers and reasons for dropping out
[27,28,31-33], so they all were considered to have low risk
of attrition bias. All included trials reported the main re-
sults as planned, and four of them were judged to have a
low risk of selective reporting bias [27,29,32,33]. Table 2
(Ref. [27-33]) presents the risk of bias assessment results.
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Table 1. Characteristics of included trials evaluating the effect of nattokinase on risks of cardiovascular disease.

. . . Participants Age (year) Nattokinase o i
Trial Location Study design . Control Outcomes for quantitative analysis
N/C Mean (SD)/[Range] Supplementation
. RCT; prospective; single-center; 2000 FU/day =~ Matching placebo Total cholesterol, low-density lipoprotein cholesterol,
Hodis et al. (2021) [27] USA . 132/133 65.3 [60.6-72.3] . o .
double-blinded 36 months 36 months high-density lipoprotein cholesterol, blood glucose
RCT; prospective; multi-center; 2000 FU/day  Matching placebo
Jensen et al. (2016) [28] USA . 39/35 53.4[20.8-82.8] Blood pressure
double-blinded 8 weeks 8 weeks
. RCT; prospective; single-center; N:47.6 +1.78 2000 FU/day = Matching placebo
Kim et al. (2008) [29]  South Korea . 39/34 Blood pressure
double-blinded C:46.5+1.65 8 weeks 8 weeks
. RCT; prospective; single-center; 1200 FU/day ~ Matching placebo
Pham et al. (2020) [30] Vietnam . . 31/30 60.1 [30-70] Blood pressure
single-blinded 60 days 60 days
. RCT; prospective; single-center; N:54.8 £9.6 8000 FU/day  Matching placebo Total cholesterol, triglyceride, low-density lipoprotein
Wu et al. (2009) [31] Taiwan . 15/15 . o .
double-blinded C:51.6 £ 10.1 8 weeks 8 weeks cholesterol, high-density lipoprotein cholesterol
. RCT; prospective; multi-center; N:51.6 8.6 7000 FU/day  Matching placebo Total cholesterol, triglyceride, low-density lipoprotein
Yang et al. (2009) [32] Taiwan . 18/10 . . .
double-blinded C:563 +11.8 6 months 6 months cholesterol, high-density lipoprotein cholesterol
RCT; prospective; single-center; N: 543 £1.25 6000 FU/day  Matching placebo Total cholesterol, triglyceride, low-density lipoprotein
Yoo et al. (2019) [33] South Korea . 37/39 . o .
double-blinded C:53.1+1.40 8 weeks 8 weeks cholesterol, high-density lipoprotein cholesterol, blood glucose

Abbreviations: N, nattokinase group; C, control group; FU, fibrinolytic unit; RCT, randomized controlled trial; SD, standard deviation.

Table 2. The summary of reviewers’ judgments about each risk of bias item for included trials.

Trial Random sequence  Allocation  Blinding of participants  Blinding of outcome Incomplete outcome  Selective Other bias
generation concealment and personnel assessment data reporting
Hodis et al. (2021) [27] L L L L L L L
Jensen et al. (2016) [28] L L L U L u U
Kim et al. (2008) [29] L L L U L L L
Pham et al. (2020) [30] L L U U L U U
Wu et al. (2009) [31] L L L U L U 8]
Yang et al. (2009) [32] L L L L L L L
Yoo et al. (2019) [33] L L L L L L L

Abbreviations: L, low risk of bias; U, unclear or unrevealed risk of bias.
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Mean Difference

Mean Difference

Experimental Control
Study or Subgroup __Mean SD Total Mean SD Total Weight
2.1.1 Relatively low total dosage of nattokinase
Wu et al. 2009 2323 1327 15 22894 2065 14 0.4%
Yooetal. 2019 2338 337 37 2285 351 39 245%
Subtotal (95% Cl) 52 53 24.9%
Heterogeneity: Chi*=0.09,df=1 (P=0.77); F= 0%
Test for overall effect Z=6.73 (P <0.00001)
2.1.2 Relatively high total dosage of nattokinase
Hodis et al. 2021 210.6 34 118 2074 35 116 749%
Yang et al. 2009 2205 178 18 225 227 10 0.2%
Subtotal (95% CI) 136 126 75.1%

Heterogeneity: Chi*=0.85, df=1 (P =0.36); F= 0%
Test for overall effect. Z=7.05 (P <0.00001)

Total (95% CI) 188 179 100.0%
Heterogeneity: Chi*=6.31,df=3 (P=0.10); = 52%

Test for overall effect: Z=9.47 (P <0.00001)

Test for subaroup differences: Chi*=537.df=1 (P =002). F=81.4%

IV. Fixed. 95% Cl IV, Fixed, 95% Cl
3.36 -9.37, 16.09]
5.30 [3.75, 6.85] —-—
527 [3.74,6.81] <
3.20 (2.32, 4.08] 3
-4.50-20.82,11.82]
3.18[2.29, 4.06] ¢
3.70 [2.93, 4.46] ¢
-20 10 0 10 20

Favours [experimental] Favours [control]

Fig. 2. Forest plot of RCTs investigating the effect of nattokinase on total cholesterol. RCTs, randomized controlled trials; SD,

standard deviation; CI, confidence intervals.

3.5 Qualitative Results

Blood coagulation and fibrinolytic parameters. In a
trial conducted among healthy subjects, nattokinase showed
no detectable effects on any observed coagulation and fib-
rinolytic factor, such as prothrombin time, activated partial
thromboplastin time, von Willebrand factor antigen and tis-
sue plasminogen activator antigen, at time points of 1 week
and 1, 3, and 6 months relative to placebo [27]. Jensen et al.
[28] found that average level of von Willebrand factor was
reduced by 15% in patients with hypertension after nattok-
inase supplementation, whereas consistent change was not
found for subjects consuming placebo after 8 weeks (p <
0.09). In the study by Yoo et al. [33], nattokinase group
had a greater increase in collagen—epinephrine closure time
(p = 0.001) and activated partial thromboplastin time (p =
0.016) than those in placebo group.

Degree of atherosclerosis. Results of a 3-year inter-
vention with nattokinase supplementation in healthy indi-
viduals showed that annualized rate of carotid artery intima-
media thickness progression was 0.013 mm (95% CI, 0.010
to 0.015) per year in the nattokinase group, and 0.011 mm
(95% CI, 0.009 to 0.013) per year in the placebo group (p =
0.31). In addition, the mean rate of carotid arterial stiffness
was not significantly different between two groups [27].

Blood pressure and associated regulators. Pham et
al. [30] found that nattokinase supplementation (60 days)
led to statistically significant reductions (p < 0.05) in both
systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) compared to pre-treatment. In an 8-week
trial, researchers found that patients’ DBP was signifi-
cantly decreased after nattokinase intervention compared
with placebo intervention (nattokinase: 84 + 1.9 mmHg;
placebo: 87 £ 1.7 mmHg; p < 0.01). Besides, partici-
pants with normal and high baseline plasma renin activity
in both two groups had plasma renin activity decreased, and
for subgroups with low baseline plasma renin activity, 66%

&% IMR Press

of them in the nattokinase group had plasma renin activity
improved to normal levels, but there were only 8% of sub-
jects had plasma renin activity normalized in the placebo
group [28]. During the 8-week intervention period, Kim et
al. [29] found that the mean renin activity was increased
in the control group and decreased in the nattokinase group
without a statistically significant difference, but the corre-
sponding net change was significant (p = 0.026).

3.6 Quantitative Data Synthesis and Analysis
3.6.1 Effect of Nattokinase on Blood Lipids

Overall, four studies with a total of 399 partici-
pants included measures of total cholesterol, high-density
lipoprotein cholesterol (HDL-C), and low-density lipopro-
tein cholesterol (LDL-C) [27,31-33]. There was high het-
erogeneity for the above three meta-analyses (I? = 52%,
95%, and 93%). We observed that subgroup-analysis based
on the total dosages of nattokinase might explain the poten-
tial heterogeneity between these studies. Two trials had an
8-week nattokinase intervention [31,33], and the other two
observed nattokinase supplementation for 6 months and 3
years [27,32], so the total therapeutic dose of these two sub-
groups were considered to be relatively low and high, re-
spectively.

The subgroup of relatively low total nattokinase
dosage showed that there was a positive association be-
tween nattokinase supplementation and total cholesterol
(MD =5.27,95% CI: 3.74 t0 6.81, p < 0.00001); relatively
high total dosage of nattokinase supplementation also led to
an increase in total cholesterol (MD = 3.18, 95% CI: 2.29
to 4.06, p < 0.00001) (Fig. 2).

The aggregated results of these studies showed that
nattokinase group with relatively low total dosage had more
HDL-C levels reduced (MD = -2.76, 95% CI: —3.88 to —
1.64, p < 0.00001) than control group. Nattokinase sup-
plementation with relatively high total dosage showed a fa-
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

3.1.1 Relatively low total dosage of nattokinase

Wu et al. 2009 44.05 12.49 15 50.03 10.28 14 132%
Yoo etal 2019 60.7 242 37 634 26 39 338%
Subtotal (95% CI) 52 53 47.0%

Heterogeneity: Tau®= 0.00: Chi#= 0.58, df=1 (P = 0.44); F= 0%
Test for overall effect Z= 4.84 (P < 0.00001)

3.1.2 Relatively high total dosage of nattokinase

Hodis et al. 2021 68.7 19 118 669 19 116 346%
Yang etal. 2009 56.5 6.5 18 468 8.6 10 18.4%
Subtotal (95% Cl) 136 126 53.0%

Heterogeneity: Tau™= 26.30; Chi*=6.37,df=1 (P=0.01); F=84%
Test for overall effect Z=1.32 (P=0.19)

Total (95% CI) 188 179 100.0%

Heterogeneity: Tau®*=10.99; Chi*=61.86, df= 3 (P < 0.00001); F=95%
Test for overall effect Z=036 (P=0.72)
Test for subaroun differences: Chi*=4.01.df=1 (P=009.F=751%

-5.98 [14.28, 2.32)
2,70 -3.83,-1.57] -
-2.76[-3.88, -1.64] L 2

1.80[1.31, 2.29] =

9.70 [3.58,15.82] —_—

5.14[-2.51, 12.79] R ——

0.71[-3.12, 4.54] ?

10 5 0 5 10
Favours [control] Favours [experimental]

Fig. 3. Forest plot of RCTs investigating the effect of nattokinase high-density lipoprotein cholesterol. RCTs, randomized controlled

trials; SD, standard deviation; CI, confidence intervals.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.2.1 Relatively low total dosage of nattokinase
Wu et al. 2009 1496 1465 15 1483 122 14 148% 1.30[-8.49,11.09] ]
Yoo etal 2019 1479 3728 37 1398 3.07 39 39.8% 8.10[6.67,9.53] el
Subtotal (95% Cl) 52 53 54.6% 6.49 [0.83, 12.15] ~if—
Heterogeneity: Tau®*=10.38, Chi®=1.82,df=1 (P=0.18), F=45%
Test for overall effect Z=2.25 (P =0.02)
3.2.2 Relatively high total dosage of nattokinase
Hodis et al. 2021 122 29 118 1193 3 116 409% 2.70[1.94, 3.46] o
Yang et al. 2009 1317 175 18 1434 313 10 45% -11.70[32.72,9.37]
Subtotal (95% Cl) 136 126 45.4% -0.51[-12.26, 11.24] -
Heterogeneity: Tau®=46.11; Chi*=1.80,df=1 (P=0.18); = 44%
Test for overall effect Z=0.09 (P =0.93)
Total (95% CI) 188 179 100.0% 4.00[-0.71,8.71] il

Heterogeneity: Tau®*=13.98; Chi*= 45.06, df= 3 (P < 0.00001); I*=93%
Test for overall effect Z=1.66 (P=0.10)
Test for subaroun differences: Chi*=1.11.df=1(P=029.F=938%

20 10 0 10 20
Favours [experimental] Favours [control]

Fig. 4. Forest plot of RCTs investigating the effect of nattokinase on low-density lipoprotein cholesterol. RCTs, randomized

controlled trials; SD, standard deviation; CI, confidence intervals.

Favours [experimental] Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Wu et al. 2009 168.02 2176 15 164.71 3373 14 32% 331[17.51,2413]
Yang et al. 2009 161.6 743 18 174 997 10 0.3% -12.40[-83.09,58.29]
Yoo etal. 2019 125.9 7.7 37 1267 923 39 96.5% -0.80 [-4.61, 3.01]
Total (95% CI) 70 63 100.0% -0.70 [-4.45, 3.05]

Heterogeneity: Chi*=0.25, df=2 (P=0.88), F=0%
Test for overall effect. Z=0.37 (P=0.71)

50 25 0 25 50
Favours [experimental] Favours [control]

Fig. 5. Forest plot of RCTs investigating the effect of nattokinase on triglyceride. RCTs, randomized controlled trials; SD, standard

deviation; CI, confidence intervals.

vorable but non-statistically significant effect in increasing
HDL-C levels (MD = 5.14, 95% CI: -2.51 to 12.79, p =
0.19) compared with controls (Fig. 3). Furthermore, pooled
analyses of the low total dosage subgroup showed that nat-
tokinase induced higher LDL-C levels than control inter-
ventions (MD = 6.49, 95% CI: 0.83 to 12.15, p = 0.02),
but no statistically significant effects were observed for the

group with relatively high total nattokinase dosage (p =
0.93) (Fig. 4).

As shown in Fig. 5, data from three studies with 134
participants were pooled to assess the effect of nattokinase
on triglyceride [31-33]. No significant effect of intake of
nattokinase was found in improving triglyceride levels (MD
=-0.7,95% CI: —4.45 t0 3.025, p = 0.71).
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A

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random,95% CI IV, Random, 95% CI
Kim et al. 2008 1318 1.62 39 1359 202 34 501% -4.10[4.95-3.25 — @ —
Yooetal 2019 1191 1.59 37 1219 218 39 499% -2.80[3.65,-1.95) ——
Total (95% CI) 76 73 100.0% -3.45[-4.73,-2.18] —eeiiER——
Heterogeneity: Tau®= 0.66; Chi*= 4.48, df=1 (P = 0.03); *= 78% . 1 ! } :

Testfor overall effect: Z=5.31 (P < 0.00001)

Mean Difference

Favours [experimental] Favours [control]

Mean Difference

Experimental Control
Study or Subgroup _Mean _ SD Total Mean SD Total Weight
Jensenetal. 2016 84 19 39 87 1.7 35 241%
Kim et al. 2008 89 1.14 39 912 1.54 34 409%
Yooetal 2019 83 1.27 37 773 1.73 39 35.0%
Total (95% Cl) 115 108 100.0%

Heterogeneity: Chi®= 3.63, df=2 (P=0.16), F= 45%
Test for overall effect: Z=11.31 (P < 0.00001)

IV, Fixed, 95% CI IV, Fixed, 95% Cl
-3.00[3.82,-218) — %

-2.20-2.83,-1.57] ——

-2.00 [-2.68,-1.32] —a—

-2.32[-2.72,-1.92] -

2 41 0 1 2
Favours [experimental] Favours [control]

Fig. 6. Forest plot of RCTs investigating the effect of nattokinase on systolic blood pressure (A) and diastolic blood pressure (B).

RCTs, randomized controlled trials; SD, standard deviation; CI, confidence intervals.

Experimental Control Mean Difference Mean Difference
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Fig. 7. Forest plot of RCTs investigating the effect of nattokinase on blood glucose. RCTs, randomized controlled trials; SD, standard

deviation; CI, confidence intervals.

3.6.2 Effect of Nattokinase on Blood Pressure

Based on the results of 3 RCTs that included 115 indi-
viduals in the nattokinase group and 108 individuals in the
control group [28,29,33], nattokinase supplementation was
found to be associated with a significant decrease in SBP
(MD = -3.45, 95% CI: —4.37 to -2.18, p < 0.00001) and
DBP (MD =-2.32, 95% CI: -2.72 to —1.92, p < 0.00001)
as compared to placebo (Fig. 6).

3.6.3 Effect of Nattokinase on Blood Glucose

The impact of nattokinase on blood glucose was eval-
uated in two studies, including a total of 341 participants
(Fig. 7) [27,33]. The results showed that nattokinase in-
duced a slight increase of blood sugar with no heterogeneity
across studies (I? = 0%) in comparison with control inter-
ventions (MD = 0.40, 95% CI: 0.20 to 0.60, p < 0.0001).

3.7 Adverse Events and Compliance Rate

No notable adverse events were reported among all
groups due to intake of nattokinase or placebo. The aver-
age compliance rate of participants exceeded 95% in three
studies [27,28,32].
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4. Discussion

To the best of our knowledge, this is the first system-
atic review to examine the association between nattokinase
supplementation and cardiovascular risk factors. Overall,
present study involving 607 participants found that nattoki-
nase might have a beneficial influence on blood pressure,
but no significant improvements were observed in blood
lipids and blood glucose. Despite the high methodologi-
cal quality of eligible studies in this meta-analysis, the total
number of studies examining any cardiovascular risk fac-
tor was small, so these findings should be interpreted cau-
tiously.

Since the fibrinolytic activity of nattokinase was dis-
covered in the 1980s, a variety of animal-based studies have
been made to support its strong thrombolytic activity [18,
35-38]. Even a single dose of oral nattokinase was shown to
enhance fibrinolysis and anticoagulation in humans [22,39].
Moreover, nattokinase positively affected various blood
rheological parameters in a dose-dependent manner, includ-
ing platelet aggregation, red blood cell aggregation, whole
blood viscosity and vascular tension, which could be con-
sidered as a good candidate in improving blood flow [40—
43]. Clinical data on fibrinolytic and antithrombotic effects
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of nattokinase were sparse in the present meta-analysis,
which limits quantitative analysis of these results; how-
ever, it is worth mentioning that in recent years, nattoki-
nase has been used on a much larger scale than previously—
researchers have expanded their scopes to other cardiovas-
cular benefits of nattokinase, such as lipid-lowering and hy-
potensive potentials.

In the meta-analysis of nattokinase on blood lipids,
relatively low total dosage of nattokinase supplementation
did not exert significant positive effects on levels of total
cholesterol, LDL-C, and HDL-C, and even aggravated the
dyslipidemia. A previous self-controlled clinical trial also
reported no obvious effects of nattokinase (4000 FU/day, 8
weeks) on lipid parameters in both healthy volunteers and
patients with cardiovascular risk factors [20]. Our findings
were unexpected and inconsistent with results of several
animal experiments [13,44,45]. This observation may be
explained by the fact that all included trials used purified
nattokinase products, whereas most previous animal stud-
ies used crude natto extracts that contained anti-cholesterol
agents, such as soy isoflavones [32,46].

However, a recent clinical study of 1062 patients with
hyperlipidemia showed that nattokinase supplementation at
a dosage of 10,800 FU per day for 1 year significantly de-
creased blood total cholesterol, triglyceride, LDL-C and in-
creased HDL-C [47]. Ren et al. [48] also found that high-
dose nattokinase administration over a relatively long pe-
riod of time (26 weeks, 6500 FU) was effective in inhibit-
ing the progression of atherosclerotic plaques and hyperlipi-
demia. Noticeably, in the meta-analysis of relatively high
total dosage of nattokinase supplementation, the increase in
HDL-C and the decrease in LDL-C were detected among in-
cluded participants. So far, the lipid-lowering mechanism
of nattokinase has not been understood, and one possible
explanation is that nattokinase has proteolytic activity on
some certain proteins involved in lipid metabolism [32]. In
general, our observations reflected those of Chen ef al. [17]
who also proposed that long-term and high-dose nattoki-
nase supplementation seemed to have positive impacts on
blood lipids. For future researches, therefore, it is an im-
portant issue to determine if the lipid-lowering efficacy of
nattokinase is dose-dependent.

Pooled results of this study suggested that nattokinase
produced beneficial influences on CVDs by lowering SBP
and DBP levels, which matched those observed in earlier
animal studies [8,15,49]. It was already known that nat-
tokinase had high gastrointestinal stability, and it might re-
duce blood pressure by cleaving plasma fibrinogen after ab-
sorption in the small intestine [8,36]. More significantly,
degradation products of nattokinase were demonstrated to
exert different antihypertensive effects—inhibition of an-
giotensin I converting enzyme and plasma angiotensin 11
level [8,16]. Results of the experiment by Ibe et al.
[50] also indicated that nattokinase appeared to inhibit an-
giotensin converting enzyme related to increases in oral

dosage. Renin is a key enzyme in renin-angiotensin sys-
tem, which has long been considered as an attractive anti-
hypertensive target [51]. Although researchers found a de-
crease in plasma renin activity in nattokinase group com-
pared to controls, the results were not statistically signifi-
cant [28,29], and it was still not known whether nattokinase
could prevent the elevation of plasma renin activity levels
against arterial hypertension.

To date, data about the impact of nattokinase on blood
sugar were limited. The present study found that nattoki-
nase consumption had very little influence on blood glucose
level (MD = 0.4). Combination of nattokinase, aronia, red
ginseng, and shiitake mushroom was found to improve glu-
cose metabolism and diminish insulin resistance [52]. Sev-
eral randomized crossover studies also showed that break-
fast accompanied with natto suppressed blood glucose el-
evation and improved insulin sensitivity in the early post-
prandial phase, but this may be attributed to y-polyglutamic
acid and polysaccharide components contained in the natto
[53-55]. In a word, there is still no direct evidence to iden-
tify the antidiabetic effect of nattokinase.

In terms of safety, no major adverse events were re-
ported for nattokinase supplementation in all included tri-
als at different doses. A great deal of recent works cor-
roborated that nattokinase was a safe agent for cardiovas-
cular risk factors with low haemorrhagic risk and no toxi-
cologic concerns. For instance, the standard safety margin
(haemorrhagic adverse effect) of nattokinase was proven to
be three times that of tissue plasminogen activators [56].
Daily nattokinase consumption of 10 mg/kg for 28 days
was well tolerated in human volunteers [57], and even no
adverse effects were observed when the daily dose of nat-
tokinase was 480,000 FU/kg in mice, which was 1000-fold
higher than the recommended daily dose in humans [58].
Nevertheless, several case studies have recently emerged
that provide contradictory findings on allergic and bleed-
ing risks of nattokinase [59—-61]. As proposed by Gallelli
et al. [23], therefore, although the positive effect of nat-
tokinase on CVD outweighs possible described complica-
tions, patients must be always monitored for reference pa-
rameters, including clinical condition, coagulation profile,
renal function, diet, and weight, and clinicians should make
timely and reasonable dose adjustments to ensure the safety
of nattokinase administered as monotherapy or in pharma-
cological combination.

5. Limitations

Several limitations of present study should be consid-
ered. Firstly, two major limitations were the small total
sample size and varied therapeutic dosage of nattokinase for
the included studies. Secondly, no restrictions were placed
on the cardiovascular health status of included participants.
Thirdly, quantitative analysis of the antithrombotic and an-
ticoagulant effects of nattokinase was lacking. Fourthly, the
heterogeneity in the corresponding meta-analyses was diffi-
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cult to estimate because of limited included studies. Fifthly,
our search strategies were limited to English papers, which
might be linguistically biased. Last but not least, publica-
tion bias could not entirely be ignored, since less than 10
studies were pooled in the individual analysis.

6. Conclusions

Based on the available clinical data, the most obvi-
ous finding from this study was that short-term and low-
dosage ingestion of nattokinase might have no significant
lipid-lowering effects. The second major finding was that
nattokinase could be considered as a promising adjunctive
tool in the treatment of hypertension. Due to the existing
limitations of this work, however, these findings could be
considered to be preliminary, and a definitive conclusion on
whether nattokinase supplementation was strongly associ-
ated with the improvement of any cardiovascular risk factor
could not be drawn. Moreover, we inferred that the positive
effect of nattokinase on cardiovascular risk factors might
be enhanced with increasing oral doses, especially the hy-
polipidemic effect, and further clinical trials investigating
the long-term and high-dose administration of nattokinase
on cardiovascular risk factors were strongly recommended.
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