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1 | INTRODUCTION

Hyponatremia is a very commonly encountered electrolyte imbalance,

and it is the most common electrolyte imbalance when considering

Hasung Kim?

| Jungkuk Lee? | JunghoShin®® | SuHyunKim>* |

Abstract

Objective: Thiazides are the first-line treatment for hypertension, however, they have
been associated with hospitalizations for thiazide-associated hyponatremia (TAH).
The aim of this study was to evaluate the risk of TAH and other drug-associated
hyponatremia in a Korean population.

Methods: The study used big data from the National Health Insurance Sharing Ser-
vice of 1,943,345 adults treated for hypertension from January 2014 to December
2016. The participants were divided into two groups based on the use of thiazides.
Cox proportional hazard models were used to identify independent risk factors for the
occurrence of hyponatremia.

Results: The study found that hyponatremia-related hospitalizations were signifi-
cantly higher in the thiazide group than the control group (2.19% vs. 1.45%). The
risk increased further with concurrent use of other diuretics or desmopressin, and
thiazide+spironolactone+desmopressin and hospitalization risk further increased (4.0
and 6.9 times). Multivariate analysis showed that hyponatremia occurrence increased
with age, diabetes mellitus, depression, and thiazide use (hazard ratio = 1.436,
p <0.001). The thiazide group had better 6-year overall survival than the control group
but had more fractures and hyponatremia.

Conclusions: Thiazide use is associated with an increased risk of hyponatremia and
related complications. However, the mortality rate decreased in those who received
thiazides, suggesting that thiazide use itself is not harmful and may help decrease

complications and improve prognosis with proper, cautious use in high-risk patients.
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mild hyponatremia in inpatients who frequently undergo fasting and
various invasive procedures or operations. Hyponatremia occurred
in 5% to 10% of inpatients and 13.7% of outpatients who are pre-

scribed thiazides.!* Hyponatremia is associated with gait disturbance
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or mild neurologic symptoms; however, in severe cases, hyponatremia
increases the risk of falls and associated fractures and is a poor prog-
nostic factor in hospitalized patients.>® The causes of hyponatremia
are highly diverse; however, antidiuretic hormone (ADH) action is
essential for the mechanism unless there is excessive water intake,
such as primary polydipsia or beer potomania. Following the Joint
National Committee 7 guideline recommendation of thiazides as first-
line treatment for hypertension, hospitalizations for hyponatremia in
patients on thiazides have been frequently encountered in clinical set-
tings, although the actual incidence and risk of hyponatremia have not
been ascertained in South Korea.”8

Hyponatremia in patients on thiazides or other electrolyte imbal-
ances were dose-dependent side effects of thiazide use, and thiazide
use itself might cause acute hyponatremia; however, occurrence of
hyponatremia in patients on thiazides was not common and devel-
oped in a minor proportion of susceptible individuals.! A diagnosis of
thiazide-induced hyponatremia (TIH) was clinically defined by hypona-
tremia in individuals taking thiazides and manifests as hypovolemia
or euvolemia, improved following the cessation of thiazide use, did
not improve before cessation of thiazides, and did not recur after
recovery in the absence of thiazides.” Due to the distinction of TIH
could be made with certainty only in retrospect, the cases of euv-
olemic hyponatremia developing in a patient receiving a thiazide were
referred as “thiazide-associated hyponatremia (TAH).” TAH occurred in
a heterogeneous group of patients, and thiazides might not be directly
responsible in all instances.?

The risk and incidence of hyponatremia in patients on thiazides in
Korea were unknown and the hyponatremia risk increase conferred
by concomitant use of other hyponatremia-inducing agents, such as
spironolactone and desmopressin, was undetermined.'® Through big
data analysis of the National Health Insurance Service (NHIS) data
in Korea, this study was conducted to determine the risk of hypona-
tremia in patients on thiazides and the additional risk conferred by

concomitant diseases or drug use.

2 | METHODS
2.1 | Study design and database

We conducted a nationwide population-based cohort study. In the
Republic of Korea, the Health Insurance Review and Assessment ser-
vice oversees the assessment of adequacy in drug prescriptions and
treatment details, and health check-ups are handled by the NHIS.
The NHIS runs the National Health Insurance Sharing Service (NHISS)
and supports policies for the use of national health information data
and academic research by offering a sample research database, cus-
tomized research database, and health and disease indicators. The
database encompasses a comprehensive record of patient interactions
with medical facilities, encompassing diagnostic codes for assorted
comorbidities, a log of hospital admissions, and details pertaining to
prescribed medications. Upon appraisal of the research proposal, NHIS

provides de-identified information on specific variables requested by

the researcher. For the risk evaluation of hyponatremia in patients on
thiazides and other drug-associated hyponatremia, we used big data
from the NHISS.

2.2 | Participants and data collection

Adult patients (age >20 years) who were confirmed to have received
treatment for hypertension from January 2014 to December 2016
were included in the analysis set. This included individuals diag-
nosed with hypertension until 2014 (with ongoing tracking) plus new
hypertension diagnoses in 2015 and 2016 (without allowing duplicate
patients). Owing to a data limit of 500 GB for research samples, a ran-
domly sampled data set that comprised 20% of all patients treated
for hypertension between 2014 and 2016 was used. We excluded
patients with diagnostic codes of hyponatremia, from both inpatient
and outpatient clinics, before the first prescription of thiazides.
Information on the patients’ age, sex, and comorbidities, includ-
ing hypertension, diabetes mellitus (DM), dyslipidemia, osteoporosis,
heart failure, chronic kidney disease (CKD), and depression, were
collected. Moreover, we collected all the medication data using the
Anatomical Therapeutic Chemical Classification System and all the
diagnostic data using the International Statistical Classification of
Diseases and Related Health Problems (ICD)—10 codes (Table S1).

2.3 | Definitions

Hypertension was defined according to disease codes that were
prepared in accordance with the Korean Standard Classification of
Diseases (110, 111, 112, 113, or 115) or by prescription of antihyperten-
sive medications continuously for more than 6 months. Participation
in the thiazide group was defined by the prescription of thiazides
or thiazide-like diuretics, including hydrochlorothiazide (HCT) alone,
various angiotensin receptor blocker (ARB)+HCT combinations, and
of chlorthalidone, indapamide, or metolazone. The participants’ data
were analyzed by dividing these data into groups that either received
thiazides for more than 7 days (thiazide group) or had never been
prescribed thiazides (control group). Hyponatremia was defined based
on hospitalization for the ICD-10 codes of E871 (hypo-osmolality and
hyponatremia) or E222 (syndrome of inappropriate secretion of antid-
iuretic hormone, SIADH). In addition, data on admission with ICD-10
code of E878 (electrolyte imbalance not otherwise specified) were

collected separately.

2.4 | Study outcome

The diagnostic codes for hyponatremia (E871, E222), and electrolyte
imbalance NOS (E878) were collected until 1 year after the group-
ing (thiazide vs. nonthiazide). All cases of hyponatremia that occurred
within 1 year after the patient was first prescribed thiazides were

included, regardless of when they occurred. The diagnostic codes for
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osteoporosis with fracture (M80), fractures of various body parts (512,
S22, S32, S89, T02, T08, T10, and T12), acute renal failure (N17),
ischemic heart disease (120-25), and cerebrovascular disease (160-64)
were collected until 3 years after the grouping (Table S1). To evaluate
the effect of hyponatremia on the outcomes, the all-cause mortal-
ity, and diagnostic codes of fractures (M80, S12, S22, S32, S89, T02,
TO8, T10, and T12) and pneumonia (J12-18), which likely follows
hyponatremia were collected separately (Table S1).

2.5 | Ethical approval

The study protocol was reviewed and approved by the institutional
review board of Chung-Ang University Hospital (Registration number
1908-010-16277), and it conformed to the provisions of the Declara-
tion of Helsinki revised in 2013. The requirement of informed consent
was waived because this study was based on a national database
and given the practical impossibility of obtaining consent from the

anonymized subjects.

2.6 | Statistical analysis

The analyses and calculations in this study were performed using SAS®
Enterprise guide version 7.1 (SAS Institute, Cary, NC, USA). Continuous
variables were expressed as means + standard deviations (SDs), and
categorical variables as frequencies (percentages). The independent
t-test was used to compare two continuous variables whereas the one-
way ANOVA was used to undertake intergroup comparisons with three
or more continuous variables based on the normality assumption. The
chi-square test was used to analyze categorical variables. Survival anal-
yses were performed using the Kaplan-Meier method, and intergroup
comparisons were performed using the log-rank test. The Cox propor-
tional hazard model was used to identify independent risk factors for
the occurrence of hyponatremia and to calculate the hazard ratio (HR)
and 95% confidence interval (Cl). Age (continuous variable), sex, dia-
betes, heart failure, CKD, spironolactone, and desmopressin were used
as basic covariates, and multivariate analysis was performed by adding
thiazide and variables found to be significant in univariate analysis one

by one. Statistical significance was set at a level of p < 0.05.

3 | RESULTS
3.1 | Baseline characteristics

In 2014, 2015, and 2016, a total of 1,623,555, 1,681,577, and
1,753,196 patients with prevalent hypertension, respectively, were
included in this study. In 2015 and 2016, those who had previously
been diagnosed with hypertension and were prescribed antihyper-
tensive medication were included. Therefore, 1,961,737 patients with
hypertension, after excluding overlapping patients, were screened and
data from 1,943,345 patients were analyzed after excluding 18,392

patients who were prescribed thiazides for less than 7 days in a year
(Figure S1). In this study, 78.7% (n = 607,069) of the thiazide group
had been prescribed thiazides for more than 6 months, and 94%
(n = 667,323) had been prescribed thiazides for more than 3 months.
Table 1 showed the baseline characteristics of the 1,943,345 patients
(mean age 62.6 years, 50.2% men). The thiazide group included more
female participants and those who were in their 70s and 80s (54.3% vs.
41.2%, p < 0.001), and the mean age was higher (63.9 vs. 61.8 years,
p < 0.001). Furthermore, the prevalence of DM, dyslipidemia, osteo-
porosis, heart failure (HF), and depression was significantly high in the
thiazide group whereas the prevalence of CKD was low (2.9% vs. 3.8%,
p <0.0001). There was no significant difference in the use of 8-blockers
according to thiazide use although calcium-channel blocker (CCB) and
a-blocker use was low and angiotensin-converting enzyme inhibitor
(ACEI) or ARB use were significantly higher in the thiazide group. The
prevalence of diuretic use, such as spironolactone or loop diuretics, was
significantly lower in the thiazide group than that in the no-thiazide

group as was the rate of desmopressin use (all p < 0.0001).

3.2 | Development of hyponatremia in patients on
thiazides

A total of 33,451 patients (0.017%) experienced hyponatremia among
a total of 1,943,345 patients. Hospitalization for hyponatremia (E871
or E222; 2.2% vs. 1.5%), for unspecified electrolyte imbalance code
(E878; 4.5% vs. 3.9%), and all of them, if any of E871, E222, or E878
was applicable (6.1% vs. 5.1%), increased significantly in the thiazide-
use group (Figure 1). In patients who received thiazide monotherapy,
hyponatremia occurred more often in those who received meto-
lazone, indapamide, hydrochlorothiazide, and chlorthalidone (3.3%,
2.7%, 2.1%, and 2.1%, respectively); when two or more thiazides were
concurrently prescribed, the incidence of hyponatremia increased by
4.0%, which was 2.8 times higher than that of the control group
(Figure 2A). The occurrence of hyponatremia (E871, E222) following
combination therapy with other diuretics or desmopressin was asso-
ciated with a 1.4 times higher risk in the thiazide-alone group than in
the control group; moreover, when spironolactone or loop diuretics
were used concomitantly with thiazide, the risk increased more than
4 times. When thiazide + spironolactone + desmopressin were used
simultaneously, the risk reached 6.9 times (Figure 2B). When thiazide
and desmopressin were administered together, the likelihood of being

hospitalized four or more times increased by 11-fold (Figure 3).

3.3 | Factors affecting hyponatremia occurrence

In the group of patients with hyponatremia, there were more women
(58.0% vs. 49.6%), the average age increased by more than 10 years,
and there were significantly more underlying diseases, such as DM,
HF, and CKD, than in the nonhyponatremia group. Furthermore, thi-
azide, spironolactone, loop diuretics, and desmopressin were used
more often, and CCB or ARB/ACEi prescription rates tended to be low.
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TABLE 1 Baseline characteristics of the participants.
No thiazide Thiazide
Characteristics (n= 1,233,269, %) (n=710,076, %) p Value
Male 651,531(52.83) 324,671(45.72) <0.001
Age, decade 20s 10,293(0.83) 2,256 (0.32) <0.001
30s 44,856 (3.64) 16,424 (2.31)
40s 160,818 (13.04) 76,534 (10.78)
50s 332,290 (26.94) 177,030 (24.93)
60s 315,659 (25.60) 180,548 (25.43)
70s 255,653(20.73) 178,352 (25.12)
80s 100,103 (8.12) 71,076 (10.01)
>90s 13,597 (1.10) 7,856(1.11)
Age, years?® 61.8+13.2 63.9+12.7 <0.001
Diabetes mellitus 687,092 (55.71) 426,586 (60.08) <0.001
Dyslipidemia 929,269 (75.35) 565,571(79.65) <0.001
Osteoporosis 400,023 (32.44) 271,972 (38.30) <0.001
Heart failure 127,727 (10.36) 85,235 (12.00) <0.001
Chronic kidney disease 46,240 (3.75) 20,911 (2.94) <0.001
Depression 320,578(25.99) 199,607 (28.11) <0.001
Coprescribed antihypertensive medications CCB 735,175 (59.61) 322,066 (45.36) <0.001
ARB or ACEi 700,092 (56.77) 573,075 (80.71) <0.001
B-Blocker 204,329 (16.57) 118,234 (16.65) 0.135
a-Blocker 19,184 (1.56) 10,156 (1.43) <0.001
Coprescribed diuretics/desmopressin Spironolactone 28,938 (2.35) 11,425 (1.61) <0.001
Furosemide 57,224 (4.64) 17,732 (2.50) <0.001
Torsemide 16,746 (1.36) 4280 (0.60) <0.001
Desmopressin 3761 (0.30) 1689 (0.24) <0.001

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blocker.

2Data are expressed as the mean + standard deviation.

In patients with hyponatremia, the frequency of combination diuretic
therapy, including the rate of use of two or more thiazide drugs, was
significantly high (Table 2).

In multivariate analysis, the occurrence of hyponatremia increased
with age (HR = 1.069, 95% CI 1.068 to 1.070, p < 0.001 per 1-year
increase), DM (HR = 1.453, 95% Cl 1.415 to 1.492, p < 0.001), and
depression (HR = 1.530, 95% Cl 1.496 to 1.565, p < 0.001). Among
antihypertensive medications, thiazide use was associated with an
increased risk of hyponatremia (HR = 1.436, 95% Cl 1.404 to 1.469,
p < 0.001). Desmopressin was the agent that was most associated
with the risk of hyponatremia (HR = 2.144, 95% CI 1.915 to 2.400),
followed by loop diuretics (HR = 2.126, 95% CI 2.046 to 2.208) and
spironolactone (HR = 1.506, 95% Cl 1.430 to 1.586) (Table 3).

3.4 | Outcomes depending on thiazide use

In the survival analysis, the thiazide group had a better 6-year overall
survival than the control group (HR = 0.922, 95% Cl 0.913 to 0.930,
p < 0.001) despite more osteoporotic fractures (HR = 1.252, 95% Cl
1.223t0 1.282,p < 0.001), other traumatic fractures (HR = 1.212, 95%

Cl 1.198 to 1.227, p < 0.001), and hospitalization for hyponatremia
(p <0.001, Figure 4).

3.5 | Outcomes based on the occurrence of
hyponatremia

Patients with hyponatremia had significantly higher mortality rates
(HR = 7.008, 95% Cl 6.854 to 7.165), hospitalizations for osteoporosis
with pathological fractures (HR = 1.923, 95% Cl 1.799 to 2.056), trau-
matic fractures (HR = 1.474, 95% Cl 1.417 to 1.533), and pneumonia
(HR = 3.290, 95% CI 3.208 to 3.374) than those without hyponatremia
(all p < 0.001; Figure S2). When examining the outcome by combining
thiazide use with the occurrence of hyponatremia, the populations with
hyponatremia showed a poorer outcome than those without hypona-
tremia for all-cause mortality, various fractures, and pneumonia. In
terms of all-cause mortality and pneumonia, thiazide use was asso-
ciated with a more favorable outcome than thiazide nonuse but was

associated with a poor outcome in terms of various fractures (Figure 5).
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FIGURE 1 The percentage of hospitalizations for hyponatremia between thiazide users and nonusers. ICD-10 codes: E871, Hypo-osmolality
and hyponatremia; E222, Syndrome of inappropriate secretion of antidiuretic hormone; E878, Other disorder of electrolyte and fluid balance, not
elsewhere classified.
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FIGURE 2 The percentage of hospitalizations for hyponatremia in the different diuretic groups. (A) Hyponatremia-related hospitalizations by
specific thiazides and thiazide-like diuretics; (B) hyponatremia-related hospitalizations among the different diuretic groups or desmopressin.
ICD-10 codes: E871, Hypo-osmolality and hyponatremia; E222, Syndrome of inappropriate secretion of antidiuretic hormone; E878, Other
disorder of electrolyte and fluid balance.
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FIGURE 3 Frequency distribution of hospitalizations for hyponatremia among the different diuretic groups.

4 | DISCUSSION

In this study, thiazide use in antihypertensive treatment increased
the hyponatremia-related hospitalization rate and the risk further
increased when two or more drugs were used concomitantly or in
combination with another diuretics or desmopressin. Thiazide use
decreased all-cause mortality, but increased hospitalizations due to
hyponatremia and fractures. Nonetheless, regardless of thiazide use,
hyponatremia significantly increased the risks of mortality and hospi-
talizations due to fractures or pneumonia.

Hyponatremia increased socioeconomic costs related to cognitive
dysfunction and an increased risk of falls.2! If the serum electrolyte lev-
els were not tested following thiazide diuretic use, hyponatremia might
not be recognized due to the asymptomatic nature of the disorder.!?
The median time to hyponatremia in patients taking thiazides had
been reported in various studies and ranges from less than 2 weeks
to 19 days, and from several months to several years after thiazide
initiation.210.13-15 Clinically, hyponatremia in patients on thiazides
often occurred when solute intake decreased or when an event that
could cause volume depletion occurred in patients who had been stably
taking thiazide for a long period of time. Therefore, even patients who
had been stably maintained with thiazide use for several years could
not be considered free from a risk for hyponatremia.’¢

In general, if hyponatremia occurred in patients on thiazides,
resumption of thiazide use was not recommended.!” In the clinic, some
patients would immediately discontinue the drug when hyponatremia
occurred, and some patients in whom blood pressure could not be ade-
quately controlled without thiazides might decide to maintain thiazide
use while paying attention to the patients’ oral intake. The limitation
of studies that used big data was that it was not possible to under-
take a detailed evaluation of the characteristics and circumstances of

each individual patient. In this study, patients who were prescribed

thiazide for more than 7 days were grouped into the thiazide group
for analysis as there was no significant difference in the occurrence
of hyponatremia according to the prescription period when the thi-
azide prescription period was subdivided into 1, 3, 6, and 12 months.
Among those with thiazide use for less than 7 days, there might be
those who discontinued treatment due to drug-related acute hypona-
tremia. However, the incidence of hyponatremia in this group was not
higher than that of patients who used the drug for more than 7 days.
Thus, it was judged that it was difficult to ascertain whether the drug
was prescribed for a sufficient period. In addition, the reason for the
lack of an increased risk for hyponatremia that was proportional to the
duration of thiazide use might reflect a consequential aspect in that thi-
azides might have been used for a long time because hyponatremia did
not occur. Therefore, to minimize the limitations of these factors, this
study analyzed the hyponatremia risk itself as related to thiazide use
and whether the risk for hyponatremia increases when thiazides were
prescribed together with other drugs.

In this study, only data on the occurrence of hyponatremiaforupto 1
year after taking thiazide were collected/analyzed for the clarification
of the study outcome. Therefore, it was possible that the incidence of
hyponatremia was lower than the actual incidence of thiazide-related
hyponatremia that had been experienced in the clinic. Even patients
who had been taking thiazide with a stable condition for a long time
could develop severe hyponatremia when they were in a situation that
requires them to be nil per os or if they had poor oral intake while
continuing thiazide use.”1¢ Also, we incorporated the diagnostic code
E222 (SIADH) to identify instances of hyponatremia. In clinical prac-
tice, the diagnosis of SIADH should be made ideally after excluding
hyponatremia caused by thiazide use. However, many cases in clini-
cal settings might not reveal the precise cause of hyponatremia, and
since SIADH diagnosis was considered a “diagnosis of exclusion,” there

were instances where the provisional diagnosis included the possibility
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TABLE 2 Participant characteristics stratified according to the occurrence of hyponatremia.

Characteristics

Male
Age, decade 20s
30s
40s
50s
60s
70s
80s
>90s
Age, years?®
Diabetes mellitus
Dyslipidemia
Osteoporosis
Heart failure
Chronickidney disease
Depression
Prescribed antihypertensive medications Thiazide
CCB
ARB or ACEi
B-Blocker
a-Blocker

Coprescribed diuretics/desmopressin Spironolactone
Loop diuretics
Desmopressin
Thiazides >2 kinds

Thiazide + spironolactone

Thiazide + loop diuretics

Thiazide + desmopressin

Thiazide + spironolactone + desmopressin

Hyponatremia (-)

Hyponatremia (+)

WI LEYJ—7

(n= 1,909,894, %) (n=33,451, %) p Value
962,158 (50.38) 14,044 (41.98) <0.001
12,491 (0.65) 58(0.17) <0.001
61,050 (3.20) 230(0.69)

236,316 (12.37) 1036 (3.1)

506,083 (26.50) 3237 (9.68)

490,590 (25.69) 5617 (16.79)

421,091 (22.05) 12,914 (38.61)

161,964 (8.48) 9215 (27.55)

20,309 (1.06) 1144 (3.42)

62.4+13.0 73.1+114 <0.001
1,088,405 (56.99) 25,273 (75.55) <0.001
1,467,019 (76.81) 27,821(83.17) <0.001
652,856 (34.18) 19,139 (57.22) <0.001
205,298 (10.75) 7664 (22.91) <0.001
64,942 (3.40) 2209 (6.60) <0.001
505,420 (26.46) 14,765 (44.14) <0.001
694,530 (36.36) 15,546 (46.47)

1,039,534 (54.43) 17,707 (52.93) <0.001
1,252,236 (65.57) 20,931 (62.57) <0.001
315,742 (16.53) 6821 (20.39) <0.001
28,349 (1.48) 991 (2.96) <0.001
38,358 (2.01) 2005 (5.99) <0.001
88,980 (4.66) 4330(12.94) <0.001
5139(0.27) 311(0.93) <0.001
27,578 (1.44) 1751(5.23) <0.001
10,682 (0.56) 687 (2.05) <0.001
15,440 (0.81) 980 (2.93) <0.001
1429 (0.07) 81(0.24) <0.001
27(0.00) 3(0.01) <0.001

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blocker.

2Data are expressed as the mean + standard deviation.

of SIADH, even if only slight. Additionally, a study suggested that frac-
tional excretion of uric acid was the sole method to determine if SIADH
was present in patients using diuretics.® Given that this test was not
conducted for all hyponatremia patients and considering the practi-
cal difficulty in identifying a clear cause for all hyponatremia patients,
our primary aim in this study was to detect cases with a potential for
hyponatremia in patients on thiazides through diagnostic codes with-
out missing any relevant instances, hence this diagnosis was included
as well.

Inthe baseline characteristics, the prevalence of CKD in the thiazide
group was low, which might be a result that reflected the tendency
to limit thiazide prescription in advanced CKD with hyperuricemia

because hyperuricemic exacerbation was unavoidable with thiazide

use.'? The distribution trend of concurrently prescribed antihyperten-
sive drugs indicated a significantly higher prescription of ACEi or ARB
in the thiazide-use group and might be related to the high prescription
rate of ACEi or ARB in Korean patients with hypertension. Further-
more, this might be related to the fact that many combination pill forms
of thiazide and RAAS inhibitors were available and could be based on
the recommendation of a single-pill combination treatment to improve
drug compliance.2021

Although patients using thiazide + spironolactone + desmopressin
were at a higher risk of hyponatremia than other patients, the reason
for only one occurrence of hyponatremia in these patients was likely
attributable to the fact that after one episode of hyponatremia, med-

ications that could increase the hyponatremia risk were excluded as
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TABLE 3 Results of the multivariate analysis for the occurrence of hyponatremia.
Univariate Multivariate®®
Characteristics HR 95% CI p Value HR 95% Cl p Value
Male 0.727 0.712-0.743 <0.001 1.304 1.271-1.339 <0.001
Age (risk per 1-year increase) 1.080 1.079-1.081 <0.001 1.069 1.068-1.070 <0.001
Diabetes mellitus 2.302 2.246-2.360 <0.001 1.453 1.415-1.492 <0.001
Dyslipidemia 1.419 1.379-1.461 <0.001 0.926 0.899-0.955 <0.001
Osteoporosis 2.581 2.526-2.638 <0.001 1.245 1.212-1.279 <0.001
Heart failure 2.598 2.532-2.665 <0.001 1.198 1.165-1.232 <0.001
Chronic kidney disease 2.162 2.071-2.258 <0.001 1.300 1.243-1.359 <0.001
Depression 2.249 2.201-2.298 <0.001 1.530 1.496-1.565 <0.001
Antihypertensive medications Thiazide 1514 1.482-1.547 <0.001 1.436 1.403-1.468 <0.001
CCB 0.914 0.894-0.934 <0.001 0.956 0.935-0.977 <0.001
ARB or ACEi 0.847 0.828-0.866 <0.001 0.941 0.919-0.963 <0.001
B-Blocker 1.287 1.253-1.321 <0.001 1.024 0.996-1.052 0.090
a-Blocker 2.108 1.979-2.246 <0.001 1.157 1.084-1.234 <0.001
Other medications Spironolactone 3.797 3.629-3.973 <0.001 1.506 1.430-1.586 <0.001
Loop diuretics 3.892 3.770-4.018 <0.001 2.126 2.046-2.208 <0.001
Desmopressin 3.677 3.289-4.111 <0.001 2.144 1.915-2.400 <0.001

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blocker; HR, hazard ratio.

2Data were analyzed using Cox regression with the Enter method in multivariate analysis.

bAge (as a continuous variable), sex, diabetes mellitus, heart failure, chronic kidney disease, spironolactone, and desmopressin were used as covariates
together with thiazide use for multivariate analysis.
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FIGURE 4 Outcomes stratified by thiazide use. (A) All-cause mortality; (B) hospitalization for hyponatremia; (C) osteoporotic fractures; (D)
other traumatic fractures; (E) hospitalization more than 2 times for hyponatremia.
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FIGURE 5 Outcomes stratified by thiazide use and the occurrence of hyponatremia. (A) All-cause mortality; (B) hospitalization for
osteoporotic fractures; (C) hospitalization for other traumatic fractures; (D) hospitalization for pneumonia.

much as possible on suspicion of a drug-related complication. The rea-
son for the higher risk of hyponatremia with thiazide + spironolactone
or loop diuretic use than desmopressin use alone might be because
there were many patients with heart failure in the group with con-
current prescription of these drugs. Patients with heart failure often
had hypervolemic hyponatremia due to increased ADH secretion and
action.?2 Although loop diuretics were the only diuretics that could be
used to improve euvolemic or hypervolemic hyponatremia, these drugs
increased the risk of hyponatremia in this study.2®> When interpreting
the results of this study, it should be noted that the prescription rate of
loop diuretics was significantly higher in patients with heart failure.??
Thus, it was difficult to evaluate the effect of each individual factor on
the risk of hyponatremia in a situation wherein multiple comorbidities
and polypharmacy exists.

Furthermore, this study showed an increase in several adverse
outcomes with thiazide use, in concordance with several previous stud-
ies that reported an association of hyponatremia with poor clinical
outcomes.?**27 The in-depth analyzes such as multivariate analysis
were not performed about other outcomes other than the occurrence

of hyponatremia, so that a causal relationship could not be claimed.

However, the correlation shown through this study could be investi-
gated through further study in the future. Although the incidence of
hyponatremia increased in the thiazide group and was associated with
an adverse outcome and poor prognosis in patients with hyponatremia,
the all-cause mortality was lower in the thiazide group. When exam-
ining the outcome by combining thiazide use with hyponatremia, the
populations with hyponatremia showed higher all-cause mortality rate.
Based on the results of the 4-group analysis, it was clear that thiazide
use itself was not harmful and could improve survival by increasing
sodium excretion and ensuring adequate blood pressure control.28 By
properly monitoring the occurrence of hyponatremia in patients pre-
scribed thiazides, safer and more effective thiazide use can be ensured
by minimizing the occurrence of hyponatremia-induced complications.

There were several limitations of this study. First, as this study was
based on big data that, by its very nature, precluded access to infor-
mation on the drug dosage, a dose-dependent effect could not be
evaluated. Second, the evaluation of the severity or cause of hypona-
tremia in individual cases could not be undertaken. Patients who
were hospitalized for mild to moderate hyponatremia or for other

main illnesses and had concomitant hyponatremia might have been
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excluded because the hyponatremia diagnosis code was not entered.
Thus, the hyponatremia incidence might have been underestimated.
Finally, while data on thiazide prescription itself were collected, the
actual medication compliance could not be verified. Additionally, it
remained unclear whether the medication was discontinued because
of hyponatremia. Despite these limitations, this study was valuable as
the first study using big data analysis to examine the occurrence of
hyponatremia in patients on thiazides and the hyponatremia risk with
concurrent use with other drugs in many patients.

In conclusion, there is an increased risk of hyponatremia in patients
on thiazides and related complications in those who were prescribed
thiazides. However, the mortality rate decrease in those who received
thiazides, suggesting that thiazide itself is not harmful, but that it would
be more helpful in reducing complications and improving the progno-
sis if properly and cautiously used in groups that are at high risk for

hyponatremia.
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