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[ ABSTRACT ] Aim To investigate the effects of the traditional Chinese exercise Baduanjin on gut microbiota and
metabolomic profiles of patients with chronic heart failure, elucidating its potential therapeutic benefits by characterizing mi-

crobiome and metabolomic features. Methods Thirty-two patients with chronic heart failure were enrolled and divided
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into two groups: the control group received conventional treatment, while the Baduanjin group practiced Baduanjin in addi-
After 12 weeks of intervention, fecal and serum samples were collected from both groups of

Results

tion to conventional therapy.
patients for gut microbiota and serum metabolomics analysis. At baseline,, Baduanjin group and control group
showed no significant differences in demographic characteristics, vital signs, heart failure classification, or comorbidities

(P>0.05).

nificant increase in the 6-minute walking distance (P=0.026) ; meanwhile, the improvement in peak oxygen uptake excee-

After 12 weeks of Baduanjin exercise, compared with the control group, the Baduanjin group showed a sig-

ded the minimum clinically significant difference, but the intergroup difference did not reach statistical significance (P =
0.323).

higher alpha diversity, but there was no statistically significant difference in alpha diversity and beta diversity between the

Analysis of gut microbiota showed that compared with the control group, the Baduanjin group had relatively

two groups ( P>0.05) ; 14 discriminative taxa were identified (7 related to the Baduanjin group and 7 related to the control
group) , at the genus level, the relative abundance of the Dialister was highest in the Baduanjin group (P=0.021), while
the relative abundance of the Haemophilus was highest in the control group (P =0.037). Metabolite profile analysis
showed that non-targeted metabolomics results indicated that the metabolite profile characteristics of the two groups were
distinguishable ; 39 differential metabolites were identified, with enriched pathways including cancer-related choline metab-
olism, primary bile acid biosynthesis, glycerophospholipid metabolism, and niacin/nicotinamide metabolism.  The
analysis of gut microbiota combined with serum metabolites showed a positive correlation between the genus Dialister and ly-
sophosphatidylcholine (20 : 1(11Z)/0 : 0) in the Baduanjin group (r=0.55, P=0.001), and there was a positive cor-
relation between Haemophilus and N1-methyl-2-pyridone-5-carboxamide in the control group (r=0.56, P=0.001).

Conclusion Baduanjin exercise can improve exercise endurance in patients with chronic heart failure, and may also im-

prove the intestinal metabolic environment and skeletal muscle mitochondrial energy metabolism by increasing the

production of short chain fatty acid related bacteria and raising the level of lysophosphatidylcholine.
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®1. MA—RARILER

Table 1. Comparison of general information between the two groups

i H i B HE (n=32) YR (n=17) NBHRA (n=15) P
N G2 E

i/ % 64.77(57.29,69.55) 60.30(56.33,66.54) 67.47(61.71,70.75) 0.199

B[ Bl(%)] 23(71.88) 13(76.47) 10(66.67) 0.699

IREFEH (kg/m*) 24.80+3.65 25.71+3.22 23.78+3.94 0.137
A AR

Wi 4 K/ mmHg 116.90+17. 18 116.00+18.45 117.87+16.31 0.768

#F3k £/ mmHg 72.77+10. 62 71.50+8.79 74.13+12. 44 0.499

L/ (R 51) 73.48+10. 11 73.00+12.39 74.00+7.35 0.788
NNWAD:3 35

NYHA 534/ [ %1(% ) ] 0.212

NYHA I %% 30(93.75) 17(100.00) 13(86.67)
NYHA I %% 2(6.25) 0(0.00) 2(13.33)

LVEF/% 43.53+11.74 44.12+13.36 42.87+10.03 0.769
LVEF 53/ [ (% ) ]

HFrEF 12(37.50) 6(35.29) 6(40.00)

HFmrEF 11(34.38) 5(29.41) 6(40.00)

HFpEF 9(28.12) 6(35.29) 3(20.00)

NT-proBNP/ ( ng/1.) 569.40(271.28,911.12)  652.80(149.70,942.70)  554.00(396.60,807.10) 0.550
AR/ [ B(% ) ]

SO 17(53.12) 9(52.94) 8(53.33) 0.982

LA 11(34.38) 6(35.29) 5(33.33) 0.907

e LA 10(31.25) 7(41.18) 3(20.00) 0.265

FR I 14(43.75) 7(41.18) 7(46.67) 0.755

fra B LA 13(40.62) 8(47.06) 5(33.33) 0.430

18z B P A 1(3.13) 0(0.00) 1(6.67) 0.469

ity ) ik v 1(3.13) 1(5.88) 0(0.00) 1.000

L5 EE) 6(18.75) 5(29.41) 1(6.67) 0.178

1 HFEF A 5 i 43 B AR 19 .0 5 (heart failure with reduced ejection fraction) ; HFmrEF A5 IfiL 43505 & B#AR 190 3 (heart failure with mildly
reduced ejection fraction) ; HFpEF A5 I 43R R E’/‘JIDE( heart failure with preserved ejection fraction) ,,

®2. MAEHWARONEENEN

Table 2. Changes of exercise endurance and cardiac function between the two groups

WH W HE A /[ mL/ (kg + min) ] 6MWD/m LVEF/% NT-proBNP/ (ng/L)
L4 Xf R ZH 14.70(12.00,16.60) 481.24+74.94 44.12+13.36 652.80(149.70,942.70)
PANE L EiE| 14.00(11.70,19.15) 453.57+56.72 42.87+10.03 554.00(396.60,807.10)

p 0.97

0.253

0.769 0.55

THiE  XTHE4 13.75(12.78,18.25) 499.88+77.93 45.81x14.10 702.05(130.82,887.17)
ANE L EiE| 16.10(13.35,20.05) 500. 64+68. 05 47.60+10. 34 407.60(312.35,779.40)
P 0.374 0.977 0.692 0.992

AfH Xf B4 0.10(-1.02,1.05) 7.00(-7.50,33.25) 2.00(0.00,4.25)  -15.10(-72.33,62.23)

J\BLHA 1.20(-0.70,1.60)
P 0.323

35.25(19.50,65.00)
0.026

4.00(2.00,5.50)
0. 183

-89.80(-195.65,61.80)
0.540
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Figure 1. Comparative analysis of gut microbiota between the two groups

280 )43 HT (linear discriminant analysis, LDA )
Wor B 7 B s AR 320K 3 14 4~
YOLEEFELES R 7 A5 ABEARE, 7 4
5 (I 2A) . i — 00 & B, B4 )
TAEREZSERSL 7 A~ (F 2B) . 75 /\ B
T 4 AN B XA Y B RE, G v SR T R T R
) LDA 370 5% 85 (LDA =3.74,P=0.021) , Holk
W E R ICHFF_Ga6Al 41 (LDA=2.79,P=0.023) .
TIRHER JE (LDA =2. 56, P =0. 047 ) FlWk 14 T i J&
(LDA=2.29,P=0.011), X} B4R 1 3 A
A XAER S K wg A S 1) LDA 4
(LDA=3.70,P =0.037) , HA o 5 498 T Ja -7 AR

968 TR i - AR 9 TR R AR R P Jm (LDA =3.07, P =
0.049) M5 B AL _UCG-011 241 (LDA =2.90,P =
0.049), K 2C R T XX HHEEEMNA TR
AEXTFEBE s 43 S I B , S X R AR e, N B 4
FEE ISR 30 B ARG B S = (B 2D)
2.4 MmMEFEREWLEE

LC-MS A 1§ 41 2% 53 B #4 2 /1 PLS-DA Fi7#l g
N, NBUHR 2 50 B A AE A 0 o 5 (181 3A)  BF
FEILAE 39 A2 AR (P<0.05) , Hir 12
YA 27 FORE (K 3B) . FEX 39 RS,
18 Fifi(46. 15% ) J& FHaA g 43,12 F1(30.77% )
B THILG R 3 Fl(7.609% ) |B THARHRL 5E



532

ISSN 1007-3949 Chin J Arterioscler, Vol. 34 ,No. 6,2026

s, HAs 6 Fh(15.38% ) @ T K2R,
b N BEER 4 5 % PR 2H 19 22 S A 308 474K
e ENE LR 4 FEA B ENEERN

RIS (P<0.05) , 43 51 A 18 9 988 A6 SC R A AL
W H AR 1R A & T R R g B R A &
YRR FR A Gt (B 3C)

A =3 Baduanijin == Control B
gl
o ot | Pk on i
X ] "
,_r ] = Baduanjin == Control
Lfl: ] . 9_Hpemophilus ]
o |Defiuvii ,_UCG-011 group ] 9 p S it : 1
I ; [ o_Rodentijacter
. [ 1
[ g_Niveispifillum [ g,Prevo«el laceae_GaBjA1 group
[ g_Prevotellaceae_GagA1 group I g_Dialister]
[ c!
: ?,Dialisten -3 -2 - 0 1 2 3
- LDA score(log10)
-3 -2 -1 0 1 2 3
LDA score(log10)
C
&2 100 ' Baduanijin Cladogram
g 80 == Control c
]
° V 5 a:f_Micrococcaceae
5 60 \ \ " l /////// g b:g_Prevotellaceae_Ga6A1 group
8 \\ \ , ///// = c:f_Spirosomaceae
o 40 \\ \ . // == d:g_Defluviitaleaceae_UCG-011 group
= ? 5. > = e:f_Defluviitaleaceae
NV e
T 20 \\\ 2 = f:g_Dialister
© m _ y A\ \\‘“" A == g:f_Veillonellaceae
o 0 L TR ! L 1 I : ¢/ = h:c_Negativicutes
X X < = == i:g_Niveispirillum
‘\\%\0, ~§\\3& ‘OOQ ,bc‘;@ s(&\) QOQQ(‘)\Q& ‘ ‘ﬁ¢ =3 j:g_Allorhizobium-neorhizobium-pararhizobium-rhizobium
N N A9 & KA g = — = =3 kif_Rhizobiaceae
G S :. S = 3 If_Methylophilaceae
N o Q\O Q{b 00 4\\((\ - S= =3 m:g_Haemophilus
X D & B \\ =3 n:g_Rodentibacter
& 5" = 77 NN
3 & & =i W
@'40 L\Q‘{bw)(«q 7/ 7 \\ Baduanijin
4 é\o.&o\ ) 7 / \ \\\\\ Control
o ‘ I
O 4
N / T \
\{)\0« bl
41/0
&
\\0
W
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Figure 2. LEfSe analysis of differential gut microbiota between the two groups
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Figure 3. Untargeted LC-MS metabolomics analysis between the two groups
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Table 3. Differential metabolites associated with differential microbiota
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Table 4. Correlation analysis between differential microbiota and differential metabolites
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Figure 4. Correlations between differential metabolites and differential microbiota
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