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Abstract

Objective: To evaluate the implementation efficacy of an intelligent nutrition intervention system
in population dietary management and its impact on metabolic health indicators. Methods: This
study adopted a three-phase prospective cohort design (2023~2025) based on a nutrition-focused
healthy cafeteria demonstration project at the People’s Hospital of Guangxi Zhuang Autonomous
Region, establishing a longitudinal intervention model. The experimental group (n = 356) under-
went sequential interventions: Phase I (2023) with basic nutrition education, Phase II (2024) with
a pre-meal nutrient alert system, and Phase III (2025) with a machine learning-based personalized
nutrition recommendation system. The control group (n = 215) comprised employees from local
enterprises adhering to traditional dietary management. Continuous dietary log data were col-
lected via an intelligent dining platform, combined with annual health metrics (including total cho-
lesterol, LDL-C, fasting glucose, and 5 additional parameters). Mixed-effects models were employed
to analyze intervention outcomes. Results: 1) In the experimental group, Phase IIl demonstrated an
18.7% reduction in daily total energy intake compared to Phase I (95% CI: 15.3%%~22.1%), with
macronutrient distribution aligning closer to Dietary Reference Intakes (DRIs) (P < 0.05). 2) Sugar-
sweetened beverage consumption exhibited significant time-intervention interaction effects (P <
0.05), showing a 63% decline from baseline in Phase III. 3) Metabolic improvements were observed,
with significant reductions in abnormal rates of total cholesterol, LDL-C, homocysteine, and uric
acid (P < 0.05). No significant changes occurred in the control group (P > 0.1). Conclusion: The arti-
ficial intelligence-based multimodal nutrition management system, through real-time monitoring
of dietary habits, personalized feedback, and predictive health alerts, is statistically associated with
a significant improvement in nutritional intake patterns as well as better management of metabolic
disorders; it thus provides evidence-based approaches for collective nutrition interventions. Re-
search suggests that integrating deep learning algorithms into dietary management processes could
represent a new technology for the prevention and control of chronic diseases.
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SEIGHMN NFEIEAR TR : E0%(36.2 + 8.5)%, Yl 22~58 % ; b Bk 142 £1(39.9%), i 214
51(60.1%) . FELLARKG GBI Eon: FEE R MUE & (S HEEE > 5.2 mmol/L 5 H il =& > 1.7 mmol/L B¢ 1E
TERR A B i 254) 118 1411(33.1%); il (UL 4i - > 140 mmHg /s &F 7k £ > 90 mmHg BLIE7E AR %
JE2547) 76 151(21.3%); B8 bR & (%S BEALBE > 7.0 mmol/L 55 1E 78 IR FH Bk 254) 23 11(6.5%) . 1ELE R B&
Re 254 32 $1(9.0%), F&EZ590%E 41 B1(11.5%), B&MEZ9E 15 51(4.2%). BEFCHAE, Fra IR 2%
YeRE A 2 R, AFIGEOREEREAR. P, PR, A 2598 OB s AT T 1 LR 44
NZH . SRANNNFEEEAR TR Fil8(37.1+£9.2) %, Ul 23~60 % ; Hrr B3 1% 87 41(40.5%), “ 1t 128
151(59.5%); 177 =i i IMLAE# 68 1511(31.6%), iR+ 46 f(21.4%), #EIRIEH 12 #1(5.6%). X HLFTTE
EFV A R A E RN, Afds: 1) REEKERE BN AREE RO RS, MEFHIKYE
AN ERAN IR B FE R, TE TR IREERR: 2) RSB T RATATE 8 77 5 B0 3 5L
TR 3) RS M I HIE AL N A & 77 22 R M AT A Wi, R R EUE R R IR E bR, X
YR TAE ARG I SR 5 AR 2, (AR SRAATAT AL 1 i B e 5 sl fg R A PR N BETE AR
PERI . SELRAQHE RS T T 2 R G024 (P > 0.05), HA AT,

BEMLIHEL 2023 4228 2025 AEAEAE HOR R 9 3 — AN H 40 AU SR 2T 70 T LA PN 2023 445
JEIL 46,547 4, 2024 4E3L 52,275 4%, 2025 4E3L 55,124 4%, [, EHUAERR B R 1% A A A BRI
THHTIE 3 TR EAEN L. IR (EFRBE 5 AU 7 10 IRATER T HERRARiE: BN
Bl 1 N . BiEES: R 1SO/IEC 25012 bt THRE¥E, HERIdFA2#E (n=235). F ik
B AR SR b G SR B . Hh =08 s IR E O IR ERE A, mER P ERR . AE, JR
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TN T B ShrMEEE RN AT O AT 2 5, AR S AR S RIS 2 . F DUk B RS4RI
HBASHHERNERNEE, TPNEPRARE B DS R R IR SR LB & 2.

BEEEFRTARGINIS)FIH ARG RRGURH SRR I 488, OB aiE: 1) &
YIRG IR AR FET B ResNet-50 &R & M4, L8 12.6 J75Kk b EH W& B H a4
95, MG 8 K. 326 Fhartihk, BGHIIERZ A 87.3% (Top-1), EIFRHME I T IH4axT 4 ik
Z£(MAPE) N 15.6%; 2) MAEHETESI % SRA Y RS 38 52 TR TR AR 505, A S aRE e
BRI, BE. RE. EAORIRS @ ME. BARIE . BRI S) & S A Ae s, Ml H
FRWRMRER N = REFEMIEBNE; 3) BT RG: NEYZFME. BFRERAHE. MRk aH
PE= AN R I A H B BT E i, IR o @il . RGue Hu R al— H irf st & 1)
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K] SPSS 25.0 A AT E G A, SRAT Z W VR AMER E R, YA REERR, #—IR
A LSD AT HI LR . KA R LBRA FFEfRr R E R 2R, YA RFEERN, HE—BRH
Bonferrion y 1A% P {H 1R 7 SdE T B LLEL, 0L P /NT 0.05 1N 2 7 A Gith 22 5 U

AT 5T R FH 2 MR & 3R A5 7Y (Linear Mixed-Effects Model) 70 #1795 TR . B E IR [ &
N AFET T B (= HA) BFIRIGFERE) . 08 Mo S ARU R R s BENLSS BAE AR 2 T (1 B L AL
PR, DUEEHI R — s 2 O MR AR SGE . B ERIA A : Yi=Bo + Br-Phaseij + B2 Yearij + B3 Age
+ Bs-Gender; + fs-Baseline; + Ui + gijo FLH Yig HER | ADNMRTESS jANT- B BES K & AR G R AR E
Ui N MAEBEN LR, ey NTRZE « EREUCRE SR BRI AR BE LU ECR F-ROT R 56, IFAE KR 3% 22 5+ J5 R FH Bon-
ferroni EREAT P PILLAL, HEE R RS K HEN o = 0.05/3 ~ 0.0167 .

3. R
3.1 EFEBAER

Bt = HANFER R ETRNIE O SRR R, = N A REMBOK LSRN EF
PHARENR, (HEARBAEE, Hrh 2023 @Filrk 2, 2025 Filtrmd. TP = 2023 1
2024 bR, 2025 FFEAER. 2025 SEHPE A Bl BoOKLAE RS REE A RKT 2023 4
12024 4, 2024 FAMKT 2023 FFH, ERWARITFE N (I P<0.05), — K== KEFRRKEE
TENIE O T AFRME N 1, GuttbEzE SN 2. 7T, RO TR RS BT E 7R,
A AR G b i i B A R A

3.2. BFERRIMLAIELE

KRR A FERE SRS B R R, GRER, FRAEEBIH SEXHFEEERW
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1) bRl 3 FENHAFREFREHINET, REMTERRRER, SRER: KE, Tl =8V5E
bR R ZER TG 22 L () P > 0.05); 2024 A1 2023 4ELHL4E, 2025 4EA1 2024 Ebig, A fH[HE
BE, mEEEEA. WERRES. MFEERER. KRR, WaESRRr P AE R E R ERA
Gt AR X (I P<0.05). WA 4. £ 5. 2) MACHAT ARGt It AT N A4 PR A Aol 57 (R T3 = 4E 44
R EE & BRI 3 LU R H AR TTH R 2Z R @Y P > 0.05). W% 6. SHINH N LERHEARE S0
ITEFRERL, 5NN TR RERORIEATE F-E S NRHE BER LR SR A < . 6 HRZE A b 47 FE ARG 15T H
HIZ AR B SRR R IT 2 = R IAT, S ERE R E R ZER, Hh 2025 KRR
AL MR B EAS I, PRI B SR hr B 2k (2 6 VT UEM)). Behh, XfHEZH 2023 4 1fiLIF]
RPN 107 A 2024 el 112 N, 5EFEAR 216 NAFEZESR:, JREDVHBUTIES 7k
ARKE BT AR S 2 H o XA 2025 4211 [F) 28 - e s R it FO SR 2%, (845 ToIE R Z AR AR 2t AT 72 0 1Y
SARYNEXT R, AT REAIGA B A IR AL i d R bR B R SR o H i TR B A S R L H =
i BMIL i PRI AR | i L s S5 AZ AR R R AE =4 (] 10 2 25 28 A0 (P > 0.05), X LE4RFRI —
FRSEMEAE — R B3R T 0 AU RARARBPIR AR R AR B G 7 ISR .

Table 1. Average nutritional intake for three meals per day among the staff of our hospital over different years
# 1 BRRITREE=2EFRBANTHE
E=DA()] i (g) KA H(9) AE i (keal)
Bl teEE BE b2 ¥ME b2 e b2

4 2773 2600  23.18 3584 11268  146.47 77244  947.83

2023 #IN P 3336 1582 31.92 18.37 75.96 42.64 72248  327.16
Wi% 3353 1744  32.66 19.08 79.81 46.86 74534  365.32

H4 2344 1807  17.30 17.97 88.37 90.96 606.19  558.77

fEJ¥ 2024 N A% 3363 1523 31.87 18.32 64.79 38.52 672.06  300.42
Wi 3249 1511  32.70 18.82 71.47 42.50 702.43 325.92

FL4 1906 2026  15.68 23.58 7092  108.45 497.92  682.88

33.20 16.14 29.33 17.11 61.27 36.40 631.18 285.69

s

2025 ®|HF 4

&
s

29.95 14.30 29.13 15.92 61.62 37.87 621.15 275.27

Table 2. Analysis of nutritional parameters of lunch orders placed by our hospital’s staff across different years (mean * stand-
ard deviation)

® 2 BERIARFEFERBEFRRIBROTINE + EE)

2023 £ 2024 4E 2025 4 F 18 P1E
H AR 32.65+17.82 32.26 + 15.92" 30.76 + 17.29™* 179.191 <0.001
g 30.88 + 21.79 30.25 + 18.96" 27.34 +18.67* 476.928 <0.001
WoKE) 81.33+67.81 68.54 + 48.97" 62.70 + 53.37** 1396.444 <0.001
AE 732.30 + 463.60 668.41 + 345.86" 610.78 + 371.84** 1201.789 <0.001

¥ "5 2023 4EELES, P <0.05; *5 2024 4EHE, P <0.05.
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Table 3. Comparison of the order rate of sugary drinks among our hospital’s employees across different years
3. IR T AEFEE SRR R BRI

R BT EREORIAT B EREORL S %
2023 261,593 4392 1.68

2024 301,061 4130 1.37"

2025 305,172 3660 1.20%

~E 237.502

P{H 0.000

VE: "5 2023 EELEE, P < 0.05/ELEIKEG *5 2024 SEELER, P < 0.05/ELEIRE

Table 4. Analysis of physical examination indicators for employees of our hospital across different years (mean + standard

deviation)
# 4. BRPTAREEFRIERSITANE £ FREE)
fabr 2023 4 2024 4 2025 4 F1E P1H
I ] 5.28 + 1.07 5.26 + 1.03" 4.98 + 1.007* 53.962 0.000
Hih =M 1.28 +1.00 1.20 +1.00 1.26 +1.29 2.551 0.078
i R 1.50 +0.32 1.55+0.33" 1.58 +0.33™ 31.942 0.000
IR e A 3.23+0.77 3.04+0.77" 3.00 +£0.78™ 48.498 0.000
I [ B 2 k2 R 10.01 +4.01 9.48 +3.55 9.13 + 4.44** 13.728 0.000
Ny 62.01+11.75 61.27 +11.12 60.82 + 10.68 2.309 0.100
A 5.23+0.74 5.13+0.78" 5.12 +0.78™ 11.218 0.000
PRI 316.35 + 83.72 306.13 + 80.27* 305.51 + 79.31"% 11.263 0.000

F: 52023 £HP < 0.05; 5 2024 EH#P < 0.05.

Table 5. Analysis of variations in the rate of excessive test results among our hospital’s employees across different years

5. BRI ARIFERQBIRRERDN

izt 2023 4E(n = 356) 2024 4£(n = 356) 2025 4=(n = 356) ! P{H
SR T R AR % 170 (47.8) 173 (48.6) 130 (36.5)* 72.957  <0.001

il =R R 62 (17.4) 56 (15.7) 61 (17.1) 1.922 0.383
R RREERER 181 (50.8) 189 (53.1) 167 (46.9)"* 17.163  <0.001
I3 B IR B AR 2 135 (37.9) 105 (29.5)" 100 (28.1)* 54206  <0.001
I [7] 28 > Jh R R A 8 125 (35.1) 101 (28.4) 82 (23.0)** 38.811  <0.001

R 260 R e 28 12 (3.4) 11 (3.1) 12 (3.4) 0.316 0.854
JRIR S5 2. 43 (12.1) 33(9.3) 30 (8.4)* 15496  <0.001

W Y5 2023 4EELER, P < 0.05/HLE RS (Bonferroni KX 1E); #5 2024 4EHLE:, P < 0.05/HLELREL

4. ¥hig

T A% Qe PRI LR B B i R R ) 1 B A 3K BA TR [2], i 8 FRIR DL S M i B O A 0
WUSEA R - G BRI B0 BSGE ETh e feadt o B X PR AR DR T 9 LR AT S AE 3] B AR IR Y
SRR AL BORBIPRE K, TR I E SR RGO g B gt 1 Rrigie. Al @ MNTE
FREE S5 PR RS I R 2R 0K, AT ST AR B VPAl R, el G BT I R GL iR % (4] [5]-
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Table 6. Analysis of differences in the rate of excessive test results among employees of a certain company

6. AW TAQBIRRER I

B 2023 ££(n = 215) 2024 ££(n = 215) 2025 ££(n = 215) P1E P1{E

I g 7 139 (64.7) 152 (70.7) 155 (72.1) 5.083  0.079

L7 B 2 P 2 P e A 67 (62.6) 71 (63.4) (RAG) 0.011  0.917
BMI > 24 (B E/AC) 92 (42.8) 93 (43.3) 105 (48.8) 3311  0.191
JE Wi 1 85 (39.5) 89 (41.4) 90 (41.9) 0467  0.792

e R IR ML 65 (30.2) 78 (36.3) 82 (38.1) 5343  0.069
BN KRR 26 (26.0) 27 (27.1) 34 (33.9) 6.059  0.217
o I 22 (10.2) 26 (12.1) 32 (14.9) 3675  0.159

vE: 2023 £ [FIT R PEEERAG I 107 N, 2024 S0 112 N, 2025 EiZ AR R 5N Za xR .

AT RV REE R R AR UONHEAR, 46 MEEISHIRAESERBN R, VBRI T
R IS IR BEA . BRI, UAT RGIFAER R &Y B IRBIREA R OUHHE S &), dEREY
S N THNEHE . 2 % CRFEE[6]. X 5 EPRF T 4s 16— 80 Al TRIEMRNIE 5 L B
IR VS ST A G PRR[7]-[10], T 5EGIEEAMEA[L1] [12]. REFEBANSL, Al RS
B VPAS T PR R R AT, AR 2 T8 I ) RS £ P G B dfe PP (- Mezgec %5 [9] 11 225,953
AN B B ) R A A

I TR, 2023 FEAEGUE R E AR AR, BRF BRI EE; 2024 KA “ Ry
R EA TS, (HARSSIAMEI R, & 2025 4ERH AL AMELETE RS, HIREEEBAR
B PFMIK 18.7% (95% Cl: 15.3%~22.1%), & E 7% % /Al DRIs br#E(P < 0.05). & BEUCRHE FEAIK
% 63%, AR bR AR R D E BB MEERE . LDL-C. Hey M UA [#) P < 0.05), ENIE T #E3EFA4E[13]
[14]56T Al e 5 7 et BRI 10 R B . 3 APP HEREE JR ARG I R S X, Ml T AL 48 B 2
B2 R, $ETE T T IR M [15] [16]0 AT A5 G xCdh A7 N FH 5 B (4 Al 57 AR HR T = AR
B IAEFFIT 3 4 LU T R T B2 (3 P> 0.05). U ST BEZH AV AR T B 5 SB4H A 58 4 — 3
(11 2025 4F A I L [F) R 2 e 2 R), (HILILAR . BMIL JE 0T FE5EAZ OAR BB FRAE = 4R 10 i AR #a 34
Bk RPN, IITH S 7 7S R T TR G AN RN o Be A, HF 5 3 160 93 4N R FH Bl
FEpE. BRI AR R A RE R, HAMBAGRLSEIFES, BRI b
B FEARTERTIAY, MAEAWRRNTI. FERBAE, ERRTHEFH =8 aE
B, WRE R H B ERERANEMMGEE - EWE. AU FUEE s ECES:— > A BRI
B, VAR R IR, (HAR AN TGS SRR R LRI E . T RERSE
PRI ALEFRREFE[L7], A RGUIH M0 AT R IR, BN VG, (H A RS A R I
Wao ABFFAFIELL T JRBRE: BB it 51 5 N AR AT X R, TGI8 % B B T it fr A s
RS, W B AR AR IGE AT RN 2 T IS iR 28 & RN, B AT AR A2 B Rl A TR A R X
BR T F3iG 2K BEARG & (O3 SRR 2 DR R AT F RO E, X 8 PR 26 mT R ST 52 1R 4
bre RORFEATFRE LS EMERBSEIE, BV 2SR E. R, RERTSFEARMEE
WU PR BEEE SR SO (A I R Sk FE 3D iR AR A ), ST P S A A B AR A S AL IR P
AR,

Al 755 FFI N TR © @i mimt R ARGSIMIR SR N0, SIS IR @ 4
IR 2 AT AR R 77 (18] © BT ARIVR 8 H 5 R THTFiliAL . EFEER: Al THEA
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RETE A E AL HIBT[19], BUTBUERERM “Al A + NTEZ” KRIREHA[12], Fehl ez T
Bk, XA AR [F 22 3T AR 55 R S i R

B2, AVEFREBAGRZIA TR A, HARECE RN CEMAR . Hey AR EM)Z
ARSI, PRI Al BORLERERIEA . MR ST I T R, R o8 M 2 S s BoR
. JREERT UM E AR O BRI AN, @ ZiR@ELIEIRELES O K
WIFBRCRIIFIETEANY . WA B HR GRS I RIGUE XA IR S, A RSBl “ 8 FR 8 HR e L 31 “ 42
RS AL (5

E&WE

TR KT T(FERE AA22096001); /P AR MR H B4 SRR (Z-A20220084); | RTT
PAEEEARIT R SH#E M ITH (S2024015)

&E 3k
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