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Abstract

Background: Extreme heat is a public health priority in Australia with the health

effects of cold poorly studied. A record-breaking cold winter prompted an institutional

investigation into the epidemiology and outcomes of hypothermic presentations.

Aims: To describe the clinical and epidemiological characteristics of hypothermic emer-

gency presentations including patient outcomes as well as gaps in practice.

Methods: This was a retrospective cohort observational study of hypothermic emer-

gency presentations between 7 July 2009 and 1 September 2016 with a temperature of

≤35�C. Independent predictors for inpatient mortality and characteristics of exposure

versus non-exposure presentations were evaluated.

Results: There were 217 patients with 226 presentations comprising male gender in

54%, median age 76.5 years (interquartile range (IQR) 53–88) and median initial tem-

perature 33.3�C (IQR 31.2–34.3�C). Non-exposure presentations being found indoors,

accounted for 78% overall, with elderly persons ≥65 years (P = 0.002) and mul-

timorbidity (Charlson comorbidity index ≥4, P = 0.013) overrepresented in this sub-

group. Among the non-exposure cohort, 55% were pensioners and 42% lived alone.

Inpatient mortality was 11% overall and significantly higher in non-exposure versus

exposure cohorts (16 vs 2%, P = 0.01). Independent predictors of inpatient mortality

included heart failure (P = 0.04), metastatic malignancy (P < 0.01), chronic kidney dis-

ease (P < 0.05) and sepsis (P < 0.01). In contrast, exposure-related presentations were

characterised by younger patients with intoxication due to alcohol and/or illicit drugs

and psychiatric comorbidity.

Conclusions: Hypothermia is a marker of clinical and socioeconomic vulnerability.

The dominant presentation of the elderly patient with multimorbidity, and few social

supports being found indoors, raises broader questions around the social determinants

of health.

Introduction

The clinical and epidemiological burden of hypothermia
has been best described in cold-climate countries,1–3

with a paucity of studies from temperate weather coun-
tries such as Australia. Public health campaigns in
Australia have focused on the effects of extreme heat;
however, recent multicountry research would suggest
that the morbidity and mortality associated with hypo-
thermia is significant and underappreciated.4 A recent
review of hypothermic fatalities comparing South

Australia and Sweden observed a higher incidence of
mortality in Australia (3.9 vs 3.3/100 000 patient deaths

respectively) with 84% of deaths in South Australia

occurring indoors compared with only 5% in Sweden.5

Social isolation was common affecting 81% of cases

with elderly women accounting for 58% overall.5

Although winter was the highest risk period accounting

for 44% of deaths, mortality occurred throughout the

year with spring and autumn collectively responsible

for 52% of deaths.5 The factors underlying the higher

frequency of deaths indoors compared with Sweden

(where outdoor death rate was mostly in middle aged

men with intoxication) were not evident from this

study.5
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To our knowledge, there are no epidemiological stud-
ies of hypothermia in Victoria, the second coldest state in
Australia after Tasmania. Furthermore, the winter of
2015 was the coldest experienced in Victoria over the
past 26 years.6 This study aimed to describe the clinical
and epidemiological characteristics of our hypothermic
presentations including patient outcomes as well as gaps
in practice.

Methods

Study design and setting

This was a retrospective observational cohort study of
emergency department (ED) presentations to Alfred
Health between 7 July 2009 and 1 September 2016 (7
years, 2 months). Alfred Health comprises three metro-
politan hospitals including The Alfred, Sandringham and
Caulfield Hospitals, with a catchment area of over
700 000 people.7 The Alfred is an adult quaternary refer-
ral, university-affiliated, 600-bed centre with medical
and surgical specialist services including trauma, heart/-
lung transplantation, allogeneic haemopoietic stem cell
transplantation, cystic fibrosis, burns, hyperbaric medi-
cine and human immunodeficiency virus state-wide ser-
vices. Sandringham Hospital is a community hospital
with paediatric, maternity and adult medical and surgical
services. Caulfield Hospital specialises in community ser-
vices, rehabilitation, aged care and aged mental health.
Emergency presentations to Alfred Health inclusive of
Alfred and Sandringham hospitals are approximately
106 000 per year. We interrogated our data warehouse
called ‘REASON’ (a standards-based informatics platform
that allows acquisition and usage of hospital data),8

which commenced in 2009 explaining the start date of
this study.

Study population, data collection and
definitions

Episodes (i.e. presentations) were included if hypother-
mia, defined as a temperature of less than or equal to
35�C, was documented in the ED or ambulance
records. The data warehouse was queried using search
criteria containing ‘hypothe-’ in ED triage notes using a
search engine customised for institutional queries.
Patients who were hypothermic with ambulance
services but were normothermic at time of ED arrival
were included in the study; their duration of hypother-
mia was recorded as from first ambulance-recorded
temperature to time of arrival in the ED. All episodes
identified from the data warehouse underwent manual
chart review for extraction of clinical variables,

investigations, concurrent medications, inpatient out-
comes including intensive care unit (ICU) admission,
inpatient mortality, hospital length of stay and dis-
charge diagnoses that were recorded in a REDCap data-
base. Discharge coding data were not used to identify
cases due to difficulties in determining if hypothermia
occurred as a complication of inpatient care. Institu-
tional ethics from Alfred Hospital Ethics Committee
approval with a waiver for patient consent was granted
(Project number 108/16).
Sepsis was defined as a systemic inflammatory

response with clinical suspicion of underlying
infection,9 and confirmed sepsis when a microbial (bac-
terial or fungi) pathogen was isolated. Exposure-related
hypothermia was defined as patients being found out-
doors on days where the maximum ambient tempera-
ture was less than 20�C, and in whom sepsis was
excluded, in keeping with previous studies.10 Social iso-
lation was defined as documentation of living alone
and/or no family or close friends. Multimorbidity was
defined as the coexistence of two or more medical con-
ditions or chronic diseases.11

Environmental temperatures recorded by the closest
weather station to the hospital (Melbourne Regional
Office and Olympic Park) were obtained from the
Australian Bureau of Meteorology.6

Statistical methods

Descriptive analyses were used including the unpaired
student t test for comparative analysis of normally dis-
tributed values. Univariate analyses were used to calcu-
late odds ratios and 95% confidence intervals, and
logistic regression was used to investigate the factors
associated with inpatient mortality. Factors found by
univariate analysis to be associated with inpatient death
were included in a step-wise multivariate model. Statisti-
cal significance was set at two-sided P < 0.05. Data were
analysed using Stata version 11 (Stata statistical Soft-
ware: Release 11.0; Stata Corporation, College Station,
TX, USA).

Results

Patient characteristics

There were 226 hypothermic presentations among
217 patients, of which 54% were male. Clinical charac-
teristics are shown in Table 1. Initial recorded body tem-
perature in the ED ranged from 23.9 to 36.4�C (median
33.3�C). Hypothermia duration was a median of 60 min
(IQR 60 to 240 min, range 15 min to 120 h). Patients
had a median age of 77 years, 62% were elderly being
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≥65 years and 31% were very elderly (≥85 years). Inpa-
tient mortality shown against age and gender distribu-
tion is illustrated in Figure 1. Overall, 42% of patients
lived alone, 7.2% had insecure housing, 9.7% were
unemployed, and 55% were on a senior or disability
pension. Sepsis was present in 27% of episodes with
microbiological confirmation achieved in only 58%.
Blood cultures were performed in 34% of presentations,
48% had urine cultures and 40% had a serum lactate,
with the aforementioned investigations performed in
53, 69 and 42%, respectively, in episodes with con-
firmed or suspected sepsis. Trauma presentations,
defined as a patient who presented after a fall, as part of
an ED trauma call-out, or who suffered a fracture,
accounted for 28% of cases. Of the 22% (n = 49) of
patients discharged directly from ED, 67% were male
with a median age of 53 years (IQR 40–78 years), and
47% were intoxicated with alcohol. The most common
admitting units were General Medicine (52%) and
Trauma (6.3%) with 13% requiring ICU. The median
length of stay was 3.4 days (IQR 1–8.4 days).

Multimorbidity was common with a Charlson comor-
bidity index of 4 or more present in 28% of patients.
Common comorbidities included the following: diabetes
(36%), congestive cardiac failure (16%), chronic respira-
tory disease (15%), dementia (13%), metastatic malig-
nancy (12%) and a psychiatric disorder (10%). Of those
with a psychiatric condition, 59% had a mood disorder
(i.e. depression, bipolar affective disorder, adjustment
disorder) and 32% had a psychotic disorder
(i.e. schizophrenia, drug-induced psychosis, delusional

Table 1 Clinical characteristics of patients with hypothermia

Characteristic Number (n) Percentage (%)

Number of episodes 226
LOS for admitted patients
(median) � IQR (days)

5.2 (2.1–9.9)

Number of patients 217
Male gender 121 54
Elderly (≥65 years) 139 61.5
Very elderly (≥85 years) 69 30.5
Employment status
Employed 21 9.3
Unemployed 22 10
Pension (age or disability) 125 55
Unknown 58 26

Living situation
Home alone 95 42
Home with others 78 35
Residential

accommodation†
21 9.3

Insecure housing‡ 16 7.2
Unknown 16 7.1

Comorbidities
Diabetes 57 27
Psychiatric condition 53 25
Alcohol abuse 43 20
Chronic kidney disease§ 36 17
Heart failure 34 16
Chronic lung disease 32 15
Dementia 29 14
Metastatic malignancy 26 12
Illicit drug use 18 8.6

Medications on admission
Typical antipsychotics 5 2.2
Atypical antipsychotics 19 8.4
Benzodiazepines 28 12

Hypothermia presentation
Mild (32.3–35�C) 151 67
Moderate (28–32.2�C) 63 28
Severe (<28�C) 12 5.3

Non-exposure-related
hypothermia

176 78

Exposure related
hypothermia¶

50 22

Sepsis
(confirmed/suspected)††

62 27

Intoxication due to alcohol
and/or substance misuse on
arrival

39 18

Admitting unit
General medicine 116 52
Trauma/orthopaedics 14 6.3
Endocrinology 12 5.4
Psychiatry 6 2.7
Other medical 14 6.3
Other surgical 3 1.4
Discharged from ED 49 22

ICU admission 30 13
LOS in ICU Mean 5.54 � 4.63 days

Table 1 Continued

Characteristic Number (n) Percentage (%)

Mechanical ventilation 17 57
Duration of ventilation Mean 4.2 days �3 days

Inpatient death according to
hypothermia severity

25 12

Death with mild
hypothermia (32.3–35�C)

15/151 99

Death with moderate
hypothermia (28–32.2�C)

5/63 7.9

Death with severe
hypothermia (<28�C)

5/12 42

†Residential accommodation defined as low level care, high level care
and supported accommodation. ‡Insecure housing defined as home-
lessness, no fixed abode or crisis accommodation. §Serum creatinine
>265micromol/L or patients on dialysis. ¶Exposure-related hypothermia
was defined in patients found outdoors on days where the maximum
ambient temperature was <20�C, and in whom sepsis was excluded.
††Sepsis was defined as an inflammatory response with suspicion of
infection and confirmed sepsis when a microbiological pathogen was
isolated. LOS, length of stay; SD, standard deviation; ICU, intensive
care unit.
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disorder, schizoaffective disorder). Current or past alco-
hol abuse was present in 26% overall and current illicit
and/or prescription drug misuse (benzodiazepines, opi-
ates or both) was documented in 11% of presentations.

Exposure versus non-exposure cohorts

Non-exposure presentations accounted for 78% of
226 presentations, with patients found indoors more
likely to be elderly persons (≥65 years, P = 0.002), with
multiple comorbidities (Charlson comorbidity index ≥4,
P = 0.013). Exposure-related hypothermia accounted for
22% of presentations and was significantly associated
with age < 50 years. (P < 0.001), acute intoxication with
alcohol and/or illicit drugs (P < 0.001) and psychiatric
comorbidity (P < 0.003). Inpatient mortality was signifi-
cantly higher among non-exposure compared with
exposure-related cohorts at 16 versus 2% respectively
(P = 0.01). There were no significant differences between
exposure and non-exposure cohorts with regards to con-
scious state on arrival, subsequent ICU admission, under-
lying comorbidities or season of presentation (Table 2).
The mean monthly minimum outdoor temperature

ranged from 6.8�C (July) to 18.2�C (February), with the
lowest outdoor temperature recorded being 2.2�C. Most
presentations (72%) occurred between May and October
reflecting late autumn, winter and early spring. Increases
in hypothermic presentations, calculated as the total pre-
sentations per month, corresponded to periods of cooler
weather as shown in Figure 2.

Clinical outcome

Inhospital mortality was 12% overall, but was 15% in
patients requiring ICU. Inpatient mortality for patients

with mild hypothermia (32.3–35�C) was 9.9%, 7.9% for
moderate hypothermia (28–32.2�C) and 42% for severe
hypothermia (<28�C). There was no seasonal pattern to
hypothermia-associated mortality (Fig. 2). Factors signif-
icantly associated with inpatient mortality on univariate
analysis are shown in Table 3, and included elderly
(≥65 years) and very elderly age (≥85 years), confirmed
or presumed sepsis, a higher Charlson comorbidity score
(≥4) and comorbidities including chronic lung disease,
chronic kidney disease, metastatic malignancy and con-
gestive cardiac failure. Independent predictors of inpatient

Figure 1 Hypothermic presentations by age group and gender, with

deaths by age group, Alfred health 2009–2016. ( ), Male; ( ), female;

( ), inpatient deaths.

Table 2 Comparison of non-exposure and exposure related
presentations

Clinical characteristics Non-exposure
episodes

Exposure
episodes

P-value

n = 176 % n = 50 %

Inpatient mortality 24 16 1 2 0.01
Intensive care admission 26 15 4 8 0.15
Conscious at presentation 131 83 45 92 0.26
Intoxicated on presentation 16 10 21 42 <0.01
Comorbid psychiatric condition† 30 19 22 44 <0.01
Age ≥ 65 years 113 64 17 34 <0.01
Social isolation‡ 37 26 20 54 <0.01
Male gender 79 45 33 67 0.03

†Comorbid psychiatric condition including mood disorder (i.e. depres-
sion, bipolar affective disorder, adjustment disorder) and psychotic dis-
order (i.e. schizophrenia, drug-induced psychosis, delusional disorder
schizoaffective disorder). ‡Social isolation defined as documentation of
living alone and/or no family or close friends.

Figure 2 Hypothermic presentations and deaths, and mean minimum

temperature, by season, Alfred health 2009–2016. *Outside tempera-

ture over time by the mean minimum monthly temperature from mete-

orological records of the closest geographical weather station to the

admitting hospital. ( ), Deaths; ( ), mean min temp; ( ),

presentations.
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mortality on multivariate analysis were sepsis (P < 0.01),
chronic kidney disease (P < 0.05), metastatic malignancy
(P < 0.01) and congestive cardiac failure (P = 0.04)
(Table 3). There was a non-significant trend between inpa-
tient mortality and social isolation, with 15% mortality in
the 24% of socially isolated patients compared to a mortal-
ity of 6% in patients without social isolation (P = 0.062).

Intensive care admission was required in 13% (n =
30) of presentations with a median age of 64 years (IQR
46 to 76 years). Sepsis-related hypothermia was signifi-
cantly more common in patients admitted to ICU (odds
ratio 6.46, P < 0.001). In contrast, patients aged 85 years
or more were less likely to be associated with an ICU
admission (odds ratio 0.13, P = 0.008).

Discussion

This is the first study to our knowledge describing the
epidemiology of hypothermic presentations in Victoria.
Non-exposure hypothermia (i.e. being found indoors)
accounted for the overwhelming majority (78%) of
presentations and was dominated by socially isolated
elderly patients with multimorbidity. In contrast,
younger patients with intoxication from alcohol
and/or illicit drugs characterised the exposure related
cohort. Universal to both, however, was comorbid
social and physiological vulnerability. Outcomes were
worse in the non-exposure compared with the exposure
related cohort with significantly higher in-patient mortal-
ity of 16% versus 2% respectively (P = 0.01). Inpatient

mortality was largely driven by chronic disease, sepsis
and advanced age with 71 versus 34% being 65 years or
more. Confirmed or suspected sepsis was evident in 67%
of the 25 patients who died but may have been under-
recognised at presentation. Exposure-related hypother-
mia was more common in younger patients, where 60%
were aged less than 50 years (P < 0.001). Acute intoxica-
tion (P < 0.001), and/or psychiatric comorbidity (P <
0.003) was more common in this cohort, corroborating a
previous study.10 Resource ultilisation was high overall,
with 13% of presentations requiring ICU admission, and
median hospitalisation was 5.2 days (IQR 2.1–9.9) com-
pared with the Australian average of 3.7 days.12

The finding that 87% of our hypothermic elderly
patients were found indoors is concerning. This is simi-
lar to previous works13,14 and a forensic analysis of
62 hypothermic fatalities from South Australia where
84% were found indoors, and 55% were over 70 years
of age.5 Impaired homeostatic mechanisms related to
heat production and heat conservation contribute to an
increased mortality in the elderly.2 Furthermore, con-
current comorbidities increase mortality with indepen-
dent predictors in our study being chronic kidney
disease (P < 0.05), congestive cardiac failure (P = 0.04),
metastatic malignancy (P < 0.01) in addition to con-
firmed or suspected sepsis (P < 0.01). Hypothermia with
coexisting congestive cardiac failure is an independent
predictor of short-term mortality15 perhaps explaining
the association we observed. The risk of poor outcomes
is likely further compounded by socioeconomic

Table 3 Factors associated with inpatient mortality in hypothermic presentations on univariate and multivariate analysis

Survived, n (%) Died, n (%)
OR (95% CI) on

univariate analysis P-value
Adjusted OR (95% CI) on
multivariate† analysis P-value

Age
≥65 years 118 (59) 21 (84) 3.69 (1.2, 11) 0.02 N/A N/A
<65 years 83 (41) 4 (16) 1
≥85 years 55 (27) 14 (56) 3.37 (1.5, 7.9) <0.01 2.11 (0.7, 6.6) 0.2
<85 years 146 (73) 11 (44) 1 1

Sepsis
Suspected or confirmed† 43 (21) 19 (76) 12.99 (4.6, 37) <0.01 10.29 (2.9, 36) <0.01
No sepsis 158 (79) 6 (24) 1 1

Comorbidities
Chronic lung disease 25 (12) 7 (18) 2.92 (1.1, 7.8) 0.03 2.97 (0.8, 12) 0.19
No lung disease 176 (88) 18 (72) 1 1
Chronic kidney disease 28 (14) 10 (40) 4.51 (1.8, 11) <0.01 3.32 (1.0, 11) <0.05
No chronic kidney disease 173 (86) 15 (60) 1 1
Metastatic malignancy 17 (8.5) 10 (40) 7.87 (3.0, 21) <0.01 8.43 (2.3, 31) <0.01
No metastatic malignancy 184 (92) 15 (60) 1 1
Heart failure 24 (12) 11 (44) 6.41 (2.5, 16) <0.01 3.33 (1.0, 11) 0.04
No heart failure 177 (88) 14 (56) 1 1

†Sepsis was defined as an inflammatory response with suspicion of infection and confirmed sepsis when a microbiological pathogen was isolated. CI,
confidence interval; OR, odds ratio.
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determinants with 59% of our elderly patients living
alone or having few social supports, and 71% on a pen-
sion. Of note, social isolation was also present in 54%
of our exposure-related group and as an emerging pre-
dictor of poor health outcomes and has been prioritised
at a national level in Britain.16

Our study corroborates previous studies describing the
socially isolated, elderly patient found indoors with
hypothermia,5 and higher hypothermia-related mortality
rates in Australia compared with a cold climate country.17

Relevant to our temperate climate is the finding that mod-
erate rather than extreme cold exerted a greater mortality
burden globally than heat.4 The majority of our presenta-
tions (72%) occurred during the colder months (late
autumn to early spring) but notably, 12% occurred during
summer. This raises questions also, as to whether economic
deprivation, behavioural factors such as clothing protection;
fuel poverty defined as >10% of household after tax
income directed towards maintaining satisfactory heating,18

and thermally inefficient housing, may be responsible for
the discrepancy between countries with similar economic
development and welfare systems19 such as Australia
and Sweden. Indeed a recent review highlighted that the
inter-related factors of low income, thermally inefficient
housing and fuel poverty are consistently associated with
adverse winter health and social outcomes.17 With rising
energy costs a contentious issue in Australia,20 further
population-based studies are warranted.
The association between hypothermia and sepsis is

well described10 and was significantly associated with
inpatient mortality on multivariate analysis (P < 0.01).
Suspected or confirmed sepsis was evident in 21% of
our presentations representing the ‘cold’ sepsis pheno-
type.8 However, cultures of blood, urine and lactate
measurements were performed in only 53, 69 and 42%
of patients with confirmed or suspected sepsis, and even
lower rates in the overall cohort of 34, 48 and 40%
suggesting miscalculation of risk. It is conceivable that
the true incidence of sepsis has been underestimated,
emphasising the importance of implementing clinical

sepsis pathways21 that integrate hypothermia as a trigger
for an appropriate diagnostic workup.
Limitations of this study include its retrospective

nature and restriction to a single health area network.
However, our health service serves a population of more
than 700 000 people,7 suggesting our findings may be
generalisable to similar metropolitan centres. Strengths
of this study include its use of patient level clinical and
socio-demographic data compared with previous popula-
tion-based analyses.17

Conclusion

Hypothermia is a marker of vulnerability with patients
of older age, social isolation and economic deprivation
overrepresented. While younger patients with comorbid
intoxication and psychiatric conditions present with
exposure-related hypothermia, it is the older patients
who are most vulnerable to poor outcomes. Future stud-
ies examining the reasons underpinning high rates of
non-exposure-related hypothermic morbidity could
inform public health strategies that target vulnerable
populations.
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