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Abstract
Purpose The aim of this study was to assess the association between low body temperature and mortality in frail older adults 
in the emergency department (ED).
Methods Inclusion criteria were: ≥ 75 years of age, Clinical Frailty Scale (CFS) score of 4–8, and temperature documented at 
ED admission. Patients were allocated to three groups by body temperature: low ≤ 36.0 °C, normal 36.1–38.0 and high ≥ 38.1. 
Odds ratios (OR) for 30-day and 90-day mortality were analysed.
Results 1577 patients, 61.2% female, were included. Overall mortalities were 85/1577 (5.4%) and 144/1557 (9.2%) in the 
30-day and 90-day follow-ups, respectively. The ORs for low body temperature were 3.03 (1.72–5.35; P < 0.001) and 2.71 
(1.68–4.38; P < 0.001) for 30-day and 90-day mortality, respectively. This association remained when adjusted for age, 
CFS score and gender. Mortality of the high-temperature group did not differ significantly when compared to the normal-
temperature group.
Conclusions Low body temperature in frail older ED patients was associated with significantly higher 30- and 90-day 
mortality.
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Introduction

Low body temperature is known to be associated with high 
mortality in acute-care and critical-care patients [1, 2]. In 
many studies patients with specific acute conditions, such 
as heart failure or hip fractures, have been found to have a 
higher risk of death if they are hypothermic at the time of 

admission [3–5]. In sepsis, low body temperature is associ-
ated with higher mortality, but in a recent study, this associa-
tion did not apply for older patients ≥ 75 years [6].

Low body temperature has been reported to associate 
with high mortality in acute care, but its significance in the 
older frail adult group is not yet well described. In this study, 
we investigated whether low body temperature is associ-
ated with mortality in frail older patients in the emergency 
department (ED).

Methods

A prospective observational cohort study of frail older 
adult patients was performed in an academic ED in Fin-
land with some 60,000 adult patient visits per year. Patient 
inclusion criteria for the study were: ≥ 75 years of age, 
score of 4–9 on the Clinical Frailty Scale (CFS), and 
registered resident in the hospital district. Patient visit 
data were prospectively collected between December 11, 
2018 and June 7, 2019. Methods for recruitment and data 
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collection have been described in detail in a previous arti-
cle [7]. In short, patient data were collected from elec-
tronic health records and case report forms.

This secondary analysis included those patients whose 
body temperature class was documented as part of their 
initial National Early Warning Score 2 (NEWS2) [8]. 
According to the ED’s routine protocol tympanic meas-
urement was performed with an automatic digital ther-
mometer. Patients whose CFS score was assessed as nine 
were excluded, as this group is defined to have a short life 
expectancy without evident frailty.

The included patients were allocated to three groups 
based on their NEWS2 temperature class: low-body-tem-
perature group T ≤ 36.0 °C (NEWS2 classes ≤ 35.0 °C 
and 35.1–36.0  °C), normal-body-temperature group 
T 36.1–38.0  °C, and high-body-temperature group 
T ≥ 38.1 °C (NEWS2 classes 38.1–39.0 °C or ≥ 39.1 °C). 
The outcome measures in this study were 30-day and 
90-day mortality.

Age, gender and CFS class were considered as poten-
tial confounders and were included in logistic regression 
analysis.

Background and outcome data were compared between 
the groups. Statistical significance of the baseline difference 
between the groups was tested with the chi-square test for 
binary variables, and with the Kruskal–Wallis H test for non-
parametric variables. Crude and adjusted odds ratios with 
95% confidence intervals (CI) were calculated for outcome 
data. Binary logistic regression was performed to adjust for 
potential confounders. A P value of < 0.05 was considered 
statistically significant for all tests. IBM SPSS Statistics ver-
sion 27 for Windows was used for statistical analyses.

The study was registered at ClinicalTrials.gov on Decem-
ber 20, 2018, identifier NCT03751319.

Results

Three cases of accidental hypothermia due to environmental 
exposure and nine cases that had an assessed CFS score of 
9 were excluded. A total of 1577 patient visits, 965 (61.2%) 
female, met the inclusion criteria and were included in 
the analysis. The median age of the included patients was 
85 years with an inter-quartile range (IQR) of 80–89. The 
median CFS was 6 (IQR 5–7). The measured body tem-
perature was ≤ 35.0 °C for 10 (0.6%), 35.1–36.0 °C for 117 
(7.4%), 36.1–38.0 °C for 1339 (84.9%), 38.1–39.0 °C for 89 
(5.6%), and ≥ 39.1 °C for 22 (1.4%) of patient visits. Patient 
characteristics are presented in Table 1.

The outcome data were available for all patient visits. 
A total of 85 (5.5%) patients died within 30 days and 144 
(9.2%) within 90 days of ED admission. During the 30-day 
follow-up, 17 (13.4%), 65 (4.9%) and 3 (2.7%) patients died 
in the low-, normal- and high-temperature groups, respec-
tively. During the 90-day follow-up, 25 (19.7%), 111 (8.3%) 
and 8 (7.2%) patients died in the low-, normal- and high-
temperature groups, respectively.

When the low-temperature group was compared to the 
normal-temperature-group, the crude odds ratio (OR) for 
30-day mortality was 3.03 (95% CI 1.72–5.35, P < 0.001). 
When adjusted for age, gender and CFS, the adjusted OR for 
30-day mortality was 3.15 (95% CI 1.77–5.61, P < 0.001). 
Crude and adjusted ORs for 90-day mortality were 2.71 
(95% CI 1.68–4.38, P < 0.001) and 2.84 (95% CI 1.75–4.62, 

Table 1  Patient characteristics

Significance was tested with the chi-square test for binary variables and the Kruskal–Wallis H test for non-
parametric data
CFS Clinical Frailty Scale, IQR inter-quartile range

T ≤ 36.0 °C T 36.1–38.0 °C T ≥ 38.1 °C P
127 1339 111

Age median (IQR) 85 (80–90) 85 (80–89) 85 (79–88) 0.361
Female gender n (%) 69 (54.3) 838 (62.6) 58 (52.3) 0.025
CFS median (IQR) 6 (4–6) 6 (5–7) 6 (5–7) 0.165
 CFS: 4 n (%) 34 (26.8) 251 (18.7) 22 (19.8)
 CFS: 5–6 64 (50.4) 691 (51.6) 44 (39.6)
 CFS: 7–8 29 (22.8) 397 (29.7) 45 (40.5)
T: ≤ 35.0 °C n (%) 10 (7.9)
 35.1–36.0 °C 117 (92.1)
 36.1–38.0 °C 1339 (100.0)
 38.1–39.0 °C 89 (80.2)
 ≥ 39.1 °C 22 (19.2)

Death within 30-day n (%) 17 (13.4) 65 (4.9) 3 (2.7)  < 0.001
Death within 90-day n (%) 25 (19.7) 111 (8.3) 8 (7.2)  < 0.001
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P < 0.001), respectively. The high-temperature group had 
lower mortality compared to the normal temperature group 
but without statistical significance. Results are shown in 
Table 2.

Discussion

In this study, low body temperature was significantly associ-
ated with 30-day and 90-day mortality when compared to 
normal body temperature in frail older patients in the ED. 
The association remained after adjusting for age, gender and 
CFS score. Mortality of patients with fever did not signifi-
cantly differ from patients with normal body temperature.

This study confirms that the association of low body tem-
perature and mortality applies to frail older adults in the 
ED. The association may be explained by many different 
mechanisms: low body temperature may be the result of a 
more severe condition with multiorgan failure, inflamma-
tory processes, and hormonal factors involving thermoregu-
lation, or low body temperature may directly contribute to 

unfavourable outcomes [3, 9, 10]. Most older patients visit-
ing EDs, similarly to younger populations, have an acute 
illness or trauma [11]. Therefore, low body temperature in 
frail patients within EDs is likely to reflect the same patho-
physiological pathways as hypothesised in studies of general 
acute-care patients with specific illnesses. Besides mecha-
nisms related to the acute condition, low body temperature 
in ED patients may reflect slowly developed disorders, such 
as heart failure, in which low body temperature is shown to 
be associated with rehospitalisation and worse long-term 
survival [12, 13].

Other longer-term mechanisms may partly explain the 
findings. Physiological reserves decline in frailty and it is 
associated with a higher risk of death [14]. In acute care, 
frailty is associated with higher mortality both in low-acu-
ity and high-acuity groups [15]. Frailty, and related condi-
tions such as malnutrition, sarcopenia and multimorbidity, 
may lead to slowly diminishing organ functions and low 
energy metabolism, which can lead to lower body tempera-
ture. Therefore, patients with low body temperature may 
be especially vulnerable subgroup of frail patients with 

Table 2  Crude and adjusted 
odds ratios for 30-day and 
90-day outcomes

Binary logistic regression model was used for adjusted odds ratios
OR odds ratio, CI confidence interval, CFS Clinical Frailty Scale
a One-year increase
b One-class elevation

OR, crude (95% CI) P for OR, crude OR, adjusted (95% CI) P for OR, adjusted

Death within 30-day, normal and low body temperature groups
 T 36.1–38.0 °C 1 1
 T ≤ 36.0 °C 3.03 (1.72–5.35)  < 0.001 3.15 (1.77–5.61)  < 0.001
  Agea 1.02 (0.99–1.06) 0.235
 Female gender 0.71 (0.44–1.12) 0.138
  CFSb 1.38 (1.13–1.68) 0.001

Death within 30-day, normal and high body temperature groups
 T 36.1–38.0 °C 1 1
 T ≥ 38.1 °C 0.54 (0.17–1.76) 0.310 0.50 (0.15–1.64) 0.252
  Agea 1.03 (0.99–1.07) 0.212
 Female gender 0.80 (0.49–1.33) 0.399
  CFSb 1.38 (1.11–1.71) 0.003

Death within 90-day, normal and low body temperature groups
 T 36.1–38.0 °C 1 1
 T ≤ 36.0 °C 2.71 (1.68–4.38)  < 0.001 2.84 (1.75–4.62)  < 0.001
  Agea 1.03 (0.99–1.06) 0.113
 Female gender 0.87 (0.60–1.26) 0.466
  CFSb 1.32 (1.13–1.54)  < 0.001

Death within 90-day, normal and high body temperature groups
 T 36.1–38.0 °C 1 1
 T ≥ 38.1 °C 0.86 (0.41–1.81) 0.690 0.81 (0.38–1.72) 0.581
  Agea 1.03 (1.00–1.06) 0.075
 Female gender 0.82 (0.56–1.22) 0.326
 CFS b 1.32 (1.12–1.56)  < 0 0.001
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low physiological reserves. We adjusted for the CFS in 
our analysis, but it is possible that frailty-related low body 
metabolism is not fully dependent on the observed frailty 
grade. Low body temperature could help in identifying 
vulnerable patients who could benefit from geriatric inter-
ventions in both acute care and outpatient settings. A lon-
gitudinal study would be needed to study this hypothesis.

This study has some limitations. As this was a second-
ary analysis of a prospective study, the methods were not 
pre-specified. A larger sample size with more detailed 
baseline data would have made further adjusting possible; 
however, for the specific study question, the available data 
were sufficient. Also, we used the temperature classes of 
the NEWS2 documentation instead of absolute tempera-
ture measures; however, we feel the clinically meaning-
ful cut-off values of the NEWS2 criteria provide adequate 
categorisation.

Conclusion

Body temperature is a simple, routine measurement in the 
ED. Low body temperature in frail older adults in the ED 
is associated with increased 30-day and 90-day mortality. 
Further studies are needed to show whether low body tem-
perature is an early independent marker for vulnerability 
or if it is just secondary to organ dysfunction and tempera-
ture dysregulation, and what interventions might improve 
the outcome in frail patients with low body temperature 
in an acute-care setting.

Acknowledgements We thank Susanne Lehvonen for helping in data 
acquisition, Elina Lehtelä for data processing, Robert Davis for lan-
guage editing, and the personnel of Jorvi ED for their collaboration.

Author contributions The authors contributions for the study are as 
follows: conceptualisation: JA, KK, TS, MC, JT, VH; investigation: 
JA, KK, MC, VH; methodology and formal analysis: JA, KK, TS, MC, 
JT, VH; writing—original draft: JA; writing—review and editing: JA, 
KK, TS, MC, JT, VH.

Funding Open Access funding provided by University of Helsinki 
including Helsinki University Central Hospital. This study was sup-
ported by state funding for university-level health research, granted 
by the Helsinki University Hospital, and by the Department of Emer-
gency Medicine and Services, Helsinki University Hospital. JA and KK 
received personal grants for the study from the Finnish Association for 
Emergency Medicine and JA from the Finnish Medical Foundation.

 Availability of data and material The data are not publicly available 
or available for sharing due to national juridical restrictions. However, 
further description or analysis of data are available from the authors 
upon reasonable request.

 Code availability Non-applicable.

Declarations 

Conflict of interest The authors declare they have no financial or non-
financial conflicts of interest to disclose.

Statement of human and animal rights This study was performed in 
accordance with the ethical standards of the institutional research com-
mittee and with the 1964 Helsinki declaration and its later amendments. 
The study protocol and data acquisition were approved by the Ethics 
Committee II of the Helsinki University Hospital (reference number 
HUS/1171/2018).

Consent to participate The ethical board did not require consent from 
patients for this observational study.

Consent for publication Non-applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Ljunggren M, Castrén M, Nordberg M et al (2016) The associa-
tion between vital signs and mortality in a retrospective cohort 
study of an unselected emergency department population. Scand 
J Trauma Resusc Emerg Med 24:21. https:// doi. org/ 10. 1186/ 
s13049- 016- 0213-8

 2. Peres Bota D, Lopes Ferreira F, Mélot C et  al (2004) Body 
temperature alterations in the critically ill. Intensive Care Med 
30:811–816. https:// doi. org/ 10. 1007/ s00134- 004- 2166-z

 3. Payvar S, Spertus JA, Miller AB et al (2013) Association of low 
body temperature and poor outcomes in patients admitted with 
worsening heart failure: a substudy of the Efficacy of Vasopres-
sin Antagonism in Heart Failure Outcome Study with Tolvaptan 
(EVEREST) trial. Eur J Heart Fail 15:1382–1389. https:// doi. org/ 
10. 1093/ eurjhf/ hft113

 4. Uzoigwe CE, Khan A, Smith RP et al (2014) Hypothermia and 
low body temperature are common and associated with high mor-
tality in hip fracture patients. Hip Int 24:237–242. https:// doi. org/ 
10. 5301/ hipint. 50001 24

 5. Wiewel MA, Harmon MB, van Vught LA et al (2016) Risk fac-
tors, host response and outcome of hypothermic sepsis. Crit Care 
20:328. https:// doi. org/ 10. 1186/ s13054- 016- 1510-3

 6. Shimazui T, Nakada TA, Walley KR et al (2020) Significance of 
body temperature in elderly patients with sepsis. Crit Care 24:387. 
https:// doi. org/ 10. 1186/ s13054- 020- 02976-6

 7. Kemp K, Alakare J, Harjola VP et al (2020) National Early Warn-
ing Score 2 (NEWS2) and 3-level triage scale as risk predictors in 
frail older adults in the emergency department. BMC Emerg Med 
20:83. https:// doi. org/ 10. 1186/ s12873- 020- 00379-y

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13049-016-0213-8
https://doi.org/10.1186/s13049-016-0213-8
https://doi.org/10.1007/s00134-004-2166-z
https://doi.org/10.1093/eurjhf/hft113
https://doi.org/10.1093/eurjhf/hft113
https://doi.org/10.5301/hipint.5000124
https://doi.org/10.5301/hipint.5000124
https://doi.org/10.1186/s13054-016-1510-3
https://doi.org/10.1186/s13054-020-02976-6
https://doi.org/10.1186/s12873-020-00379-y


1457Aging Clinical and Experimental Research (2022) 34:1453–1457 

1 3

 8. Pimentel MAF, Redfern OC, Gerry S et al (2019) A comparison of 
the ability of the National Early Warning Score and the National 
Early Warning Score 2 to identify patients at risk of in-hospital 
mortality: a multi-centre database study. Resuscitation 134:147–
156. https:// doi. org/ 10. 1016/j. resus citat ion. 2018. 09. 026

 9. Rumbus Z, Matics R, Hegyi P et al (2017) Fever is associated with 
reduced, hypothermia with increased mortality in septic patients: 
a meta-analysis of clinical trials. PLoS ONE 12:e0170152. https:// 
doi. org/ 10. 1371/ journ al. pone. 01701 52

 10. Singer AJ, Taira BR, Thode HC Jr et al (2010) The association 
between hypothermia, prehospital cooling, and mortality in burn 
victims. Acad Emerg Med 17:456–459. https:// doi. org/ 10. 1111/j. 
1553- 2712. 2010. 00702.x

 11. Fry M, Fitzpatrick L, Considine J et al (2018) Emergency depart-
ment utilisation among older people with acute and/or chronic 
conditions: a multi-centre retrospective study. Int Emerg Nurs 
37:39–43. https:// doi. org/ 10. 1016/j. ienj. 2016. 09. 004

 12. Nallamothu BK, Payvar S, Wang Y et al (2006) Admission body 
temperature and mortality in elderly patients hospitalized for 

heart failure. J Am Coll Cardiol 47:2563–2564. https:// doi. org/ 
10. 1016/j. jacc. 2006. 03. 017

 13. Ahmed A, Aboshady I, Munir SM et al (2008) Decreasing body 
temperature predicts early rehospitalization in congestive heart 
failure. J Card Fail 14:489–496. https:// doi. org/ 10. 1016/j. cardf ail. 
2008. 02. 008

 14. Kojima G, Iliffe S, Walters K (2018) Frailty index as a predictor 
of mortality: a systematic review and meta-analysis. Age Ageing 
47:193–200. https:// doi. org/ 10. 1093/ ageing/ afx162

 15. Pulok MH, Theou O, van der Valk AM et al (2020) The role of 
illness acuity on the association between frailty and mortality in 
emergency department patients referred to internal medicine. Age 
Ageing 49:1071–1079. https:// doi. org/ 10. 1093/ ageing/ afaa0 89

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.resuscitation.2018.09.026
https://doi.org/10.1371/journal.pone.0170152
https://doi.org/10.1371/journal.pone.0170152
https://doi.org/10.1111/j.1553-2712.2010.00702.x
https://doi.org/10.1111/j.1553-2712.2010.00702.x
https://doi.org/10.1016/j.ienj.2016.09.004
https://doi.org/10.1016/j.jacc.2006.03.017
https://doi.org/10.1016/j.jacc.2006.03.017
https://doi.org/10.1016/j.cardfail.2008.02.008
https://doi.org/10.1016/j.cardfail.2008.02.008
https://doi.org/10.1093/ageing/afx162
https://doi.org/10.1093/ageing/afaa089

	Low body temperature and mortality in older patients with frailty in the emergency department
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




