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Risk factors for bacterial infection-related hospitalization in chronic kidney disease (CKD) patients
Takahiko Sato ™, Tsutomu Inoue, and Hiromichi Suzuki

Department of Nephrology, Faculty of Medicine, Saitama Medical University,

38 Morohongo, Moroyama, Iruma-gun, Saitama, 350-0495, Japan

[Background] To date, it is unknown whether renal insufficiency is associated with increased morbidity from
bacterial infections. The aim of this study is to evaluate the relationship between renal insufficiency and bacterial
infection-related hospitalization.

[Method] This study is an observational, retrospective cohort study at our center. Nominal logistic regression
analysis was used for multivariate analysis. The event investigated was “bacterial infection making hospitalization
necessary”, and the investigation items were gender, age, diabetes mellitus, presence of cancer, use of statins and
immunosuppressive agents, and several laboratory values, including albumin levels and total cholesterol.
[Subjects] All patients visiting our outpatient clinic between January and December 2005, and for whom
complete medical records were available for at least 3 years from 2005, were enrolled. Patients who received renal
replacement therapy, peritoneal dialysis (PD), or hemodialysis (HD), were excluded.

[Results] A total of 836 patients were surveyed (466 males; 370 females). The mean period of observation was
4.87+1.39 years. A total of 61 patients had at least one episode of hospitalization and were categorized as the “infected
group”. The mean estimated glomerular filtration rate (eGFR) was 56.3+36.8 ml/min/1.73 m® in the infected group
and 64.3+35.4 ml/min/1.73 m® in the non-infected group. The percentages of chronic kidney disease (CKD) stage
3 or more were 63.9% in the infected group and 45.1% in the non-infected group, with more patients with advanced
renal insufficiency observed in the infected group than in the non-infected group. In a multivariate logistic regression
analysis, a CKD stage of 3 or more, immunosuppressive agents, and diabetes mellitus were statistically significant risk
factors for bacterial infection-related hospitalization; the adjusted odds ratio were 2.177, 2.443, and 2.140 respectively.
[Conclusion] Renal insufficiency, immunosuppressive agents, and diabetes mellitus are important risk factors for
bacterial infection-related hospitalization.
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SRR ERE 72 & Toet LIz & DIEERYS), Sz il
AIEHOARE (RIBEREAT0 A FAlBKTHY ¥
< T — AR, R A, A —
ICDWVWT, BZEWEWNIC6e n ALLEOEHED
HB5EE), ARF HEHOE R FEEIHMNIC6 # H
DL EOMEHEND 255, HEREHEOARE GBEIC
W E N TV BIERF K CBISUH NI HTRFAE L7z
JEBD & UTz. Fm> I BEbimR o & 0z
i L7z. CKDO#ETZ7Hiid 2 HINT, X2k
A% eGFRZFHA L, ARt L7ERNCEI L TIE AR
il (ERHOKIENIE S, ABtHICEREBEWVREEH) & A
FRIET% D eGFRZ G UAKID A 7% Hikr L 7=,

%3 CKD D75 stageld, HAFKF=IC X % eGFR
IC K %0 HY % A U 7 (stage 1: eGFR = 90,
stage 2 . eGFR 60 ~ 89, stage 3 : eGFR 30 ~ 59,
stage 4 : eGFR 15 ~ 29, stage 5 : eGFR < 15, Hifiil&
ml/min/1.73 m®).
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745 patients were observed
for less than 3 years.

231 patients were receiving
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844 patients

1
69 patients hospitalized
for infection.

Non-bacterial infectious disease
8 patients

__________________

61 patients hospitalized for
bacterial infection.

Fig. 1. Study flow diagram.
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EnGa, BFE WEZMDIT A7) oY
MEOEGREDNGETH > EEX, HEOIE
BRBEDHE N TH > TENRIEH X O R L 7.
AR 5E, OB LER, SrEHER - HER,
SUMERERESS, TR IESE D R, @28 EE
B A-DROPICHE L T2 L E, HBWIE1 fchn
Z CHE A O S AR I K 5 AKIOBEE
Wd ZIER], 33 HLA OB B EZ R 5 KWt
W7s, @38 CLLEDFERZ S iR, HH0IE
TRGEIE 7R & D K2 g EHE, O R ESYE D A T
BV RE SOSIEMERE (SIRS @ systemic inflammatory
response syndrome) DJFAER £ UIER], I74b 5
sepsis, © AKIODRIFLE 738 ” TR LA _E o> Uik i o
PR 2 MFIRHE DSERI & U Tz, Goek Lo ARBiEZ
BLTH, AROMFERIYER KT ARSI TIE
FOBRWEE, HEEMABRIC DWW TR L.

I-iii. #REt

R O A O #E O FUE I 1 unpaired t-test,
H G O DOEIC 1 Fisher's exact test, il (# B&YLiE
WA % ARt & B# T 2 BRHICOWTIEZEND
VAT ZERgaiE Hnic, £ ofElk, FE
EHE X UERERFRE & Uik, #atY 7 FIZIMP ver. 10
Statistical software (JMP Japan, 550) Z W, p < 0.05
ZEIPNCEEAED D & L.

Table 1. Description of clinical characteristics of all subjects

Il #&R

[l-i. AERROF LD

AN G & 75 o 72 3836 1 o 1k A1 1 5B 1k 466 4]
(55.7%), 1x k3701 (44.3%), V¥4 i 1352.7 £
16.77%, BIEUARNZ4.87 +1.394F T&H > 7= (Table 1: &
RRARRIE DT — &), BISHAR A AWZE D EAf 72
723 ARt B9 2 M e G AE I i ER U 7ER (DA T,
(EYYED O | BEE T %) IF61IER T, B34 5EM
(55.7%), 1Mk 27 5l (44.3%), 4FiA1%56.6 + 18.2 1%
Thole. BRYEELUIBEHRL TERTH- 2
RTINS A E 2 o 1o, YR ALIE MR, 28
JERHPYE (KUBERGYE, Flis) Y 48%, PRESEAYIE 21%,
o HYIE 10%, B2 RRHYIE 9% T & - 7z (Fig. 2).

FHABHBICDOWTNERAED O | B, TIEGYE
U IBO AT T, TRGYiER LB L IR L T,
MEHE & O | B T3 2 HE R R E 61 O El &
2L, ARFUHHOEEGHN stz G 7 v
TIVEEREI L AT a— ) VERE, SyEifiF o
B A HBEE THEAZRD T > Tz, BLH
IEWF D eGFROE X, TERIED O | i T56.3 - 36.8
ml/min/1.73 m®, TJEHE/x U | #E T64.3 £+ 35.4 ml/
min/1.73 m* CTH - 1= hS, Mt I AE R
o 7z (p=10.090). CKD stage Hl| D #&fic 35\ T,
[EYYGE 72 LU | B T ld stage 3-50 #| & HY45.1 %,

Patients With Patients Without

Entirety at Least 1 Bacterial Infection-Related Infection-Related p value
Hospitalization Hospitalization
No. of Cases 836 61 775
Age, mean (SD), year 52.7 (16.7) 56.6 (18.2) 52.4 (16.6) 0.057
Men, No. (%) 466 (55.7) 34 (55.7) 432 (55.7) 1.000
eGFR, mean (SD), ml/min/1.73m? 63.7 (35.5) 56.3 (36.8) 64.3 (35.4) 0.090
CKD stage, No (%)
Stage 1 163 (19.5) 8(13.1) 155 (20.0)
Stage 2 285 (34.1) 14 (23.0) 271 (34.9)
Stage 3 214 (25.6) 22 (36.0) 192 (24.8)
Stage 4 114 (13.6) 12 (19.7) 102 (13.2)
Stage 5 60 (7.2) 5(8.2) 55(7.1)
Stage 1-2 448 (53.6) 22 (36.1) 426 (54.9)
Stage 3-5 388 (46.4) 39 (63.9) 349 (45.1) 0.005”
Serum Alb, mean (sD), g/dl 4.11(0.60) 400 (0.63) 4.12(0.60) 0.131
Total Cho, mean (SD), mg/dl 211.1 (57.6) 203.5 (65.3) 211.8 (56.9) 0.302
Diabetes Mellitus, No. (%) 191 (22.8) 22 (36.1) 169 (21.8) 0.017*
Malignant Disease, No. (%) 54 (6.5) 8 (13.1) 46 (5.9) 0.050
Immunosuppressive Drug, No. (%) 141 (16.9) 15 (24.6) 126 (16.3) 0.109
Statin, No. (%) 283 (33.9) 13 (21.3) 270 (34.8) 0.035*
A eGFR, mean (SD), ml/year -1.67 (3.98) .92 (4.93) -1.73 (3.90) 0.166
Introduction of RRT, No. (%) 136 (16.3) 11 (18.0) 125 (16.1) 0718

Asterisk indicates p<0.05.
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MEYED D I BETIE639% &, TIEYYED b | BEIC
BWTHEEL EOAZ X BT Z R iEH]
DEGNZNEEZ SNT. stage 1, 235 X U stage
3-50 _FfIC Fisher’s exact test i E Z fitifT L7z & C
AIETEMICH B A Z 7 7z (p = 0.005, Table 1).
MABGYERIERF O T — X%, M7 L7 F= /1 1.86
+1.42 mg/dl, eGFR48.7 + 35.5 ml/min/1.73 m* CH > 7=.
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CKD M7 3 B I B L T 1d, eGFR#LHE T I H]
JEH D | BEMN —0.92 493 ml/ &, TEYIER L |
H—173+390ml/FETHbH, EAERFLEANKEL
WRERIC G E RS h - T, B RREDS T &
EoTERNE, TERGYED D | HE18.0%, [NEKHWERL |
H161% THEAZRDT, WL B PO
CKD #1185 13T IFFRETH - 1=

NBERE, Al B G 7 LRI B R RE M T L AKI
EOCHI T E N SE B E, 61 5E B 16 E 1] (26.2 %)
T » b, ESRD 14 f, Failure 14E ], Injury 33 14,
Risk 11 %l Td - 7= (Table 2 : AKID RIFLE 734 ®).
ESRD D 1JERFNZ, 69 1% 0D F M THl FRIE EHE % R
& L, AB¢RiieGFR 9.11 ml/min/1.73 m®, "0% 2R YiE
IR AL R0, MikENZzEAL, 31 HE L
BT B B SR 2 o Fo. oD 15 FEFNCRE LTI,
I R GYE DB PP OB R RE 1T B L, T LU
D eGFROE FHE & NEGYED O | BEDIE AKLIER] &
AEAIEN S T2
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BEDE LU THRIEE N, EIRRE, i, MgV
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AL TH A E, BHEREAR N A M B RS I i
K3 2 ABICEGT 2 2R Lk #AEEEOD
H1Cld CKD stage 3 DL EAS,  HFR IR -2 50 S HI I £ 0
EHEISY XA Z7HNFTHH, CKDIZeGFR 60 ml/
min/1.73 m* Kl & WV 5 RO 5, HFEAYE
FIED A7 M CTOBAJREMED R E Nz,

l-i. BEHEEEET & RRPEERIE) X7

A4k, BREEEAK D RBERIE Y A 7 28K
T EL#EAS. USRDS (2007 4F) i K id, CKD
JiE B D fifi 28 Fe B, B IfRE B SE IS K B AR
AL, A4 O JECKDIERI X O &% D fE i
H37. LhL, TOWETOBESSOMAM,
CKD stage’z EIZEE N TV iRV, BHEEK
TERD, MREEREZEINEE T3 DN
MR E N TWA. K[E CDC (Center for Disease
Control and Prevention) (¥, @B AL XTO—F
JEMRBEDRBZICEMIRERA T 7 F > O HESE L
TW3 7, BHTEREIIERAEIEH & & L LT 6-251%
EREIEDRERP B EME YOS NTED, Ik
YayZ ik S IRRE, (5 A X O
flFR G, BHOAREEER EICBOTHRIESED
Bnd 2 EZ5NTVE Y. BAIXHIREE O
BRIIOVWT, REHBEARES - BEMEEZTD

Table 2. The RIFLE criteria for acute kidney injury

Unknown, 5% Oral. 1% Risk

Bile duct, 6%

Injury
) Respiratory

skin, 9% fract, 48%

Fail
Intestine, 10% o

Loss
ESRD

Urinary tract, 21%

Fig. 2. The details of infected organs.

GFR criteria Urine output criteria

Increased creatinene x 1.5

or GFR decrease > 25% VST RSEL

Increased creatinene x 2

or GFR decrease > 50% SUSES CHNESIPL

Increased creatinene x 3
or GFR decrease > 75% U0 < 0.3 mi/kg/h x 24h
or creatinine > 4 mg per 100m| or anuria X 12h

(acute rise of > 0.5 mg per 100ml)

Persistent acute renal failure = complete loss of renal function = 4 weeks

End-stage renal disease > 3 months

GFR: glomerular filtration rate, UO : urine output.
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Mt L7z ?. 4Bt O BRIk & B vk skic @i
D70 D EELH = 5 E LT, CKD stage 1-3,
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ME7 VT I VEERBRIL AT —)IVIEEICIEE
BErADNEDNo Tz FERICB U TR NESED D | BE L
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AT 10— VIR RIS B IRE R K 5 & D
EEZLNTVBN, RIFZEICHE WV TIE CKD BED
WHRTHD, READZHFELEDLE TIHMIiT RET
HB. LhL, IREADEEREIZNRD50% AN
UL TENTESITMETHEE X DR U 72,
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B BB MZER P AIMEER, IRIEENTIC BT % HiE
AT =TIV S TN EING, EAT R O R
JEVAITHBEEZLENTWS. LML, 2D
T in vitro DIRFITH D, BRI EEBE T D
PRI L IERYEY A7 ORI AR SR EN TV 5.
ARWFEBEHEARTOBEREMR FEH 25 E LT’
PRERR T & MR AYEIC SR 2 ARZD ) A7 Z2 IR
WIS iRes L7z,

Nl-ii. R2F VB K UHERE & R RRRE

CKD S5 BT 2 0 iifilXx 5 oA %, M
BEYERIEICH L TAHEERY A7 ELTHREBE N,
aORIZ CKD stage 3L, | L ZIFFIRE TH - Iz
AR F 3 CKD HBF IS BT 2 UMFED Y R 7 72§D
TEHTEPMEENTHED®, low density lipoprotein
(ILDL) DX MIC Ik EMN R ZHIERH EEABNT
WEY AMTBICBOTRARF YR REEIR TV
BHETIE, MERRIEICER T2 ABRDOY X7 0E
R Uz, Ba L X5 a—) VB IR HEERIc s
WTHBEAEZRDT, X 2FUEHICEK D ImERD
VAT —)VIBEIEEEHEAN T > T\, DD
AR F G EHIIER GEHICEL U TREIREEDEN
THED, HERFIEICERT S ABDOY AT7MKTL
TeRTREMEIE TR E TERWV. ARICBNTAZF D
pleiotropic effectsIC DWW TCam U5 Z LIZWEEEEZ %
S, BRI 21T 5 BEOPEHE O—DIC AR F > D
HHZEZR T 20ENDH B EEZ 5.

ARWFZETLE, BEIRE AV R R SYIE ISR K 5 A
eV R T T &k o fz. WHIE=E L N\)L T & b
IRERPEIREBEEORBEREIREEINTED,

Table 3. Multiple logistic regression analysis of determinants of bacterial infection-related hospitalization.

95% C.l. 95% C.I. 95% C.I.
Crude' Lower Upper p value AdeSTed. Lower Upper p value AdeSTeq ’ Lower Upper p value
Odds Ratio Odds Ratio Odds Ratio
Age, per year 1.016 1.000 1.034 0.052 1.008 0.987  1.029 0.474
Gender, Man 1.000 0.593  1.702 1.000 0.899 0.497  1.644 0.726
Serum Alb, per 1.0 g/dl 0.742 0511 1117 0.147 1.024 0.631  1.716 0.925
Total Cho, per 10.0 mg/dl 0.972 0919  1.022 0.283 0.980 0.927  1.032 0.451
Diabetes Mellitus, yes 2.023 1.151 3.475 0.015* 2.326 1.232 4335 0.010* 2.140 1.184  3.802 0.012*
Malignant Disease, yes 2.392 1.003  5.081 0.049* 1.643 0.646 3768  0.281
Immunosuppressive Drug, yes 1.680 0.883  3.035 0.111 2.547 1.180  5.271 0.018* 2.443 1.241 4.628 0.011*
Statin, yes 0.507 0.259  0.924 0.026* 0.470 0.229  0.907  0.024* 0.449 0.227 0.830  0.010*
CKD stage 3 or more 2.164 1.271 3774 0.004* 2.621 1.321 5394  0.006* 2.177 1.235 3.926  0.007*

- P values were estimated with the likelihood ratio test. P < 0.05 was considered statistically significant.
+ Whole model (diabetes mellitus, immunosuppressive drug, statin, and CKD stage) P value was < 0.001.

# Variables were selected according to regression significance (p < 0.05).

Crude/adjusted odds ratio and 95% Confidence intervals (C.1.), asterisk indicates p < 0.05.
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W % 53 K GE 0 PR BRI GYE D e R MV H X D
WP 750 Joshi N5 &, H PR IR DY EEGSE O
U R KT EEZFICH LU TEHRTRERDT 5N
HTOEDEHMLTWVBE®, RKIFZEOFERI D, K
PRI D 0 95 55 12 CKD DS SRS VB L 7z nf BEME
MRBEINT.

l-iii. ARRPED BEEREEEDEITICRIZTRHE
BT I S S B B BE B O HETIC M F TR
ZHET 201, BEREOERLELE ARV
FREECDWTHAB LR ERED O | TG
JE7& U | i #f CeGFROEMK FRICITAE A
RS, HEPOBREEEGEALE TR T
Hote. FAalE, MERREDGIHIEERERED
HEITANDFEIDENEDEHW LTS, HED
KBRS R BT & © AKTIZ CKD O 175 ESRD D ¥
RICHEST BT LD, HENEETNTWVE®Y, Ly
L, ZN5DOHEHICHVTIZAKI FEAERIC — a5
R REE AR E L UTERIRY, e CEYERD
79.2 %) ZXtg L U2 AERNCH) 3 BIDMEASEIC G % &
JEERZ OB Y, AEONR L ITAE SNAD
B> TW5. KHFEICBWNT, AV MRERZIC—
RE R B RERR E DT TIZ A S Nz DD, JHAMIC
BEHE R BT ZENNE, K —E8TH o Tz G
JEICHT B Y iERIC KD, BRYYEDAHIC K B '
BEAERS EDMETTIX, HAFE TR TE5ED LWL
TWV5.

Nl-iv. BAZEHEDOZ LM EPRA

A ZIRD BI85 T, WNROMED %2R/
95 HMT, 2005FD1ERMICYRINREZZ LT
CKD & 2l % w5 & Utz SR KZm B
ORI TIEH A, JEOIKICE AR 2 AT 55k
Gkt R & 728, gt E o CKD - 5 ESRD I
5 X CIRILVERNZZT 5. £z, BEAMET
DET DAL, BREEEDK A H 2 IEHNIE YRS
MAENZGENZ . TRPED D | DHAEX, F
B HEIEIRD )V TR #fZ B Uiz TiE R
EHEIC IR AN D B 728, HIEERAYEICRERT %
AbEEZETBHHE Uiz, E5IC, HEEYED H
R E L, UAIVREGYE, TR R IESE Z BRIV
U7z, A ERYYE DO FRER IEREICICIR T 2 0%, PR
JRED iz, —Risdbi BB R L, 34¢
DL bsdfe U CTYRHC BRI D ZREF O A2 R &
U7z, FeA&RICi3 836 il 5 045.9%) Z x5 e L,
A VIV UHER], ARKEE, U 2 RHiR
lifdisz, oAV ARG, 2 AR VIER] 2R <
61LIER % EGYEDH D | FEE U, AR ARTTE IR—k
Wi ztiTo7z.

Al A I H X, 18R E A E B o A Ay T £ B

I
=

th

W

W2 He C, TR RIEGIB ORI 1/10] & H 21 Gt
9IHH Z 2 E LTz, XSIEHID CKD stage 7l ] 41,
REKRAANCE O BIEZOEEHE Y, Bk S
FiAE IR — MR E LTRSS T ks
e, MEEDJE T ) IIBLLREEEN S, YRZON
BB D 5 )BT 2R < &, UBTDERERE DR
AANIEHI36 HATHH, CKD stage 3 LA EOH|E%
110%™ LAGE T HUE, ARRFZRIEH 1.1% OFEA D
TN T 2 LRI L TV 5.

fifi 28 5 RIS H 9 % &, USRDS (2007 4F) I
KX, 667 LA FEDCKD #B & D fifi 58 7 R 13 19
100/1,000 patient years T 0, JE CKD JEH] K D &%
TdHs. HAOMETIEHTA RIS TS [ AR
13 4.87 D BIEIRT 1 836 JEHI T T294ER TH L,
7.12/1,000 patient years & 7% - 7z. 20114 D H A D
RS T & A il R TA-DROP 2 s 0L F 139 56 %
TdH Y, USRDSDO M L IZ EEER 10 5% N a2
TV A, HRSCREE DRz M ERIKE XK D v
MREZ-oTWVS, FAELZHICE T, MR
836 BN B LU THuFEND ARl Ekid . F A& I MaED
LY b7 TR 280 156, Eikda T
1Z BUN (blood urea nitrogen) M1 5% &8 A-DROP T
A2 RUICHYS I 2 72D EAIAB ZE#iD TS, LAL,
FIEZEONETVEGER, 828 AR SN
BOVEENRTIBEEINTOBIERD DD 5T E
fELTe. AL TR IE—ZBRHC BT 228 THR
HYEHESATHEHEINTWVWS D, ERYPEIEH D |
MEGYEZR U ) W BER O LRI HIWER 2 DD I E D
EHIWTd %, F 7z USRDS O Ff £ 1 PR B 54 7 FE i L
THAETH O, FHREZEAREHIN L TV 5 Al RETED S E
TERV. RIS BOTIRESEIYE, B, K=K
GUIE 0 JHIE RS 1, B 72 AR EDN @IS E N T
BO, "M TAZDPENEDEEZS.

&

3

CKD stage 3 DL L OB el 269 595, Mg
P F O & IR RR R B R E IS A 2 AR
DYV ATVHNTTH3. Fiz, CKDEHFITRWVWTIE,
B PRI D A OF LM B S E IS 2N 9 % ABED ) XA 7
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