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ABSTRACT

Objectives: Hyponatremia is prevalent electrolyte disorder and can be fatal in older adults. Evaluative studies on hyponatremia
among older adults are scarce, especially targeting for those who visited emergency department (ED). We aimed to estimate the
prevalence and to identify risk factors of hyponatremia among elderly patients visiting the ED. Methods: A retrospective chart
review was completed including 65 or older patients who visited ED at Seoul National University Bundang Hospital from
September to December 2019. Patients with the serum sodium concentration of less than 130mEq/L was defined as a hyponatremia
group. Logistic regression analysis was conducted to assess predictive factors for hyponatremia. Results: Of the total 2,445 patients,
155 (6.3%) were confirmed to have hyponatremia at the time of ED visits. Risk factors for hyponatremia identified in logistic
regression analysis were thiazides (aOR=2.64, 95% CI 1.66-4.21), opioids (exclude tramadol) (aOR=3.45, 95% CI 1.72-6.94), and
desmopressin (aOR=6.98, 95% CI 2.45-19.84). Compared to the use of thiazides alone, it was confirmed that the possibility of
hyponatremia was more than quadrupled when proton pump inhibitor (PPI) was used together (aOR=4.08, 95% CI 1.74-9.55).
Conclusions: About 6.3% of older adults visiting the ED had hyponatremia. Age, number of medications taken, previous history of
hyponatremia, heart failure, cirrhosis, pneumonia, sepsis, prescribed drugs including thiazides, opioids (exclude tramadol), or
desmopressin or taking PPI together with thiazides was confirmed to correlate with the risk of hyponatremia.
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Table 1. Characteristics of the study population who visited emergency department from September to December 2019 (n=2,127)

Characteristics T(()It\?igiti;;ts Hyp on(ell\t:?;ig)group C(();tioll’ggl;p p-value
Age, years, mean = SD 76.5+7.3 78.7+£8.0 76.4+7.3 <0.01
65-74 869 (40.9) 46 (29.7) 823 (41.7)
74-84 952 (44.8) 71 (45.8) 881 (44.7)
=85 306 (14.4) 38(24.5) 268 (13.6)
Sex, female [n (%)] 980 (46.1) 66 (42.6) 914 (46.4) 0.36
BMI [kg/m*+SD] 243+19.6 226+5.1 24.4+20.3 <0.01
Admission [n (%)] 1,663 (78.2) 131 (84.5) 1,532 (77.7) 0.05
Primary diagnosis [n (%)]
Cancer (C00-C97) 614 (28.9) 61 (39.4) 553 (28.0) <0.01
Gastrointestinal disease (K00-K93) 659 (31.0) 31 (20.0) 628 (31.9) <0.01
Kidney disease (NO0O-N28) 514 (24.2) 56 (36.1) 458 (23.2) <0.01
Respiratory disease (J00-J99) 435 (20.5) 50(32.3) 385 (19.5) <0.01
Circulatory disease (100-199) 1,146 (53.9) 72 (46.5) 1,074 (54.5) 0.05
Endocrine metabolic disease (E00-E90) 591 (27.8) 59 (38.1) 532 (27.0) <0.01
Others 1,556 (73.2) 112 (72.3) 1,444 (73.2) 0.79
Presence of HIMs [n (%)] 1,561 (73.4) 127 (81.9) 1,434 (72.7) 0.01
Number of HIMs [n (%)] <0.01
0 556 (26.6) 28 (18.1) 538 (27.3)
1 458 (21.5) 29 (18.7) 429 (21.8)
2 407 (19.1) 26 (16.8) 381 (19.3)
>3 696 (32.7) 72 (46.5) 624 (31.6)
HIMs, hyponatremia inducing medications.
KNLIEESZS QYE 4878(31.0%)° 2 7 23k ™ Josartan 1878(11.6%), pantoprazole
20193 99 195 2019 12€ 31U7HA] EFA2thstn  14H(9.0%), lansoprazole, telmisartan 1278(7.7%), olmesartan,
HY SFA HHESE 654 o439 ‘*013&1—1} 2,445% = HWHE valsartan 10‘33(6 5%), irbesartan 8"8(5.2%) <=°] i}
Y EF UEF T58 7R AUEFES ¥t AUERES A 1558 F AUEFES FLekE 3
A= 473802 Ol 39 19.3%S x}xlgh olF 5 o= %%olt A7 7278(46.5%)0- 2 7 WokaL, ) B
= o} AUEREZ Bk 155902 U 3] 63%S & BARs 263(16.8%), 17] B8 BAk= 209(18.7%), B8
gt A gk SAKE 289(18.1%)01 31k
HUESES 72 A4= A8 Uk MLIEEES A= *'.1_* 2 fIAXL
AUEFESF A 1558 F AUEFIES i =& AUEFES o W 913 AQAEE desmopressin (aOR
B83sh= A= 1279(81.9%)°1th. AUEFES 72 <F  7.0,95% CI 2.4-19.8)°] 71 F-oJstAl AUEFES A9
B 28 gz} = F5 Y49l 9F=E2) hydrochlorothiazideE  Z7MAALL, ©] €)% tramadolg #|2|3} opioids (aOR 3.5,

mk
WokaL,

0}—— A7) 319(20.0%)0-2 7FF tramadol 28
‘13 (18.1%), furosemide 167H(10.3%), celecoxib 1178 (7.1%),
aceclofenac, spironolactone Z} 97H(5.8%), loxoprofen 8%
(5.2%), desmopressin, dexibuprofen Z} 67(3.9%) <=°] At}
AF B g3 A}

A=)
=

ZoME amlodipines 5

95% CI 1.7-6.9), thiazide A€ ©]%=A](aOR 2.6, 95% CI 1.7-
42) E& A AUYEFIF H?.ﬂ*é% F7HFT. SR
oFE W8-S 133l BAAUS W thiazide?} PPIS H-83h=
739 thiazide?t B-8351= 7350 vl 4.18) =A AUEFI=
i 913 o] =2 302 YERYTHaOR 4.1, 95% CI 1.7-9.6).
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Table 2, Concurrent use of drugs associated with hyponatremia during visits to the emergency department (N=2,127)

Hyponatremia Control group Univariable logistic regression Multivariable logistic regression
group (N=155) (N=1,972)
N (%) N (%) OR 95% CI aOR 95% CI
Desmopressin 6(3.9) 14(0.7) 5.63 2.13 14.87 6.98 245 19.84
Opioids excl. tramadol 13(8.4) 49(2.5) 3.59 1.90 6.78 3.45 1.72 6.94
Thiazides 33(21.3) 195(9.9) 247 1.63 3.72 2.64 1.66 421
Tramadol 28(18.1) 191(9.7) 2.06 1.33 3.18
TCAs 7(4.5) 49(2.5) 1.86 0.83 4.17
ARBs 70(45.2) 666(33.8) 1.62 1.16 2.25
Telmisartan 12(7.7) 97(4.9) 1.62 0.87 3.03
Olmesartan 10(6.5) 99(5.0) 1.31 0.67 2.56
Losartan 18(11.6) 185(9.4) 1.27 0.76 2.12
Valsartan 10(6.5) 115(5.8) 1.11 0.57 2.17
Candesartan 4(2.6) 64(3.3) 0.79 0.28 2.20
NSAIDs 48(31.0) 431(21.9) 1.60 1.12 2.29
Aceclofenac 9(5.8) 87(4.4) 1.34 0.66 2.71
Celecoxib 11(7.1) 142(7.2) 0.99 0.52 1.86
PPIs 38(24.5) 338(17.1) 1.60 1.07 231
Lansoprazole 12(7.7) 70(3.6) 2.28 1.21 431
Pantoprazole 14(9.0) 115(5.8) 1.60 0.90 2.87
Other diuretics 17(11.0) 167(8.5) 1.33 0.79 2.26
Spironolactone 9(5.8) 50(2.5) 2.37 1.14 4.92
Furosemide 16(10.3) 126(6.4) 1.69 0.98 2.92
Amlodipine 48(31) 511(25.9) 1.28 0.90 1.83
Other antidepressants 9(5.8) 94(4.8) 1.23 0.61 2.49
ACEIs 4(2.6) 46(2.3) L.11 0.39 3.12
SSRIs 9(5.8) 122(6.2) 0.94 0.47 1.88
Thiazides Combination
+ Opioids excl. tramadol 2(1.3) 2(0.1) 6.23 0.85 45.84 2.30 0.24 2224
+PPls 14(9.0) 35(1.8) 3.37 1.54 7.36 4.08 1.74 9.55
+ Tramadol 10(6.5) 27(1.4) 2.71 1.16 6.31 1.89 0.72 4.94
+NSAIDs 2(1.3) 62(3.1) 1.79 0.85 3.78 1.22 0.53 2.77

TCAs, tricyclic antidepressants; ARBs, Angiotensin receptor blockers; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump
inhibitors; ACElIs, angiotensin converting enzyme inhibitors; SSRIs, selective serotonin reuptake inhibitors. Only selected variables were
analyzed for aOR through stepwise method (sls=0.1, sle=0.05). Thiazides combination compares the group who takes only Thiazides except
followed drug with the group who takes them together.
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Table 3. Associated factors with hyponatremia during visits to the emergency department (N=2,127)

Hyponatremia Control group Univariable logistic regression Multivariable logistic regression
characteristics group (N=155) (N=1,972)
n (%) N (%) OR 95% CI aOR 95% CI
Age, years
65-84 117 (75.5) 1,704 (86.4) 1 1
=85 38 (24.5) 268 (13.6) 2.07 1.40 3.04 1.69 1.10 2.59
Sex
Male 89 (57.4) 1,058 (53.7) 1
Female 66 (42.6) 914 (46.4) 0.86 0.62 1.20
BMI
Underweight (<18.5) 20 (12.9) 189 (9.6) 1 1
Normal (=18.5, <23) 73 (47.1) 666 (33.8) 1.04 0.62 1.74 1.40 0.79 247
Overweight to obese (=23) 62 (40.0) 1,117 (56.6) 0.53 0.31 0.89 0.66 0.37 1.18
Comorbid disease
Liver cirrhosis 9(5.8) 40 (2.0) 2.98 1.42 6.26 4.03 1.82 8.94
Sepsis 21 (13.6) 83(4.2) 3.57 2.14 5.94 297 1.71 5.17
Pneumonia 37(23.9) 183 (9.3) 3.07 2.06 4.57 274 1.77 425
Heart failure 20 (12.9) 146 (7.4) 1.85 1.13 3.05 2.01 1.18 345
Renal failure 30 (19.4) 223 (11.3) 1.88 1.23 2.87
eGFR <30 mL/min 27(17.4) 189 (9.6) 1.99 1.28 3.09
Cerebrovascular disease 7 (4.5) 293 (14.9) 0.27 0.13 0.58 0.30 0.14 0.66
History of HN 8(5.2) 13(0.7) 8.20 3.35 20.10 5.50 2.00 15.09
ER visit within 1 month 18 (11.6) 243 (12.3) 0.94 0.56 1.56
Number of medications
0-9 82 (52.9) 1,351 (68.5) 1 1
>10 73 (47.1) 621 (31.5) 1.94 1.39 2.69 1.52 1.06 2.19
Number of HIMs
0 28 (18.1) 538 (27.3) 1
1-2 55(35.5) 810 (41.1) 1.31 0.82 2.08
>3 72 (46.5) 624 (31.6) 222 1.41 3.48

BMI, body mass index; eGFR, estimated glomerular filtration rate; HN, hyponatremia; ER, emergency room; HIMs, hyponatremia inducing
medications. Only selected variables were analyzed for aOR through stepwise method (sls=0.1, sle=0.05).
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September ~ december 2019
patients aged over 65 years

who visited emergency department

(N=6,908)

Exclusions:

patients whose medication history
unavailable (N=1,653),

patients whose blood labs
unavailable (N=2,810)

Study population
(N=2,445)

Moderate to severe hyponatremia Mild hyponatremia

(N=318, 13.0%)

(N=155, 6.3%)

Normal

(N=1,972, 80.7%)

Fig. 1. Patient selection process
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