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Impact of heart rate on the outcome of
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Abstract

Objective: This study aimed to identify prognostic factors for hypothermia, including hormone levels.

Materials and Methods: This retrospective analysis used data from our department’s database from November 2018 to December
2023. Inclusion criteria comprised cases with a prehospital diagnosis of hypothermia (body temperature <35°C) established by
emergency medical technicians. Patients in cardiac arrest upon arrival were excluded from the study. This study investigated vari-
ous parameters, including age, sex, body temperature, systolic blood pressure, heart rate, Glasgow Coma Scale (GCS) score, and
adrenocorticotropic hormone (ACTH), cortisol, thyroid-stimulating hormone (TSH), free triiodothyronine (FT3), free thyroxine
(FT4), C-reactive protein, total protein, albumin levels, and outcomes. Patients were categorized into two groups based on the dis-
charge outcome: fatal and survival groups. This study compared the variables between the two groups.

Results: There were 28 and 53 patients in the fatal and survival groups, respectively. The average heart rate and FT3 levels in the
fatal group were significantly lower than those in the survival group. The average cortisol and CRP levels in the fatal group were
significantly higher than those in the survival group.

Conclusion: This is the first report to demonstrate that hypothermic patients with a fatal outcome tend to have low heart rate, low
FT3 levels, high cortisol levels, and inflammation upon arrival at the hospital. Further studies with larger sample sizes are needed
to confirm the clinical significance of our findings.

Key words: hypothermia, low T3 syndrome, heart rate

(J Rural Med 2025; 20(2): 88-91)

generation from the body (thermogenesis); other factors
also contribute to the risk of developing hypothermia. Func-

I Introduction

Hypothermia is an involuntary drop in the body tem-
perature to below 35°C. Accidental hypothermia is not
confined to regions or times of severe cold and can occur
even in milder climates. Hypothermia occurs when the body
loses more heat than it absorbs or generates, making it un-
able to produce sufficient heat to maintain homeostasis and
proper bodily functions. The underlying cause of accidental
hypothermia is excessive cold stress and inadequate heat
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tional central and peripheral nervous systems, along with
proper behavioral adaptation, are crucial components' .
Extremes of age, hypoglycemia, malnutrition, and endo-
crine disorders are examples of inadequate heat production.
Skin disorders and improper peripheral vasodilation due
to peripheral dysfunction exacerbate heat loss. Conditions
such as cerebrovascular accidents, neurodegenerative disor-
ders, and drug abuse may disrupt the hypothalamic thermo-
regulatory function. In addition to organic causes, impaired
behavioral responses to cold stress may result in hypother-
mia in individuals with dementia, drug abuse disorders, or
psychiatric conditions. Situational circumstances such as
lack of shelter or clothing may occur among the homeless.

Data on the epidemiology of hypothermia are limited,
and there are no reports on the analysis of hormonal data on
hypothermia. At our facility, we measured thyroid function
in patients with shock or abnormal body temperature. This
study aimed to gather data on the epidemiology of hypo-
thermia.
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I Materials and Methods

The protocol for this retrospective study was approved
by our institutional review board (approval number: 298),
and the study was conducted in accordance with the stan-
dards of good clinical practice and the Declaration of Hel-
sinki.

This study was a retrospective analysis of the database
of the Department of Acute Critical Care Medicine at Shi-
zuoka Hospital, Juntendo University, a tertiary care center
located in the eastern region of Shizuoka Prefecture, ap-
proximately 130 km southwest of Tokyo, Japan. The eastern
region of Shizuoka Prefecture is approximately 4,090 km?
and has a population of approximately 2 million. Due to a
shortage of medical resources in this area, the most severely
ill or traumatized patients are transported to our hospital by
ground ambulances or doctor helicopters. This study was
conducted between November 2018 and December 2023.
The inclusion criteria were a prehospital diagnosis of acci-
dental hypothermia established by emergency medical tech-
nicians and subsequently registered in the medical database
in our department, with a temperature <35°C measured by
rectal or bladder temperature. The exclusion criteria were
cases with cardiac arrest on arrival, temperature over 35°C
on arrival, and unknown final outcomes. Patients’ age, sex,
body temperature, systolic blood pressure, heart rate, re-
spiratory rate, Glasgow Coma Scale (GCS) score, and ad-
renocorticotropic hormone (ACTH), cortisol, thyroid-stim-
ulating hormone (TSH), free triiodothyronine (FT3), free
thyroxine (FT4), FT3/TSH, C-reactive protein, total protein,

Table 1 Analysis results

and albumin levels, and outcomes were investigated, with
all parameters measured at the time of arrival. Patients were
divided into two groups: the fatal group, which included pa-
tients with a fatal outcome, and the survival group, which
included patients with a survival outcome on discharge. The
variables were compared between the two groups.

Our standard methods for the treatment of hypothermia
include the infusion of warm lactated Ringer’s solution and
warming with a forced-air warming body blanket. Percuta-
neous cardiopulmonary support is not routinely employed
for rewarming, except in patients experiencing cardiac ar-
rest.

All statistical analyses were performed using JMP soft-
ware (version 13.0; SAS Japan Incorporation, Tokyo, Japan).
Data were analyzed using a non-paired Student’s t-test or
> test for comparisons between the two groups. Statistical
significance was set at P<0.05. difference. All data are pre-
sented as mean =+ standard deviation.

I Results

During the study period, 353,582 patients were regis-
tered in the database. Of these patients, there were 105 pa-
tients who were diagnosed with accidental hypothermia.
After excluding 12 patients with cardiac arrest on arrival,
7 with temperatures over 35°C on arrival, and 5 with un-
known final outcomes, 81 patients were included in this
study. There were 28 patients in the fatal group and 53 in
the survival group.

The results of the analyses of the two groups are pre-

Fatal Survival
P-value

n=28 n=53
Sex (male/female) 13/15 30/23 0.38
Age (years) 78.0 £ 19.0 78.8 + 11.1 0.48
Glasgow Coma Scale 6 (8, 11) 10 (7, 13) 0.27
Systolic blood pressure (mmHg) 97.1+344 104.0 +34.4 0.41
Heart rate (beats per minute) 52.7+20.5 74.8 £29.6 0.0007
Respiratory rate 16.3+5.8 18.2+47 0.11
Body temperature 29.0+2.5 29.8+2.5 0.22
ACTH (pg/mL) 98.1 + 143.3 (n=8) 50.5 + 53.1 (n=23) 0.54
Cortisol (ng/dL) 49.7 +24.0 (n=8) 29.7 + 14.8 (n=23) 0.01
FT3 (pg/mL) 1.38 £ 0.63 (n=24) 1.90 £ 0.71 (n=42) 0.001
FT4 (ng/dL) 1.20 £ 0.55 (n=24) 1.30 £ 0.31 (n=42) 0.25
TSH (uIU/mL) 40.9 £ 131.2 (n=25) 473 £9.1 (n=41) 0.25
FT3/TSH 0.78 £ 0.92 1.40 £ 1.73 0.08
C reactive protein (mg/dL) 7.64 £7.26 375+5.35 0.005
Total protein (g/dL) 6.30 £ 1.04 6.51+0.78 0.35
Albumin (g/dL) 3.10+0.70 3.26 +0.69 0.69

ACTH: adrenocorticotropic hormone; TSH: thyroid-stimulating hormone; FT3: free triiodothyronine;
FT4: free thyroxine.
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sented in Table 1. There were no statistically significant
differences in sex, age, GCS score, systolic blood pressure,
respiratory rate, body temperature, and ACTH, FT4, TSH,
FT3/TSH, total protein, and albumin levels between the
two groups. However, the average heart rate and FT3 lev-
els were significantly lower in the fatal group than in the
survival group. The average cortisol and CRP levels in the
fatal group were significantly lower than those in the sur-
vival group.

There were 3 cases in the fatal group and 1 case in the
survival group that had over 10 uIU/mL of TSH and under
1.0 ng/dL of FT4, which was compatible with hypothyroid-
ism (no significant difference, P=0.10). Additionally, 14 cas-
es of low T3 syndrome (under 2.4 pg/mL of FT3 but levels
of TSH and FT4 were within the normal limit) in the fatal
group were significantly greater than the 19 cases of low T3
syndrome in the survival group (P=0.04).

I Discussion

This study demonstrated that hypothermic patients with
fatal outcomes tend to have low heart rates, low FT3 levels,
high cortisol levels, and inflammation upon arrival at the
hospital.

Concerning the low level of FT3, hypothyroidism should
be evaluated. Some patients in the present study may have
had decompensated hypothyroidism (myxedema coma),
which is associated with significant morbidity and mortal-
ity®. However, most patients did not meet the definition of
hypothyroidism. During illness, deiodination of thyroxine
(T4) to triiodothyronine (T3) is downregulated, a condi-
tion known as “low T3 syndrome”, representing an adap-
tive metabolic mechanism that reduces energy expenditure
and prevents catabolism®. In the present study, low T3 syn-
drome was predominant in the fatal group. Recently, low T3
syndrome has been reported as a poor prognostic marker
for multiple conditions or diseases’!). However, there have
been no reports indicating that low T3 syndrome is associ-
ated with a poor prognosis in hypothermic patients, mak-
ing this the first study to demonstrate such an association.
The use of hormone replacement therapy in the treatment of
patients with low T3 syndrome remains controversial. Nev-
ertheless, hormone replacement therapy has been shown to
significantly improve the survival rates of neurocritical pa-
tients. However, hormone replacement therapy in hypother-
mic patients has not been studied; therefore, this is another
issue that needs to be investigated in the future.

The present study demonstrated that hypothermic pa-
tients with fatal outcomes tend to exhibit inflammation.
Infections are common causes of inflammation. Infected
patients who develop hypothermia experience significantly
worse outcomes than those who develop fever or maintain
normal body temperature'> ¥, Therefore, infected patients

may have been included in the fatal group. The pathophysi-
ology of hypothermia in Systemic Inflammatory Response
Syndrome and sepsis remains unclear, despite various theo-
ries proposed to explain it. Hypothermia in sepsis was pre-
viously attributed to a lack of pro-inflammatory cytokines,
such as IL-6 and TNF-o. However, studies have failed to
demonstrate a decrease in the inflammatory response dur-
ing hypothermic sepsis'?. Conversely, another proposed
mechanism for the onset of hypothermia is an increased
anti-inflammatory response, either through elevated anti-
inflammatory cytokines such as IL-10 or reduced respon-
siveness of white blood cells to inflammatory signals'?.
While this study remains purely descriptive, the results sug-
gest a causal relationship between elevated CRP levels and
poor prognosis in hypothermic patients. Further research is
required to explore this potential relationship and provide
deeper insights into the roles of inflammation and infection
in these conditions.

This study showed that hypothermic patients with fatal
outcomes tend to have high cortisol levels. Cortisol con-
centrations increase during stress'®. Generally, in response
to cold stress, the hypothalamus attempts to stimulate heat
production through shivering and increases thyroid, cat-
echolamine, and adrenal activities'”. However, the present
study found no significant difference in body temperature
upon arrival between the two groups. In contrast, the in-
flammatory response was greater in the fatal group than in
the survival group. Inflammatory stress can lead to the re-
lease of cortisol from the adrenal glands!®. Further studies
are required to investigate the relationship and mechanisms
of cortisol levels in patients with accidental hypothermia.

This study demonstrated that hypothermic patients with
fatal outcomes tend to have a low heart rate upon arrival
at a hospital. However, no previous studies have described
this tendency. Because compensatory mechanisms to pre-
vent hypothermia are overwhelming, patients with mild
hypothermia initially demonstrate tachypnea, tachycardia,
and hyperventilation'. However, moderate hypothermia is
characterized by proportionate reductions in pulse rate and
cardiac output, hypoventilation, central nervous system de-
pression, and hyporeflexia. Severe hypothermia can lead to
pulmonary edema, oliguria, areflexia, coma, hypotension,
bradycardia, and ventricular arrhythmia'> . Bradycardia
may be physiological in severe hypothermia; however, a low
heart rate was a risk factor for fatal outcomes in the present
study.

This study had some limitations. First, it had a small
sample size, retrospective nature, and restricted selection
criteria, limiting the generalizability of the results across
different settings and environments. Moreover, establishing
a clear mechanistic relationship between the poor outcomes
of hypothermia and low heart rate, low FT3 levels, high cor-
tisol levels, and inflammation requires further investigation
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using a larger cohort to enhance the study’s statistical power
and confidence in the findings.

I Conclusion

This study demonstrated that hypothermic patients with
fatal outcomes tend to have low heart rates, low FT3 levels,
high cortisol levels, and inflammation upon arrival at the
hospital. Further studies with larger sample sizes are needed
to confirm the clinical significance of our findings.

Conflicts of interest: The authors declare no conflicts of
interest in association with this study.

Funding information: This work was supported in part
by a Grant-in-Aid for Special Research in Subsidies for the
ordinary expenses of private schools from The Promotion
and Mutual Aid Corporation for Private Schools of Japan.

Ethics approval and consent to participate: The protocol
for this retrospective study was approved by our institutional
review board, and examinations were conducted according to

the standards of good clinical practice and the Declaration of
Helsinki. Consent was obtained from all participants.

Consent for publication: All authors endorse the data
and conclusions.

Data availability statement: We do not have data for
availability.

Author contributions: All the authors made substantive
contributions to this study. Soichiro Ota wrote the manu-
script. Hiroki Nagasawa, Hiroaki Taniguchi, Tatsuro Sakai,
Hiromichi Ohsaka, Kazuhiko Omori, and Youichi Yanaga-
wa edited the manuscript.

IAcknowIedgements

I am deeply grateful to Professor Youichi Yanagawa for
his invaluable guidance and unwavering support throughout
this research. I also greatly appreciate the opportunity to
learn under his leadership, which has been both profoundly
meaningful and crucial for my professional development.

I References

1. Rasmussen JM, Cogbill TH, Borgert Al, et al. Epidemiology, management, and outcomes of accidental hypothermia: a multicenter study of regional care.
Am Surg 2022; 88: 1062-1070. [Medline] [CrossRef]
2. Paal P, Brugger H, Strapazzon G. Accidental hypothermia. Handb Clin Neurol 2018; 157: 547-563. [Medline] [CrossRef]
3. Pellegrino F, Raffaldi I, Rossi R, et al. Epidemiology, clinical aspects, and management of pediatric drowning. Ital J Pediatr 2023; 49: 74. [Medline]
[CrossRef]
4. Oshiro K, Murakami T. Causes of death and characteristics of non-survivors rescued during recreational mountain activities in Japan between 2011 and
2015: a retrospective analysis. BMJ Open 2022; 12: €053935. [Medline] [CrossRef]
5. Bridwell RE, Willis GC, Gottlieb M, et al. Decompensated hypothyroidism: a review for the emergency clinician. Am J Emerg Med 2021; 39: 207-212.
[Medline] [CrossRef]
Gottwald-Hostalek U, Schulte B. Low awareness and under-diagnosis of hypothyroidism. Curr Med Res Opin 2022; 38: 59-64. [Medline] [CrossRef]
7. Miller NA, Kaegi-Braun N, Durmisi M, et al. Low T3 syndrome on admission and response to nutritional support in malnourished medical inpatients. J
Clin Endocrinol Metab 2023; 108: ¢240—¢248. [Medline] [CrossRef]
8. Chen Y, Chang J, Yin R, et al. Diagnosis and treatment of low T3 syndrome in neurocritical patients. J Clin Pharm Ther 2020; 45: 759-766. [Medline]
[CrossRef]
9. Pontes CDN, Rocha JLGD, Medeiros JMR, et al. Low T3 syndrome as a prognostic factor in patients in the intensive care unit: an observational cohort
study. Rev Bras Ter Intensiva 2022; 34: 262-271. [Medline] [CrossRef]
10. LiuJ, WuX, LuF, e al. Low T3 syndrome is a strong predictor of poor outcomes in patients with community-acquired pneumonia. Sci Rep 2016; 6: 22271.
[Medline] [CrossRef]
11.  Zhao Y, Wang W, Zhang K, et al. Association between low T3 syndrome and poor prognosis in adult patients with acute myocarditis. Front Endocrinol
(Lausanne) 2021; 12: 571765. [Medline] [CrossRef]
12. Maait Y, El Khoury M, McKinley L, et al. Hypothermia is associated with poor prognosis in hospitalized patients with severe COVID-19 symptoms.
Cureus 2021; 13: ¢14526. [Medline]
13. Remick DG, Xioa H. Hypothermia and sepsis. Front Biosci 2006; 11: 1006-1013. [Medline] [CrossRef]
14. Harmon MBA, Pelleboer I, Steiner AA, et al. Opinions and management of hypothermic sepsis: results from an online survey. Ther Hypothermia Temp
Manag 2020; 10: 102-105. [Medline] [CrossRef]
15.  Zafren K, Mechem C. Accidental hypothermia in adults. UpToDate Apr 13. 2023.
16. Russell G, Lightman S. The human stress response. Nat Rev Endocrinol 2019; 15: 525-534. [Medline] [CrossRef]
17.  Pillgram-Larsen J, Svennevig JL, Abdelnoor M, et al. [Accidental hypothermia. Risk factors in 29 patients with body temperature of 30 degrees C and
below]. Tidsskr Nor Laegeforen 1991; 111: 180-183 (in Norwegian). [Medline]

J Rural Med 2025; 20(2): 88-91 | doi: 10.2185/jrm.2024-016 | 91


http://www.ncbi.nlm.nih.gov/pubmed/33375834?dopt=Abstract
http://dx.doi.org/10.1177/0003134820984869
http://www.ncbi.nlm.nih.gov/pubmed/30459025?dopt=Abstract
http://dx.doi.org/10.1016/B978-0-444-64074-1.00033-1
http://www.ncbi.nlm.nih.gov/pubmed/37316902?dopt=Abstract
http://dx.doi.org/10.1186/s13052-023-01464-1
http://www.ncbi.nlm.nih.gov/pubmed/35115353?dopt=Abstract
http://dx.doi.org/10.1136/bmjopen-2021-053935
http://www.ncbi.nlm.nih.gov/pubmed/33039222?dopt=Abstract
http://dx.doi.org/10.1016/j.ajem.2020.09.062
http://www.ncbi.nlm.nih.gov/pubmed/34698615?dopt=Abstract
http://dx.doi.org/10.1080/03007995.2021.1997258
http://www.ncbi.nlm.nih.gov/pubmed/36546619?dopt=Abstract
http://dx.doi.org/10.1210/clinem/dgac743
http://www.ncbi.nlm.nih.gov/pubmed/32406070?dopt=Abstract
http://dx.doi.org/10.1111/jcpt.13162
http://www.ncbi.nlm.nih.gov/pubmed/35946657?dopt=Abstract
http://dx.doi.org/10.5935/0103-507X.20220024-en
http://www.ncbi.nlm.nih.gov/pubmed/26928863?dopt=Abstract
http://dx.doi.org/10.1038/srep22271
http://www.ncbi.nlm.nih.gov/pubmed/33763025?dopt=Abstract
http://dx.doi.org/10.3389/fendo.2021.571765
http://www.ncbi.nlm.nih.gov/pubmed/34007774?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16146792?dopt=Abstract
http://dx.doi.org/10.2741/1858
http://www.ncbi.nlm.nih.gov/pubmed/31233381?dopt=Abstract
http://dx.doi.org/10.1089/ther.2019.0002
http://www.ncbi.nlm.nih.gov/pubmed/31249398?dopt=Abstract
http://dx.doi.org/10.1038/s41574-019-0228-0
http://www.ncbi.nlm.nih.gov/pubmed/1998174?dopt=Abstract

