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Abstract

Objective: To systematically evaluate the readability and professional quality of health education texts
on implantable venous access ports (IVAPs) generated by mainstream large language models (LLMs),
thereby providing an evidence-based basis for selecting clinical health education tools. Methods: A
total of 100 texts were generated by 5 widely available LLMs (GPT-5, Doubao, DeepSeek, Tongyi Qi-
anwen, Wenxin Yiyan), covering 5 core education themes related to IVAPs. Seven internationally val-
idated readability indices, the Chinese version of the Patient Education Materials Assessment Tool
(C-PEMAT-P), and the Global Quality Scale (GQS) were used for multidimensional quantitative analy-
sis of the texts. Results: Significant differences in text quality were found among the models (P < 0.001),
with GPT-5 achieving the highest overall performance, followed by Doubao and DeepSeek; significant
differences in text readability were also observed across models. Topic complexity significantly af-
fected readability but not the quality of content produced by high-performing models. Topic complex-
ity significantly affected readability but not quality, indicating that readability and quality are relatively
independent evaluation dimensions. Conclusion: Model type is the key determinant of text quality on
IVAPs, with GPT-5, Doubao, and DeepSeek being the optimal choices. Healthcare providers should
prioritize high-quality models for professional content generation, then optimize readability based
on patients’ cognitive characteristics to balance medical accuracy and public comprehensibility.
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N\ 20 E Bk g4 (Implantable Venous Access Ports, IVAPs) & —Fh 58 4 L T 52 N A0 Hp o Fik il 5 2
B, HAC ZNHTREKIEZWTIRIT . HINE 7305 B S & ke J 0 B R[] 2 TG AR
FAESE, METLANEE K E N PO F K S5 (PICCs), TVAPs fEK IR B PRI B E IR R M, A
T8 HE DM AR RN 30 IR G 1) R AE A, B DRI B MR e B G, REAROCRE B bk 8 25 3 1) 0
FEAH, ST A FUR2]. AR, IVAPs R T2 400 FH v B AR T S 10 H o 3
HAERYT AR Z AR AR S S 44, WE R FE IR . 4k R M 585 1% 28 S iAs % s
PEHR I RORE, XA 4R R B A A, 752 0 BB 1 AR B o 5 BT U4 [3].

PR 5 KA R B b, A G 10 {8 R R If PRI 1) 58 4 A% 15 5 A e P 3 0 222 S e T 32 BR
1E0 Paterick 55 [4]7E 2017 SE45 H 1Y), a0 00 B2 1) 18 R0 V) 0 7 2 7 A PRT B RPN, (ELE I Hhv s AR ] ) i ke
FHTASR B e SRR X ASE I s[RI, %40 113k B 20 b T BRAZTE I T AE I L V38 77 U G — 55 1)
WMo FHUS BALBBUIRS Z AT, NI B A 0 I bR A 7a 8 Ty V4R THE AL B HERf M . B HLIEG
WS K, R TR RGN 451 6 SREN R ST B2 SR1AT,  BEARERX 24 (i e 5 B0 R A LR IR R, A
TELR IR SRS M R AR T e M AR AR A AR P I R R IR K, S BRI BXE A A s L 5]
We[5]. ISR, EARIE S ALBEH R K REBES LLMs BN B B T RIS AE S A TR DA s il
GO IR AE S, Radford SF90TE T8 G 5 8L 10582 (b Re )1 5K SUARIRMRRE T, NERT RNl T
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AR MR AL TR T R BOR S [6]. YA ChatGPT AR LRI HE R 5 5 %
SCARAE T T I B LB (7], ARG BAR R L PR 1A v B NN (B DA 21 2 TR Sigrid
MIFE HE8]. R, HRTK T LLMs BT B A s5T R 1A 2 AR THE PR8I i [9]
SEH LIS TERT . BEXTE 4 TIVAP KT PER R, H /G AR AL A TR RIE S H & 4E 5
REPREETT 2 B, LLMs A2 A A Bl it i 5 S8 ml B 2 AP0 R ok = RGTPPAS . S8 T 0k, AHIE
TUEAHANE B E, E 2 ARV R AR, FONAROREET LLMs Al i i ey 7 Rk
MR AEIEIE S -

2. R EE
2.1. REEE

AH SR R AR 5 B A R SCAR SR, AN M NAR SR s ie oA MR A
2.2. MR SHIEWE

2.2.1. [E)RET

i 2 304 5 42 LU E PR P B R O F LG IR PR 1, FERIBET 20 AN B A ), T
S AR E TR T4 AN ). BRI 1 AR IR E RIS AIE, BRI SRk . At K
H5EEFRMEEGE S,

2.2.2. 1REEE
AN S FKH AT Z AREUN EOE FOKBEAY . GPT-5. G, IREESRER. BT, Lo—F. Irf
R e DR AT, REAT B XS HM B, DB 5%

2.2.3. XABE
BT 2025 4 10 AT . KB R UK N S48, AR K SOAR A Al A S Al e (HERR 1B
R KA A TTER). LI 100 G5 SOR(EFEAY 20 #).

2.3. WEIERR

2.3.1. ARG

PR AT i 22 g SR 107, SR 7 T4 V2 3000 IE F T B2 SCR AT BBV HR bR s AN [ 448 B PP A
SCARFRE[11]: AR E(ARD) 3K L [ ease 4ME(FRES). X T8 % FE4(GFOG). #3%+: -
SIEERKFE(FKGL). BHRZ - BIE(CL). MR N E(SMOG). MR SIEFRE(DLW).

2.3.2. REVE

C-PEMAT-P: HCREEAEMEIHE TR, LI TH T IHEEDRISEEE BB MBI “nTEfgE e i
CATERPEME” WS 24 4%, S H AT E PR A DA R (R R S AR HE12]

GQS (Global Quality Scale): 5 73 2= w32, |2 FH T VFAS BLIE I (g B A5 5 I B4 5T B 5 2 [ 13],
15y = REZE, 54 = 5. #2 ZIRKY LM 5. RARHE-R R %(Cohen’s Kappa) i 46 V¥ 7 &
(845, Kappa > 0.75 & —BMEMRLE.

2.4. Gt oA

SEH SPSS 25.0 #4347 H0H8 /3 47« K H Shapiro-Wilk #5365 BT A 1 & R RHEAT IEASE T, 55 1F
BOMPTHFREER D E £ brdEERR, ALK BRI R 5 Z 5T (ANOVA), ZH 7] P59 s
KA Tukey HSD #546; AFF & IEA A (I TH R BB DU A7 B (DY o0 7 B ) B 2R, 2810 EL e R o 6
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3.1. HAELAE

AHFTILIAN 100 FAHOAR, WA 20 o 5 MO E-: ERARSIER. HAFRGARHTHE
& AU SHRIEE, FFRES R HEPHEEHEY: % 20, FEARD .
32. FEIAHBERANRAER
3.2.1. FREELR

FAALR] C-PEMAT-P M1 GQS PP 72 54547 Gt 57 (39 P < 0.001). GPT-5 {EPIHHHR th 3R
Fi1P(C-PEMAT-P: 13.95+1.85; GQS: 4.45£0.51), 7E C-PEMAT-P P41, IRAERZ(10.80 + 1.94)1 51
%4, 3@,(9 95 £ 2 ANMIHIHE = 7E GQS ¥, HAL3.60 £ 0.50)(0 555 —, IRERZK(3.35+ 0.49)hL
I =, b F W0 BAK(C-PEMAT-P: 6.45 + 1.82; GQS: 1.75 + 0.64), & Z (KT HALER (FH 5 Tukey
R, i’>] P<0.05) (£ ). MEFEE—BEIR, GPT-5 MG MINPES itk B R, B
iR s 1T S 5 R ST 1] (K VP 733 A1 2 S EL A LG, i e B A O (] 1 ] 2)
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Figure 1. Violin plot of C-PEMAT-P scores of infusion port popular science texts generated by different large language models
1. FRIKESHEEE MREREXXAE C-PEMAT-P iF5/MEEE

3.2.2. AIIEMEIRER

Kk GFOG #My?=3.51,P=0.477), HARPIEMEFRbRE S8R 2 %356 Gt 2 2 L (33 P<0.001).
5 GPT-5 W HINERMEIEE(ARD) LR E S T2 7P > 0.05), 744 15.98 (13.83, 18.70)81 15.93
(15.00, 16.89), EFE A HFIHE: C0—F M ARI K[11.70 (11.01, 12.19)], &S MXFfE#. FRES
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PLIC0— T B =1[49.50 (43.50, 52.00)], GPT-5 #AK[35.50 (32.75, 38.25)]. 1@ X T A FKE(CL) &K
[14.86 (13.48, 15.41)], 00— 5 &Hi[11.69 (10.91, 12.56)] (& 1).
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Figure 2. Violin plot of GQS scores of infusion port popular science texts generated by different large language models

2. REIKESREE BMRERE AR GQS iTH/MeEEE

Table 1. Comparison of quality and readability indicators among different large language models

= 1. AEAREIES RARE S AIEMHERELER

- Bt IREERER A GPT-5 J8 SCF 1) Lh—F N
2 =Y R é .
it (n = 100) (n=20) (n=20) (n=20) (n=20) (n=20) it & P
C-PEMAT-P 9.62+334 1080+1.94 995+2.19  1395+185  695+1.82 645+182  F=5036  <0.001
% = hRER)
GQs

g L o 305+ 117 335+049  3.60+050  445+051 2.10+0.85 1.75+£0.64  F=6552  <0.001
(8 + brifEE)

ARIM (@, Q3)] (12.(%53,.7126.12) (11.5152,'61‘;.99) (13.;35,.9188.70) (15.33,'9136.89) (12.;53,.31244) (11.(111,'71%.19) x=3852%  <0.001

FRES [M (Q1, Q)] (34.7359,'(4)1(;.25) (38.?3,'55(4)1.25) (30.3(?,'1(;50) (32.7355,'2?;.25) (32.3(?,'(4)1(;.25) (43.;‘3,'55%.00) 2 =19.16% <0001

GFOG M (Qi, Q)] (12.215,'12.53) (12.113,'(3.27) (12.4153,'7155.55) (13.33,'(3.45) (12.413,'613.22) (11.;3;81105) r=351 0477

FRGL M Q1. Q2)] (11.(%32,.512.85) (10.513,'(122.89) (12.115,'314;.73) (13.61;‘;1111.72) (10.9192,2122.64) (10.318,'8141.59) x=3288% <0001

CLIM(Q1, Q)] (11.7123,.121.85) (11.213,.(;(;.56) (12.6113,.61‘;.60) (13.313,'21‘;.29) (13.41;,'8165.41) (10.9111,.613.56) Xx'=26.06¢  <0.001

SMOG M (@Q1, Q)] (10.5161,.5172.79) (10.4111,'3172.15) (11.5172,'213.11) (12.1132;6173.64) (9.812(,)18?.57) (10.113'5172.00) X =2391% <0001
64.50 66.00 63.00 61.50 65.00 70.00

2 —
LWIMQu QI 61 00,68.00) (65.00,69.50) (59.50,65.25) (59.75,63.00) (62.50,69.00) (65.75, 74.00) % — 2844# <0001

e F= HZEGIGE: #= WENRR - IRF H SR SD= drdEZE; M= 8 Q= S—MA0ds Q= M=ol

33. FRIBREETEHNRMESR
3.3.1. RE¥EFR

5 AMZ 0 ERE A K] C-PEMAT-P 1 GQS P ¥ LB E =57 . X R, TR T R & 2452 dndd,
o R AR T AR B (R AR 8 B I K HE (2 2).

DOI: 10.12677/acm.2026.1662488 2659 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1662488

HRE A

3.3.2. AIRMESRER

FRES. GFOG. FKGL. CL #I SMOG 7t 3= /i8] 2 7 A Sith = L ($3 P < 0.05), ARI (* =9.21,P=
0.056)F1 LW (> =4.83,P=0305) LR EFER. “HEPEHS5FEY” 1) FRES & &[51.00 (39.75, 55.25)],
Al A, “IERA RN SRR B ARI [15.93 (13.67, 18.25)]F1 FKGL [13.93 (12.70, 15.59)]& &, &5
HIREE R (K 2)o

Table 2. Comparison of quality and readability indicators among different themes

2. NEIERBRESWIRMIEIRLER

HAFARL RS e gy

- s SERbIN S Sk A 9 e
S ! A A% IR o Giit it P
= = FH(n = =
(n=100) (n=20) (n=20) (n=20) WFE(n=20)  FfVi(n=20)
C-PEMAT-P
% — v .62+ 3. .05 £3. 85+ 3. 35+ 3. 70+ 3. A5+ 3. =0. A
T 9.62+334  10.05+327 9.85+3.36 9.35+3.25 9.70 £3.13 9.15+3.88 F=0.23 0.918
o GQS 3054117 3.00+ 1.30 3.05+0.89 3.10+1.33 3.10+1.25 3.00 £ 1.12 F=0.04 0.998
%+ bREZ)
ARI 13.72 15.93 13.28 14.80 1425 12.75

2 —
[M(Qu,Qy)] (12.05,16.12) (13.67,1825) (1261, 1459) (11.59,15.90) (12.18,16.20) (1136, 1408) X —221% 0.056

FRES 39.00 35.50 40.00 44.50 37.00 51.00 2 lsegt 0,003
[M(Q1, Q)] (34.75,49.25) (27.50,39.50)  (36.00,48.00) (36.00,50.25) (31.75,42.50) (39.75,55.25) X > :
GFOG 13.45 14.20 13.65 13.05 13.15 12.50 - 15088 0.004
[M(@Q1, Q)] (1228,14.53) (13.57,15.50) (13.02, 14.55) (12.10,1435) (12.50,14.20) (11.20,13.07) % > :
FKGL 12.55 13.93 12.40 12.73 12.85 11.29 1153 0021
[M(Q,Qs)] (11.03,13.85) (12.70,15.59) (11.24,13.38) (10.86,13.76) (1121, 13.60) (10.75,12.89) % — ' :
CL 1343 14.24 13.44 13.04 14.34 11.51 a6k 0.006
M (@Q, Q)] (11.72,14.85) (1244,15.60) (11.99,13.90) (11.66,15.29) (13.21,15.35) (10.93,13.30) % '™ :
SMOG 11.57 12.54 11.57 11.67 11.37 10.69 2 1300¢ 0011
M (Q, Q)] (10.56,12.79) (11.57,14.11)  (11.07, 12.71) (10.32,1291) (9.75, 12.41)  (9.39,12.16) % '~ :
LW 64.50 63.00 64.50 65.50 65.00 64.00

2 —
[M(Q1,Q:)]  (61.00,68.00) (58.00,65.00) (62.00,6625) (61.75,68.00) (62.75,71.00) (61.25,72.25) X — 483 0.305

e F= JFESNGRE: #= w&MR/AR - A H RIS &: SD= bz M= P Qi= H—IUAEG Q= B=Maid.

3.4. RESIEERIHEXM

Wi Bz 7R AR AT R, IS B FE AR 2 A] 2 P 48 IEAH 9%(GQS 5 C-PEMAT-P:1r=0.63,P <0.001),
LA R PEAS TR SCAR R R AW B — 8. TiEetEdesrd, AR5 FKGL 23 AR (r=0.85,P<
0.001), FRES 5 GFOG 23 k2% (r=—0.82,P <0.001). i iEtr 5 it fabrti e tE4:55: C-PEMAT-
P 5 SMOG 255 /5% = -0.18, P = 0.042), GQS 5 LW 2 5FIEM K (r = 0.21, P = 0.028). Xit—FiE
S, SCAR T B 5 PSP A R A AR ST PP AN 4R FE (] 3)

4. Fig
4.1. KEESENNRINERIEENS)

ABEFCRIL, TR 5 A A A U KR (IV AP BHE SCAR I A7 AE R 22 57, L
GPT-5 ZRERIVERA, REERZRAEN A AT ERE S TR IR R BUE L, S RAEBKNERDIE 545
K e RN T RBUE AL, LA RIBFN T 00— F M ST o A2 F AU 7 B AR AE IR
JEFEZAR BRI DO, B T I SR SR A e e ELAUSN ) RES TR B ke A o R A g AR I [14]
GPT-5 KRR ILAT RE 5 H TN ZRE R h IR R & 1R R R BT 16T . (8 IEEE 27 SR A b fEAL AR
BHEMEA R, IR R IRDHE, R SR HERATE HEAT I AR T A R
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PREIRAE AR S R RV, X E T SO AR T B4E L () C-PEMAT-P $F 73 R BIAE
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< g o
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B 2 . e g S
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GQS score . f ,\ 0
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- il

H: AEER 8 TAZOIPETRAR T B R SARSCHE S M T RS DALARI AN T VTSR bR, &
T 2 BT EFEFR(C-PEMAT score, GQS score)fll 6 TiA] 14 5 #5(FRES, LW, CL, GFOG, FKGL, SMOG). #i
M AR B R B A 5 R () I BUE TG (—1~1), L RFRIEME, BORFRIMR, FErEts
FAOCPETR TS IEAE G 54 B /N5 AR 5 R A A8 X AROE L, 158 BT AR 2 19 I g o ) (1 4 O P R

Figure 3. Spearman correlation heatmap of quality and readability indicators of infusion port popular science texts

B 3. WigERE A RE S IR R R R RUR A K AE

BeAh, AW TR T AR SOARM AR 5 R A AN 00— F BARTE
FRES f&tr B, EHE R B0 MR, X IR RIAT: Dy T8RS 5 i E fa
AN ZE, W5 T8 OESTE BRI EURE, REBERRE MBI HE P S e B, 305 AR A
e P AN 52 B [15]0 3K — R I F7 Bk ik T A% 6 fel BV 3 v T il sy B b g A 2B ED 32
SRIATE R T A BT RS b, MZITE “IBFE ML 5 “BEFEMELME” RS RE =R 3 & F
11161,

4.2. IEERREX SRS

WHFR I, (R REEUE I S R R 4 2 RO SCAR IR P S, AL A 2 11 55 v o S A 2 FR0 5 S
HR R 0 TIGREE SN RS, X R T DUE AT 00 N 2803 075 328 1) v o B ALY (n GPT-5)1 Ak
FHERET TR B 51 88 . ASHIF7E 45 10 68 F T SOl RS & A5 B AR A AR N 2 Ik i v s R S
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A, AR EIHET B HARE SRS BT I B AU R A B AR/ R T 3 B R 2. FESE BRI
PRIEH A, BB A B R AR SR RO 45 BB AR R Sk . W TER H, B EE B AR ERE
58 i 87T TS, Befif A RO AR T R X O R T (5 B AR SCRI 3 A 23R [ 17

DR, S U AN 5 P YR s 3 I e v R FH 22 S I (i A% 46 B B, IRHE B2 A B Bt
ol A5 Efteh . TIERT TR, METEAERBEEA, SEMARML . MR R E BT A Zae Tt
KA oM 25 B R AR IR KT S BRE RS, WD SEMOIERAE, 2R B R
A RERAE[18] 6

4.3. RESTIEERERMI 1R H SIS R

FEN T REBOAR 5 I R 57 BE S B IR FE Rl (IR AT S5, AR SRR AR SR 2 R i kA s o SO
R 03 . GPT-5. FALMIR SRR AT o R AR HEBANGE S AR 71, OB Bl AR
fiR TR . BEONEERGE, BN RDIURZINRE] “ SRR 5 “Arett” &SR sz ey
Y P —— e PRI A A AR 5 T B, T A 2 5 K A 25 T RE sk Z 48 SR E « RRAE DAL AR RE S H #1RHIT
REEST B AT AR O, R ATE AR bR S R SR 45 R (PROs) K
ghdy, MBI B RS S EUS T OR119], DAt R LR R AR R S TR R B R R

4.4. EBESRRME

AARGLZELS: - RGHEMMIEAL 7280 BROES A, 82 MlERET “H
N IR 73X — I PR 75 SR (EL AT AT BIE U3 R (0 M 20 93 008K 35 = R 17 28l [ PR 6
BA w5 RO AT S A X 2 WAl A R, BT AR BB ARl A S0, AR TP T
HOSCRRE SOA, R R 218 5 ORI A O B S PR PE 22 5 s 35 T, WF 9T 32 R PR T RN S ik e v
R e 28 At 7R AT 19 FRAE L R R T 2 B R O A

AW FIAFAE—E R R 5, ZIRTHUT RN, AN T 5 KB B EiE AR
BEE AL BORBIPREIEA, RRAITE RFEEIN B 1Bk T 3 B L G SRR, DU Ras R iiE i
Vs S5, AVPATHEZE T BT 2R A S AR L KSR BV, R AEIN B IR 45/ &
RAMIRRL G dE: =, RADSHRBEAKMRES, GRS RV fh 8 fx) R
JRAME PR PR B S T B, a4 32 21— i PR

4.5. REMRFGE

Bt BRI, AR ATNLUN =AGEREHAT IR 55—, BRI AR N ]S 1 L
PRGOS GE i 22 HoA 5 S B AL B R B TR T B B, NS AR, KE
WSCASE R B RKEI SRRV 5 8 BN B P&, kv, ar PRI, A
NEVR S AT, RGVHE B FE XA E LLM A A B SRR AR . B FERT R
&, B S IR + LA + B R M =M A R RGN B A 45 R (PROS)
e AR I RO KA ZRAF A PRI BEGE J5) , SEPLECIE A PR IR AE ; 55 =, IRR A SR RIG R4 H(RAG)
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Table S1. List of popular science related questions about implantable venous access ports
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