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Abstract

Context
A seasonal variation in hyponatremia, with higher incidence rates during hot summer days has been

demonstrated. Whether this applies to cool temperate regions is currently unknown.

Objective
The aim of this study was to investigate the influence of ambient temperature on hyponatremia in

the Swedish population under current and future climate scenarios.

Design, setting and patients

Nationwide cohort study. All patients hospitalized with a first-ever principal diagnosis of
hyponatremia between October 2005 and December 2014 were identified. Incidence rates for
hyponatremia were calculated as number of hospitalizations divided by person-days at risk in the

adult Swedish population at a given temperature, in increments of 1°C.

Results

The incidence of hyponatremia was stable at 0.3 per million person-days from -10°C to 10°C, but
increased rapidly at 24h mean temperatures above 15°C, with 1.96 hospitalizations per million days
at the highest recorded temperature of 26°C. Women and elderly carried the greatest risk, with an

incidence of 30 hospitalizations per million days in individuals >80 years old on the hottest days,

corresponding to a 15-fold increase in incidence compared to cool days. A future 1°C or 2°C increase

in mean temperature is expected to increase the incidence of hyponatremia by 6.3% and 13.9%,

respectively.
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Conclusion

The risk of hospitalization due to hyponatremia increases rapidly at temperatures above 15°C,
indicating a threshold effect. Over the next decades, rising global temperatures are expected to
increase the inpatient burden of hyponatremia by approximately 10%. Strategies for protecting

vulnerable groups are necessary to reduce this risk.
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Introduction

Hyponatremia is the most common electrolyte disorder, affecting up to 30% of hospitalized patients,
depending on the severity of underlying diseases(1). The clinical spectrum ranges from mild, non-
specific symptoms such as lethargy, gait instability and confusion, to headache, nausea and seizures
due to cerebral oedema. Endogenous causes of hyponatremia include a wide variety of diseases
such as heart, renal and liver failure, while thiazides(2), antidepressants(3,4) and other
pharmaceutical drugs(5-9) have been regarded the most important exogenic factors. However,
although less studied, exogenic factors other than drugs are also important. Heat waves have been
shown to increase mortality in the overall population, especially among the elderly(10), and seasonal
variations in hyponatremia, with increased incidence in the summer months has also been
documented(11-13). With few exceptions(14), data on the correlation between outside temperature
and severe hyponatremia stems from small studies(15,16). Data on the incidence of hyponatremia
associated with different temperatures, which is necessary to predict the health burden of
hyponatremia in future climate scenarios, is also lacking. In addition, the identification of any
threshold temperature above which the risk of hyponatremia is significantly increased, would be

useful in a clinical setting.

Sweden is located in the continental climate zone according to the Kdppen-Geiger classification, with
the more densely populated areas in the south experiencing warm humid continental climate (Dfb),
and with subarctic continental climate (Dfc) in the north(12). Hence, the building standard is mainly
adapted for cold, but not hot weather. The prevalence of hyponatremia in Swedish healthcare has
not been studied in detail, but estimates are at the lower end of what is reported

elsewhere(1,17,18).
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The aim of this study was to quantify the effect of increasing outdoor temperatures on the incidence
of hospitalization due to hyponatremia, and to approximate the impact of future changes in climate

on the incidence of severe hyponatremia.

Materials and Methods

The study was approved by the Regional Ethical Review Board in Stockholm. Informed consent was

waived.

This was a retrospective, register-based study encompassing the entire Swedish population over 18
years-of-age. All cases of hospitalization with a first-ever main diagnosis of hyponatremia (ICD-10
E87.1) or SIADH (syndrome of inappropriate secretion of antidiuretic hormone, ICD-10 E22.2)
between 1 October 2005 and 31 December 2014 were identified using the National Inpatient
Register (NPR). The main diagnosis reflects the clinical condition that first and foremost motivated
inpatient care, whereas secondary diagnoses represent significant comorbidities that may or may
not have contributed to the need for inpatient care. The day of admission was considered a patient’s
index day, and for each such index day, the corresponding 24-hour mean (air) temperature of the
municipality where the patient lived was retrieved from the Swedish Meteorological and
Hydrological Institute (SMHI), a governmental expert agency with access to a comprehensive data on
day-to-day observations retrieved from weather stations throughout Sweden(19). From this
information, we calculated the number of admissions for each temperature level, at a resolution of 1
degree Celsius. Next, we calculated the total number of person-days exposure to each temperature
level in the entire population over the study period. This was achieved by using day-by-day
temperature data for each of the 290 municipalities in Sweden from the SMHI-database and census

data for these municipalities. Census data was retrieved from Statistics Sweden’s open data(20).
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Since census data was only available at a resolution of one year, the population of each municipality

was assumed to be constant between 1 January and 31 December each year.

The number of person-days at risk for each temperature was calculated as follows: If the
temperature on a given date was, e.g., 21°C in a particular municipality, each citizen living in that
municipality at the time contributed with one person-day at risk for the temperature 21°C. Finally,
the absolute risk (along with 95% confidence intervals) of being admitted to hospital for
hyponatremia was calculated separately for each temperature level by dividing the number of cases
associated with that particular temperature by the number of person-days at risk associated with
the same temperature. Incidence rates were not calculated for temperatures with less than 10
million exposed person-days due to insufficient statistical power. The analysis was repeated in pre-
specified subgroups based on gender and age (18-64, 65-79, and 80-years). In a secondary analysis,
24-hour mean temperature was replaced with 24-hour mean wet bulb temperature (WBT)
calculated from 24-hour mean temperature and 24-hour mean relative humidity (both extracted
from the SMHI-database). To visualize.the seasonal variation in hospitalizations we also calculated

the incidence of hospitalizations due to hyponatremia per calendar month.

The future burden of hyponatremia due to climate change was approximated by shifting the
temperature curve 1 and 2°C upwards, and assuming that the incidence of hyponatremia for the
highest predicted temperature strata in the model was equal to the incidence of hyponatremia in
the highest stratum under current climate conditions. The 1 and 2°C increase in temperature was
chosen based on the Sixth Assessment Report of the Intergovernmental Panel on Climate Change
published in 2021(21), that predicts a rise in mean global temperatures of 0.6-1.4°C by 2050,
depending on future carbon emissions, and a larger impact on continental and arctic regions than on

tropical/subtropical regions.
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All analyses were performed using R version 3.6.1 (ref: R Core Team (2019). R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. (URL

https://www.R-project.org/.).

Results

During the study period, 11,213 individuals over 18 years of age were hospitalized with a principal
diagnosis of hyponatremia. The majority were of female gender (72%) and the median age (range)
was 76 (18-103) years. The most common accompanying medical conditions were previous/current

malignant disease, ischemic heart disease and diabetes (Table 1).

The incidence of hyponatremia was lowest in January and increased gradually towards the summer

period peaking in July (Figure 1).

To investigate the effect of temperature we calculated the association between exposures for
increasing 24-hour mean temperatures and incidence of hospitalizations due to hyponatremia. For
the overall population, the number of hospitalizations was quite stable at approximately 0.3 per
million person-days for temperatures up to 10°C. The incidence increased marginally up to 15 °C and
then rapidly to the highest recorded temperature of 26°C with 1.96 hospitalizations per million days

at risk (Figure 2).

The effect was then investigated in various subgroups. Although the risk differed widely between
subgroups, a relatively stable baseline incidence at temperatures below 10°C, and a rapid increase in
incidence at higher temperatures, was evident in all subgroups. The baseline risk among men and
women was approximately 0.2 and 0.4 hospitalizations per million days, respectively. For men, the
incidence peaked at 0.59 hospitalizations per million days at 26°C, with the corresponding risk for
women being 3.3 hospitalizations per million days (Figure 3). Among individuals 18 to 64-years of
age (regardless of sex) the baseline risk was low at around 0.15 hospitalizations per million days at

temperatures below 10°C, with a modest increase to approximately 0.3 hospitalizations per million
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days during heatwaves. In the elderly age groups, both baseline risks and the effect of rising
temperatures was more prominent. Thus, among 65 to 79-year-olds, the risk at low and high
temperatures was around 0.8 and 3.6 hospitalizations per million days, respectively. Among
individuals 80 years or older, the corresponding incidences were 2.0 and 30 hospitalizations per

million days (Figure 4).

According to the climate change model, a 1°C increase in temperature resulted in an 6.3% overall
increase in the incidence of hospitalization due to hyponatremia. Under the 2°C scenario, the
incidence of hyponatremia increased by 13.9%. Incidence rate estimates based on wet bulb
temperatures were only marginally different from estimates based on temperature alone

(Supplemental Figures 1-3)(22).

Discussion

Using Swedish population-based data collected over a 9-year period, we were able to demonstrate
an almost tenfold increased risk for hospitalization due to hyponatremia during the days with the
highest temperatures. Women and elderly seemingly carried the greatest risk, with individuals 80
years or older 15 times more likely to be hospitalized for hyponatremia during heat waves. Over the
next decades, the need for inpatient care of hyponatremia is expected to increase by 6-14% due to

rising temperatures alone.

Our findings are consistent with previous studies, demonstrating an increased risk of hyponatremia
during the summer months(11-13) and during periods with high ambient temperatures(14-16,23).
However, the 10-15-fold increase in risk is larger than previously reported. This is partly explained by
the population-based approach and the large study sample, enabling us to investigate relatively

small temperature intervals in a spectrum including unusually high temperatures. In addition, the
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marked differences in risk as compared to older studies can also be explained by differences in
outcome measures. The association between hyponatremia and high outdoor temperatures is most
prominent for profound hyponatremia (<125mmol/L)(12,14). and a main ICD-diagnosis of
hyponatremia typically reflect low sodium levels. In a validation study on a subset of patients
included in our cohort, the mean serum sodium was 121 mmol/L(3), consistent with severe
hyponatremia. Using a similar outcome measure, Kutz et al. examined seasonal variations in the
prevalence of primary or secondary discharge diagnoses of hyponatremia among medical inpatients
in Switzerland(11). Hyponatremia was significantly more common in the summer months, with an
apex in July (4.5%) and a nadir in January (3.2%). The increase in prevalence during the summer
months was paralleled by a gradual increase in mean outdoor temperature, but day-to-day
temperatures were not taken into account. In another large, population-based Swiss study, Sailer et
al. demonstrated increased odds ratios for profound hyponatremia with increasing temperatures,
but their methodologic approach did not permit analysis of the risk associated with specific

temperatures(14).

Interestingly, the incidence of hyponatremia in the present study was fairly stable across strata from
-10°C to 10°C, albeit with varying baseline risks in subgroups. This contrasts with findings from the
study by Sailer et al., that suggested an increase in risk of profound hyponatremia not only at high
temperatures, but also during cold spells(14). Although a sharp increase in risk at mean daily
temperatures above 15°C was observed across all subgroups, the relative impact appeared to be

more pronounced among individuals carrying the highest baseline risk.

The risk of severe hyponatremia was approximately twice as high for women as for men (0.4 vs 0.2
hospitalizations per million days) on cool days, but at the highest temperatures, women experienced
a 5 times higher risk than men (3.3 vs. 0.59 hospitalizations per million days at 26°C). The influence

of age was even more pronounced. Compared to the youngest cohort (18-64 years), individuals 80

10
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years or older were at a 10 times higher risk of hospitalization for hyponatremia at -10 to 10°C, and
at a 15-fold higher risk at extreme temperatures (30 vs 2 hospitalizations per million days at 26°C)
(Figure 4). These results are in line with previous studies, demonstrating higher risk among women
and elderly(11,12,14). The influence of humidity appeared to be small, with marginal differences in
risk estimates based on wet bulb temperature (Supplemental Figures 1-3)(22), which takes humidity
into account, compared to estimates based on temperature alone. This observation is consistent
with findings from other temperate climate settings(14), but in tropical/subtropical regions,

humidity may be of greater importance for the risk of developing hyponatremia (24).

Following the 2003 heat wave in Europe, surveillance systems and public health plans designed to
improve adaptation to extreme heat were implemented in several European countries. Over the

next decade, excess mortality due to heat decreased in metropolitan areas of continental Europe,
but not in the Nordic countries(25). Poor public awareness about the negative impact of extreme
temperatures, and lack of strategies for protecting vulnerable subgroups have been cited as likely

explanations for these differences(25,26).

The causal pathways by which high ambient temperatures lead to hyponatremia are not completely
understood, and they cannot be explored in this study. Fluid and electrolyte losses through sweating
and use of diuretics, in combination with intake of hypotonic fluids, has been proposed as an
important mechanism (14). Still, most cases of diuretic-induced hyponatremia are caused by
thiazides (9), and paradoxically, the pathophysiologic mechanism in thiazide induced hyponatremia
involves fluid retention more than loss of electrolytes (27). The ability to increase sweating in

response to rising ambient temperatures declines with age(28), much the same as the ability to

11
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excrete free water(29). Therefore, excessive fluid intake, with or without preexisting SIADH, may

also be important causes of heat related hyponatremia.

Temperature thresholds, at which heat-related deaths accelerate, are known to vary by geographical
location(30), which could be an effect of behavioral adaptations to local climates. The same is most
likely true for hyponatremia, and the 15°C threshold observed in this study may therefore be
representative for cool temperate regions only. The prevalence of profound hyponatremia (<125
mmol/L) in Emergency Departments or on admission to hospital varies greatly across regions.
However, estimates originating from hot humid regions, exemplified by Australia, Singapore and
Taiwan(31-33) are higher than estimates originating from temperate regions(14,18,34). This could
reflect fundamental differences in healthcare systems, but it is consistent with higher ambient
temperatures leading to hyponatremia. While rarely fatal in itself, hyponatremia is associated with
increased length of hospital stay and higher readmission rates(35), and without adaptive measures
the increased burden of hyponatremia and other heat-related morbidities will strain the healthcare

system(36).

Strengths and limitations

A major strength of the present study is the population-based design and the inclusion of all
individuals with hospitalizations due to hyponatremia in the adult Swedish population. This is also
the first study to demonstrate a threshold effect for heat related hyponatremia, rather than a
supposedly linear increase in risk, much the same as for heat-related mortality. The lack of clinical
and laboratory data, most notably serum sodium values, is a limitation to this study. In a Danish
population-based study, the sensitivity of a hyponatremia diagnosis (main or secondary) ranged

from 1.8% for mild forms to 34% for serum sodium levels <115mmol/L(37). Thus, the burden of
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hyponatremia is considerably larger than suggested by the incidence rates presented in this study.
Still, using only the main diagnosis, which reflects the clinical condition primarily motivating
inpatient care, enabled us to isolate cases of clinically relevant hyponatremia. Consequently, the
observed changes in risk with rising temperatures should reflect an increase in inpatient burden
primarily caused by hyponatremia, rather than associated conditions. A further limitation to this
study is that the climate prediction model is crude, and likely underestimates the effects of climate
change, as extreme weather events are expected to increase more than mean temperatures. Also, it
does not take changes in demographics into account. With the oldest-old (> 80 years) population in
Sweden expected to double within 30 years(20), this will compound the effects of climate change on

hyponatremia.

In conclusion, the present study shows that the risk of hospitalization due to hyponatremia increases
drastically above threshold temperatures, and that women and elderly are particularly vulnerable.
This finding suggests that over the next decades, rising global temperatures alone will increase the
inpatient burden of hyponatremia by approximately 10%. It should be noted that the current study
does not address the incidence of hyponatremia in outpatient settings, as only cases requiring

hospital admission were included in the analysis.

13

220z 1udy €0 U0 188n6 Aq €/ 4¥£59/€019EBp/WBUID/0LZ L 0 L/10P/SI0IIE-90UBADE/WSOl/WO0"dNO" OIS PEDE//:SAY WOl PAPEOjUMO(



Acknowledgements:

Authors contributions: JS, JL and BM conceived and designed the study. JL conducted statistical
analyses. All authors interpreted the results. BM and JS wrote the manuscript, and all authors

revised the manuscript.

Financial support: This study was funded by Cebix incorporated. The funding source had no role in
the design of our analyses, its interpretation, or the decision to submit the manuscript for

publication.

Data Availability Statement
The data that support the findings of this study are available from the corresponding author upon

reasonable requests.

14

220z 1udy €0 U0 188nB Aq €/4¥£59/€019eBp/WaUID/0LZ L 0 L/10P/aI0lE-80UBADE/WS(/L0Y"dNO"0IWLSPEOE//:SARY WO} PAPEOIUMOQ



References

10.

11.

12.

13.

14.

15.

16.

17.

Upadhyay A, Jaber BL, Madias NE. Epidemiology of hyponatremia. Semin Nephrol.
2009;29(3):227-238.

Mannheimer B, Bergh CF, Falhammar H, Calissendorff J, Skov J, Lindh JD. Association
between newly initiated thiazide diuretics and hospitalization due to hyponatremia. Eur J
Clin Pharmacol. 2021.

Farmand S, Lindh JD, Calissendorff J, Skov J, Falhammar H, Nathanson D, Mannheimer B.
Differences in Associations of Antidepressants and Hospitalization Due to Hyponatremia. Am
JMed. 2018;131(1):56-63.

Mannheimer B, Falhammar H, Calissendorff J, Skov J, Lindh JD. Time-dependent association
between selective serotonin reuptake inhibitors and hospitalization due to hyponatremia. J
Psychopharmacol. 2021;35(8):928-933.

Falhammar H, Lindh JD, Calissendorff J, Farmand S, Skov J, Nathanson D, Mannheimer B.
Differences in associations of antiepileptic drugs and hospitalization due to hyponatremia: A
population-based case-control study. Seizure. 2018;59:28-33.

Falhammar H, Lindh JD, Calissendorff J, Skov J, Nathanson D, Mannheimer B. Antipsychotics
and severe hyponatremia: A Swedish population-based case-control study. Eur J Intern Med.
2019;60:71-77.

Falhammar H, Skov J, Calissendorff J, Nathanson D, Lindh JD, Mannheimer B. Associations
between antihypertensive medications and severe hyponatremia: A Swedish population-
based case-control study. The Journal of clinical endocrinology and metabolism. 2020.
Liamis G, Milionis H, Elisaf M. A review of drug-induced hyponatremia. Am J Kidney Dis.
2008;52(1):144-153.

Mannheimer B, Falhammar H, Calissendorff J, Lindh JD, Skov J. Non-thiazide diuretics and
hospitalization due to hyponatraemia: A population-based case-control study. Clinical
endocrinology. 2021.

Robine J, Cheung S, Le Roy S, Van Oyen H, Herrmann F. Report on excess mortality in Europe
in Summer 2003. EU Community Action Programme for Public Health, Grant Agreement
2005114.

Kutz A, Ebrahimi F, Sailer CO, Wagner U, Schuetz P, Mueller B, Christ-Crain M. Seasonality of
Hypoosmolar Hyponatremia in Medical Inpatients - Data from a Nationwide Cohort Study. J
Clin Endocrinol Metab. 2020;105(4).

Giordano M, Ciarambino T, Castellino P, Malatino L, Cataliotti A, Rinaldi L, Paolisso G,
Adinolfi LE. Seasonal variations of hyponatremia in the emergency department: Age-related
changes. Am J Emerg Med. 2017;35(5):749-752.

Huwyler T, Stirnemann J, Vuilleumier N, Marti C, Dugas S, Poletti PA, Sarasin FP, Rutschmann
OT. Profound hyponatraemia in the emergency department: seasonality and risk factors.
Swiss Med Wkly. 2016;146:w14385.

Sailer CO, Winzeler B, Nigro N, Bernasconi L, Mueller B, Christ-Crain M. Influence of Outdoor
Temperature and Relative Humidity on Incidence and Etiology of Hyponatremia. J Clin
Endocrinol Metab. 2019;104(4):1304-1312.

Jonsson AK, Lovborg H, Lohr W, Ekman B, Rocklov J. Increased Risk of Drug-Induced
Hyponatremia during High Temperatures. Int J Environ Res Public Health. 2017;14(7).
Pfortmueller CA, Funk GC, Leichtle AB, Fiedler GM, Schwarz C, Exadaktylos AK, Lindner G.
Electrolyte disorders and in-hospital mortality during prolonged heat periods: a cross-
sectional analysis. PLoS One. 2014;9(3):e92150.

Passare G, Viitanen M, Torring O, Winblad B, Fastbom J. Sodium and potassium disturbances
in the elderly : prevalence and association with drug use. Clin Drug Investig. 2004;24(9):535-
544,

15

220z 1udy €0 U0 188n6 Aq €/ 4¥£59/€019EBp/WBUID/0LZ L 0 L/10P/SI0IIE-90UBADE/WSOl/WO0"dNO" OIS PEDE//:SAY WOl PAPEOjUMO(



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Olsson K, Ohlin B, Melander O. Epidemiology and characteristics of hyponatremia in the
emergency department. Eur J Intern Med. 2013;24(2):110-116.

The Swedish Meteorological and Hydrological Institute (SMHI)
(https://www.smhi.se/en/q/Stockholm/2673730).

Statistic Sweden. Available at: https://www.scb.se/en/.

Masson-Delmotte VZ, P.; Pirani, A.; Connors, S.L.; Péan, C.; Berger, S.; Caud, N.; Chen, Y.;
Goldfarb, L.; Gomis, M.Il.; Huang, M.; Leitzell, K.; Lonnoy, E.; Matthews, J.B.R.; Maycock, T.K.;
Waterfield, T.; Yelekgi, O.; Yu, R.; Zhou, B. . IPCC, 2021: Climate Change 2021: The Physical
Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change Cambridge University Press. 2021;In Press.
Mannheimer B, Sterea-Grossu A, Falhammar H, Calissendorff J, Skov J, Lindh J. Heat related
hyponatremia: Supplemental materials. Figshare repository. Deposited 8 February 2022.
http://doi.org/10.6084/m9.figshare.19139630.v1. 2022.

Josseran L, Fouillet A, Caillere N, Brun-Ney D, llef D, Brucker G, Medeiros H, Astagneau P.
Assessment of a syndromic surveillance system based on morbidity data: results from the
Oscour network during a heat wave. PLoS One. 2010;5(8):e11984.

Chakrapani M, Shenoy D, Pillai A. Seasonal variation in the incidence of hyponatremia. J
Assoc Physicians India. 2002;50:559-562.

de' Donato FK, Leone M, Scortichini M, De Sario M, Katsouyanni K, Lanki T, Basagana X,
Ballester F, Astrom C, Paldy A, Pascal M, Gasparrini A, Menne B, Michelozzi P. Changes in the
Effect of Heat on Mortality in the Last 20 Years in Nine European Cities. Results from the
PHASE Project. Int J Environ Res Public Health. 2015;12(12):15567-15583.

Oudin Astrém D, Forsberg B, Ebi KL, Rocklov J. Attributing mortality from extreme
temperatures to climate change in Stockholm, Sweden. Nature Climate Change.
2013;3(12):1050-1054.

Ware JS, Wain LV, Channavajjhala SK, Jackson VE, Edwards E, Lu R, Siew K, Jia W, Shrine N,
Kinnear S, Jalland M, Henry AP, Clayton J, O'Shaughnessy KM, Tobin MD, Schuster VL, Cook
S, Hall IP, Glover M. Phenotypic and pharmacogenetic evaluation of patients with thiazide-
induced hyponatremia. J Clin Invest. 2017;127(9):3367-3374.

Kenney WL, Munce TA. Invited review: aging and human temperature regulation. J Appl
Physiol (1985). 2003;95(6):2598-2603.

Cowen LE, Hodak SP, Verbalis JG. Age-associated abnormalities of water homeostasis.
Endocrinol Metab Clin North Am. 2013;42(2):349-370.

Guo 'Y, Gasparrini A, Armstrong B, Li S, Tawatsupa B, Tobias A, Lavigne E, de Sousa Zanotti
Stagliorio Coelho M, Leone M, Pan X, Tong S, Tian L, Kim H, Hashizume M, Honda Y, Guo YL,
Wu CF, Punnasiri K, Yi SM, Michelozzi P, Saldiva PH, Williams G. Global variation in the
effects of ambient temperature on mortality: a systematic evaluation. Epidemiology.
2014;25(6):781-789.

Malabu UH, Porter D, Vangaveti VN, Kazi M, Kennedy RL. Prevalence of hyponatremia in
acute medical admissions in tropical Asia Pacific Australia. Asian Pacific Journal of Tropical
Medicine. 2014;7(1):40-43.

Hawkins RC. Age and gender as risk factors for hyponatremia and hypernatremia. Clin Chim
Acta. 2003;337(1-2):169-172.

Lee CT, Guo HR, Chen JB. Hyponatremia in the emergency department. Am J Emerg Med.
2000;18(3):264-268.

Waikar SS, Mount DB, Curhan GC. Mortality after hospitalization with mild, moderate, and
severe hyponatremia. Am J Med. 2009;122(9):857-865.

Corona G, Giuliani C, Parenti G, Colombo GL, Sforza A, Maggi M, Forti G, Peri A. The
Economic Burden of Hyponatremia: Systematic Review and Meta-Analysis. Am J Med.
2016;129(8):823-835 e824.

16

220z 1udy €0 U0 188n6 Aq €/ 4¥£59/€019EBp/WBUID/0LZ L 0 L/10P/SI0IIE-90UBADE/WSOl/WO0"dNO" OIS PEDE//:SAY WOl PAPEOjUMO(



36.

37.

Li M, Gu S, Bi P, Yang J, Liu Q. Heat waves and morbidity: current knowledge and further
direction-a comprehensive literature review. Int J Environ Res Public Health.
2015;12(5):5256-5283.

Holland-Bill L, Christiansen CF, Ulrichsen SP, Ring T, Jorgensen JO, Sorensen HT. Validity of
the International Classification of Diseases, 10th revision discharge diagnosis codes for
hyponatraemia in the Danish National Registry of Patients. BMJ open. 2014;4(4):e004956.

17

220z 1udy €0 U0 188nB Aq €/4¥£59/€019eBp/WaUID/0LZ L 0 L/10P/aI0lE-80UBADE/WS(/L0Y"dNO"0IWLSPEOE//:SARY WO} PAPEOIUMOQ



Figure Legends

Figure 1: Shaded area indicates 95% confidence interval.

Figure 2: Shaded area indicates 95% confidence interval.

Figure 3: Shaded areas indicate 95% confidence intervals.

Figure 4: Shaded areas indicate 95% confidence intervals.
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Table 1 Baseline characteristics

Hospitalizations due to hyponatremia
(n=11,213)

Age, years (median, interquartile range)

76 (65; 84)

Female gender

8,074 (72.0%)

Diagnosis

Malignancy

3,096 (27.6%)

Ischemic heart disease

2,186 (19.5%)

Diabetes mellitus

1,939 (17.3%)

Alcoholism

1,764 (15.7%)

Congestive heart failure

1,453 (13.0%)

Cerebrovascular disease

1,448 (12.9%)

COPD

1125 (10.0%)

Renal disease

489  (4.4%)

Liver disease

421 (3.8%)

Antidepressants

2,817 (25.1%)

Antiepileptic drugs

1,061 (9.4%)

Thiazide diuretics

1,983 (17.7%)
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Figure 1 Incidence of hospitalizations due to hyponatremia per calender month
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Figure 2 Incidence of hospitalizations due to hyponatremia according to temperature (°C).
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Figure 3 Incidence of hospitalizations due to hyponatremia according to temperature (°C) in men
and women. The y axis is logarithmized to facilitate comparison of relative risks associated with

increasing temperatures.
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Figure 4 Incidence of hospitalizations due to hyponatremia according to temperature (°C) in

different age groups. The y axis is logarithmized to facilitate comparison of relative risks associated

with increasing temperatures.
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