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The effect of probiotics on blood pressure: a systematic review and

meta-analysis of randomised controlled trials
Zhao xujin' Wang yunjun' Guo dongna'*
'Emergency Medicine Centre of the First Hospital of Shanxi Medical University,
Taiyuan 030000, Shanxi, China
Abstract: Objective: To systematically review the relationship between probiotic and
blood pressure. Methods: The PubMed(MEDLINE), Embase, Web of Science,
Cochrane Library, CNKI, WanFang Data were searched to collect randomized
controlled trials included the relationship between probiotic and blood pressure, with
the search period ranging from database establishment to 2026-02-01. Two
researchers independently screened the literature, extracted data, and assessed the risk
of bias in the included studies, followed by a Meta-analysis using RevMan 5.4.1
software. Results: A total of 23 articles were included. Meta-analysis results showed
that using probiotic preparations can significantly reduce diastolic pressure compared
with the control group. Subgroup analysis showed that whether the intervention
duration was greater than or equal to 8 weeks might be a source of heterogeneity,

while whether it was a single strain or whether it is a hypertensive population are not

BIEE: FBEE, sxtylxj.com@163.com °



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202606.00014
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

10.12201/bmr.202606.00014V1

a factor affecting heterogeneity. Conclusion: Probiotic intervention has a positive
effect on controlling blood pressure, especially diastolic blood pressure. Due to the
limitations in the number and quality of included studies, the above conclusions still
need to be verified by more high-quality research.
Keywords: Hypertension; Gut microecology; Probiotics; Systematic review
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Szulinska 2018 54%  1.40[1.10,3.80] 2018 T
Barthow 2022 42%  4B0[1.03,10.23] 2022 T
Bellikci-Koyu 2022 34%  -300[10.72,4.73] 2022 —_— T
TR 2023 56%  -713[8.76,-5.50] 2023 -
Lee 2025 30%  1.20[7.64,10.04] 2025 —
Osowiecka 2025 37%  360[342,10.62] 2025 —
Subtotal (95Y% CI) 67.5%  .2.07[-4.59,0.44] >
Heterogeneity: Tau®= 18.47; Chi*= 210.16, df=14 (P < 0.00001),; = 83%
Testfor overall effect Z=1.61 (F=0.11)
2.1.2 8K
Maruszewicz 2002 26%  -500[15.45 545 2002 —
Tuomilehto 2004 29%  -BADF15.47,3.27] 2004 —
Mizushima 2004 44%  1.80[-3.30,7.10] 2004 -1
Savard 2011 41%  -0.80[-6.85 508 2011 I —
Sharafedtinoy 2013 57% 1.80[0.58, 3.0 2013 —
very 2015 5.8% 1.00[069,1.31] 2015 -
Moller 2017 44% 185377, 6.87] 2017 -
Gawlik-Kotelnicka 2023 27%  -0.17 [19.10, 076 2023 ’
Subtotal (95% CI) 325%  1.01[-0.01,2.03] i
Heterogeneity: Tau®= 0.46; Chi*= 8.69, df= 7 (P = 0.21); F= 28%
Tastfor averall efiect 2= 1.95 (P = 0.05)
Total (95% CI) 100.0%  -1.64[-3.87,0.59] »
Heterogeneity. Tau®= 22.37; Chi*= B55.26, df= 22 (P < 0.00001); = 87% N N : " -
Tastfor averall effect Z=1.44 (P = 0.15)
Testfor subaroun differences: Chi#= 496 df=1(P=003 F=738% TRARE ARHRE
- EVN 4 N V=3 /,
= Pl 5 2 A T 751 0SS TR oA 4 s ) B
= #iE% sssEd Bif% sesEE
S WA BE T pepyy 0 ik
o 4.1.1 =8
© Seppo 2003 T0%  -2B0[3.77,-1.83] 2003 -
o Chang 2011 42% 084 F4.47, 279 2011 T
© Jones 2012 63% 074 241,083 2012 -T
S Mahbaabi 2014 T2%  -210[-2.76,-1.44] 2014 -
~ Hove 2015 44%  -ZLO0DF5.44,1.44] 2015 -
o Hariri 2015 45% -10.50[13.81,-7.19] 2015 —
= Firouzi 2017 38%  D4DF350,430) 2047 —_—
o Ibrahir 2018 I6%  -ZA2[6.70,1.66 2018 —
S Szulinska 2018 6.4%  -0.80 1245 0,88 2018 -
o Barthow 2022 43% L0081, 6.21] 2022 T
~ Bellikci-Koyu 2012 30%  -Z00F7.00,3.00 2022 —
N ZEPH) 2023 68%  -4.66[-5.62,-3.50] 2023 -
i Osowiecka 2025 1% ZI0F274,6.04] 2025 ]
o Lee 2025 27%  -0LA0F6.00,5.00] 2025 N
— Subtotal (95% CI) 67.3%  -2.02[-3.22,-0.82] *
Heterageneity: Tau?= 2.08; Chi*= 61.14, df= 13 (P < 0.00001); F= 78%
Tastfor overall effect Z= 3.29 (P = 0.001}
4.1.2 <8
Maruszewicz 2002 11%  -1.00[F11.13,9.13] 2002
Mizushima 2004 27%  1FOFIET, 7.07 2004 ]
Tuamilshto 2004 30%  -4.50 F9.45,0.45] 2004 r
Savard 2011 38%  -1.00FA.02,3.02 2011 —T
Sharafedtingy 2013 72%  -0.20F0.89,0.49] 2013 -
ey 2015 73% 1.00[0.69,1.31] 2015 -
Moller 2017 56%  -0.25[2.56 2.06 2017 T
Gawlik-Kotelnicka 2023 2.0%  -1.50[8.27,5.27] 2023 ——
Subtotal (95% CI) 327%  0.10[-0.86, 1.07] *
Heterageneity: Tau®= 0.58; Chi®= 16.18, of= 7 (P = 0.02); F= 57%
Tastfor overall effect Z= 0.21 (P =0.83)
Total (95% CI) 100.0%  -1.45[-2.57,-0.32] L
Heterogeneity: Tau®= 4.46; Chi*= 221.10, df= 21 (P < 0.00001), F=91% T B T o

Test for gverall effect Z=2.53 (P =0.01)
Testfor suboroun differences: Chi®=7.20. df=1 (F=0.007). 7= 86.3%
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2.2.1 3
Maruszewicz 2002 26% -5.00[F15.45 5445] 2002
Seppo 2003 5.6%  -3.00[472,-1.28) 2003 -
Tuornilehto 2004 29% -B.10[15.47,3.27] 2004 R —
Jones 2012 4.09% 105 [-2.63, 503 2012 —
Sharafedtinoy 2013 5.7% 1.80(0.58,3.02] 2013 —
Hatiri 2015 5.7% -1012[11.04,-8.20] 2015 -
Howe 2015 29% -7.00[16.35,2.35 2015 —
Barthow 2023 42% 4601031023 2022 T
Lee 2025 3.0%  1.20[7.64,10.04] 2025 —
Osowiecka 2025 37% 3603421062 2025 —
Subtotal (95% CI) 41.2%  -1.78[-6.40, 2.83] —~—

Heterogeneity: Tau®= 4512, Chi®= 27286, df= 9 (P = 0.00001); F= 97%
Testfor overall effect: Z=0.76 (P = 0.45)

2.2.2 BHNEH

Kawase 2000 41% -B.00[11.85,-0.15] 2000

Mizushima 2004 4.4% 1.80[-3.30,7.10] 2004 e
Chang 2011 49%  -1B9[5.65227] 2011 —_— T
Savard 2011 41%  -0.90 [6.85,5.08 2011 —_—
Mahboobi 2014 57%  -330[416,-2.44] 2014 -

Ivey 2015 5.8% 1.00[0.69,1.31] 2015 -
Firauzi 2017 43% 280263843 2017 1T
Moller 2017 4.4% 156 [-3.77,6.87] 2017 —T
Iorahim 2018 40%  -012[FB.3T,613] 2018 e E—
Szulingka 2018 54% 1.40[-1.10,3.80] 2018 T
Bellikei-Koyu 2022 34%  -3.00H10.72, 472 2022 e
E2R| 2023 56%  -7TA3[8.76,-550] 2023 —
Gawlik-Kotelnicka 2023 27%  -81T F18.10,0.76] 2023 R —
Subtotal (95% Cl) 58.8%  -1.51[-3.75,0.73] -

Heterogeneity: Tau= 11.43; Chi*= 17761, df= 12 (P = 0.00001); F= 93%
Testfor overall effact Z=1.32 (P = 0.19)

Total (95% CI) 100.0% -1.64 [-3.87, 0.59] -
Heterogeneity: Tau®= 22.37; Chi® = 655.26, df= 22 (P = 0.00001); F=97% a0 -1=D o 1=D 20
Testfor overall effect: Z=1.44 (P=0.15)

Testfor subaroun differences: Ch*=0.01. df= 1 (P=0.921. F=0% FRARE NEARE
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4.2.1 H—NEp
Maruszewicz 2002 1.1% -1.00[F11.13,913) 2002
Seppo 2002 7O0% 280 -2.77,-1.83 2002 -
Tuomilehto 2004 3.0% -4.80 [[9.45 0.45] 2004 r
Jones 2012 B.3% -0.74 [2.41,093] 2012 -
Sharafedtinoy 2013 T.2% -0.20 [F0.89,049] 2013 T
Hariri 2015 4.48% -10480[132.81,-7.19 2015 .
Hove 2015 4.4% -2.00[5.44,1.44] 20158 E—
Barthow 2022 4.3% 270[0.81,6.21] 2022 1T
Lee 2025 27% -0.50 [6.00, 5.00] 2025 T
Osowiecka 2025 31% 210[F274, 694 20258 -1
Subtotal (95% CI) 43.5%  1.83[3.63, 0.04] <>

Heterogeneity: Tau*=5.18; Chi®= 5764, df=9 (P = 0.00001); F= 84%
Test for overall effect: Z=2.00 (P = 0.05)
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4.2.2 BRI

Mizushirma 2004 27% 170 F367, 7.07] 2004 —
Savard 2011 8% -1.00[6.02,3.07 2011 —T
Chang 2011 42%  -0E4[4.47, 279 2011 —T
Mahbooki 2014 72%  -210[276,-1.44] 2014 -

Ivey 2015 7% 1.00[063,1.31] 2015 -
Maller 2017 S6%  -0.25[2.56 2.06 2017 —
Firouzi 2017 6% 0.40[F3.50, 4.30] 2017 —
Ihrahim 2018 6% -2.52 670, 1.66) 2018 —
Szulinska 2018 G4%  -0.00[2.45 085 2018 -
Bellikei-Koyu 2022 30%  -2.00[7.00,3.00) 2022 —
Gawlik-Kotelnicka 2023 2.0%  -1.50[8.27,5.27] 2023 —
=) 2023 f8%  -4BB[5.82,-3.60] 2023 -
Subtotal (95% CI) §6.5%  1.14[2.75, 0.46] R

Heterogeneity: Tau®= 542, Chi*= 14419, df=11 (P = 0.00001), F=592%
Testfor overall effect: Z=1.39 (P = 0.16)

Total (95% CI) 00.0%  -1.45[-257,0.32) A g
Heterogeneily. Tau"= 4.46; ChF= 221.10,df=21 (F < 0.00007); F=91% 1 T : " e
Test for overall effect: 2= 253 (P = 0.01) THRARE dEARs

Testfar subaroun differences: Chi*= 0.31. df=1 (P= 0571 F= 0%
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2.3.1 Bhil LA B
Seppo 2003 a.6% -3.00[-4.72,-1.28) 2003 -
Tuomilehto 2004 2.9% -BA0 1547, 3.27] 2004 R
Mizushima 2004 4.4% 1.90 [3.30,7.10] 2004 N
Sharafedtinov 2013 A7% 1.80[0.58, 3.03] 2013 -
FEorHI 2023 a.6% -7A3[-8.76,-5.800 2023 -
Subtotal (95% CI) 24.2% -2.30[-6.69, 2.09] "'

Heterogeneity; Tau® = 20.79; Chi*= 79.44, df= 4 (P < 0.00001); F= 85%
Testfor overall effect: Z=1.03 (F =0.31)

2.3.2 <l E IR A B

Kawase 2000 1%  -B.00F11.85,-015] 2000
Maruszewicz 2002 26%  -5.00[15.45 545 2002 —_—
Savard 2011 4%  -0.90F6.85 505 2011 —_—
Chang 2011 49%  -1.60 1565 2.27] 2011 —
Jonheg 2012 19%  1.054293,503 2012 —T
Mahboohi 2014 57%  -330[4.16,-2.44] 2014 -

vy 2015 5.8% 1.00[0.68,1.31] 2015 -

Hariri 2015 57% -1012 [11.04,-8.20] 2015 -

Hove 2015 20%  -7.00[16.35 235 2015 —_—
Firouzi 2017 43% 200263843 2017 —

Moller 2017 44%  1.65F377, 687 2017 e
Szulinska 2018 54%  1.40[01.10,200 2018 -
Ihrahim 2018 10%  -01216.37,613 2018 E
Barthow 2022 42%  4B0[103,1023 2022 —
Bellikci-Koyu 2022 4% 3001072472 2022 —_—
Gawlik-Kotelnicka 2023 27%  -0.17 [10.10,0.76] 2023 S

Lee 2025 20%  1.20[7.64,10.04] 2025 —
Osowiecka 2025 7%  3B0[342,1062] 2025 —
Subtotal (95% CI) 75.8%  -144[-4.22,1.35] -

Heterogeneity: Tau® = 27.65; Chi*= 567.91, df=17 (P = 0.00001%; F= 87%
Testfor overall effect Z= 1.01 (P = 0.31)

Total (95% CI 100.0%  -1.64[-3.87,0.59] R
Heterogeneity, Tau?= 22.37; Chi= 655.26, df = 22 (P = 0.00001); F= 87% 20 -1’0 1 1’0 210
Testfar overall effect: 2= 1.44 (F = 0.15)
Testfor subgroun differences: Chif=011.df=1 (F=0.74) F=0% FrARE HRARS
BN e = = > = /,
Pl 9 2 A B 91T 0T 5 I 9 % A v ML e s A FREMAC 406 R R 2
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4.3.1 FRILERAHE
Seppo 2003 FO0%  -ZBOE3FT,-1.83] 2003 -

-l Tuormilehto 2004 0% -4.580[8.45 0.45] 2004 r

> Mizushima 2004 27% 1.70[-3.67, 7.07] 2004 -

< Sharafedtingy 2013 72%  -0.20[0.89,0.49] 2013 -

5‘ F=2rR| 2023 G.8%  -4BE[582,-3.50] 2023 -

o Subtotal (95% CI) 26.8%  -2.30[-4.58, -0.03] A

o Heterogeneity: Tau®= 4.89; Chi*= 51.04, df= 4 (P = 01.00001%; F= 82%

© Testfar overall effect Z=1.88 (F = 0.05)

o

a 4.3.2 FE A B

o Maruszawicz 2002 140%  -1.00[11.13,013] 2002

N Chang 2011 42%  -084[447 278 2011 e

- Savard 2011 8%  1.00[5.02 302 2011 — T

e Janes 2012 f3%  -074[341,083] 2012 -1

O Mahhoohi 2014 F2%  -ZA0[Z7E,-1.44] 2014 -

i Hariri 2015 4.5% -10.50 13.81,-7.18] 2015 —

o Howa 2015 44%  -Z00[5.44,1.44] 2018 —

ﬁ hvery 2014 7.3% 1.00[0.68,1.3] 2015 -

— Firouzi 2017 2.0% 0.40[-3.50, 4.30] 2017 T

o woller 2017 46%  -0.25[2.56, 206 2017 —r

— Szulingka 2018 G4%  -0.B0[2.45 0.85] 2018 -
lbrahim 2018 36%  -2A82Z[B.70,1.66) 2018 e
Barthow 3022 1.3% 270[0.81,6.21] 2022 T
Ballikei-Koyu 2022 0% -200[7.00,3.000 2022 —
Gawlik-Katelnicka 2023 20%  -1.50[8.27,5.27] 2023 —
Lee 2025 27%  -0.80[B.00,500] 2025 Y
Dsowiecka 2025 1% 210274, GA4] 2025 1
Subtotal (95% CIj 73.2%  -1.13[-244,0.17] L 4
Heterngeneity: Tau®= 4 3%; Chi*= 122 30, df= 16 (F = 0000013, = 87%
Testfor overall effect Z=1.70 (P = 0.08)
Total (95% CI) 100.0%  -1.45[-2.57,-0.32] +
Heterogeneity: Tau®= 4.48, Chi*=221.10,df= 21 (P <0.00001; F=91% 4 = e n
Testfor overall effect 2= 2.53 (P =0.01) TRARE dEars

Testfor subaroun differences: Chi*= 0.76. df =1 (P=038. F=0%
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