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Admission Body Temperature in 
Critically Ill Patients as an Independent 
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Significance of the Study

• Estimating the outcome of intensive care unit (ICU) patients is difficult, whereas existing scores are 
often too complex. We assessed admission body temperature (BT) as an independent risk predictor 
for the individual outcome.

• Admission BT was associated with the adverse overall outcome.
• Hypothermia was more often associated with multi-organ failure than hyperthermia.
• Hypothermia is more often associated with increased mortality.
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Abstract
Introduction: Body temperature (BT) abnormalities are fre-
quently observed in critically ill patients. We aimed to assess 
admission BT in a heterogeneous critically ill patient popu-
lation admitted to an intensive care unit (ICU) as a prognos-
tic parameter for intra-ICU and long-term mortality. Meth-
ods: A total of 6,514 medical patients (64 ± 15 years) admit-

ted to a German ICU between 2004 and 2009 were included. 
A follow-up of patients was performed retrospectively. The 
association of admission BT with both intra-ICU and long-
term mortality was investigated by logistic regression. Re-
sults: Patients with hypothermia (< 36  ° C BT) were clinically 
worse and had more pronounced signs of multi-organ fail-
ure. Admission BT was associated with adverse overall out-
come, with a 2-fold increase for hyperthermia (mortality 
12%; odds ratio [OR] 1.80, 95% confidence interval [CI] 1.43–
2.26; p < 0.001), and a 4-fold increase for the risk of hypo-
thermia (mortality 24%; OR 4.05, 95% CI 3.38–4.85; p < 0.001) 
with respect to intra-ICU and long-term mortality. More-
over, hypothermia was even more harmful than hyperther-

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.



Erkens/Wernly/Masyuk/Muessig/Franz/
Schulze/Lichtenauer/Kelm/Jung

Med Princ Pract 2020;29:389–395390
DOI: 10.1159/000505126

mia, and both were strongly associated with intra-ICU mor-
tality, especially in patients admitted with acute coronary 
syndrome (hypothermia: hazard ratio 6.12, 95% CI 4.12–
9.11; p < 0.001; hyperthermia: OR 2.70, 95% CI 1.52–4.79;  
p < 0.001). Conclusion: Admission BT is an independent risk 
predictor for both overall intra-ICU and long-term mortality 
in critically ill patients admitted to an ICU. Therefore, BT at 
admission might not only serve as a parameter for individu-
al risk stratification but can also influence individual thera-
peutic decision-making. © 2019 The Author(s)

Published by S. Karger AG, Basel

Introduction

Body temperature (BT) regulation is a complex vari-
able, influenced by distinct internal and external factors. 
Its alteration in the setting of different diseases affects 
their progression and prognosis [1]. Normal BT for 
healthy adults (∼37  ° C) is associated with proper organ 
function [2], whereas fever (> 38.5  ° C) is usually associ-
ated with the loss of physiological integrity [3] and con-
tributes to host defense mechanisms during infections. In 
contrast to this, hypothermia (< 36  ° C) is thought to be 
associated with the dysregulation of thermoregulation 
and is often interpreted as an expression of disease exac-
erbation [4]. 

Dysregulation of BT is observed in nearly half of pa-
tients with a critical illness, and the association with ad-
verse outcomes has already been identified. Therefore, a 
significant body of literature has investigated the influ-
ence of BT alterations, its modulation, and the preven-
tion of its fluctuation during the stay at an intensive care 
unit (ICU), mostly in relation to the neurological out-
come or for the estimation of overall mortality [5, 6]. 
However, all these studies were performed to assess the 
impact of BT fluctuation on the overall outcome and did 
not focus on the impact of admission BT to the individ-
ual short-term (intra-ICU) and long-term mortality in 
critical illness [7]. Admittedly, they highlight the crucial 
importance of parameters possibly estimating individual 
prognosis but do not come up with an easily usable pa-
rameter for these important questions [8]. Of note, whilst 
26 different functional measures have been described to 
use within critically ill patients in the ICU, only 6 of them 
have been developed specifically for the ICU setting [9]. 
Of them, only a few are used in daily practice, which is 
also due to their complexity in its calculation. In sum-
mary, these studies emphasize the urgent need for a safe 

and easy parameter to estimate the individual prognosis 
of critically ill patients.

Therefore, this study is an extension of the existing lit-
erature to facilitate the estimation of individual prognosis 
in critical illness and help optimize individual therapeutic 
decision-making in the early phase of intensive care treat-
ment. It was designed to assess the prognostic value of a 
single BT assessment obtained at admission to predict the 
intra-ICU and overall long-term mortality, independent-
ly of admission diagnosis.

Methods

In total, 6,514 patients were admitted to the ICU of the Jena 
University Hospital between January 2004 and December 2009 be-
cause of sepsis (n = 565), acute heart failure (AHF; n = 630), pneu-
monia (n = 543), or acute coronary syndrome (ACS; n = 1,940) and 
were investigated retrospectively. Parts of this cohort were evalu-
ated from a different perspective [10–12]. Inclusion criteria were 
admission to the medical ICU and a documented admission BT 
before an intensive care treatment was started. The exclusion cri-
terion was status after successful cardiopulmonary resuscitation 
(with possible initiation of therapeutic hypothermia before ICU 
admission). Patients were separated into different groups based on 
the individual BT at admission to the ICU. Hypothermia was de-
fined as a BT < 36  ° C, normal BT 36.1–37.5  ° C, and hyperthermia 
as BT > 37.5  ° C. There was no prespecified treatment algorithm, 
neither in general nor with special regard to BT. Antipyretic med-
ication and other temperature-managing measures were applied at 
the discretion of the treating physician. 

The primary endpoint of the study was death due to any cause 
at discharge from ICU, and the secondary endpoint was long-term 
mortality (5 years). Data on mortality were collected by receiving 
medical records from our patient data management system (CO-
PRA System GmbH, Germany) and/or phone interviews. All data 
were fully anonymized before evaluation. A minimal anonymized 
data set was made accessible without restrictions. 

Laboratory Analysis
Blood samples were taken according to standard care. Labora-

tory parameters were obtained from the Department of Clinical 
Chemistry and Laboratory Medicine at the Jena University Hospi-
tal. Some laboratory values were measured repeatedly on the day 
of admission, and we report the maximum value unless stated dif-
ferently. 

Measurement of BT
At admission, BT was measured at baseline first at the left or 

right tympanic site (COVIDIEN Genius 2 Tympanic Thermome-
ter). If necessary or already obtained, urine catheter placement was 
performed, and continuous BT was obtained (Philips IntelliVue). 

Calculation of Simplified Acute Physiology Score II 
Initial Simplified Acute Physiology Score II (SAPS2) was calcu-

lated by the treating physician within 24 h after admission as re-
ported before [13].
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Statistical Analysis
Statistical analysis was performed using SPSS (IBM SPSS Sta-

tistics for Windows, Version 22.0; IBM Corp. Released 2013, Ar-
monk, NY, USA) and MedCalc Software version 18.2.1 (MedCalc 
Software, Ostend, Belgium; https://www.medcalc.org; 2018). Con-
tinuous data are given as mean ± standard deviation. Differences 
between independent groups were calculated using ANOVA. The 
χ2 test was applied to calculate differences between groups. Asso-
ciations with intra-ICU mortality were assessed with univariable 
and multivariable logistic regression. Two multivariable models 
were analyzed: model 1 corrected for SAPS2, a well-known score 
assessing the risk in the critically ill; and model 2 corrected for pa-
rameters assessing shock (maximum heart rate on day 1, maxi-
mum lactate concentration on day 1, and catecholamine use on 
day 1). For the multivariable model, a backward elimination was 
performed. Elimination criteria were p > 0.10. The Kaplan-Meier 
curve was used to depict data on long-term survival, and differ-
ences in long-term survival were assessed using the log-rank test.

Results

Study Subjects
A total of 6,514 patients were investigated, and overall 

ICU mortality was 11%. Out of these, 1,036 patients (16%) 
had a BT at admission of < 36  ° C, 4,617 (71%) of 36.0–
37.5    °  C, and 861 patients (13%) had hyperthermia  
(> 37.5  ° C). Baseline characteristics are shown in Table 1. 
Compared to normal temperature (mortality 7%), both 
hypothermia (mortality 24%; odds ratio [OR] 4.05, 95% 
confidence interval [CI] 3.38–4.85; p < 0.001) and hyper-
thermia (mortality 12%; OR 1.80, 95% CI 1.43–2.26; p < 
0.001) were associated with ICU mortality and long-term 
mortality (Fig. 1, log-rank p < 0.001, Fig. 2).

Hypothermia
In multivariable logistic regression hypothermia com-

pared to normal temperature was associated with all-
cause intra-ICU mortality after correction for SAPS II 
(OR 1.48, 95% CI 1.12–1.96; p = 0.006). In logistic regres-
sion for parameters that are associated with shock, such 
as lactate concentration, heart rate, and catecholamine 
use on day 1, we found a significant increase in mortality 
(OR 1.86, 95% CI 1.542–2.44; p < 0.001, Table 2). Patients 
with an admission BT < 36  ° C were clinically more ill as 
compared to patients admitted with normal BT, as mir-
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Table 1. Clinical and laboratory baseline characteristics of the overall cohort and for each group of patients admitted to the ICU

<36° C 36.1–37.5° C >37.6° C overall cohort p value

mean SD mean SD mean SD mean SEM

Age, years 65.8 16.0 64.6 15.2 61.8 16.3 64.4 15.5 0.000
BMI 27.1 5.9 27.3 5.2 27.3 5.6 27.3 5.4 0.683
HF, bpm 104.5 23.9 97.8 23.3 107.1 22.5 100.1 23.6 0.000
SAPS2 53.1 21.1 38.7 18.2 43.3 19.0 42.1 19.7 0.000
Lactate, mmol/L 4.2 5.0 2.2 2.8 2.5 2.9 2.6 3.4 0.000
Hemoglobin, mmol/L 7.5 1.2 7.8 3.3 7.4 1.3 7.7 2.9 0.002
ASAT, µmol/L*s 8.9 26.2 3.7 15.8 4.7 16.5 4.8 18.4 0.000
ALAT, µmol/L*s 4.4 13.0 1.8 6.3 2.3 8.0 2.3 8.2 0.000
γGT, µmol 1.6 2.1 1.7 2.7 2.2 3.0 1.8 2.7 0.001
Bilirubin, µmol 26.7 47.3 21.4 36.4 26.8 45.5 22.9 39.7 0.000
Leucocytes, g/L 12.8 8.7 11.5 8.2 13.8 18.8 12.0 10.3 0.000
BUN, mg/dL 14.0 12.6 11.2 9.9 12.5 9.9 11.8 10.4 0.000
Creatinine, mg/dL 180.1 172.5 149.9 146.1 160.0 132.7 156.0 149.3 0.000

Fig. 1. In the overall population, alteration in BT on admission to 
the ICU was associated with adverse long-term outcome (log-rank 
p < 0.001). 



Erkens/Wernly/Masyuk/Muessig/Franz/
Schulze/Lichtenauer/Kelm/Jung

Med Princ Pract 2020;29:389–395392
DOI: 10.1159/000505126

rored by both higher SAPS2 (p < 0.001) and APACHE2 
(p < 0.001). Hypothermia showed a “dose-response”; in 
logistic regression, per 1  ° C less than 36.0  ° C (hypother-
mia = 36.0 – BT), the likelihood for mortality increased 
(OR 1.94, 95% CI 1.63–2.31; p < 0.001, Fig. 3). Hypother-
mia was associated with intra-ICU mortality in ACS (haz-
ard ratio [HR] 6.12, 95% CI 4.12–9.11; p < 0.001), sepsis 
(HR 2.34, 95% CI 1.49–3.70; p < 0.001), AHF (HR 2.79, 
95% CI 1.80–4.31; p < 0.001), and pneumonia (HR 2.35, 
95% CI 1.39–3.96; p = 0.001).

Hyperthermia
Compared to the overall cohort, patients with fever at 

admission showed more pronounced hypoperfusion ex-
pressed by a higher lactate concentration (p < 0.0001) as 
well as a pronounced immune response as expressed by a 
higher leucocyte count (p < 0.001). Mortality for the hy-
perthermia group showed a “dose-response” to BT dete-
rioration at admission in univariable logistic regression; 
per every degree Celsius > 37.5  ° C (hyperthermia = BT – 

37.5), the likelihood for ICU mortality increased (OR 
1.82, 95% CI 1.40–2.38; p < 0.001; Fig. 3). In multivariable 
logistic regression analysis, hyperthermia remained asso-
ciated with all-cause mortality even after correcting for 
SAPS2 (OR 1.39, 95% CI 1.00–1.95; p = 0.053), but not 
after correction for lactate concentration or heart rate and 
catecholamine use (OR 1.27, 95% CI 0.92–1.75; p = 0.14, 
Table 2). However, patients with a BT > 38.5  ° C (n = 180) 
evidenced higher ICU mortality (19%) even after correc-
tion for SAPS2 (OR 1.89, 95% CI 1.04–3.44: p = 0.04) as 
well as lactate concentration, heart rate, and catechol-
amine use (OR 1.88, 95% CI 1.09–3.25; p = 0.02).

Hyperthermia was associated with intra-ICU mortal-
ity in ACS (OR 2.70, 95% CI 1.52–4.79; p < 0.001), but not 
in sepsis (OR 0.95, 95% CI 0.63–1.41; p = 0.95), pneumo-
nia (OR 1.09, 95% CI 0.68–1.76; p = 0.71), or AHF (OR 
0.74, 95% CI 0.38–1.47; p = 0.40). 

Discussion

This study demonstrates that the single measurement 
of BT at admission to ICU is useful to predict the indi-
vidual outcome, especially for the prognosis of intra-ICU 
mortality. Each deviation of 1  ° C from normal BT at ad-
mission, regardless of whether decrease or increase, is as-
sociated with an increase in individual mortality that was 
evidenced by the likelihood analysis for intra-ICU mor-
tality. Unexpectedly, hypothermia was associated with an 
increase in intra-ICU mortality in a multivariable and 
univariable logistic regression analysis, even after correc-
tion for lactate levels, which can be used as a prognostic 
parameter for ICU patients. Furthermore, our results 
show that hypothermia at disease exacerbation is a strong 
predictor of adverse outcome in sepsis, AHF, pneumonia, 
and ACS patients, whereas hyperthermia was associated 

30

20

10

0
Hypothermia HyperthermiaNormal BT

24%

12%

7%M
or

ta
lit

y,
 %

Table 2. Multivariable logistic regression analysis for hypothermia or hyperthermia for all-cause mortality corrected for SAPS2 and cat-
echolamine use

<36° C Normal BT >37.5° C

overall SAPS2 catecholamine overall SAPS2 catecholamine

n 1,036 (16%)   4,617 (71%) 861 (13%)
Mortality 24% 7% 12%
OR 4.05 1.48 1.86 1.8 1.39 1.27
95% CI 3.38–4.85 1.12–1.96 1.54–2.44 1.43–2.26 1.00–1.95 0.92–1.75
p 0.001 0.006 0.001       0.001 0.053 0.14

Fig. 2. In the overall population, alteration in BT on admission to 
the ICU was associated with adverse intra-ICU mortality. 
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only with adverse outcome in ACS patients. Additionally, 
the occurrence of hypothermia was associated with an in-
crease in catecholamine use during the first day of ICU 
treatment, as an expression of hemodynamic depression 
of disease exacerbation. This is in line with the significant 
association in a multivariable logistic regression analysis 
of SAPS II even after correction for lactate. 

Temperature dysregulation is common among pa-
tients who have critical illness, and admission BT is in-
cluded in risk stratification parameters such as SAPS2 or 
APACHE2 (higher or lower temperature) [13, 14]. The 
impact of BT abnormalities (especially fever and hypo-
thermia) for neurological outcome in patients after car-
diopulmonary resuscitation [5, 15] or the impact of BT 
alteration in trauma patients [16] has been investigated. 
However, most of these studies focus on the relevance of 
modulating thermoregulation (actively or passively [6]) 
during the stay [4, 17] in the ICU and did not indicate any 
significance of admission BT to patient prognosis. There-
fore, the present study is an important addition to the 
existing literature, demonstrating the relevance of BT at 
admission for the overall outcome and identifying the im-
pact of this easy parameter for intra-ICU and long-term 
mortality prediction. We showed that hypothermia and 
hyperthermia at admission were significantly associated 
with an elevated SAPS2 score as compared to those with 
normal BT. 

Interestingly, every deviation of 1  ° C less than normal 
BT was associated with elevated lactate levels and in-
creased mortality. These findings could be interpreted as 
evidence for the disability of sicker patients in preserving 
the thermoregulation system [18] and helps in the inter-
pretation of the clinical status; even hemodynamic mon-

itoring indicates a seemingly compensated situation. 
Keeping this in mind, one might also not expect the fre-
quency of hypothermia at admission to be more com-
mon, which may be interpreted as a result of disease ex-
acerbation with adverse outcome. This was also high-
lighted by the fact that hypothermia was associated with 
an increase in catecholamine requirements to ensure he-
modynamic stability on the first day of ICU treatment. Of 
note, we cannot identify the mechanism of hypothermia 
development, which also may be influenced by hemody-
namic shock, previous drug therapy, or insufficient ther-
moregulation, especially in ACS or sepsis patients. Dys-
regulation of the thermoregulatory system and decrease 
in BT is known to be co-influenced by systemic hemo-
dynamic depression, which favors this condition [19]. 
Therefore, our results support this hypothesis by the fact 
that hypothermia was found to be related to an increase 
in catecholamine use on day 1 in the ICU, which was also 
associated with an increase in mortality in a multivariable 
logistic regression analysis. However, the exacerbation of 
some diseases (e.g., sepsis and pneumonia) results in the 
dysregulation of hypothalamic BT regulatory pathways, 
which supports the occurrence of hypothermia and the 
association with a 2.3-fold increase in intra-ICU mortal-
ity for patients with sepsis. Indeed, this is in line with oth-
er observational trials [20, 21] and data from national da-
tabases, suggesting an increase in mortality in patients 
with extremes of temperature (especially < 36   ° C and  
> 39.1  ° C) [22]. Of note, we cannot identify the mecha-
nism of why the host response to infection is impaired by 
preexisting hypothermia or fever. However, these obser-
vations may be explained by physical exhaustion related 
to BT changes, cumulative stress and therefore an im-
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Fig. 3. With any deviation from normal 
temperature, all-cause mortality shows a 
relevant increase (likelihood analysis: hy-
pothermia: OR 1.94, 95% CI 1.63–2.31; p < 
0.001; hyperthermia: OR 1.82, 95% CI 
1.40–2.38; p < 0.001).
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paired immunological response [23] or other confound-
ing factors influencing thermoregulation such as previ-
ous drug therapy or progressive endocrine diseases. Nev-
ertheless, we confirm these observations especially for the 
intra-ICU outcome. This is of special interest because 
most of the previous studies deal with the treatment and 
relevance of elevated BT and do not focus on the impact 
of hypothermia as an influencing factor for mortality, 
specifically in sepsis [24, 25]. Hence, it was demonstrated 
that fever predicts a lower mortality rate and shorter hos-
pital stay in patients with septic shock admitted to the 
ICU [26], which is in line with our results, highlighting 
no significant association of hyperthermia and intra-ICU 
mortality in a univariable logistic regression model cor-
rected for sepsis.

Contrary to this, BT dysregulation is common for de-
compensation of HF and used as a predictor of worse out-
comes [27]. We confirm this phenomenon of hypother-
mia to be associated with adverse outcomes for intra-ICU 
mortality and complement the current state of knowl-
edge: in our analysis, hyperthermia (> 37.5  ° C) has no ad-
verse effect on mortality in decompensated HF. On the 
contrary, experts are divided on the therapeutic need to 
intervene when BT is elevated and whether hyperthermia 
might be useful and protective in some settings of critical 
illness [28]. Recently, it has been shown that less fever 
management in an all-comers population of critically ill 
patients was correlated with a decrease in mortality as 
compared to more active fever management. Our results 
confirm the observation that hyperthermia in the overall 
cohort is associated with a lower mortality rate as com-
pared to the hypothermia group [29]. 

The continuous monitoring of BT during the stay at an 
ICU is normal practice, and the relevance of BT alteration 
for acute and future [30] cardiovascular outcome has 
been recently described. Interestingly, our results indi-
cate that the one-time measurement of admission BT can 
also be used as an early and independent predictor for 
intra-ICU mortality in ACS, AHF, sepsis, and pneumonia 
patients. These results are an important extension of the 
common doctrine that focuses only on hypothermia and 
accepts fever as a symptom of associated diseases. Studies 
to assess the relevance of BT modulation for disease mor-
bidity are required. 

Limitations of this study include the fact that it was 
conducted in a single center and that it was retrospective 
in nature. Moreover, there were no data available on the 
pathogenesis of sepsis/AHF/pneumonia/ACS in our pa-
tients and the cause of death. Patients were treated ac-
cording to the treating physician’s decisions following in-

ternational guidelines, but we have no data about specific 
antibiotic regimens. We have no specific data about BT 
regulation after admission to the ICU nor any data about 
medication influencing BT prior to admission. Further-
more, BT measurement was performed based on the ad-
mission workflow either on the left or right tympanic side 
and not on the same side of each patient. Of note, BT al-
terations may have more than one potential cause in ICU 
patients, and we did not distinguish other reasons not-
withstanding those that we have mentioned. Despite 
these limitations, we believe that our study emphasizes 
the importance of admission BT for the overall mortality 
and identifies this parameter as an independent value of 
ICU patient outcome. One should take into account that 
hypothermia is sometimes used as a therapeutic target to 
improve neurological outcomes; e.g., after successful car-
diopulmonary resuscitation, and that the prevention of 
fever and therapeutic strategies to normalize BT were not 
considered in this study.

Conclusions

Our observations indicate that BT at admission is 
highly relevant and independently associated with the 
overall intra-ICU and long-term survival. Patients with 
hypothermia or hyperthermia have a significant increase 
in mortality compared to normothermic patients, inde-
pendent of admission diagnosis. Interestingly, hypother-
mia seems to be a relevant and independent prognostic 
parameter for increased intra-ICU and long-term mor-
tality. This highlights the importance of BT on ICU  
admission for individual prognostication and therefore 
might be used in individual treatment decision-making.
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