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AUEFETOoRE ATdihe kQloA HIM A8l 5 AHE

el
olN

5S
Ao mx&= Al B4 3= HIRA-APS 2013—2017S 8%t

FZE Y EA-dHiza AFEAR, AUHEFESS AT @

)

FIEOA AHIZHREH FA 30¥€ o]F 3% NaCl E+= tolvaptan=
FoirZ 35 AUEFES AL &AE AT R SIH. 55
AUEFES ALY XY Ay, ¥, CCI  H4(Charlson
comorbidity index score) ¥ FTE AAAZ tfjAH3H1:20) RS
+5tdtt. HIM 552 Beers Criteria®t 479 < H =8 ¥
Drug-Induced Diseases: Prevention, detection, and
managementy; S 7|9te® 779 FEEd 5719 HE dE=

TASATE. AFE ERE 98] ATC BF A2HS A8t o2

I

Ao g BASII, AFE EA4(post-hoc analysis) @& thiazide]
ol A2} o2 HIMI}S] H-&Fo]of| 23t 5 AHEFEIES ALY dTF=
BASIYTH wugE BHog FAWAVIZS  60YE WA

So8e ASSHIE A A, 654 oA A 5,752,714% =
AUEFEZTOZ Zate A= 40,02798(0.70%)°] 411
FAIE7|ZEo] 30Y u|RkQl SALE A|Q%t 32,7179 AUEEFESS
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913H(2.8%)012Att. 9, A4, CClI ¥4 9 Fut dg2 HAYHSE
thHsF 2228 S|AEASH A3, HIMO ©= ARE-(aOR 1.34, 95% CI
1.15-1.57) ¥ 2% o4 HIM AH&(aOR 1.48, 95% CI 1.22-1.78)°]
AUEREES AT G908t RS FRlsta, N FE(F) S PPls
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AUEEES AL 7t
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a
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e §os oz Ao selmgrh

=
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ol Ae} SSRIsS W82 2.2281(95% CI 1.32-3.74) =2 A4S

Ht.
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A5t A5ttt ARA AER] S5 AVYEEE ST ALl 44
Ao/ &ES HIM  FFo]l I HA(carbamazepine,
oxcarbazepine X¥)? tramadolE XEgol= uiekd ABAE
FETo 2 FUIeIGT. B AUEEES 4 7140 wet thiazideAl

o]k A, desmopressin ¥ Fo|kTE2ERAHHUHZF (syndrome of

inappropriate anti-diuretic hormone secretion, SIADH) -3
FE[FAA, T =HA, FAAHA, ol gl ZEA,

ZZ2EHIAA A (proton pump inhibitors, PPls), AZEY-
rEogyZ ARSI A Al (serotonin-norepinephrine reuptake
inhibitors, SNRIs), A&& MZEUASSAA A(selective serotonin
reuptake inhibitors, SSRIs), AFEHA| T A (tricyclic
antidepressants, TCAs) % mirtazapinel2 &5t FE =&
717k AL ol 284 M171ZH=E FYstRaL, oF g =& M17]Xt
3% o] ARESF HIMO 2 A oI5t oFF =& 7]1tol ARE-SF H= °F9]
Mg d4ibsto] ARE oFE 8 AFE5HRAL, & HIME| 748 dH4bsto
HIM=E A3kl HIME] ARSiEo] Qlof, AlstARE2 M171%E Sl
3Y oA AR Ao A EY o)A 28Y-56L(M0O7]Zhell AHE-o] gl=
HIMO &2 HAoJstqlal, A&AME-S MO7IZH M17|3F 25 AREH
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helstct. A7+ A¥, HIMe=z Fost 11719 FE(H)

ofN

_| J

o

mirtazapines Astl HF FF AUEFISTH |3t FHA
K3, v]ARE tjH] HIM &5 AR8-2 1.9181(95% CI 1.79-2.03), 2&9]
HIM AR8-2 2.63¥H(95% CI 2.45-2.82), 3% ©|49 HIM A8
3.27H1(95% CI 3.08-3.47)2 HIM A& 7isol wet Yol 7S
shelstAtt. M2 A& HIMS A £A8-0] B8] mirtazapineS A 2|3
e HIMZ $5 AUYERERISY w2 AHds HIAa, 59
desmopressin Al5FAREC] HIARE tH] 9.698] 2 X|HAREo] H|F
3.81M2 35 AUEEES % TS 7MY "ol Eole He=
1=t AlFAREC] AHARE ] 5 AYERES &2 A8
+0]:= HIMSE+&= SSRIs (aOR 2.98, 95% CI 2.39-3.70), thiazideX|
o]k A(aOR 2.37, 95% CI 2.04-2.76), FHAHFEZ(aOR 2.07, 95% CI
1.65-2.58), ¥4 AA(aOR 1.26, 95% CI 1.06-1.50) ¥ PPIs (aOR
1.22, 95% CI 1.11-1.35)9] <=o]dt}. SNRIs, mirtazapine & TCAs2]
A &AM HIAME tiH] AUEEEFZY 9FEol =4 g2 o=
gl=] ). meky ABAE AlFARE-2 1.19¥1(95% CI 1.12-1.27),

A EAE-S 1.4080(95% CI 1.32-1.49) H|AME iH] 535 AUEFE
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o] AsEo] AfHoR we JESE 5ES et oz, whs

Ad AYERESTS 7P £ FH9 AUEEIFTOE
Al 32 24 o] gl u}2} AdZF A (hypovolemic),
AAEZF A (euvolemic) ¥ IEHA(hypervolemic) AUEFIEZ0o R
TR A AVEFET S HEFY Hedt &Ho| YYT Ao r
53], thiazideAd olxAlE E&st= SAoA Eoith. FAEHA
AVEFEEFTS AZAAY] BEFS A9 Aol Agt, A¢r HA7t
7AW Al 224 o Fuj 7} 7kl FHE

PO S 2 EBEAHHEN|ZS A (syndrome of inappropriate anti-

diuretic hormone secretion, SIADH)S.Z <l Ast= FX7}
o F-&olc} HFAd AHEREIESTS AFA, 1H45S E= AS5F 0]
Q= FXLeF Zo] WEFI & Hjdo] & HA] k= Aol A A|ZZL]H 9]
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Figure 1. Algorithm for the diagnosis and management of hyponatremia.



1.1.2. AYEFEEZ9 A&

A AGEFESY ArE 9 S49 97t I/l g%t
H7HE 7IRte R SHEE st A 4 9<l 3% NaCl E= 0.9%
g3tth S4to] A /T AUESEIEFS Hdo]

I AEe2 3% NaClgE Fo3ttH(Figure

NaCl& AF&-3}

Z7he Ao

oknl'ru
o
gl
S
—T—:‘&
m
HJ
o

DI[14]. °o|& EFZ 4-6 mEq/L AGAIA HFEo| ¢t
AYEFEESY Hdol m=t =g APt S0l fle &4

AUESESS PR FHE HREo] ofx AFHA P AL

B IAASHs, FAASHS, SIADH S €99 o] oigt
A AS520z2 Attt AdqAit AGEFESS HFAoly
2 =5 U, 27 ARE HEFEY & AltS ¢

olF F8 & "WiAd S7HE A8l loop ol Ay =REHjdof Eop =32l
G35 Ho|= arginine vasopressin A% A(vaptan) 25 13T $+
ArH15, 16]. E, ZAEHAH AUHEFE S SIADH JA| £& Agto]
z7] A &7olal, F7 HEF AA|} loop ©]&Al, vaptang O|AF A &A=
AHESE = Qo A B AUEFEEFoIAE 5848 HE Tt
A Z]ANFS S EA|A vasopressin®] #H|IE E°|A €rt4, 17]. @A
ZYoll= vaptan A¥Y FEZE= tolvaptan¥t F7F  HIQto,
d3olA ol9 HEFE YL E [ott 1EHEAH Ee=

2=
BEAEFEA AUEFTES(EH T HEF %7 125mEq/L v|vHe
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1.1.3. AYEEES 9 FHE

AUEFESS ATt ojzlo] mRoA dAYsk= 7P &3 A3
ooz fHEe] F FPEol A gx, AyH T oo wet
T2 A5k ARlolA 5%, 6541 o14F wQlolA 11-23%, YYEA A 25-
43%, AEAZA A 30%, dolvt 7HEsHs At E 50%0l Dok
Aoz FAHHECO9, 18, 19]. 2013¢o] TEH oJzdHo] wE
AUEEES FHEC] et 5379 AFto| digt AAAY =iz
o2d, ZGALs] P54 AUEEESY REES =U¥s FANA
22.2% (95%CI 20.2-24.3), 35 AUYEEFEESZ(125 mEq/L H¥He]
GHES 45% (95%CI 3.0-6.1)°|9eH, UutEEs oA =
AUEEESZS 6.0% (95%CI 5.9-6.1), 35 AHEFISY FHES
0.8% (95%CI 0.7-0.8)& Hiuatgom, st 7Aol AFoA ZTAA
Ao A AUEFEES FHES 17.2% [standard errors (SE) 7.0, 55
AUEEESY 9

EF2 10.3% (SE 5.0 HI5HTH20].
AT A= HY dHEA NN 7HFY B2 AUHERES FHES

e

14.5% (95% CI 14.2-14.7), 5 AHEEES 1.0% (95% CI 0.9-
1.0 29t HAYE5Y AUEEE S FHEC He AtolA, 84
YEESE 130 mEq/L 1|9 FHE2 Q504 14.8% (95% CI
11.5-18.1), &2 Lyt Y54 6.9% (95% CI 4.9-8.9)2 KI5} Tt
g3 YEFSEE 135 mEq/L 9 125 mEq/L "t g HA3slojx

AR AT B
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1.3. %2 9 AGEFES

o9 FESo] AUERESS FYUcte °FE(hyponatremia-
inducing medication, HIM)Z &=&A St} 1959¢ 539 &X}ofA
oAl F AUEFEZY AH E11[59] © 19669 chlorpropamide,
carbamazepine, vincristine A& $AJA HJUEEEFT A HiL
O|ZZ[60-62], ¥Tt ket AUEFES #lgdo] HilEUTH63
64].
olAl= AUEFIESHS wgo] 7P Bo] BiH ==, E7]
thiazideZ] o]xA|(thiazide ¥ thiazide-like ok A)= U Al o] A]
YEFEY AETE JAISH +&83% HEF S Aoz S7HAA
AUEEESA ZIdste Aoz IHA  AR(65]. olxA FE
AUEFESTS FEA 7 Al A5 9 Fof| 24 A Ax o] LAY
H66]. Desmopressind #HAH AUHEFEFO 18 S7H= 71 A=

R s L IEEE [ )

i)
[

o]l A3 vasopressin FAF

s yety A9 +7 AEsr S7EER 7 AFHE ARESHA]
%o AUEFES= FIsHA =671
gAY eFE(antipsychotics), AZEW-w=2o1y| Z ARSI A|A|

(serotonin-norepinephrine reuptake inhibitors, SNRIs), A1EiZ]
MZEJYZS A Al(selective  serotonin  reuptake inhibitors,
SSRIs), AFgHA FLEA|(tricyclic antidepressants, TCAs)2} T2
JA12-g k= (psychotropics)2  SIADHE it AUEEFESC
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mirtazapine®] AUEFEIZS] Aol w2 Ho=Z HIEHYA

TCAs®} bupropion, trazodone2 #& o] H& o2 HIEHATH69].
E & AolA = miansering AL e F2A7 AUERES
AEES =olH, E9] citalopram°] AUEEIS ¥ 57kt Tl
=2 "M duloxetine, venlafaxine, mirtazapine2 W& ZHOo=Z
HUSHRTH70]. A =] -5, AFE AL o] 9fof] A oF=R-siALE
HB3A=<Ql VigiBase (WHO global individual case safety report
database system)Z £45l0o] AUEFIZ79 ARAL B A1E
ASH71]. AUYEFESHY #HHAo] 7HE o] Hiw JFHHA=

carbamazepine¥ oxcarbazepinelZ Fo|krT=2E JI7}FE QI

SIADH % 7|doz2 <dHA <Qli[72], #F sodium valproate,
lamotrigine, levetiracetam, gabapenting2 ©Z XEoJAqY

AUESIZ FHAJE BT 73],

Ao A= vincristine©] SIADHO] 95t AVEFEE ST A A=
Aoz dHA o, A=YAE Ao b=l AGHt A Foi==
cisplatin®} carboplatin ¥ &84 WG9 AHS Aol oFY &

AFHE BA3I= cyclophosphamide & AUEFEES TS #=HAo

—_

ByEa QL olQlo] ZR2EHIZAAA|(proton pump inhibitors,
PPIS) (7514 Blebg ABA76] S5 AGEEEES] UL kol oFEz
ZEA HuE .
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Liamis 5= 20084 2| fi+=&2 531 HIM] & 7143 44 <70l
s SstAIL77], olF 201949 FHZ Eol 275t HIMESS

ddle]lE  §}Ith78]l. Ramos [791%F  Buffington [80] 59

SRERMNE HIMEZSS Egeln Jon, oreld A¥e gL A
'Drug-Induced Diseases: Prevention, detection, and

managementy [81]9] ‘Syndrome of Inappropriate Antidiuretic
Hormone Secretion and Diabetes Insipidus’ €A% SIADHE

S kR VA FUE 5L FAY S Ak

Hilstkal tf. AGS (American Geriatric Society) Beers Criteria
[82]91 4= desmopressin®l 3] AUEFEZS G4 g 171913 FEE
Ot Wl Tl X[Zof ARGSIA] F=E St T QHHT e
AR =S Aot Aot Bt FHAIR A=, thiazideA| ©]x=A], SNRIs,
SSRIs, TCAs, carbamazepine, oxcarbazepine, mirtazapine %
tramadol2 AUYEFEFEZo|Y SIADHE FEHotAY IsA1d 4

9lo.m & Fo5to] ALGSLIL, OFRE M2 ASIAL 8%

filo
(e
oN,
st
=)
)
rlr

YEF A& HEs] ZUEHIY A sk Aok folA 7idE
SFEHE L9l STOPP/START (Screening Tool of Older People’s
potentially inappropriate Prescriptions/Screening Tool to Alert
to Right Treatment) criteria version 2 [83]9|4+& AUEEFES

Ao A  thiazideAl ©OlkxAl AR ¥oI== HAASHAL U,

b

L
L
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oAzt T+ AEoA 2007HFE 6WZF SIADHZE X =y 2x};
°F 20098 ®iet ¥FH A+ A, °F 73.7%7t F=wT SIADHE
Adaietor | FEF9F SIADH A9 82.3%7F &-=A|, FHFHA,

TG FE, AEZSAEITEA H AEALE #R-ol Ae Fe=

[©)

SRIE AT, SIADHSF o] Q= Ao2 SRIEATH64].

Myt e 2304 2003dFE 20159 Atolo] =0 7EE

l:z

ol«

fol
o)
Y
e
)

dolgHlo]l A8 AHgdte] Fqs AW

1

AUYEFEEZoZ 23t A9 30| carbamazepined H|AME TH]
8.28) #%¥omw, valproic acid, phenytoin T+ topiramate 3l
SHUHE ARE-St= AREARE 2.628) 2 A S E H IS EHT3].

Yadat ZE| =259 AF5k= 554 o]/ Adlol that AaFE 1714t

I5E A7 RHSPATY YPOE 1990WRE 44Ut OF 5HYL

)

OB Tt A4 AUEFESS APTY AFS 17% Eoln.
AUEEEZY JEAA2E ZEEEo|kAlladjusted odds ratio
(aOR) 3.64, 95% confidence interval (95% CI) 1.94-6.82],
F74AA(aOR 2.98, 95% Cl 1.54-5.76), thiazide ©]=A|(aOR 1.66,
95% Cl 1.18-2.33), ¥l=TjolA|H(aOR 1.43, 95% Cl 1.07-1.90)2.%
FRIFATHE6]. ZEE2FATY] %o £PH ETHE AFoA:
AUEFEZS 8 Ao thiazideAl olkAld] =2H A H|E&2
32.4%°1 1L, HIAHE tiH] AUEFESY 93o] oF 5u) Eolx= Z o=

A= ATHB7].
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Mannheimer

4 Q7] wjEolt}[9, 88].
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Aol (YL % QlmH] RE B 5 nrd 244 Qatdziele)

Augo] g A77 BuE T dn(o7), $HE dez A #uad

4

=22 &AHZ ARs] Al 53] FosoF & oF= B oFE2] 239t

g AFE oo EHolA EaET QlE ¥, HIM 9FA &

1o

AYEgdZ]  vAE GRS EAT A7 AHo

FEHAIZE T A 24 o] AL 98] T 7] Y H A=
2 okE o] HHaukS B3[54, 99], carbamazepined 2 E7

ES BY S5 FE HEI vwst AFHEo|tH100].

AUEREZFS U 2o U orol FRDE fyo=

7541 ol AT 1A i olAEtd AFolA FEEOA FFY
AUEEREES A9 1dY AMES AUEFESTOZ 3 ¥ Jdst
A ETE v JEg AN H =UhoW(42.5% vs. 23.8%;
p<0.001), A EAZAT} AUEEEFTOE 3t YL 1AW AFLGE=
1.94] ol Ao FRIEATHI5% CI 1.1-3.2)[101]. I3Y Ao+
HIMol gt <Ql4Jo] RFsAY XR2IAoA LS FE &

AUEEE SO 43 F9E 7|&0lA £t AUEFE S Ao
A& TANA HIMES QAAeHA] Xt AHES = Qlot. I=n=

AUYEFEE S B g0l = A4 HIME AR Ao Ao vjA=
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1.5. 939 £3

A, AYEEESS A

Agol 55 AUEFES Ao m%)

11.
A, w9l oA AFAE R A5AHE, FEAE 5 HIM AHG
NAE A5 R BAstud

e mE IFT AUHEFES

sttt Part 21.

21 fx—-:: ;



2.1. HIM#} 535 AUYEEE S A9 AHA A [Partl]

= dFoA = AUHEFEFTLE ofn] k2 QoA HIM ARE-°]
TS AUERES Ao mAEeE ¥ 2ASH] S8l
AR YA 71 o] a1 @Rt o] E Al (Health Insurance Review and
Assessment Service-Aged Patient Sample, HIRA-APS)S Z-83
FSE Y ZIX-tR#+ A(nested case-control study) HAAE
ARESERT. AFEAAANEZIES ARt REE ARSI Te] J9
e ARIAE FYTt Y70 FHEHEEEA it FFAOl FHE
golg =, o]o] 7[¥ts) AVNAEE F5H SAEERAE: 4 2T
AA o] 95%9] A =2 t B0l 2 EA ROt HIRA-APS=

654 ol AA| E=RIAE 7|E LR FEH]E 20% (20164 ©H, Azt

12

1009F8)ellAl 10% (20179 o]F, Az <k 70%HE)9] 6541 ol

=RISkAte] g AMH|A o]&AHRE ;IS Qlon, QFFoiH|E

FEPAANA JIRIZEE B[AES ZX|ot] 1d @92 Ay

Aol wet AR F3F AT FE9 TEEST HIRA-APSE

HALO] QIFEHA 7|2 A E e} OB AU A o] &S Bof WAYTH M, AA,
+<]

OFE A e % AP I WHRE AT

Kl
%0,
fr
fin)
Alm
ol
rlot
N
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LAY Het e FelgS ASstal Ack(Figure 2) [102]. &

AFo A= HIRA-APS 2013%F 201797HA]9] 577kl dlolgAlS

E AFE Aedige P22 YLSI(IRB No. E1906/002-001)2]

e wokth AT g4 ARt vAEstE Ju AgEe X o
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Health service providers
Ministry of Health and Welfare National Health Insurance

of South Korea Service (NHIS)

! Hospital Clinic Pharmacy

i Public health clinic | ' Oriental medicine

A ‘
Review & assessment duties

Claim for

reimbursement q
»| Health Insurance Review & Assessment |

Announce the results of (HIRA) Announce the results of
review & nent T review & assessment

Save daims paid in data warehouse
¥

Data Warehouse

= Assess benefit quality
* Produce statistics for healthcare services
+ Provide data for research (HIRA database)

HIRA database

o e + Patient sample database

e - HIRA-NIS (National Inpatient Sample)
e e - HIRA-NPS (National Patient Sample)

! - HIRA-PPS (Pediatric Patient Sample)
- HIRA-APS (Adult Patient Sample)

Figure 2. The flow of data generation of Health Insurance Review and
Assessment Service-Adult Patient Sample (HIRA-APS)

The Health Insurance Review and Assessment Service (HIRA) plays a role in reviewing
claims and assessing healthcare services' appropriateness for reimbursement and quality of
healthcare services. The HIRA service provides claims data from health service providers
about all data related to medical services. Korean health insurance is a single-insurer system
handled by the HIRA and NHIS. The healthcare claims database covers almost 98% of the
total population. The HIRA maintains all patient claims databases and four types of annual
patient sample databases. The patient sample database is a stratified random sample after
dividing all patients from the HIRA claims data into 32 strata. The HIRA-Adult Patient
Sample (HIRA-APS) comprises approximately 1 million patients (20%) of patients aged >
65 years until 2016 and approximately 0.7 million patients (10%) after 2017. HIRA-APS
contains information on general specifications (age, sex, type of insurance, date of treatment,
primary and secondary diagnosis, surgery, etc.), healthcare services (inpatient prescriptions,
treatments, days of supply, etc.), other diagnoses (diagnostic code, department, etc.), and
outpatient prescriptions (drug name, Anatomical Therapeutic Chemical code, dosage,

prescription date, periods, etc.) [102, 103].
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2.1.2. 9+ AR

gl
H—t
r o)
ot
X
of

£ AFolAE HIRA-APS 2013-20170] =g
AUEREESS Adde I IFITEE FAS A AGIdS
A #EY(index date)®= A5, AUEFISOl Wit HFHIE+=
A10x 7R A AHEF(International Classification of Diseases
10th  version, ICD-10)2 7I&£2= E87.1(HHEFEES)H
E22.2(SIADH) FEE ARESIAH. $F5 AUEEES AL A=
ARLAZHE 24 302 o]Fof] AUHEFES A=E #131 3% NaCl E+=
tolvaptang Fo] ¥2 &2 2242 sttt AUEFES A=

B A4 AT %L FRY AR AFoNA Sl Uk F/WH AUEREF

AIFAE S 5 Fst A 7of] F25 o] AHEFE S A 52 HHAS
Fol| AJstItt. Tolvaptane AFZHo|u SIADHEARO| A
o= = 0O —

o]
JYHoR oY DIBH/AYARY AUESVZOR F3(IH
=

(125mEq/L)°IAY 71E AREGEE AR, oAl ST

1

0,
e
[
)
b
0,
9
i)
n
0
of
N
N
i
[m
ot
ek
olN
i:‘
U
2
~
o
i)
rr
12
(il
U
rEI

25



ol A A 5E Yl 3% NaCl E+ tolvaptane *HWtx] k2 XE
o2 stk SxA Ay, dE, CCI A4, TS E YAFLS 1A
HEE 1:20 AFE S WA (propensity score matching)ste] RS

Rt
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213, AUESES 42 o2

20159 9 20194 Beers Criterial82, 105] & < #f =&I[77-
80] ¥ fDrug-Induced Diseases: Prevention, detection, and
management;[81]15 7[HWtoe g FAZFQA AHUEFIESZ 4 I=

Al 55 2471 FE(T)E AU, ©] T 271 £HoM AUEFEES

O{N

Fro] el SEA B 11 FRE)T AT SRl A ALg ol
A9 g 249 k2L AAst] HF 7 FBEH 5AY AuopEe

2P HIM B22 £ 74 AHgstthTable 1). 9JokE RS

=

28] WHO Anatomical Therapeutic Chemical (ATC) &7/ A|AH

27 7



Table 1. Modified list of HIMs in Korea: Association of HIM use pattern with
recurrent severe hyponatremia

Class Medication ATC codes
Thiazide diuretics chlorthalidone C03BA04
hydrochlorothiazide C03AA03
indapamide C03BAl1
metolazone C03BA08
xipamide C03BA10
Antineoplastic agents carboplatin LO1XA02
cisplatin LO1XA01
cyclophosphamide LO1AA01
vincristine LO1CAO02
Antipsychotics amisulpride NO5ALO05
aripiprazole NO5AX12
blonanserin NO5AX
bromperidol NO5ADO06
chlorpromazine NO5AA01
clozapine NO5AH02
haloperidol NO5ADO1
levomepromazine NO5AA02
lithium NO5ANO1
loxapine NO5AH01
molindone NO5AEQ02
olanzapine NO5AH03
paliperidone NO5AX13
perphenazine NO5AB03
pimozide NO5AG02
guetiapine NO5AH04
risperidone NO5AX08
sulpiride NO5ALO1
ziprasidone NO5SAE04
zotepine NO5AX11
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PPIs dexlansoprazole A02BC06

esomeprazole A02BC05
ilaprazole A02BX
lansoprazole A02BC03
omeprazole A02BC01
pantoprazole A02BC02
rabeprazole A02BC04
revaprazan A02BC
SNRIs desvenlafaxine NO6AX23
duloxetine NO6AX21
milnacipran NOBAX17
venlafaxine NO6AX16
SSRIs citalopram NO6AB04
escitalopram NO6AB10
fluoxetine NO6AB03
fluvoxamine NO6AB08
paroxetine NO6AB05
sertraline NO6AB06
TCAs amitriptyline NOBAA09
amoxapine NOBAAL7
clomipramine NO6AAO4
doxepin NO6AA12
imipramine NO6AA02
nortriptyline NO6AA1L0
Other desmopressin HO1BAQ2
carbamazepine NO3AF01
oxcarbazepine NO3AF02
tramadol N02AX02
mirtazapine NO6AX11

ATC, Anatomical Therapeutic Chemical Classification System; HIMs, hyponatremia-
inducing medications; PPIs, proton pump inhibitors; SNRIs, serotonin-norepinephrine
reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic
antidepressants.
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AUYEFESOR A2 k9l dAA S5 AUEFTES Al

e HIMS) G2 24317] 9Iste], A ol 1749 5919 -5

i

10Y o)A AFR3F HIMS tiAt e & HIMY] 74 e 35 AUEEE
Atzto]l A 9 i HIMY 535 AUEEIS At A4

A5t AFE 24 (post-hoc analysis) 22 thiazideH| oA 2t o+

m]o olN

i

HIM¥} 2] B-gFofof ot 55 AUEFES AL IF= A3
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Table 2. International Classification of Diseases, 10" edition (ICD-10) codes
used to identify comorbid diseases: Association of HIM use pattern with
recurrent severe hyponatremia

Comorbidity

ICD-10 diagnosis codes

Adrenal insufficiency

Alcoholism

Cancer (excluding lung cancer)
Cerebrovascular diseases
CHF

COPD

Depression

Diabetes mellitus

Epilepsy
Hypertension (excluding CHF)

Hypothyroidism
Ischemic heart disease

Liver cirrhosis

Lung cancer
Malnutrition
Nocturia

Pancreatic disease
Pneumonia
Pulmonary embolism
Renal failure
Schizophrenia

Sepsis

E27, K701, K703, K704

E244, F10, G312, G621, G721, 1426, K292, K70,
K860, 0354, P043, Q860, T51, Y90, Y91, Z502, Z714

C (excluding C33, C34)

160, 161, 162, 163, 164, 169

1099, 1110, 1130, 1132, 1255, 142, 143, 150
J44

F3, F920, F412, F530, F063

E10, E11, E12, E13, E14, G590, G632, H280,
H360, M142, M146, N083, 024, P702

G40, G41

110, 111, 112, 113, 114, 115, 010, O11, 013, O16,
P292 (excluding 1099, 1110, 1130, 1132, 1255, 142, 143, 150)

EO03, E063
120-125 (excluding 1255)

K74, K702, K703, K717, K761, P788, K72, K766,
K767, 185, 1864, 1982, 1983

C33,C34
E40-E46

R351, R352

K85, K860, K861
J12-J18

126

N18, N19

F2

A4l

CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease.
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2.1.6. 34 &4
2 AL HdolEE 8% -t d3E A™ HFgS
Hastely, QS EAGH] sl ATFHSLWALS skt

AT 2 AA Axrt FUstEE HIRA-APS 2013-2017

FZL- o] & A 7| (nearest neighbor matching)E ©]-831o 1:20 WA
SFATE. FARE T o 22 wi A Hl&o] 1:5 o)dollA A g 77 24

HAT, 2] EETE S0 &

i
4
%

rr
=
oM
R
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8ottt 7 ®HeoA AT tjRTY Xol= #ESHE
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U

A28 S| HEA (multivariate logistic
regression)S $35t0] AEH B 2=2H|(aOR)L}F 95% A1=]4-7H95%

CDoz SAA o8& ASSIATHpC0.05).



A A AFAHS Eol7] As 3T WA= &4 (sensitivity

analysis)o A, FHTE 7|t Atem AQEH SASY ITF=
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2.2.2. AF WZA

2 dFoxNe 55 AUHEFISTS AUEEFIES JAdI=E
FAHoR JUPAY AHEEESFT AEE 99 3% NaCl E=
tolvaptang o o2 FF E= S AYEFIEIToZ 2FF
Yottt & AolA &8 H
ol @ UEELE 7I€2E dARAE AAFT £ g7 Wi
FHlolE oA &Rl 7Hedt 4 AR 4 FFolv FHEeR
S7HA-85S ot AWE L Q= FES VIFO R 2AH HolE Skt
AUYEFEFIEZ] AGFE = [CD-107.E 7|& 2 & E87. 1(AUYEFIS)
E22.2(SIADH)Z AM&3l9ith AUESES =0 3 4 A7 4
U9l M7 A4 F4o] e /W AUEEES A= 144
AlF= 3% NaClo] ARE-& AASHL flo] o] oF 2 A SRS 55
AUEEES ez xZbetqrt. ok, 11.7% NaClZ
3|45t AUEFEEF A& A
7o 8= o] AUEFITS A=mTHL DHFAS 5 7]
A &Jstct. Tolvaptan 4540yt SIADHRHA A 8 o2 |-ofgh

TEFH/AYEFE AUEFEFTLE  $3(EF  UHESESE
A

(125mEq/D)°IAY 7IE A=(FE ARt oA 5 € =

BEgaH e B4 AUESEE AR 87} wol ATl ALy
9lo o] ok ot BAE $5 AYEFUS WAL R EFSAH,

6, 104]. ©%t, tolvaptan® H-&F2o 2 20194 6¥€ol 7}

rlﬂ
.‘d
o
_I>~
2

4 oA A 2E(Q61.2)22 A St AUERES AR

g24o] ohjmz Aostart. TABAIHAL Fodrme] A
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ARFOR FAFC] I, B WAE Je mFHA Yr] o]
AdEo] Aol YAAEIA X4 2§ U kB et Fro}
ulul g 2212 WiAS flstel 55 ALESEFOl 1-39 Aolo] LA

SAb= A5k, 4 o] F-of AT AT i AFREALol| st

o

iz Fgaidz 713 AAoA AUEFEES A=l AHEH= 39

X

NaCl# tolvaptan A®Wo] ¢, ZE AHUWdoA Ay

[t

533
ASTES} G SRS FOR StAch BT AY, HE, BABE,
CCl 4%, fraily 84, AEY U AUEFEZ B 227] 8 B

AT B A5 BAL 1110 FFESEH ool 2L APstart.
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Part 1 93 o|F, F7HQl EJA1FHE B AYEEFI SO
AEgo]l HaE FEES IRIstYA, Part 2 AFolA = FHEAT
HIMEE& AM8519 Y. carbamazepined oxcarbazepines ZE 351

FAANE B

[o

2 Z7FFE A, tramadolE ESel=

o
=)
L
ox,

2

FAIE FEFLE FIUISIAY. B3 AUEEIES FE 7Aoo =
thiazide ©l&Al, 9JQUA Folkx TEE {AA|Q desmopressin ¥
SIADH & F=(FUA, F4Al, THAEA, utebd -8Al, PPIs,
SNRIs, SSRIs, TCAs ¥ mirtazapine)2 ERFolAtt ooFE EFE Hdl

ATC 57 AlAES A tH(Table 3).
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Table 3. Revised list of HIM in Part 1: Association of HIM use pattern with
severe hyponatremia

Class Medication ATC codes

Exogenous antidiuretic hormone analogs
Desmopressin

Medication that alters sodium and water homeostasis
Thiazide diuretics

Medications causing SIADH
Antineoplastic agents

Antipsychotics

PPIs

SNRIs

SSRIs

TCAs

Anticonvulsants carbamazepine NO3AF01
gabapentin NO3AX12
lamotrigine NO3AX09
levetiracetam NO3AX14
oxcarbazepine NO3AF02
phenytoin NO3AB02
valproic acid (sodium valproate) NO3AGO01
topiramate NO3AX11

Opioids alfentanil NO1AH02

(Including tramadol) buprenorphine NO2AEQ1
butorphanol NO2AF01
codeine RO5DA04, N02AJ09
dihydrocodeine NO02AA08, NO2AAS58
fentanyl NO2ABO03
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hydromorphone NO2AA03

morphine NO2AA01L
nalbuphine NO2AF02
oxycodone NO2AA05, NO2AAS55
pethidine NO2AB02
remifentanil NO1AH06
sufentanil NO1AH03
tapentadol NO2AX06
tramadol NO02AX02

Other mirtazapine NO6AX11

ATC, Anatomical Therapeutic Chemical Classification System; HIMs, hyponatremia-
inducing medications; PPIs, proton pump inhibitors; SNRIs, serotonin-norepinephrine
reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic
antidepressants.
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2.2.4. A3 W4
5 L& 7|72 ARG o™ 28¥¢M1 7IZHE FYstial, o=
LE2 M17IZFe] 39 ol A& HIMO= HFos5iqity. HIMS+=
M17]Ztel 3Y o4 AMESE BE HIMY H4g 46tAN, oFE =

M1717ko] 3 ol AMERE BE k=2 =& A4St

HIMO| AREHE-2 AFFARE, AEARE 2 HEAME 02 75T
AAHE(newly started)2 M1 7|7 F°f 3¥ o] AMESH HIMC=E
AxY oA 28Y-56UMO 7|Zholl AH&o] Qe A= Asin
A& AHS(persistently used)2 MO 7|7t M1 7[7to] =& AREH
HIMC = o5ttt BIARE tiH] AlFARET A EARES] @=H| H
A|EARE tiB] AFARE-S] @ 2H|E 4AFESH T

H8A8(concurrent use)2 M1 7|7t Fofl i 19 ol 2789
HIM=Z sAlo] ARESE A2 A ostlal, AUEFEES & 7140 wet
thiazide#| ©]&xA|, desmopressin ¥ SIADH & =& EHF5HA,
AUHEFES 78 7140 & HIM HE&AHT 55 AUERI S
S 24510, 585 55 AUERES 94 fds ol ME

HIMS] 8232 &5t ¥ tH(Figure 3).
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1 1:10 PS matching with age,
| sex, health insurance type,
| CCl score, frailty score,
C% Assessment of HIM usage | comorbid disease, index date

Baseline characteristics

v ssas
ez i
Jan1 Mar 31 : .. Indexdate Dec 31
MO period M1 period
(28 days) (28 days)
Newly started HIM I
— 1
Concurrently used HIM [
(overlap days = 1day) _—

Figure 3. The layout of the research design: Association of HIM use with

severe hyponatremia

HIM usage was assessed for each year of the annual data from HIRA-APS 2015 to 2019. The

M1 period was 4 weeks before the index date, and the MO period was 5-8 weeks before the

index date. We included HIMs used for more than three days during the M1 period,

determined by the prescription filling date and days of supply. If an HIM was used only

during the M1 period without being used in 5-8 weeks prior to the index date (MO period),

we considered it a newly started HIM. If an HIM was used in both the MO and M1 periods,

we considered it a persistently used HIM. We also evaluated concurrently used HIMs to take

two or more HIMs for at least one day in the M1 period.

HIM, hyponatremia-inducing medication.
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2.2.5. g ¥

Part 2 A4 & Part 1 A7 o|FY AJUEFET| 9TFS vX &=
821 ¥ & HESHY, dogo] I9F= v 5 U= g HeE
F7tetant. s Haol= A%, 4E, CCIL A4 ¥ 7| /&% Bt ofyzt

A8 AAA BEE Meshs RHFET o8 HES RS 4 9 frailty
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2.2.6. BA &4
B2 3l HpdgolEs 83 Ix-gxd AFE A" HFS
Hasbeln, wHQlS BA6H] 8] AFHSLHAS St

AT 29 AA dArrt 5UStEE HIRA-APS 2015-2019

Age THFo g TR AE JFABRALAS B = AUESHZ SR}

=

e dEzto s AFESYth Wiy wHe kAol A3EESol 7HA

matching)& ©183ted 1:10 Wige stgck. Z WsolA 2w
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lo
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old,
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_t?lg
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=1
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o

Ao M= 7HolAlE S ARESIRL ™, p-value”t 0.05 wlEkl
SAACR ROt Aor ZHESIT. HIM ARG AUEFESH
e 245 Al AFHTACNA ARt B R T
2R ALY SARAS a5t A B 2289 95% AlFFow
SAA FedS HSFAH(p<0.05).

EQ B AFoME A BAHLR, $F5 AYEFEES IRl O

Z24 o5 %3] 3% NaCl -+ tolvaptan A2 A2 3145}
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NaCl T+ tolvaptan) A®o] gl A& A Q)st Aol

A+ Aol A=AdS =ol7] Aol #3F UdE B4 (sensitivity
analysis)° A= HIM AF& 0.2 Q1 ot= S-S M1 7|17 3 1Y, 7Y o4
AHEO 2 BA5 A, M1 717HE AUEREES T8 AHY A 79, 14¢,
2192 FA5I . ®3F HIM B8 Q5= SAIAME: E44E 3¢
72 EA405tqtt. dolg e Y A B4 SAS AZECo] HH 9.4

(SAS Institute, Inc., Cary, NC, USA)E AF&5to] ==}
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3.1. HIM# 55 AUYEFRES AL 44 A+ Partl]

3.1.1. AR 54
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filo
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iy
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MN
fe
fu
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o

AFdamgsto] 18,2609 9] tixwto] 44 = AtH(Figure 4).

AR A=A 75A] o4 k=1 A= 67.6%, 914801 52.1% H CCI

471

(O8N}

o]/4Ql A= 92.3% = VEF T SIADHZ Xthd 3219 ==
At ASEV 23 IS ERT G951 o WotH17.3% vs 5.1%).
T HEAS T 2T TS E H|of TRt TS E A FY5HA T E2
Ao 2= 22F(47.4% vs 43.3%), HHEG6.0% vs 30.9%), =32%

AEH(43.5% vs 32.8%), COPD (25.0% vs 18.8%), F-AIA5+5(22.6%
vs 11.6%), ®WEZF(14.0% vs 9.4%), ZFH(B.4% vs 5.5%),

HEBADEH7.9% vs 4.9%) ©]AH(Table 4).
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Elderly patients over 65 years in HIRA-APS 2013-2017
N=5,752,714

|

Cohort of patients with a diagnosis of hyponatremia
(E22.2 or E87.1)

N=40,027
Exclusion: patients with a
follow-up period < 30days
—*| after the first diagnosis of
hyponatremia
N=7,310
A4

Cohort of patients with hyponatremia and
follow-up period > 30 days

N=32,717
|
! }
Patients with recurrent Patients without recurrent
hyponatremia hyponatremia
(use of tolvaptan or 3% NaCl (non-use of tolvaptan or 3% NaCl
after 30 days from the index date) after 30 days from the index date)
N=913 N=31,804

 1:20 matching with age, gender, _

™" CCl score, cohort entry date
v A\ J
Case Control
N=913 N=18,260

Figure 4. A flowchart showing the patient selection process: Association

of HIM use with recurrent severe hyponatremia
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Table 4. Baseline characteristics of the populations: Association of HIM use
with recurrent severe hyponatremia

3 O e
Characteristics (pr{gerlt%) HN HN P- value
: (N=913)  (N=18,260)
Age, years
65— 69 2337 (122)  117(128) 2220 (122)
70-74 3872(202)  183(200) 3689 (202) 0839
>75 12964 (676) 613 (67.1) 12,351 (67.6)
Gender
Male 9177 (479) 437 (479) 8740 (479)
Female 99% (52.1) 476 (521) 9,520 (52.1) HO0
CCl score
0-2 1,470 (7.7) 70(7.7) 1400 (7.7)
3-4 4242 (221) 202 (221) 4040 (221)  1.000
>5 13461 (702) 641 (702) 12,820 (70.2)
Type of HN diagnosis
SIADH 1,091 (5.7) 158 (17.3)  933(5.)
<.0.001
Unspecified hyponatremia 18,082 (94.3) 755 (82.7) 17,327 (94.9)
Comorbid disease
Hypertension 16439 (85.7) 797 (873) 15642(857)  0.169
Diabetes mellitus 13,242 (69.1) 624 (684) 12,618 (69.1)  0.630
Depression 8334 (435) 433 (474) 7901 (433) 0013
Ischemic heart disease 7541 (39.3) 382(418) 7159(392) 0112
Congestive heart failure 6,385 (33.3) 397 (435) 5988(328) <.0.001
Pneumonia 6059 (3L6) 420 (460) 5639 (309) <.0.001

Cancer (excluding lung cancer) 4,885 (25.5) 257 (282) 4628 (254) 0058
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Adrenal insufficiency 2,318 (12.1) 206 (226) 2112 (116) <.0.001

COPD 3,653 (19.0) 228 (250) 3425(188) <.0.001
Hypothyroidism 2797 (146)  145(159) 2652 (145) 0257
Renal failure 3,060 (16.0) 136 (149) 2924 (160)  0.368
Sepsis 1,848 (9.6) 128 (140) 1720(94) <.0.001
Schizophrenia 1,075 (5.6) 77 (84) 998 (5.5)  <.0.001
Liver cirrhosis 1,032 (54) 52 (5.7) 980 (5.4) 0.668
Alcoholism 1,136 (5.9) 42 (4.6) 1,094 (6.0) 0.082
Cerebrovascular disease 962 (5.0 72 (79) 890 (4.9) <.0.001
Lung cancer 457 (2.4) 28 (3.) 429 (24) 0166
Pulmonary embolism 569 (3.0) 36 (39) 533 (2.9) 0.075

CCI score, Charlson comorbidity index score; COPD, chronic obstructive pulmonary
disease; HIM, hyponatremia-inducing medication; HN, hyponatremia; SIADH, syndrome of
inappropriate antidiuretic hormone secretion.

* P-value, calculated through chi-square statistics, determines the significance level of the
difference between groups with and without recurrent HN.
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3.1.2. HIM 35 AUESES AL 424 £4

A, A, CCL A% 9 72 7|4 W8 BAHs= they 22 2¢
S ABA S % A3, Table 59149 2o] 55 AUYEEBZ| A2

AY F7H= HIMS] &= AH8(aOR 1.34, 95% CI 1.15-.57)4 2% 0|49
HIM AF&(aOR 1.48, 95% CI 1.22-1.78)T 3-9J51A #3o] = Aoz
THZEE QI E3] WE FE(7) 5 PPIs (aOR 1.52, 95% CI 1.30-1.76),
thiazideA ©]&A|(aOR 1.51, 95% CI 1.25-1.82), TCAs (aOR 1.36,
95% CI 1.03-1.81)9] Ah&o] T35 AUHEEIFTS AL 7t
FotA S7HA 71 A& FRIE I

AFE EA4(post-hoc analysis) 23, thiazideA ©lxAet H-&
HIM®| B8 55 AUEEE S AL {stA #o] AATHaOR
1.69, 95% CI 1.34-2.14). thiazideA olxA|e} /¥ FE(F)e] H&
4 A3, TCAset SNRIsE A|QJgt thE HIMO] 232 |93t A#ES
g1gt = ATt £3] thiazideA o]k A9} PPIsete] ¥-8-2 2.334H(95%
CI 1.74-3.12), SSRIs9te] w82 2.228§(95% CI 1.32-3.74) =<

FH/dES EA(Table 5)
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Table 5. Multivariate analysis of medication-related factors associated with
recurrent severe hyponatremia after the treatment of hyponatremia

With Without

Total recurrent  recurrent Adjusted
Use of HIMs patients HN N OR’
(N=19,173) (95% CI)

(N=913) (N=18,260)

Number of HIMs

0 9515(500) 374(410) 9141(501) -
1 6207(324) 3%6(368) 5871(22 134(115157)
>2 3451(180) 20B(22) 3248(178) 148(12-178)
Classification of HIMs
PPIs 420421 222(09) 39%62(2L7)  152(130-L76)
Thiazide diuretics 2537(132) 154(169) 2383(131) 151(12518)
TCAs WMB2 5965  9BR(BLH  136(103-181)
Oxcarbazepine 43(03 5(06) 4302  232(08%608)
Carbamazepine 28(12)  16(18 212(12)  159(094-268)
SNRIs (LY 204 32018  138(083217)
Desmopressin 024 2730 4323  131(087-197)
Non-thiazide diuretics 01(1) 1112 1900  111(060208)
Mirtazapine 24012 1314 2112  104(058-180)
SSRIs 10864 28363  %BE5  092(067-12)
Antipsychotics 153580 7987  14%6(80) 083(064-109
Tramadol 200(127) 102(112) 2337(128)  083(067-L03)
Thiazide diuretics/HIMs combination
Thiazide diuretics + any HIMs 12967 91(100) 1183(65)  169(134-214)

Thiazide diuretics + any psychotropicst ~ 526(27)  37(41) Q27 162(11223%)

Thiazide diuretics + PPIs 42421 5762 M730)  233(L74312)
Thiazide diuretics + SSRIs 18310  17(19 166(09  222(132-:374)
Thiazide diuretics + antipsychotics 193(10)  16(18) 177(10)  157(110224)
Thiazide diuretics + TCAS 17809 12(13 16609  160(087-2%9)
Thiazide diuretics + SNRIs 66(03) 1001 6504  032(004235)
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Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR,
odds ratio; PPIs, proton pump inhibitors; SNRIs, serotonin-norepinephrine reuptake
inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

7 Psychotropics include antipsychotics, SNRIs, SSRIs, and TCAs.

* Adjusted odds ratios were calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, and baseline comorbid conditions.
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T AUEFERES ATHY HoH dF9 YHEERACR
AUHEFEES A ol FATHA7IIHE 60¥=E &A% 43, HIMY
AHETE S5 AYEEIES Atel9 AdHdel fAE &

AU (Table 6). AUHEEES ALYE Hst= 71X 20€T 409 =
AAsta B4 A= HIMO AMHEY $35 AYHEEIS Aol
AHgol & ALt AR AU SISt ohet, 2 AFol A fefgh
AHA8E UeA] YU carbamazepine?®t oxcarbazepine %
thiazided| ol A|2}o] & £ 5olA Folgh A= 47 EIT =
ARATE, SfFeAp7F 5-2278(0.6-2.8%) BE= Aol d4E ou|E

Foistr] ol eHA7F Atk (Table 7).
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Table 6. The results of sensitivity analysis for the association between the use of
HIMs and recurrent severe hyponatremia after the treatment of hyponatremia:
Follow-up period at least 60 days

T e A
Use of HIMs Patients HN HN OR*
(N=17,522) (N=830) (N=16713) (95% CI)
Number of HIMs
0 8680495  336(401) 8333(00) 100
1 5659(22)  39(368 5350(20) 139(118-163)
2< 3204(182)  194(31) 3010(180) 148(122-179)
Classification of HIMs
PPIs 3807(22) 210322 3627(2L7)  159(L36-1860)
Thiazide diuretics 2350(134)  145(173) 2214(133)  155(128-189)
TCAs 908(52) %67 8261  146(L09-19%5)
Oxcarbazepine 43(03) 5(06) 43003)  193(072514)
Carbamazepine 196 (L) 13(16) 183(l)  150(085268)
SNRIs 352(20) 225  BLR0O)  127(080-201)
Desmopressin 460(26) 26(31) 4426  121(080-183)
Non-thiazide diuretics 181(10) 11(13 170(L0)  133(071-248
Mirtazapine 21(13) 13(16) 208(12)  103(057-18)
SSRIs 9%7(55) HG4H 92065  092(067-128)
Antipsychotics 1374(78) 6982 135(78  082(062-110)
Tramadol 220(127) V(118 2141(128) 091073113
Thiazide diuretics/HIMs combination
Thiazide diuretics + any HIMs 12869  87(104) 1116(67) 175(138223)
Thiazide diuretics + any psychotropics’  476(27) 3744 40(26)  179(12525%6)
Thiazide diuretics + PPIs 603(34) 5566  58(33  222(1652%)
Thiazide diuretics + SSRIs 147(08) 17200 13008  282(166480)
Thiazide diuretics + antipsychotics 177(10) 16(19) 161(1L0)  179(L04-308)
Thiazide diuretics + TCAs 175(10) 1214  163(10  162(088297)
Thiazide diuretics + SNRIs 65(04) 100) 6404 035005253
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Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR,
odds ratio; PPIs, proton pump inhibitors; SNRIs, serotonin-norepinephrine reuptake
inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

7 Psychotropics include antipsychotics, SNRIs, SSRIs, and TCAs.

* Adjusted odds ratios were calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, and baseline comorbid conditions.
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Table 7. The results of sensitivity analysis for the association between the use of HIMs and recurrent severe hyponatremia after the
treatment of hyponatremia: Cut-off points with 20 or 40 days of HN recurrence

Cut-off points with 20 days of HN recurrence Cut-off points with 40 days of HN recurrence
Useof i T8 o AJSE (R
Patients HN HN OR Patients HN HN OR
(N=21,819) (N=1039)  (N=20780) (95% Cl) (N=13595) (N=T90)  (N=12805) (95% CI)

Number of HIMs

0 13011(506)  449(432)  12562(605) 100 670(496)  312(305  6427(502) 100

1 5683(260)  372(%8  5311(56) 192(166-22) 436(321)  292(400)  6064(3L7)  145(122-172)

2< 321(143  218(210)  2903(133)  201(169-241) 2500(184)  186(B5)  2314(181)  163(133200)
Classification of HIMs

PPIs 0B(183)  07(05)  36%(178)  182(158-210) 3051(24)  253(20) 2798(2L9  156(L33184)

Thiazide diuretics 211(101) 160154 205109  178(L48-213) 1821(134)  137(173)  1684(132)  158(L30-1%4)

TCAs 863(40) 61(59 80739  152(115-202) 700(52) 54(68) 646(50)  144(107-1%)

Oxcarbazepine 4402 6(06) 3802  305(126-742) 3603 5(06) 3102  308(L17812

SNRIs 329(15) 24(23) A6(15  152(098-234) 26820) 2(29) 26(19  159(L01-252)

Desmopressin 403(18) 31(30) 32(18  163(110-240) H4(25) 25(32) 319(25) 126(082-1.95)

Non-thiazide diuretics 177(09) 12(12) 16508  143(078-260) 150(L1) 11(14) 19(1)  126(067239)
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Carbamazepine 189(09) 17(16) 172(08)  198(118-330) 158(12) 14(18) 144(LY) 161(092-284)

Mirtazapine 204(09) 13(13) 19109  105(058-189) 1601 1215  148(12)  107(057-19)
SSRIs 9B0(3) 56(54) 8442  123(092-164) 7064 0 BEH 6%6H 09506813
Antipsychotics 13263 ~ 88@5) 128462  115(089-147) 1085(76)  69@7)  W6(75) 09006812
Tramadol 2103 150111 216(109  103(084-127) 1752129 93(118)  1659(130)  089(070-L11)

Thiazide diuretics/HIMs combination

Thiazide diuretics +any HIMs 1154(53) 289 106261  182(144-229) 911(67) 80(101) 83165 174135224
Thiazide diuretics + any psychotropics’  467(21) BE7) 40021 176(124-249) 37327 35(44) 3826  L77(12-257)
Thiazide diuretics + PPIs 548(25) 5(56) 4004  247(185-330) 465(34) 50(63) 4532  221(L62309)
Thiazide diuretics + SSRIs 140(06) 18(L7) 122(06)  301(L79-506) 117(09) 16(20) 10108  266(152466)
Thiazide diuretics + antipsychotics 181(08) 17(16) 164(08)  180(L06-303) 129(10) 14(18) 115(09) 183(102-330)
Thiazide diuretics + TCAs 174(09) 12(12) 162008  157(086-286) 142(10) 13(17) 129(10)  182(101-330)
Thiazide diuretics + SNRIs 59(03) 10 58(03)  035(005-257) 4403 101 43(03) 046(0.06-340)

Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR, odds ratio; PPIs, proton pump inhibitors; SNRIs, serotonin-
norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

7 Psychotropics include antipsychotics, SNRIs, SSRIs, and TCAs.

* Adjusted odds ratios were calculated by logistic regression analysis, and adjusted variables were age, gender, Charlson comorbidity index score, and baseline
comorbid conditions.
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3.2. HIMY} 55 AYEEE S T 9 A4 At [Part2]

3.2.1. AFqAALe] EA

HIRA-APS 2015-2019 Hlo]EAIS] 654] o4 &X} 4,766,4

O{N

3% NaCl E+ tolvaptang ARESHAY AUYERIST JATdI=

i

FAHOR JUT F5 AUERIET T2 8,754H(0.2%)°1 A1
22 84,4267 0] tH(Figure 5). HIRA-APS 2015-2019 dlo]EjAl 9]
A= AP FFHFwA 2}, e wTkagloA] EEshE HiFjo]
(standardized mean difference)”} 0.1 °o]st&2 YerY, F #+ 7+ 71 A
E/JoNA {ogt Aol & HolA] e dtH(Figure 6).

AT g EAL AFHFMAS 83 A3t A 279
A EZ(GE, A%, BT CCI A=, frailty Ha & 2271
T8 I Ao BE LA FARE RS BTt AA A4

=9l A= 63.1%, 940l 60.5% L AFEY HEA 7t
86.4%°I1At. ¥t Ao FFE=E YEtH = CCI A=7F 37 ol
A= 23.3%0100H, frailty A4olA 4] H457F 04 Bk 2 3=
47.8%= JEFTH E 7] A AT HATA A T (26.4%), 318
AAE(10.3%), =E AT WT7.7%), F=25(7.4%), <373
ARA6.5%), LBUX(G.2%), #H™H(4.7%), COPD(4.2%), A1HEH2.8%)

=02 FRlE Y tH(Table 8).
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Older patients over 65 years in Korea Health Insurance Review and Assessment Service-Aged Patient Sample (HIRA-APS) from 2015 to 2019

Total N = 4,766,420

HIRA-APS 2015 HIRA-APS 2016 HIRA-APS 2017 HIRA-APS 2018 HIRA-APS 2019
N=1.276224 N=1,327455 N=686,913 N=722711 N=753,117
Patients used tolvaptan Patients with a main diagnosis of
or 3% NaCl hyponatraemia (E22.2 or E87.1)
N=8.433 N=8,040
Exclusion: Patients with a Exclusion: Outpatients with a
diagnosis Q61.2 after June 2019 |4 [ main diagnosis of hyponatraemia
N=0 N=3,713
A4 r
Patients used tolvaptan or 3% NaCl Inpatients with a main diagnosis
without a diagnosis Q61.2 after June 2019 of hyponatraemia (E22.2 or E87.1)
N=8.433 N=4327
Exclusion: Patients with a main diagnosis
of hyponatraemia from January to March
N=2,946
A 4
Patients without tolvaptan,
Case di 3% N a(I:TLand aany Control
N=8,754 agnosis of hyponatracinia N=84.426
in annual dataset
N=4,618,088
HIRA-APS 2015 HIRA-APS 2015 HIRA-APS 2015
= ! " N=1.216,085 N=24,137
N=2463 1:10 PS —
HIRA-APS 2016 | _ ”’j’f’""g , HIRA-APS 2016 HIRA-APS 2016
N=2321 oy n N = 1,287,800 N=22,565
sex, health
HIRA-APS 2017 | opes CC1 _ HIRA-APS 2017 HIRA-APS 2017
N=1,222 oo N = 667.658 N=11516
score,
Srailty score,
HIRA-APS 2018 | | T | . HIRA-APS 2018 HIRA-APS 2018
N=1,281 disease, N=710,592 N=12420
index date
HIRA-APS 2019 | . HIRA-APS 2019 HIRA-APS 2019
N=1467 N=735953 N=13,788

Figure 5. A flowchart showing the patient selection process: Association of

HIM use with severe hyponatremia
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Standardized Mean Differences HIRA-APS 2015 Standardized Mean Differences HIRA-APS 2016
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Figure 6. Standardized mean differences between older adults with
hyponatremia and without hyponatremia in HIRA-APS 2015-2019.
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Table 8. Baseline characteristics of the populations: Association of HIM use

with severe hyponatremia

Varicbles Total patients HN patients ~ Non-HN patients ~ p-
(N=93,180) (N=8,754) (N=84,426)  value®
Age, year
65-69 14,799(15.9) 1,466(16.7) 13,333(15.8)
7074 19,555(21.0) 1,813(20.7) 17,742(21.0) 0366
>75 58,826(63.1) 5475(62.5) 53,351(63.2)
Gender
Male 36,788(39.5) 3/487(39.8) 33,301(39.4)
Female 56,392(60.5) 5,267(60.2) 51,125(60.6) e
Health insurance type
Medical insurance 80,549(86.4) 7,508(85.8) 73,041(86.5)
Medical aid and NMS 12,631(13.6) 1,246(14.2) 11,385(135) ho2
CCl score
0-2 71431(76.7) 6,558(74.9) 64,873(76.9)
3-4 16,432(17.6) 1,628(18.6) 14.804(17.5)  0.001
>5 5317(5.7) 568(6.5) 4,749(5.6)
Frailty score
0 48671(52.2) 4,522(51.7) 44,149(52.3)
0 < frailty score <2 25,179(27.0) 2352(269)  22,827(27.0)
2 <frailty score <5 12,475(134) 1,195(13.7) 11,280(13.4) 0
>5 6,855(7.4) 685(7.8) 6,170(7.3)
Comorbid disease
Diabetes mellitus 24,617(26.4) 2354(269)  22263(264) 0290
Ischemic heart disease 9,582(10.3) 906(10.3) 8,676(10.3)  0.830
Cancer (excluding lung cancer) 7,144(7.7) 658(8.0) 6,441(7.6) 0.179
Depression 6,893(7.4) 703(7.5) 6,235(7.4) 0.653
Congestive heart failure 6,075(6.5) 587(6.7) 5,488(6.5) 0.454

61



Hypertension 4,865(5.2) 459(5.2) 4406(52) 0922
Pneumonia 4,361(4.7) 468(5.3) 3,893(4.6) 0.002
COPD 3,916(4.2) 373(4.3) 354342 0774
Renal failure 2,575(2.8) 268(3.1) 2,307(2.7) 0.074
Hypothyroidism 1,9402.1) 205(2.3) 1,735(2.1) 0.074
Lung cancer 1,353(L5) 153(1.7) 1200(14) 0015
Schizophrenia 944(1.0) 101(1.2) 843(1.0) 0.168
Nocturia 832(0.9) 104(1.2) 728009)  0.002
Cerebrovascular disease 743(0.8) 83(0.9) 660(0.8) 0.096
Alcoholism 622(0.7) 68(0.9) 554(0.7)  0.188
Epilepsy 622(0.7) 57(0.7) 565(0.7)  0.845
Liver cirrhosis 670(0.7) 80(0.9) 590(0.7) 0.024
Adrenal insufficiency 387(04) 44(05) 34304) 0183
Pancreatic disorder 264(0.3) 28(0.3) 236(0.3) 0.500
Malnutrition 196(0.2) 26(0.3) 17002) 0063
Sepsis 158(0.2) 21(0.2) 137(02)  0.093
Hypokalemia 85(0.1 15(0.2) 70(0.2) 0.011

CCI score, Charlson comorbidity index score; COPD, chronic obstructive pulmonary
disease; HN, hyponatremia; NMS, National meritorious service.

* P-value, calculated through chi-square statistics, determines the significance level of the
difference between groups with and without recurrent HN.
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3.2.2. HIM¥} 55 AUYEFIS A9 4 &4

A®, 44, CCI A=, frailty H4, 2 59 A%LS FHFO R bRk
2R 2 IAEAS $YPJ AIE Table 9914 AAEHAT A ELD o)A
2895t A2 k9] 74 9 HIMO 7i¢7t ¥S4E HIMES
AHEOHA] g2 BAto] Hlgl 5 AUEFESI Fot 4HdS Bt
E3] HIMS] &5 ARE2 1.918](95% CI 1.79-2.03), 2%2] HIM AR&-2
2.63¥1(95% CI 2.45-2.82), 3% °lFY HIM AM&> 3.27H1(95% CI
3.08-3.47)2 HIARE diH] 2 ATAEES sttt HIMCS 2 Fogt

-

o]N
i)

SFE(#) ¥ mirtazapines AT BE FES T AUHEEE
FYsHA Tl Q= AR ERIEUTE 55| FAA(aOR 10.03, 95%
CI 2.02-49.79)°] 7}F w2 TS ERA, desmopressin (aOR
3.63, 95% CI3.16-4.18), 41" FE(aOR 2.10, 95% CI 1.90-2.32),
FFAA(aOR 1.91, 95% CI 1.76-2.07), PPIs (aOR 1.60, 95% CI
1.52-1.68), thiazide# ©]%=A(aOR 1.59, 95% CI 1.51-1.68) & SNRIs

(aOR 1.58, 95% CI 1.37-1.82)7} §& o]t}
Al BAOo g 2= AUEFIEZE SHAE 3% NaCl = tolvaptan
AHESE 2At R S5t HIMY 535 AUEEES AT A3 B4

Ay} 2 AFZANe} upIVIA R mirtazapines AT YA HIME

AHgol TS AUEEESH  #ostAl #©™ol e Ae=
ZRI= A (Table 10). =Rt iF-E9 HIMOlA £ <A-23o] H]3)

Q =H|7}F AFHOY desmopressin (aOR 3.13, 95% CI 2.64-3.71)%}
thiazideA oA (aOR 1.46, 95% CI 1.37-1.56)°|A%F 2 =H|7}

Hast At
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Table 9. Multivariate analysis of medication-related factors associated with

severe hyponatremia

HN Non-HN Unadjusted Adjusted
Variables patients patients OR OR*
(N=8754) (N=84426)  (95%CI) (95% CI)
Number of medications
0-9 2894(331) 45669(541) 100 100
10-14 2120(242) 19844(235) 169(159-1.79) 1.74(164-1.85)
15-19 1824(208) 11647(138) 247(232-263) 262(246-2.79)
>20 1916(219) 7266(86) 4.16(391-443) 462 (4.32-493)
Number of HIMs
0 2323(265) 39805(47.1) 100 100
1 2175(248) 19753(234) 189(178-201) 191(1.79-203)
2 1482(169) 9902(117) 256(239-275) 263(245-282)
>3 2774(3L7) 14966(17.7) 318(300-337) 3.27(308-347)
Use of HIM
Antineoplastic agents 3(0.0) 3(00) 9.68(195-47.96) 10.03 (2.02-49.79)
Desmopressin 326(3.7) 991(12) 326(287-370) 363(316-4.19)
Antipsychotics 501(68)  3032(36) 194(L77-213) 210(190-2:32)
Anticonvulsants 793091)  4193(50) 191(176-206) 191(L76-207)
PPIs 2191(250) 14497(172) 161(153-170) 160(L52-168)
Thiazide diuretics 1933(221) 12867(152) 158(149-166) 159(151-168)
SNRIs 28727 1450(17) 159(139-183) 158(137-1.82)
SSRIs 487(56)  3375(40) 142(128-156) 143(129-158)
Opioids (including tramadol) ~ 2,755(315) 21,993(261) 130(124-1.37) 130(L24-136)
TCAs 486(6)  4019(48) 118(L07-130) 1.16(105-128)
Mirtazapine 87(10) 666(08) 126(L01-158) 1.23(0.98-154)
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Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR,
odds ratio; PPIs, proton pump inhibitors; SIADH, syndrome of inappropriate antidiuretic
hormone secretion; SNRIs, serotonin-norepinephrine reuptake inhibitors; SSRIs, selective
serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, frailty score, and baseline comorbid
disease.
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Table 10. Post-hoc analysis: medication-related factors associated with severe
hyponatremia defined as cases receiving 3% NacCl or tolvaptan

(N=6,293)  (N=60.609) (95% Cl) (95% CI)
Number of medications
0-9 1960(3L1)  32945(44) 100 100
10-14 1537(244)  14110(233) 1.83(L71-196) 192(1.79-2.06)
15-19 1362(216)  8268(136) 2.77(257-298) 301(2.79-324)
>20 1434(228)  5286(87)  456(4.23-491) 527(487-5.70)
Number of HIMs
0 1621(258)  28908(47.7) 100 100
1 1511(40)  14042(232) 192(178-206) 195(1.82-2.10)
2 1056(168)  6974(115) 270(249-293) 281(259-305)
>3 2105(334)  10685(176) 351(328-376) 367(342-394)
Use of HIM
Antineoplastic agents 3(0.0) 2(00) 1440(241-86.08) 14.05(2.34-844)
Desmopressin 207(33) 726(12)  281(240328) 313(264-371)
Antipsychotics 4T7(7.6) 2233(37)  214(194-238) 244(2.18-2.73)
Anticonvulsants 615(9.8) 3049(5.0) 204(187-2.24) 2.06(1.88-2.26)
PPIs 1635(260)  10357(17.1) 1.70(1.60-181) 1.70(1.60-1.80)
Thiazide diuretics 1270202)  9069(150) 144(135-153) 146(1.37-156)
SNRIs 166(2.6) 1013(17)  159(135-188) 162(137-191)
SSRIs 357(5.7) 2352(39)  149(1.33-167) 155(1.38-1.75)
Opioids (including tramadol)  2069(329)  15584(25.7) 142(1.34-150) 141(1.34-149)
TCAs 358(5.7) 2732(45)  128(114-143) 128(114-144)
Mirtazapine 59(0.9) 467008)  122(093-160) 1.22(0.92-160)
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Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR,
odds ratio; PPIs, proton pump inhibitors; SIADH, syndrome of inappropriate antidiuretic
hormone secretion; SNRIs, serotonin-norepinephrine reuptake inhibitors; SSRIs, selective
serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, frailty score, and baseline comorbid
disease.
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3.2.3. AdAHE Ee= ASAHE HIMY AYEERES
g o] ] B4

A2 AR HIM AR wAE e HIMOZ Hojgt wE
FE(D)NA FF AUEEFESY 7H54S £olE ASE UYL,

A &AL HsiA= trebd ASAE AlQlsta Ee HIMOIA S5

o~

AUEFESTY w2 ATEES AT 5+ AdH. &35 A= AJFEE
desmopressine H[AREO] H|] 9.698] L Z|&AREo] H[5] 3.81HZ
ALt

74

i
olN
m
el

i FE30 4TS EAH(Table 11, Figure 7).

A5AHE HIMO] A&AHE diH] 535 AUEEES 2 949
Aol &L FEZE SSRIs (aOR 2.98, 95% CI 2.39-3.70),
thiazideZ ©]xA(aOR 2.37, 95% CI 2.04-2.76), THAIHFE(aOR
2.07, 95% CI 1.65-2.58), &= A|(aOR 1.26, 95% CI 1.06-1.50) &
PPIs (aOR 1.22, 95% CI 1.11-1.35)7} HE oItk 28} SNRIs,
mirtazapine ¥ TCAs2] Al5FAMHE-2 A &AHEOl vIs ZH2 2.89H1(95%

CI 2.17-3.86), 281(95% CI 1.10-3.63), 1.378§(95% CI 1.11-1.69)

8L ol A0 SRIHAAT, M&Ago] AgatA gk S0 vl
%% AUESEET 49 4ol Selwx gttt

NEBAE

ox,

AEA = AFEoTA] = ZAof H]8] 1.1981(95% CI
1.12-1.27), A&EAFE-E 1.408(95% CI 1.32-1.49) & AUYEFIS
A S7tet TH Aol JAJA T, A EHARROf HsjA = 5T AUHEFEE S

A3 23|18 0.854H1(95% CI 0.79-0.92) ¥ A o7 3ol it
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AT B0 g2 S5 AUEFIE ST TAE 3% NaCl = tolvaptans

ARG EALR RE st A HARE tiH] AFARE HIMT S5 AYEEE

olN

5
Aol S EASHI AL, & AFETe} nRVIAIR ek ASAE
ALl YAl HIMOA AEARE iB] AARES 55 AUERES
S 3015t S B tHTable 12). ofgk, thEES] HIMOJA 2
AFZATo] vl Q=H|Z7}F HAFOY desmopressin, SSRIs 9
antipsychotics+ 2 ZH|7} ZF4sto] SNRIs (aOR 3.06, 95% CI 2.17-

43271 M w8 5 AUERESTO] AL BT
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Table 11. The association of newly started HIM with severe hyponatremia

compared to persistently used HIM

HN Non-HN Unadjusted Adjusted
Variables patients patients OR OR*
(N=8,754) (N=84,426) (95% Cl) (95% Cl)
Desmopressin
Non-user 8428(96.3)  83435(988)  043(0.36-050) 0.39(0.33-047)
Persistent user 205(2.3) 863(1.0) 100 100
New user 121(14) 12802)  398(297-5.33) 381(284512)
SSRIs
Non-user 8267(944)  81,051(960)  088(0.79-099) 0.88(0.78-1.00)
Persistent user 339(39) 2,938(3.5) 100 100
New user 148(1.7) 437(05) 294(2.36-365) 298(2.39-370)
SNRIs
Non-user 8517(973)  82976(983)  087(0.73-104) 0.88(0.74-1.06)
Persistent user 136(1.6) 1,150(14) 100 100
New user 101(1.2) 30004)  285(214-380) 289(2.17-386)
Thiazide diuretics
Non-user 6821(779)  71559(848)  0.69(0650.73) 068(064-0.72)
Persistent user 1679(192)  12103(143) 100 100
New user 254(29) 764(09)  240(2062.79) 237(204-2.76)
Antipsychotics
Non-user 8163(932)  813M(%4)  059(053-065) 055(0.49-061)
Persistent user 454(5.2) 2661(3.2) 100 100
New user 137(16) 37104)  217(174-270) 207 (L65-258)
Mirtazapine
Non-user 8667(990)  83760(992)  087(0.68-112) 090(0.70-1.15)
Persistent user 71(0.8) 598(0.7) 100 100
New user 16(0.2) 68(0.1) 1.98(1.09-360) 200(1.10-363)
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TCAs
Non-user
Persistent user
New user
Anticonvulsants
Non-user
Persistent user
New user
PPIs
Non-user
Persistent user
New user
Opioids
Non-user
Persistent user

New user

8268(34.4)
352(4.0)
134(15)

7961(909)
576(6.6)
217(25)

6,563(75.0)
1513(17.3)
678(7.7)

5999(68.5)
1485(17.0)
1,270(145)

80,407(952)
3140(3.7)
879(L0)

80,233(95.0)
3228(38)
965(1.1)

69,920(82.8)
10586(125)
3911(46)

62433(739)
10922(129)
11,071(13.1)

092 (0.82-1.03)
100
136/(1.10-168)

056 (051-061)
100
126 (1.06-1.50)

066 (0.62-0.70)
100
121 (110-1.34)

0.71(067-0.75)
100
0.84(0.78-091)

093 (083-1.04)
100
137(111-169)

056 (051-061)
100
126 (106-150)

066 (0.62-0.70)
100
122(111-1.35)

0.71(067-076)
100
085(0.79-092)

Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR,
odds ratio; PPIs, proton pump inhibitors; SIADH, syndrome of inappropriate antidiuretic
hormone secretion; SNRIs, serotonin-norepinephrine reuptake inhibitors; SSRIs, selective
serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.
* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, frailty score, and baseline comorbid

disease.

71



a0R (95% CI)

Desmopressin new user vs persistent user e 381 (2.84-5.12)
Desmopressin new user vs non-user — 9.69 (7.54-12.46)
SSRIs new user vs persistent user = 2.98(2.39-3.70)
SSRIs new user vs non-user — 337(2.794.07)
Thiazide new user vs persistent user = 237(2.04-2.76)
Thiazide new user vs non-user —— 3.49 (3.02-4.03)
Antipsychotics new user vs persistent user &+ 2,07 (1.65-258)
Antipsychotics new user vs non-user == 3.76 (3.08-4.59)
Anticonvulsants new user vs persistent user * 126 (1.06-1.50)
Anticonvulsants new user vs non-user - 227(1.95-2.63)
PPIs new user vs persistent user " 122 (1.11-1.35)
PPIs new user vs non-user + 1.84(1.69-2.01)
Opioids new user vs persistent user @ 0.85(0.79-092)
Opioids new user vs non-user * 1.19(1.12-127)
SNRIs new user vs persistent user —0— 2.89(2.17-3.86)
SNRIs new user vs non-user - 328(2.614.11)
Mirtazapine new user vs persistent user e 3 2.00(1.10-3.63)
Mirtazapine new user vs non-user & 223(1.29-3.85)
TCAs new user vs persistent user & 137 (1.11-1.69)
TCAs new user vs non-user + 147 (123-1.77)
|
01 2 3 4 5 6 7 8 9 1011 12

Figure 7. The adjusted odds ratios for severe hyponatremia in newly started
HIMs users compared to those with the persistent users (blue) and non-users
(navy blue), and persistent HIMs users compared with non-users (grey)

HIMs, hyponatremia-inducing medications; PPIs, proton pump inhibitors; SNRIs, serotonin-
norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs,
tricyclic antidepressants.

* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, frailty score, and baseline comorbid
disease.
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Table 12. Post-hoc analysis of newly started HIM associated with severe
hyponatremia defined as cases receiving 3% NacCl or tolvaptan, compared to
persistently used HIM

HN Non-HN Unadjusted Adjusted
Variables patients patients OR OR*
(N=6,293) (N=60.609) (95% Cl) (95% Cl)

Desmopressin

Non-user 6,083(%6.7)  59872(988)  045(0.38-0.55) 0.41(0.34-0.5)

Persistent user 142 (2.3) 635(1.0) 100 100

New user 68(L1) 102002)  298(209-4.26) 2.86(1.98-4.14)
SSRIs

Non-user 5927(942) 58229(%.1)  082(0.72-0.93) 0.80(0.69-0.92)

Persistent user 256(4.1) 2,056 (3.4) 100 100

New user 110(17) 324(05)  273(212-351) 2.74(2.11-355)
SNRIs

Non-user 6,121(97.3)  59569(983)  0.86(0.70-1.06) 0.88(0.71-1.09)

Persistent user 98(1.6) 821(14) 100 100

New user 74(12) 219(04)  2:83(202-397) 306(2.17-4.32)
Thiazide diuretics

Non-user 5000(795)  51490(850)  0.75(0.70-0.80) 0.74(0.69-0.79)

Persistent user 1112(17.7) 8564(141) 100 100

New user 181(29) 555(09)  251(210-301) 2.39(199-2.89)
Antipsychotics

Non-user 5777(9L8)  58346(%63)  052(047-059) 047(041-053)

Persistent user 373(5.9) 1972(3.3) 100 100

New user 143(2.3) 291(05) 260(207-327) 1.97(153-254)
Mirtazapine

Non-user 6228(990) 60135(992)  0.88(065-119) 0.93(0.68-127)

Persistent user 49(0.8) 417(.7) 100 100

New user 16(0.3) 57(0.2) 2.39(1.28-448) 2.15(1.09-4.25)
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TCAs
Non-user
Persistent user
New user
Anticonvulsants
Non-user
Persistent user
New user
PPIs
Non-user
Persistent user
New user
Opioids
Non-user
Persistent user

New user

5921 (94.)
263(4:2)
109(L7)

5663(900)
449(7.1)
181(29)

4582(728)
1162(185)
549(8.7)

4102(652)
1,198(190)
993(159)

57,821 (954)
2164(36)
624(10)

57,485(94.9)
2408(4.0)
716(12)

49,969 (824)
7,765(128)
2875(4.7)

44,201 (729)
8163 (135)
8,245 (136)

0.84(0.74-0.96)
100
144(113-1.83)

053(0.48-059)
100
136(112-1.64)

0.61(057-0.66)
100
128(114-1.42)

063(059-068)
100
0.82(0.75-0.90)

0.84(0.73-096)
100
135(105-1.73)

052(047-058)
100
134(1.10-164)

0.62(058-067)
100
121(1.08-1.36)

0.64(059-068)
100
0.80(0.73-088)

Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR,
odds ratio; PPIs, proton pump inhibitors; SIADH, syndrome of inappropriate antidiuretic
hormone secretion; SNRIs, serotonin-norepinephrine reuptake inhibitors; SSRIs, selective

serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, frailty score, and baseline comorbid

disease.
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Table 13. The results of sensitivity analysis for the association between the newly started HIMs and severe hyponatremia according to the

period before the index date (M1)

M1 =21 days M1 =14 days M1 =7 days
Variables HN Non-HN  Adjusted HN Non-HN  Adjusted HN Non-HN Adjusted
patients patients OR* patients patients OR* patients  patients OR*
(N=8,754) (N=84,426) (95%Cl) (N=8,754) (N=84426) (95%Cl) (N=8,754) (N=84426) (95%Cl)
Desmopressin
Non-user 842(%3) 834649 036(031-043) 8431(%63) 8349 034(029040) 8435(%4) 83530(989) 031(027-036)
Persistent user 22(25) 873(10) 100 23%(27) 8(L0) 100 2%(30)  875(L0) 100
New user 103(12) 8901 435(315601) 8(10) 52(01) 580(393845) 56(06) 21000 864(5131457)
SSRIs
Non-user 8287(947)  8L147(%1) 085(0.76-09) 831149  81255(%2) 083(0.7409) 83%(%2) 81397(%4) 080(0.72090)
Persistent user @) 300336 100 W) 299735 100 V@A) 297035 100
New user 108(12) 216(03)  333(260427) 7308 17C(02)  355(2644.78) 304 5301) 516(338-787)
SNRIs
Non-user 8525(974)  83039(%4) 089(0.75-106) 8535(975)  83124(385) 086(0.72-103) 8544(976) 83227(986) 0.79(067-094)
Persistent user 1(16) 118314 100 14216) 11714 100 1517 1158(14) 100
New user a(L0) 19902) 391(288531) 71009 12501 518(371-723) 5607) 4100) 1095(7.09-1691)
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Thiazide diuretics
Non-user
Persistent user
New user

Antipsychotics
Non-user
Persistent user
New user

Mirtazapine
Non-user
Persistent user
New user

TCAs
Non-user
Persistent user

New user

6856(789)
169¢(194)
1923

8193(%36)
459(52)
102(12)

8666(%00)
7408)
1201)

8301(%49)
()
%(L1)

71.721(850)
12208(145)
497(06)

81461(95)
2721(32)
204(03)

80609(%55)
3246(39)
57107)

068(064072)
100
284(239:339)

056(050063)
100
239(185307)

087(063-111)
100

232(L17-461)

095(085-106)
100
151(1191.9)

6:885(786)
1731(198)
138(16)

8222(%39)
46153)
65(07)

8672(%01)
7509)
70)

8331(%.2)
%14
6207)

77

71921(852)
12214(145)
201(03)

81564(%56)
2713(32)
14602

80842(%59)
32539)
332(04)

067(063071)
100
331(269408)

055(049-062)
100
243(L78:331)

086(067-109)
100
215(091512)

094(084-105)
100
169(126:226)

694C(793)
1741(199)
7408)

8256(%43)
466(53)
(03

8676(99.)
74(08)
200)

8371(%56)
)
2(03)

72187(855)
1212(144)
11701)

8LE66(96.7)
2697(32)
630.)

83815(%93)
60407)
700)

81,116(%.)
3179(39)
131(02)

066(0630.70)
100
427(317574)

055(049-061)
100
262(L67-4.10)

087(068-111)
100
23 (047-1137)

093(083-L04)
100
172(L10-267)



Anticonvulsants
Non-user
Persistent user
New user

PPls
Non-user
Persistent user
New user

Opioids
Non-user
Persistent user

New user

7997(9L4)
5(69)
163(L9)

6664(76.)
1610(184)
48055)

6206(709)
1652(189)
8(102)

80468(%.3)
334240)
61607)

70815(839)
10978(130)
263331)

64508(765)
12621(149)
7207(85)

056(051-061)
100
150(123182)

065(061-069)
100
126(112-140)

074(0.70078)
100
096(083-104)

8032(019)
616(70)
106(12)

6797(776)
1643(188)
314(36)

6468(739)
1693(193)
593(69)

80.707(9%56)
3362(40)
F1(04)

71.738(850)
11108(132)
1585(19)

67,156(795)
1279(152)
447263)

054(050:060)
100
163(129-206)

065(061-069)
100
135(118154)

073(063:078)
100
101(091-112)

8097(925)
607(69)
5(06)

694E(793)
1664(190)
145(L7)

6816(779)
1655(189)
232

80991(%59)
3275(39)
160(02)

T2875(363)
10888(129)
663(09)

70466(335)
12081(143)
1929(23)

054(049:059)
100
169(122235)

063(059067)
100
145(120-L.74)

071(067075)
100
108(094123)

Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR, odds ratio; PPIs, proton pump inhibitors; SIADH, syndrome of
inappropriate antidiuretic hormone secretion; SNRIs, serotonin-norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCASs,

tricyclic antidepressants.

*Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables were age, gender, Charlson comorbidity index score, frailty score,

and baseline comorbid disease.
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Table 14. The results of sensitivity analysis for the association between the newly started HIMs and severe hyponatremia according to the

number of days of HIM use within the 28 days before the index date (M1)

HIMs used for more than 1 day during M1

HIMs used for more than 7 days during M1

Variables HN Non-HN Adjusted HN Non-HN Adjusted
patients patients OR* patients patients OR*
(N=8,754) (N=84,426) (95% CI) (N=8,754) (N=84,426) (95% CI)
Desmopressin
Non-user 8423(%6.2) 83418(%8) 040(0:33047) 8482(%69) 83480(%89) 039(0:33047)
Persistent user 26(23) 871(10) 100 206(23) 844(10) 100
New user 126(14) 137(02) 374(28049) 67(08) 102(02) 260(184-369)
SSRIs
Non-user 8243(%42) 81,017(%.0) 088(0.78099 8307(%49) 81,176(%2) 090(0.79-101)
Persistent user 2(39 2954(35) 100 330(38) 28719(34) 100
New user 164(L9) 455(05) 316(256390) 17(L3) 371(04) 279(220354)
SNRIs
Non-user 8506(072) 82937(382) 086(072-L02) 8581(380) 83071(984) 089(074-L07)
Persistent user 142(16) 1169(14) 100 132(15) 1114(13) 100
New user 106(L2) 320(04) 277(209-366) 41(05) 241(03) 146(100213)
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Thiazide diuretics
Non-user
Persistent user
New user

Antipsychotics
Non-user
Persistent user
New user

Mirtazapine
Non-user
Persistent user
New user

TCAs
Non-user
Persistent user

New user

6,792(776)
1690(193)
131

8112(927)
458(52)
184021)

8661(989)
74(08)
19(02)

8246(942)
F5(41)
153(17)

T1476(847)
12141(144)
809(L0)

81347(%64)
2674(32)
405(05)

83751(992)
601(07)

74(0)

8032(%.)
3181(39)
923(L1)

067(064071)
100
239(206:277)

054(048060)
100
251(205-308)

086(067-110)
100
200(120:366)

093(083-104)
100
150(L22-189)

80

6900(789)
1665(190)
180(21)

8219(%39)
441(50)
%(L1)

8670(%0)
70(08)
14(02)

8319(%.0)
39(39)
%(L1)

71815(851)
12022(142)
589(07)

81498(%5)
2631(31)
297(04)

83778(992)
587(07)
61(02)

80737(%56)
3034(36)
655(08)

069(065073)
100
218(183:260)

057 (051-064)
100
181(140-234)

089(069-115)
100
195(103-366)

094(083-105)
100
132(L04-169)



Anticonvulsants
Non-user
Persistent user
New user

PPls
Non-user
Persistent user
New user

Opioids
Non-user
Persistent user

New user

7940(07)
582(66)
2207

6454(737)
1541(176)
75987)

5827(665)
1556(178)
1371(157)

80,121(949)
3281(39)
1024(12)

69511(823)
10826(128)

4089(48)

61268(726)
11530(137)
11628(139)

056(051-061)
100
128(108-L51)

066(062:070)
100
132(120-1.45)

071(067-075)
100
083(082:0%)

8030(9L7)
561(64)
163(19)

6802(777)
1452(166)

S00(7)

6610(755)
1361(155)
783(89)

80609(%55)
3115(37)
702008)

71361(845)
10050(119)
3015(36)

68.161(807)
9867(1L7)
6,398(76)

055(050061)
100
129(107-L57)

067(063071)
100
116(104-129)

071(067-075)
100
089(081-098)

Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR, odds ratio; PPIs, proton pump inhibitors; SIADH, syndrome of
inappropriate antidiuretic hormone secretion; SNRIs, serotonin-norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCASs,
tricyclic antidepressants.

* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables were age, gender, Charlson comorbidity index score, frailty score,
and baseline comorbid disease.
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Table 15. The association between the concurrent use of HIMs and severe
hyponatremia according to the hyponatremia-inducing mechanism

HN Non-HN  Unadjusted Adjusted
Variables patients patients OR OR*
(N=8,754)  (N=84,426) (95%ClI) (95%ClI)

Desmopressin-Thiazide diuretics

Non-user 6,534 (746) 70,602(836) 060(057064) 060(057063)
Single user 2096(239) 13678(162) 100 100
Concurrent user 124(14) 146(02) 5H4(434707) 563(439722)

Medications causing SIADH-Desmopressin

Non-user 3832(438) 46535(55.1) 065(063068) 065(062068)
Single user 4694 (536) 37334(442) 100 100
Concurrent user 228(2.6) 557(0.7) 326(278-381) 354(2994.20)

Medications causing SIADH- Thiazide diuretics

Non-user 3134(358) 40,740(483) 070067074  0.70(0670.74)
Single user 3978(454) 36,345(430) 100 100
Concurrent user 1642(188) 7341(87) 204(192-218) 208(195221)

Medications causing SIADH-Medications causing SIADH

Non-user 3514(40.1) 46,297(548) 063(060066) 062(059066)
Single user 3263(37.3) 27150(322) 100 100
Concurrent user 1977(226) 10979(130) 150(141-159) 152(143-162)

Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR,
odds ratio; PPIs, proton pump inhibitors; SIADH, syndrome of inappropriate antidiuretic
hormone secretion; SNRIs, serotonin-norepinephrine reuptake inhibitors; SSRIs, selective
serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, frailty score, and baseline comorbid
disease.
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Table 16. The association between the concurrent use of HIMs and severe

hyponatremia: The combination with individual HIMs

HN Non-HN Unadjusted Adjusted
Variables patients patients OR OR*
(N=8,754) (N=84,426) (95% Cl) (95% Cl)

Desmopressin-Thiazide diuretics

Non-user 6,534 (746)  70602(836) 060057064  060(057063)

Single user 2096(239) 13678(162) 100 100

Concurrent user 124(14) 146(0.2)  554(434707)  563(439-1.2)
Desmopressin-Opioids

Non-user 5614(641)  6066(718)  073(070077)  073(070077)

Single user 2953(337) 2330217 100 100

Concurrent user 18721 401 (05) 370(300441) 393325479
Desmopressin-Antipsychotics

Non-user 7806(892) 80374(%2  043(03%046)  039(035042

Single user 917(105) 4015(48) 100 100

Concurrent user 31(04) 37(00) 367(226594)  383(2396.3)
Desmopressin-SSRIs

Non-user THR2(07)  80062(%48)  055(051060)  053(049058)

Single user 775(89) 438(51) 100 100

Concurrent user 37(04) 5%(0.) 367(241:560)  377(2475.76)
Desmopressin-PPIs

Non-user 6,198 (708) 68748(8L4)  058(055061)  058(055061)

Single user 2411(275) 15404(182) 100 100

Concurrent user 145(17) 27403 33827415  364(2%45)
Desmopressin-SNRIs

Non-user 8186(%5)  BLOA(O71) 045040049  044(040048)

Single user 549(6.3) 2446 (29) 100 100

Concurrent user 19(02) 26(00) 326(179594)  325(1L785R)
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Antipsychotics-Opioids

Non-user 5365 (613) 59079(700)  072(069076)  072(0690.75)

Single user 3058(%49 24358(289) 100 100

Concurrent user 31(38) 989(12) 267(234304)  275(241-314)
Antipsychotics-PPIs

Non-user 5964 (68.1) 67058(794)  059(0%6062)  058(056:061)

Single user 2510287)  16650(197) 100 100

Concurrent user 280(32) 718(09) 259(224299) 269232312
Desmopressin-TCAS

Non-user 7TH6(08  T9413(%41)  064(050070)  064(059-070)

Single user 764(87) 4907 (58) 100 100

Concurrent user 44(05) 106(01) 267(186382)  265(184-382)
Thiazides diuretics-Antipsychotics

Non-user 6,255 (715) 68783(8L5)  059(056062)  058(055061)

Single user 2337(2677) 15226(180) 100 1.00

Concurrent user 162(19) 417(05) 253(210-.305)  263(218317)
Desmopressin-Anticonvulsants

Non-user 7640(873  TONL(38)  046(043050)  046(043049)

Single user 1069(122) 513(6.1) 100 100

Concurrent user 45(05) 8701 249(173359)  257(L78-371)
Thiazides-SNRIs

Non-user 6620 (756) 70266(832)  065(061-068)  064(061-063)

Single user 2020(230) 13855(164) 100 100

Concurrent user 114(13) 3504 257(206-320)  256(206-320)

Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR,
odds ratio; PPIs, proton pump inhibitors; SNRIs, serotonin-norepinephrine reuptake
inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, frailty score, and baseline comorbid
disease.
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Figure 8. The adjusted odds ratio for the association between the concurrent
use of HIMs and severe hyponatremia

HIMs, hyponatremia-inducing medications; PPIs, proton pump inhibitors; SNRIs, serotonin-
norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCASs,
tricyclic antidepressants.

* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, frailty score, and baseline comorbid
disease.
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Table 17. Post-hoc analysis of concurrently used HIMs according to the
hyponatremia-inducing mechanism associated with severe hyponatremia
defined as cases receiving 3% NaCl or tolvaptan

HN Non-HN  Unadjusted Adjusted
Variables patients patients OR OR*
(N=6,293)  (N=60.609)  (95% ClI) (95% Cl)
Desmopressin-Thiazide diuretics
Non-user 4835(768)  50853(839) 066(0620.71) 065(061-069)
Single user 1386(20) 9650(159 100 100
Concurrent user 72(LD 106(02) 473(349642) 4.76(35648)
Medications causing SIADH-Desmopressin
Non-user 2662(423)  3B3720(557) 060057-063) 05%056-062)
Single user 3485(3b4)  26473(437) 100 100
Concurrent user 146 (23) 40707 273225331 304(247-373)
Medications causing SIADH- Thiazide diuretics
Non-user 2225(364)  29659(489) 066(0620.70) 065061069
Single user 2943(468)  25308(426) 100 100
Concurrent user 1120(178) 514285 191(L77-206) 195(181-211)
Medications causing SIADH-Medications causing SIADH
Non-user 23%6(381) 3BHEL(EE4) 059055062) 057(054061)
Single user 231(370)  19197(3L7) 100 100
Concurrent user 1566(249)  7861(130) 164(L53-176) 169158-182)

Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR,
odds ratio; PPIs, proton pump inhibitors; SIADH, syndrome of inappropriate antidiuretic
hormone secretion; SNRIs, serotonin-norepinephrine reuptake inhibitors; SSRIs, selective
serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables
were age, gender, Charlson comorbidity index score, frailty score, and baseline comorbid
disease.
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Table 18. The results of sensitivity analysis for the association between the concurrent use of HIMs and severe hyponatremia according

to the number of days of combination

Concurrently used days > 3 Concurrently used days > 7
Variables HN Non-HN Adjusted HN Non-HN Adjusted
patients patients OR* patients patients OR*
(N=8754)  (N=84426)  (95%Cl) (N=8754) (N=84426)  (95%ClI)
Desmopressin-Thiazide diuretics
Non-user 6566(/50%)  70697(836)  060(057-064) 66%4(765 70991841  063(060:067)
Single user 2066(36%)  13583(162) 100 1963(24)  13301(158 100
Concurrent user 122(14%) 14102  578(449749) 97(L1) 13402  49(376647)
Medications causing SIADH-Desmopressin
Non-user 3976(454%)  ATSA(EBL)  066(063069) 4503614 525020622  066(063069)
Single user 4562(521%) 36310442 100 4073(465)  31469(373) 100
Concurrent user 216(25%) 532(0.7) 349(294-4.15) 178(20) 455(05) 321(266-388)
Medications causing SIADH-Thiazide diuretics
Non-user 3209(373%)  41677(483)  071(0630.75) 3725(426)  4581(43)  071(0680.75)
Single user 39334)  BETAE0) 100 37423  R52(B5 100
Concurrent user 1552(17.%%)  7075(87) 202(189-215) 1325(151) 6033(7.1) 196(183-210)
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Medications causing SIADH-Medications causing SIADH

Non-user 37BN ATMIGAS)  0B4(061-067) 4314493  S2523(622)  064(061068)
Single user 3BEW 665322 100 20U BT 100
Concurrent user 172Q05%)  10360(130)  145(136-154) 1496(170)  8556(101)  141(L32-151)

Cl, confidence interval; HIMs, hyponatremia-inducing medications; HN, hyponatremia; OR, odds ratio; PPIs, proton pump inhibitors; SIADH, syndrome of
inappropriate antidiuretic hormone secretion; SNRIs, serotonin-norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCASs,
tricyclic antidepressants.

Medications causing SIADH include antineoplastic agents, anticonvulsants, antipsychotics, opioids, PPIs, SNRIs, SSRIs, TCAs, and tramadol.

* Adjusted odds ratio was calculated by logistic regression analysis, and adjusted variables were age, gender, Charlson comorbidity index score, frailty score,
and baseline comorbid disease.
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Abstract

Differential effects of hyponatremia-
Inducing medication usage on the risk

of severe hyponatremia in older adults

Kwanghee Jun
College of Pharmacy, Pharmacy
The Graduate School

Seoul National University

Hyponatremia is a consequence of excess extracellular water relative to sodium.
It is defined as a serum sodium concentration below 135 mEg/L, and a serum sodium
level less than 125 mEg/L is considered severe. Older adults are at particularly high
risk. However, as symptoms of hyponatremia, including fatigue, confusion, and

weakness, are non-specific, and patients with hyponatremia are frequently
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asymptomatic, this condition can often be mistaken for other diseases and is
accordingly underestimated in clinical practice.

Nevertheless, it can lead to life-threatening symptoms, including seizures and
coma, and death caused by brain edema. Even in asymptomatic patients,
hyponatremia is associated with adverse clinical outcomes, including an increased
risk of frailty, falls, readmission, and mortality. Numerous medications, such as
diuretics, psychotropics, antiepileptics, antineoplastic agents, and proton pump
inhibitors (PPIs), have been reported to cause hyponatremia. Therefore, the
identification and minimization of hyponatremia-inducing medication (HIM) usage,
one of the modifiable risk factors, might be one of the effective strategies to prevent
hyponatremia.

The previous history of hyponatremia was shown to be an independent risk
factor for the recurrence of hyponatremia in patients with depression who were
treated with HIM. However, physicians may often overlook the medications that
may cause hyponatremia due to their lack of awareness about drug-induced
hyponatremia. Limited studies have evaluated the impact of HIM usage on the
recurrence of the condition in patients diagnosed with hyponatremia. Generally, the
effects of treatment duration using HIMs with different mechanisms of inducing
hyponatremia have not been well documented. Most studies evaluated the
association between HIMs and hyponatremia regardless of whether HIM was newly

started, used persistently, or concurrently multiple-used.

We aimed to investigate the impact of HIMs on the recurrence of symptomatic
or severe hyponatremia in older adults who were already diagnosed with

hyponatremia and to evaluate the differential risk of severe hyponatremia associated
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with the concurrent use of HIMs or newly started HIMs in the older adults, using a

population-based database.

[Part 1] Association between HIM usage and recurrent severe hyponatremia

This study was a nested case-control study based on data obtained from a
representative annual Health Insurance Review and Assessment Service-Adult
Patient Sample (HIRA-APS) database 2013-2017. We identified patients aged over
65 years with hyponatremia as those hospitalized with a primary diagnosis of
hyponatremia (E87.1, E22.2) and patients with recurrence of symptomatic or severe
hyponatremia who had received tolvaptan or 3% NaCl. A 1:20 propensity score
matched control with the age, gender, and Charlson comorbidity index (CCI) score
was constructed. Multivariable logistic regression was performed to investigate the
association between HIM use and the recurrence of symptomatic or severe
hyponatremia after adjusting for covariates.

After adjusting for comorbid conditions, an increased likelihood of recurrence
of symptomatic or severe hyponatremia was observed to be associated with the use
of any [adjusted odds ratio (aOR) 1.34, 95% confidence interval (CI) 1.15-1.57], two
or more HIMs (aOR 1.48, 95% CI 1.22-1.78); in particular, the use of thiazide
diuretics (aOR 1.51, 95% CI 1.25-1.82), tricyclic antidepressants (TCAs, aOR 1.36,
95% CI 1.03-1.81), and PPIs (aOR 1.52, 95% CI 1.30-1.76) showed significance.
The post hoc analysis showed that combinations of any HIMs with thiazide diuretics
were significantly associated with the recurrence of symptomatic or severe
hyponatremia (aOR 1.69, 95% CI 1.34-2.14); combinations of other individual HIMs
except selective serotonin reuptake inhibitors (SNRIs) showed significant

associations. The sensitivity analyses showed similar results.
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To the best of our knowledge, this was the first population-based study on the
association of HIM use with the recurrence of symptomatic or severe hyponatremia
in patients previously diagnosed with hyponatremia.

In conclusion, we showed that the use of HIMs, including PPIs, and especially in
combination with thiazide diuretics, increases the risk for recurrent symptomatic or
severe hyponatremia in older adults previously diagnosed with hyponatremia,

regardless of etiology.

[Part 2] Differential risk of severe hyponatremia based on the HIM usage

We conducted a case-control study using a HIRA-APS 2015-2019. We
identified patients aged over 65 years with severe hyponatremia as those hospitalized
with a primary diagnosis of hyponatremia (E87.1, E22.2) or who had received
tolvaptan or 3% NaCl. A 1:10 propensity score matched control with the age, gender,
health insurance type, CCI score, frailty score, index date, and comorbid disease was
constructed. Multivariable logistic regression was performed to assess the
association of newly started or concurrently used HIMs comprising 11
medication/classes with severe hyponatremia after covariate adjustment.

Multivariate logistic regression analysis showed that the risk of severe
hyponatremia increased as the number of HIMs (reference non-use): single HIM
(aOR 1.91, 95% CI 1.79-2.03], two HIMs (aOR 2.63, 95% CI 2.45-2.82), three or
more HIMs (aOR 3.27, 95% CI 3.08-3.47). All classes of HIM uses, excluding
mirtazapine, were significantly associated with severe hyponatremia.

In all classes of HIMs, newly started HIMSs increased the likelihood of severe
hyponatremia compared to non-use, and in nine classes of HIMs, compared to that

with the persistently used HIM. The highest increase was observed in newly started
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desmopressin, for which there were 9.69- and 3.81-fold increased risks compared
with non-use and persistently used. Following desmopressin, newly started selective
serotonin reuptake inhibitors (SSRIs, aOR 2.98, 95% CI 2.39-3.70), SNRIs (aOR
2.89, 95% CIl 2.17-3.86), thiazide diuretics (aOR 2.37, 95% CIl 2.04-2.76),
antipsychotics (aOR 2.07, 95% CI 1.65-2.58), and mirtazapine (aOR 2.00, 95% ClI
1.10-3.63) were found to increase the risk by a factor of 2 or more compared to that
with persistent use.

However, newly started opioids were associated with a lower risk than with
persistently used (aOR 0.85, 95% CI 0.79-0.92), although both newly started (aOR
1.319 95% CI 1.12-1.27) and persistently used (aOR 1.40, 95% 1.32—1.49) opioids
were associated with an increased risk compared to that with non-use. Additionally,
compared to non-use, we detected no increase in the risk of severe hyponatremia
associated with the persistent use of SNRIs, mirtazapine, and TCAs.

Concurrent use of HIMs increased the risk of severe hyponatremia compared
with single-used HIM separately as follows thiazide diuretics and desmopressin
(aOR 5.63, 95% CI 4.39-7.22), desmopressin and SIADH-causing medications
(aOR 3.54, 95% CI 2.99-4.20), thiazide diuretics and SIADH-causing medications
(aOR 2.08, 95% CI 1.95-2.21), and combinations among SIADH-causing
medications (aOR 1.52, 95% CI 1.43-1.62). With respect to the combination with
individual HIMs, SIADH-causing medications, desmopressin-opioids increased the
risk by 3.9-fold, followed by desmopressin-antipsychotics (3.9-fold), desmopressin-
SSRIs (3.8-fold), desmopressin-PPls (3.6-fold), desmopressin-SNRIs (3.2-fold),
antipsychotics-opioids  (2.8-fold), and antipsychotics-PPIs (2.7-fold), and

desmopressin-TCAs (2.7-fold). These findings thus indicate that the concurrent use
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of medications that induce hyponatremia via different mechanisms has a more
pronounced synergistic effect than the concurrent use of HIMs with similar action
modes.

This was the first population-based study that comprehensively evaluated the
differential risk of severe hyponatremia according to HIM usage. The differential
risk identified in this study might provide valuable evidence from the perspective
medication reviews undertaken to identify patients with a higher risk of developing
hyponatremia when starting or adding a new medication. Furthermore, the findings
from this study might contribute to raising awareness regarding medication-related
hyponatremia in older adults.

In conclusion, we showed that newly started HIMs were associated with an
increased risk of severe hyponatremia in older adults compared to persistently used,
and concurrent use of HIMs was associated with a higher risk of severe hyponatremia

than single HIM usage.

Keywords: older adults, hyponatremia, syndrome of inappropriate antidiuretic
hormone, hyponatremia-inducing medications, desmopressin, thiazide diuretics
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