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A single-center stratified study of clinicopathological characteristics

of gastric mucosa in high BMI populations

YU Na, JIN Jing-jing, XIAO Li"
(Department of Pathology, Huadong Hospital, Fudan University, Shanghai 210040, China)

[ Abstract] Objective To compare gastric mucosa of corpus and antrum among obese, overweight
and normal-weight individuals, to elucidate pathophysiological mechanisms for mucosal metabolic and
immune dysregulation. Methods A retrospective cohort of gastric biopsies (2022-2025, Huadong
Hospital, Fudan University) was classified by BMI: surgical obesity (Obese-S, n=518), obesity found by
gastroscope (Obese-E, 7n=35) , overweight (Overweight-E, 7n=114) and normal weight (Control-E, n=
172). Hematoxylin-eosin and immunohistochemical staining were applied to assess chronic inflammation,
activity, atrophy, intestinal metaplasia (IM) and Helicobacter pylori (Hp) status. Results Hp
positivity was significantly higher in Obese-S (25.1% ), Obese-E (34.3% ) and Overweight-E (25.4% )
groups compared with Control-E (14.0% ) (all P<C0.01). Chronic inflammation in the gastric corpus was
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observed in 35.7%, 40.0%, 29.8%, and 13.9% of cases in the 4 groups (all P<C0.05, vs. Control-E) ,
and activity occurred in 26.3%, 45.7%, 35.1%, and 20.4% of the cases (all P<C0.05, ws. Control-E). Hp

positivity strongly correlated with both chronic and active inflammation (P<C0.001). Conversely, atrophy

in gastric corpus showed the opposite trend: 0.4%, 11.4% and 10.5% respectively in the high BMI group,
significantly lower than that in the Control-E group (16.3% ) (all P<C0.05). IM accounted for 75.0%

-100% of atrophic lesions. In gastric autrum, mucosal atrophy and IM were also less prevalent in the
Obese-E and Overweight-E groups (all P<C0.05, ws. Control-E). Both atrophy and IM showed no

correlation with Hp infection. Conclusion

Higher BMI is associated with increased Hp infection and

gastric corpus inflammation or active lesions, while IM and atrophy in gastric corpus declines, suggesting

Hp-driven inflammation dominates gastric mucosa in obese individuals.
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| Process for samples enrollment and evaluation

Samples were collected in Huadong Hospital,
from Feb 2022 to April 2025 (662 and 807 cases)
! e
Inclusion Criteria: Age between 16 and 50 years,
BMI ==18.5 kg/m? . Undergone sleeve gastrectomy or Removed:
£l gastroscopy. Complete clinical medical records. Age=>50 or <16 (32 and 65);
g BMI="18.5 kg/m? (0 and 43);
g Exclusion Criteria: Other organic gastrointestinal Loss to follow-up or incomplete records (54 and 176);
v lesions. History of oral antibiotic therapy within the Gastrectomy history (9 and 31);
past three months. Prior history of gastrectomy. Other gastrointestinal lesions (17 and 76);
History of oral antibiotic therapy (32 and 95 ).
‘ Cases enrolled in the study (518 and 321 cases) ’*ﬁ
L apareseapic Sleeve. Endoscopic biopsy (corpus and antrum)
Gastrectomy (corpus)
z :
3 Y Y Y
= Obese-S Obese-E Overweight-E Control-E
n=518 n=35 n=114 n=172
BMI=28 kg/m”® || BMI=28 kg/m? | | 24 kg/m*<~BMI<_28 kg/m’|| 18 kg/m’<-BMI=224 kg/m*

Obese-S: Obese-Surgery; Obese-E: Obese-Endoscope; Overweight-E: Overweight-Endoscope; Control-E: Control-Endoscope.
1 BERNERTARER

Fig 1
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(RAB0080) ., FEAMEGSE A ZHL G, H AR ),
% W 15 min, 0 & A 57 (diaminobenzidine,,
DAB) #4745 I . Fr A7 B AR A 947 Hp SR %
A ALK A o 7F Obese-S 41 H i & & AE 74k >4 BH 1
(2~343) W REAR 20 4], Control-E 41 i 1 4 % W
R BRI CO~143) B REAS 20 1], 56 31 4 732 240 Jifd 25 70 A%
53 Aii o 1 Obese-E M Control-E 7 & fifi & 20 4 , 36 31F
A R R e 1 X bR ic ik o e 4k )
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(GraphPad Prism 9.0) #E47 o 1E &5 43 A3 1 31 4 Bk}
JH T £ 53R, 48] H#BR B R J7 22 43 1 (One-
Way ANOVA) . Kl K % (Chi-square Test) 43
SIS 43 28 37 AR 1 HEAT 53 BT 5 SR A Fisher A 5 45 56
X FEAE /INFEAS R 53 28 57 A8 o R AT 40 AT L A 4 B
K L 8 P<<0.05, 75 3 47 P P Fisher K i £ %
Bonferroni % 1F ; 2 7t 26 P [ 15 43 7 PF A% Hp JE e 5

Chart for samples enrollment and evaluation

ZH 2 B AR 2 8] AR G . P<<0.05 0 22 5 B AT
Gt L

45 g

B EERIRKSFME 3R 17~ , Obese-E 4
W2 BMI 4 (32.2+5.6) kg/m?, LA . H B2 B ik
F M E,Overweight-E 4 BMI A (25.6 +1.2) kg/m’,
Control-E 41 & (21.5+1.6) kg/m’; Obese-S 41 /1 fif
BMI 4 (37.8+6.5) kg/m’, H & £ | & & B &
H A AP L R A g E L (F=491.6,
P¥3<C0.001) . FE# T, 4 H B K A 19 Obese-
E.Overweight-E } Control-E 41 , & & 34 4F i} 43
%, 34 ] 22 5 TR G it 2 B L ; Obese-S 21 34 4F #%
33% , 5N AR 2R HA 508 L (F=
110.5,P<C0.001) . 7EPERI 5, B 545 FARAW
YA E R A SR S, R 3 &
P MUK 57% 5 7F Obese-S H W, 2ot 5 b & ik
81.3% () {H 62.47,P<C0.001) .

FERE SRR R AE K& Hp BRI 7E Obese-S
41 . Obese-E 2l J Overweight-E £ /1, & {4 %5 J& 1
Hp B e R (4 52 41 4k HP+ ) 4 51 4 25.1% (130/
518) .34.3% (12/35) } 25.4% (29/114) (K 2A) ,
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Tab 1 Clinical characteristics in each group [T+sorn(%)]

Age (y) 32.6+8.8" 43.5+5.6 43.9+6.2 41.9+7.8 110.5* <0.001
BMI (kg/m?) 37.846.5" 32.2+5.6" 25.6+1.2"" 215+ 1.6 491.6" <0.001
Gender 62.47" <0.001

Male 97 (18.7%)"" 25 (71.4%) 60 (52.6% )" 53 (30.8%)

Female 421 (81.3%)" 10 (28.6%)" 54 (47.4%)" 119 (69.2%)

Obese-S: Obese-Surgery; Obese-E: Obese-Endoscope; Overweight-E: Overweight-Endoscope; Control-E: Control-Endoscope. ""P<C0.05

(ws. the Control-E group), * One-Way ANOVA, " test.

BT IEHEREE[14.0%(24/172) ] (=12.02, P
<<0.05) » HE Z& 8 25 J 1] I Obese-S 41 | Obese-E
2l . Overweight-E 41 & Control-E 4 /¥ [# A 2 N 77 7E
2~3 G R A E 199K 11 29 i 35.7%6 (185/518) |
40.0% (14/35) . 29.8% (34/114) K 13.9% (24/172)
(I 2B) (5°=50.49, P#J<C0.05) . I 8 1 & 4E 16 4%
2H 7 b 26.3% (136/518) .45.7% (16/35) .35.1%
(40/114) } 20.4% (35/172) (K 2C) (’=13.99, P ¥
<<0.05) . £ = BMI 34l , RAE S 2 A %
YJE T Control-E 41 . £ 40, B A ZH B AY Hp JE e

A

55 3 R AE (R°=0.674 4/0.521 3/0.633 8/0.440 0,
PHJ<20.001) &% (R*=0.3515/0.5752/0.692 2/
0.421 9, P#<0.001) 145 5 3 B9 AH &M .
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inﬂammatian (3+)

Inflammation (0)

The high rates of Hp infections (A) , histological scores of inflammation (B) and activity (C) in the gastric corpus mucosa of obese and

overweight individuals; D: The mucosal inflammation (2+) with multiple immune cells and diffuse Hp infection (Hp+,red arrows) in the Obese-

S group (10X ) ; E: The roughly healthy morphology with less inflammation (0) in the Control-E group (Hp-, 10X ). vs. the Control-E group,

Wp<0.05, P P<<0.001.

2 A[E BMI A B HY B 1 5 IR 2 i s 32 SRR AE 2 4T

Fig 2 Inflammation of gastric corpus mucosal in different BMI groups
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MBHESEFMEEHERLIMIRR X H Obese-S
2 . Obese-E 41 J Overweight-E 2415 Control-E 41 #9
BRI, 5 5 A 0.4% (2/518) L 11.4% (4/35) |
10.5% (12/114) K 16.3% (28/172) {9975 151 & 2Ly 34
Fig M AR 25 45 (B 3A) ()=72.64, P ¥1<C0.05) .
BB IM B A2 43 3R 0.4% (2/518) . 8.6% (3/35) |
9.6% (11/114) & 14.0% (24/172) . &40 IM 43 15
5 55 AR — B, 7R NP K A PO AR R R
WEMTIE®AKEA(=60.97, P¥<0.001) . H
IM SRt E R 2 ER N F RN, %
4415 100%.75% 91.7% K 85.7% , Hi s b %
45 ¥ 1 25 4 Oy Hp e | ke 7 B3 6 I AR E (3+) , 7
SO R MR AR B D o B T RS AL Ak B 2
B4 BH M R AR A /b A 5 8 — 20 % L 48 1 B BORE 1Y
Obese-E 4 . Overweight-E 41 5 Control-E 2 /) H 52
AR 2 S RV F RS A AL B MR 1k
MEFRNREHZ TR, BES HEWEEH—

oo 7E N M K A Y E SE A (=7.846, P<<
0.05) & 5tk (=7.634, P<<0.05) & "k R 1 5 F K
TIERARE A, HZE % Xt or o BaA — 3, R
Uk RN 20.0% (7/35) L 16.7% (19/114) K&
30.8% (53/172) 5 itk & 4 % Ry 15.8% (6/35) .
15.8% (18/114) & 27.9%(48/172) (K 3B) . B & K&
B0 = M A5 5 Hp £ R 48 18] /) 43 A
DLGE T2 A Pk

FEOLEE T (K 3C) , BRI AL A R B0 [ )2
Hh 0 TR Y AU /L B A L R B 4 R B R Y
WL IR B FE o ABEIE T BT R R A AR PR
BLLIM R FE R WE TR % . s bR
Ak bR ic MUC2 76 22 4 1t 8 1R IR | b i 3k
(MUC2+, Gastrin—- , H-K ATPase-, MUC6-) . #H
e, A IE 5 0 B AR R (B 3D) A % 4 4
i)W B R Kk (MUC2- , Gastrin- , H-K
ATPase+,MUC6+) .

A 0 2+ 0 2+ B 0 2+
1+ -3+ 1+ -3+ 1+ .3+
]00 {2) iy {n ]00_ {21 ]00 ) in iy
S sof S 80r L.
£ 60t 2 60F s 60}
=] ] w
S 40r g 4dof - 40|
3 < E I
£ 20t £ 20f &
o o 0
o e @ - Y a o & 8 ¢ S
)
4 ¥ yr F & & & ¢ & &
¢ o & & ¢ & & ¢ 3 &
g 2 0‘.@."5sﬁ 3 O‘? © © 04359 P 04'2‘
C

Corpus atrophy

Control

A: Low histopathological scores for atrophy and intestinal metaplasia (IM) in corpus of obese and overweight individuals; B: Low

histopathological scores for IM-associated atrophy in antrum of obese and overweight individuals; C: IM-associated atrophy in Obese-E group (IM

2+

, atrophy 2+ ). Images show HE staining and immunohistochemistry for intestinal-type glands (MUC-2+ , red arrows, 20X ) ; D: The

essentially healthy morphology with atrophy (0) in Control-E group (MUC-2-, 10X ). vs Control-E, """P<C0.05, ¥’ P<C0.001.
3 AEBMIABH BRI 2 4 M B RO BR A AE 43 4
Fig3 Atrophy of gastric corpus and antrum mucosal in different BMI groups
% ,30~40 % e 40~50 % 3L o FEME R 254
30~40 % (}'=21.53, P<<0.05) K& 40~50 % (y'=
77.67,P<<0.05) B B, Obese-S A ¥ N LK, 5

RIFBERHTITADH H T Obese-SH 5 H:
fib 3 21 A7 7E 58 R AR I KoM 0 i far L F — 26l i 4R
W ZE AT IR A A IE (R 2) o B4R I 20 16~30
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FA2H i 22 5 A et 2% 2 5 16~30 4 WA 1 4 24
]P0 TG B B 22 5 o R BARRAE TP L AE 40~50 % IX.
6], 5 & BMI4LAH H , Control-E 41 3¢ B fy 56 11 kb )
F9 Hp B 5 3l B 280E | 3 LU 19 Y 25 46 1k 1 48 I
IM 5 78, B R 36 BB Hp (=14.14) (16 3 (=
13.72) RAE (=18.85) . ZE 4 ()’=18.81) J IM ()=

14.80) 5 (1 22 S ¥ A Ge it 2728 L (P #<0.05) , i — 2
Xf E Obese-S . Obese-E K Overweight-E 41, 3 41 N JG
Gt ER . 1E16~30% N 30~40 % 24,
B R K T 5 2 R s BRUE A5 AE 4 2L 1) 7 G 1L 3 1 T
BEXES.

F2 EAEFERITH MR K FERFES

Tab 2 Analysis of gender and pathological characteristics in different age subgroups

Gender (male/female) 44/178 2/2 1/3 5/13 2.754 0.431
Pathologial score (positive/negative )
Hp (1-3/0) 49/173 1/3 1/3 1/176 2.053 0.561
Activity (1-3/0) 48/174 1/3 1/3 0/18 4.956 0.175
(15,30] Inflammation (2-3/0—1) 67/155 1/3 1/3 1/17 5.026 0.170
Corpus atrophy (1-3/0) 0/222 0/4 0/4 0/18 / /
Antrum atrophy (1-3/0) / 1/3 0/4 0/18 5.720 0.683
Corpus IM (1-3/0) 0/222 0/4 0/4 0/18 / /
Antrum IM (1-3/0) / 1/3 0/4 0/18 5.720 0.057
Gender (male/female ) 31/172 4/3 10/11 16/34 21.530 <0.001
Pathologial score (positive/negative )
Hp (1-3/0) 52/151 3/4 7/14 11/39 2.053 0.561
Activity (1-3/0) 60/143 3/4 8/13 10/40 3.502 0.321
(30,40] Inflammation (2-3/0—-1) 82/121 2/5 7/14 9/41 8.990 0.012
Corpus atrophy (1-3/0) 0/203 0/7 2/19 5/45 / /
Antrum atrophy (1-3/0) / 0/7 2/19 13/37 4.416 0.110
Corpus IM (1-3/0) 0/203 0/7 2/19 4/46 / /
Antrum IM (1-3/0) / 0/7 2/19 12/38 3.787 0.226
Gender (male/female) 31/172 20/4 49/40 32/72 77.670 <0.001
Pathologial score (positive/negative)
Hp (1-3/0) 29/64 9/15 21/68 12/92 10.160 0.006
Activity (1-3/0) 29/64 12/12 31/58 18/86 13.720 0.003
(40,50] Inflammation (2-3/0—1) 34/57 11/13 26/63 14/90 18.850 <0.001
Corpus atrophy (1-3/0) 2/91 4/20 10/79 23/81 18.310 <0.001
Antrum atrophy (1-3/0) / 6/18 17/72 40/64 8.938 0.016
Corpus IM (1-3/0) 2/91 3/21 9/80 20/84 14.800 0.003
Antrum IM (1-3/0) / 5/19 16/73 36/68 7.266 0.027

Obese-S: Obese-surgery: Obese-E: Obese-endoscope; Overweight-E: Overweight-endoscope; Control-E: Control-endoscope.

PN 1o G LD B A 1 i 2 = I i < G RE
Obese-S 241 % 4 i L =ik 81.27% , F ¥ 4E# 33 %,
FETE B AR B AR 8 22 5 0 — TGN A 61 708 44 Uik
HEARBHEMIR Bon, 0 22% w58 AHEH

T, 207800 o X Bl S 2k i AT RE IR T R Y
i A8 LA Bz A N HIE S A R0 R A i A B 28 2 4 4 S
ZE5t o TEESLAN S SRR TR B9 3 R
TR 20 DR (42 BRI K A FE BR MR S 2
J7 WAL 32 TARIGIT AR LUAE R Gt i 2%
ML PR R R AR L P I T ARYR T R A
Mo MAE B B A B9 AT, 55 4k A OIE R
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85.5%"" ", HREUXIERES Hp YL & R AT 77725
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4 938 R AR AR A 5 1) S AR B AR R AR . Hp
JREGL AR OC 1 48 2 2L b Al B ) R T R A B
SRR VSV NV NS I3 S AL R DIy
N8 Pk S0 R 48 Jf 3 43 , W] Hp o 52 Treg 44 2
SEAPEDNRE N U5 S AL IE A R T 40 I E
AR e A RS RS b Hp iR R
By B N 20 Bl Kt PR A E , BN T B R R
8 A DX AR IR P R A R R B 2 AR
HEE 240 L (R 240 ML Uk 0 240 L % B A I 24 M 4 ) TR
BAETE AT R BB B . Hp AR 3 A IX I8
S B A R AT B H AR . H R B Hp
FHPE 55 51 28 9k 18 1Y Hp JR g K e 7™ i 1Y) 8 3 IR R
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