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Hospitalization expenses and influencing factors for medical insurance
patients undergoing knee replacement in a grade-A tertiary
hospital in Shandong Province
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Abstract: Objective To explore factors influencing the hospitalization expenses of medical insurance patients undergo-
ing knee replacement and to analyze the changes in hospitalization expenses before and after centralized volume-based
procurement of artificial joints, so as to provide reference for relevant research and healthcare decision-making. Methods

A generalized linear model was constructed to analyze the factors influencing hospitalization expenses of 3, 631
patients undergoing knee replacement in the First Affiliated Hospital of Shandong First Medical University during Jan.
2021 and Oct. 2022. Balanced data set obtained by propensity score matching were used to analyze the changes in cost
structure before and after centralized procurement. Results The types of medical insurances, surgical sites, surgical
types, types of diseases, centralized procurement, length of hospitalization and patients’ ages were factors influencing
hospitalization expenses. After centralized procurement, the average hospitalization expenses decreased from 48,928.24
CNY to 26,365.42 CNY, the average material costs decreased from 33,762.06 CNY to 10,939.82 CNY, and the pro-
portion of material costs decreased from 69.00% to 41.49%. Conclusion The material costs account for the largest pro-

portion in the hospitalization expenses of knee replacement, and centralized procurement is the most influential factor af-
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fecting hospitalization expenses. The material costs and hospitalization expenses are significantly reduced by centralized

volume-based procurement of artificial joints, which reduces the economic burden of patients.

Key words: Hospitalization expense; Knee replacement; Centralized volume-based procurement of artificial joint; High

value medical consumables; Analysis of expenses

N TR 4 2 48 FH N T AR AR A P o A
s A 5 T AR BEA T 1E R D RE OIS T1Y JER YT IR
FEATIRAR LA B A R T T T R A L R
ERE A R TR EAT ST B R B
K2 Hageit,2012~2019 3% FH Mo Bk
(total knee arthroplasty, TKA ) 4F # #f K & Jy
27.43%,2019 4 TKA # 37 Ji f], 4F 3 KR Hy
50.38% ;2019 4= PRI &5 B R (unicompartmen-
tal knee arthroplasty, UKA) 1.9 Jj ffi, 4F & K %
69.64% ", N TSI JE T (L BE FHAEM , &) 5 10
Bt g N 1 R i s A, BRI (s
FEMOAS G2 R B4, 2021 4F 6 A E KA S
= HFEM B G R I A % R A ( EI R AN TR
T R A Y (15 ) W T AT
e R, 2022 4 3 FIR BRI % K
ER DAMRREI AT (T ERAN &
{HEEFHFEM (N TG ) 2 vl & R W R T e 42
AR ) (B fRIp K (2022)4 5) , BLE N TR
VAR P T DA B AR B R 55 9 1 A s SR SAS
Pt AR S AHE L, I 48 R B R HEA T 0% 12
Wi AH 54321 ( diagnosis related groups, DRG) {+} #% £k
e BT BE e AR IR TT B L 2SS BE BRI AR
Ef Bt A iR (EL S FHFE M 25 B2 e A 457 3T O 1 Bk ik
fe (B S HIAEA B vhity R W AT IR KL 2% 5 DRG
PSR EE G T BB 2 v A R L,
[ Mg R4S T UKA  TKA B3 BT &
A B 42 2% FH S BE 2 FHAE  OF Lha T AN [T
BT M2 TEEDT (R A X 4 B 9% FH A8 AL
SEMR R 2R BT RIS R ORI OGS 4 R 2
AR S5 BB e B N TG SR A B 2%
FEAE) B BAT W ) A B R A 5 i PR 2650 %
FARFRL TFARIEHY P I W R 55 52 [ 2R K
NTRTERG AR R R, AR
AN, N TR ARG O i A Be 98 1 35 1%
% AR ST S AR il 2 R R | AR AR EDULR B L T¢
AR AR BE 2 A AL IR — R
KEF 5 — B i = B e 2 [ e R R A O T EoR 1Yy
BEPEZ—,2021 FFBEBEAT RO T B B H 28 HE
20, BEREA TG B R Bk H LR &
DX, SRR e (it FH R O 19 AR 1 ol B R4k i vh

B, HA SRR . ABFITIEI 2021 4F 1
H 22022 4F 10 AATIHOCTHT B4 AR M HEA BT IR 6
(DAUF AR AR, A8 A I T B R IR & i R
et ) BB ST 4 R B 2 T R i R %
IF AL E RN T 4R 5 A BE 9% A2 16, hy
TEAG SR AR 583 DRG Ay X e 2 A i
SAH I B R A Je R i 52

1 #RERE

1.1 R ER

A L AR — BB 22 55— 8 BE B HIS
RGP 2021 4F 1 H F 2022 4F 10 AT RO
ERAR 3631 i), Horfr 5 1031 B, % 2 600 i, 18 ~
93 % P66 %, WUHE B 1 38 BB AT B B
FMER . GAABRUE AT B4 A 1 B2 R 28 5
i), HERR AR . AR B AR | AR B OGB4 14 995 141
QBE A I HALTAR BB A7 AL B 55 15 1095 1915
DI I AT 4 R T o FD AR B i ], WSCHEA R,
FLHG B AR MR SRR A BE2 B T ARER
AL CEA/ XU ) | F AT (TKA/UKA) | AE B K
B AT BE 2 RO (25 9% TR 2 K o kA
e BV MARESR A BE 0 | I B AN LAt 2% 9 T )
SRR HE G AT a5
12 FHi&

ZRAEASVERG S | A 58 WA I A B 2% FH A IR A
WEAS A, R LY ( generalized linear
model, GLM ) X [ 5C 7 & 4 £ 35 A ¢ 2 FH 19 52 il
RZE AT/ 0T . AR A 2022 4F 4 7 30 HEZHAT
FE RN T RATHRER N 4 H 30 HATE ARG
I £ R AR R RN R 5 B T S T 4R
SR B WL TR AT SE TG B, Y AR R
AFAE2E 5 ), SR FHAWE 7] 75 43 T i ( propensity score
matching, PSM) 5 21| 1% 34 i 5 48 42 43 7 1l %\ T
KT B RA G AT Be % 22 57 Je B N A5 728 4k
1.3 ZEitF4E

K H SPSS 27.0 Geiteg b, X Al e S A B
AR ZE R HHESER 5 B, 6245 Mann-Whit-
ney U K5 H1 Kruskal-Wallis H K56 ; % H ) L2kt
AR5 A O 1 8 46 R0 3 32 e 2% FH 52 g TR 3R o



94 WKk

(B % R 62 % 3 1

TR ZEAG 56 [ AR 0 8 5 1, R 25 A 4k S
B 50 1) 45 R S AR R 0L 8RB AR AR Y
HAS R, R Rstudio 4.2.1 #4347 AN T 6454k
KHTEAEBE 2% ARk, R FH A% E 32 %5 2% (standard-
ized mean difference, SMD ) VA% 20 [B] ¥ 454, FH F
SR 7E AR R F R ) A L LR PR 25 S e
HAGH#5E X, SMD<0.1 &/~ 21 v i, B2
227 TG 8 ™ SR PSM s il YR 2% IR
R WA R 2 ST EE R (4R AT e R B
A o] e, 8 i e % Wilcoxon Bk AKS 56 [ 88 PSM
JEERAGRF BRHERN 2R, P<0.05 HER
Hait#E X,

2 # B

21 BEEXER

LW AT B AR E R B H 3 631 ],
Horp A7 B0 R oG Y B 4 R Y 3 3 208
(88.35%) ,TKA 3493 f1(96.20% ) , & FE N
56~75 % ZAEANBE(80.47%) , H2 N TIERT &
A B FE I R R B O R (94.05%) , 4R K i AR
H2 23801 (61.64%) , H K5 8 1393 i (38.36%) .
W1,

F1 T BB E AR

Table 1 Characteristics of patients undergoing knee replacement
i H n(%)
53

3 1031(28.39)
& 2600(71.61)
e/ %
<45 84(2.31)
46~55 205(5.65)
56~65 1252(34.48)
66~75 1670(45.99)
>75 420(11.57)
JE R 2640(72.71)
BT 991(27.29)
N
LA 4 3208(88.35)
XU - 46 423(11.65)
TR
TKA 3493(96.20)
UKA 138(3.80)
PRI AY
HRATR 3415(94.05)
eSS SV 123(3.39)
LA IR PE DG 4 73(2.01)
HAlh 20(0.55)

Wi H n(%)

A I A B R AR
0 610(16.80)
1~2 1956(53.87)
=3 1065(29.33)

fEBemtal/d
<5 1863(51.31)
6~10 1641(45.19)
>10 127(3.50)
LR AT 2238(61.64)
EXRIE 1393(38.36)
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42 801.317G, V¥ e i 4 4 i 24 235.85 7T, 13
A LA 56.62% , WO B AR HBE 1A e 9
PRI 2, 4T 2 I PR R 2% B 55 (62.40% )
2 EORBE R BHARAE B2 R

Table 2 Composition of hospitalization expenses for medical
insurance patients undergoing knee replacement

2 SR/ G FARBRA N %
kL2 26 708.27 62.40
FAR%E 5003.11 11.69
TRIT 3547.64 8.29

2 9% 3103.54 7.25
K 7% 1833.10 4.28
K g5 7% 1699.19 3.97
HAth 2 434.59 1.02
{EBE TR 343.41 0.80
MW T 128.47 0.30

&t 42 801.31 100.00
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ANTE ) B FE L/ B i A5 P A O 1
P BB 22 R G X (P>0.05) , T~
AR SR FARFAL  FAREAD PR
A B KA S AR SR O TR DG 19 4 AR F8 3 AT e 2% 1]
EZRAZIFHE L (P<0.05) , L3 3,
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Table 3 Non-parametric test results

ARt Z/H P

PE -1.72 0.085
A 188.44  <0.001
SR -3.09 0.002
FAREBNL -26.84  <0.001
FARAEA -3.86  <0.001
PR 74.84  <0.001
A ITHE R/ B KRR R 2.49 0.288
B R AL 306.83  <0.001
EEER -47.81  <0.001
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ﬂw:able 4 Type I and type Il modelluefie;tstest ir:st;]llt;s TR PR MR ¥ B TEL AR N B
— 20 PO s s b B 20 R OSSR 2. R AR 2
el <0.001 <0.001 N ey R . .
. XHEBE 9 s ma R 2R R o F AR F A A TR
ig; OO o SRR 186 7, U B
I 0001 <0.001 HR ARG 1.66 1%, TKA 2% H 8 UKA 19 1.18 1%,
o E;;/ T o5 ooms yﬁésagﬁ%zaﬁﬁ@wﬁﬁmgﬁm 1.12
e 0226 0.053 12? , %’éﬁh@a@%ﬁé@ﬂ?ﬁ%*ﬁﬁﬁﬂtﬂ@ AL 3:%”
i 000l <0001 ﬁﬁﬁﬁ’ﬁmﬁ%r@é*ﬁﬁ&,ﬁmﬁ 1) 2% H IEJ:F
i 0,001 0,001 %’3@5%\20 ,E[i?ﬁ%?ﬂt%ﬂﬁﬂ?%ﬁ{f &%%Jﬁﬁ‘]% M 45
s oo ooy N TEBERBOE (B SRS AR R B -0.01,
T R BRI R, A BE B AR,
5 BT E BRGNS I UL AR ] 25 R
Table 5 Generalized linear model regression results
A Exp(B) B8 FrRUER P 95%CI
W R ERER(SRA IR T ER) 1.116 0.109 0.008 <0.001 0.095~0.124
U B e (2 BEZH Sy B 4 ) 1.660 0.507 0.011 <0.001 0.486~0.528
UKA(Z 84N TKA) 0.847 -0.166 0.017 <0.001 -0.200~-0.132
PRI (SR N HETTR)
HAthy 1.099 0.095 0.045 0.035 0.007~0.183
A T 54T % 1.079 0.076 0.033 0.021 0.011~0.140
FERIBIETT R 0.948 -0.053 0.018 0.003 -0.089~-0.018
HERIG (S IRYUAERAT) 0.539 -0.618 0.007 <0.001 -0.631~-0.605
FE BE R 1.020 0.020 0.002 <0.001 0.016~0.023
G 0.990 -0.010 0.001 <0.001 -0.010~-0.009
24 ANIXTEREERZRTHL 1% SR FARIAL  F AR B 5

R Sy SRk
FFEIIAN T SR AT TG T B AR Ay 2
T 2 238 {9, R 1393 1, R AT S B T
ARTPE S B RECH A — & 22 7% (SMD>0.1) ,
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HE RN/ BOF AORE R AR B R BV A PR &, BE AP
RRBY I LBVC I (R HHE N 0.02) X 4R Fi AL R
JE BT 1 JEE R DD, DERC S A8 R A B
2% 1318 ], & P As B 1 SMD {H#4<0.1, g 3Lk
FRiE2E RG22 E X (P>0.05) , LK 6,
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Table 6 Comparison of baseline data of patients before and after PSM/[n( %), M(P,5, P;5) ]

DEBL R UNIRY
[ZIE KT ERG KT ERE
(n=2238) (n=1393) SMD (n=1318) (n=1318) SMD
P51 0.009 0.024
5 639(28.55) 392(28.14) 381(28.91) 367(27.85)
i@ 1599(71.45) 1001(71.85) 937(71.09) 951(72.15)
iy % 67(62,72) 67(61,71) 0.008 67(61,71) 67(62,71) 0.021
SRR 0.015 0.019
WS FE R EEAR 1633(72.97) 1007(72.29) 942(71.47) 953(72.31)
IEEER TR 605(27.03) 386(27.71) 376(28.53) 365(27.69)
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(n=2238) (n=1393) SMD (n=1318) (n=1318) SMD
FARHAL 0.316 0.003
R <] 1.895(84.67) 1313(94.26) 1244(94.39) 1245(94.46)
XU 343(15.33) 80(5.74) 74(5.61) 73(5.54)
FARLER 0.006 0.008
TKA 2 154(96.25) 1339(96.12) 1263(95.83) 1265(95.98)
UKA 84(3.75) 54(3.88) 55(4.17) 53(4.02)
PR 0.062 0.067
HRATR 2101(93.88) 1314(94.33) 1266(96.05) 1254(95.14)
FERB T R 84(3.75) 39(2.80) 34(2.58) 35(2.66)
LA RS 4 42(1.88) 31(2.22) 13(0.99) 23(1.75)
HAthy 11(0.49) 9(0.65) 5(0.38) 6(0.45)
g g g L Tl 0.032 0.040
0 384(17.16) 226(16.22) 204(15.48) 215(16.31)
1~2 Fh 1193(53.31) 763(54.78) 740(56.15) 714(54.17)
3 Fif 661(29.53) 404(29.00) 374(28.37) 389(29.52)
B RE/d 6(5,6) 5(5,6) 0.163 5(5,6) 5(5,6) 0.044
2.4.2  HERATE RO H 25 5 3k A5 221k SRR A B H A SR D 1S X 43 B 9% H 4R SR R

N T B R FT T B A B3 A Be 2
HIoh 48 928.24 TG, 48K J5 M 26 365.42 TG, - H{EBE
/D 22 562.82 0, B KRG ERE S 22 A 58
R (P<0.001) , 7E 2% A BT T, 46 R A e
WAL 253 K 2 MAEBE R = A SRR X
(P<0.05) . HH B RAE-F- 4808 2 33 762.06
JC, 8K 5N 10 939.82 G, A KL 22 22 822.24
IG; B R G T34 2 0 LU AR R T i 244.94 T R R

%17

Z BZFB/N, TR MW TR G WAL T
LERT, IR YT T R 0 B R LAt 2w = T AR SR
ERLGIT 2 L (P>0.05), RGBT H
69.00% [y 41.49% , FHoAth 25 T 9% HI 46 A ) 12 i
T, RG-S4 B PR 4 50 43 51 A 27 440.93
JCHI14 814.02 JT, V- ¥4 45 L 4] 43 1 S 56.08%
M 56.19% , 8 R A Jo B AR 3 85 el am . W
®7,

VP SR i AR 5 AR i AR B 9 S LR R L

Table 7 Comparison of hospitalization expenses and composition in the pre-centralized volume-based
procurement group and the post-centralized volume based procurement group after matching

HERAT E£XRE
R EH T KA 2R i KAERH P
Wi g/ oo /o0 & H/ % H /ot /ot /%
PR 31790.81 33 762.06 69.00 10 286.47 10 939.82 41.49 <0.001
FAR% 4 550.00 4781.99 9.77 4 550.00 4772.61 18.10 0.627
RIT R 3490.75 3 466.20 7.08 3 472.50 3 494.86 13.26 0.420
27 2398.26 2 651.61 5.42 2302.44 2 896.55 10.99 0.004
Kt 2% 1 640.00 1 802.40 3.68 1 535.00 1778.69 6.75 0.031
KB %% 1537.97 1657.56 3.39 1535.91 1676.21 6.36 0.109
HAth 2 383.60 408.91 0.84 380.00 416.11 1.58 0.753
fEBE 2% 300.00 323.69 0.66 300.00 327.32 1.24 0.026
ML 5% 0.00 73.82 0.15 0.00 63.25 0.24 0.120
4 2801.31 7T, i f Be 2% H o dF Rk 3% F R 2% KRy
3% iR By LUK, b bR B o5 R, 7 B AR AT J 2%

5 HAH WAL, B B R 1 B
B AR B AT 5 R AR B3 1P 24 e 9%

PSM 5 il IR A% N R, JER A4 2 i 60%
BN T IATHER AT E AR ST R BB B T e A
IO OB Sy i (EREA , RO B
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