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Abstract: 

Previous studies suggest a relationship between thermoregulatory mechanisms and the 

development of depression. In particular, there may be a correlation between alterations in core 

body temperature and depression. Patients suffering from chronic depression are supposed to 

have higher core body temperature and less of an ability to perspire as compared to healthy 

controls ( Koltyn, 1992 & Avery, 1999). Thus, it is of great scientific interest to study any 

relationship between depression, perspiration, and core body temperature. One preliminary study 

with an alternative treatment for depression (Whole Body Hyperthermia) suggests a greater 

efficacy of the treatment when patients have increased core body temperatures prior to the 

antidepressant treatment (Hanusch et al, 2012). Data collected for 24 hours before whole body 

hyperthermia interventions in eight patients shows a positive correlation between core body 

temperature and level of depression, the higher the core body temperature temperatures, the 

greater the depression scores. Vitals temperature however shows an inverse correlation to 

depression scores. Knowledge about core body temperature and the ability to sweat might be an 

interesting biomarker for the efficacy of treatments for depression. A conclusive finding, based 

on complete data, would alter the current ways of approaching treatments for Major Depressive 

Disorder.  
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Abstract: 

Previous studies suggest a relationship between thermoregulatory mechanisms and the 

development of depression. In particular, there may be a correlation between alterations in core 

body temperature and depression. Patients suffering from chronic depression are supposed to 

have higher core body temperature and less of an ability to perspire as compared to healthy 

controls ( Koltyn, 1992 & Avery, 1999). Thus, it is of great scientific interest to study any 

relationship between depression, perspiration, and core body temperature. One preliminary study 

with an alternative treatment for depression (Whole Body Hyperthermia) suggests a greater 

efficacy of the treatment when patients have increased core body temperatures prior to the 

antidepressant treatment (Hanusch et al, 2012). Data collected for 24 hours before whole body 

hyperthermia interventions in eight patients shows a positive correlation between core body 

temperature and level of depression, the higher the core body temperature temperatures, the 

greater the depression scores. Vitals temperature however shows an inverse correlation to 

depression scores. Knowledge about core body temperature and the ability to sweat might be an 

interesting biomarker for the efficacy of treatments for depression. A conclusive finding, based 

on complete data, would alter the current ways of approaching treatments for Major Depressive 

Disorder.  

 

 

Introduction: 

Definition of Depression 

 The World Health Organization (WHO) defines depression as a common mental disorder 

with symptoms of sadness and lack of interest followed by varying feelings of guilt, disturbed 

sleep and appetite, tiredness, and poor concentration. The Mayo Clinic describes depression as a 

mood disorder that causes persistent feelings of sadness and lack of interest that affects the 

patient’s emotional and physical behavior. In clinical research terms, major depressive disorder 

(MDD), or clinical depression, is a medical condition involving a plethora of symptoms ranging 

from emotional states such as sadness and loss of interest to physical circumstances, such as lack 

of energy and change in weight due to overeating or controversially loss of appetite.  

 

Biological Models of Depression 

Research on depression for the past three decades has established the hypothesis that 

various neurotransmitters in the brain are involved (Rothschild, 1988). More specifically, there is 

a relationship between three monoamine neurotransmitters, dopamine, norepinephrine, and 

serotonin, and major depressive disorder (Nutt, 2008). In general, noradrenergic and serotonergic 

functions in the central nervous system are implicated in the pathophysiology of depression and 

the mechanism of action of antidepressant drugs such as SSRIs (Charney, 1998). Thus, the three 

monoamines have been studied and models for each in relation to depression were developed. 

One of the models of depression is serotonin which hypothesizes that “alternations in 

serotonergic neuronal function in the central nervous system occur in patients with major 

depressive disorder” (Owens and Nemeroff, 2009). Phylogenetic evidences in ancient organisms 

also show direct evidence for a specific role of serotonergic transmission in sexual, feeding, and 

aggressive behaviors (Murphy et al, 1998).   
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Serotonin, or 5-hydroxytryptamine (5-HT), acts as a neurotransmitter in the central and 

peripheral nervous system (Dutton and Barnes, 2008). Serotonin is synthesized by tryptophan 

hydroxylases TpH1 and TpH2, which are found in enterochromaffin (EC) cells, that function as 

sensory transducers, and neurons (Gershon and Tack, 2007). 5-HT in the brain and other tissues 

only uses one synthesis pathway, from ι-tryptophan to 5-hydroxytryptophan via tryptophan 

hydroxylase to 5-HT via ι -amino acid decarboxylase (Murphy et al, 1998). Serotonin has a total 

of 15 receptors grouped into seven families, the largest of which are coupled to G proteins to 

inhibit cAMP formation or open potassium channels. One reason for the vast number of 

receptors in serotonin can be connected to the fact that 5-HT has been a neurotransmitter in 

primitive animals, meaning the array of receptors account for the evolutionary progress of 

serotonin that over time has allowed serotonin to have multiple functions in vertebrate 

organisms.  

5-HT mediates nonneuronal actions in other tissues such as the gastrointestinal tract and 

blood vessels. For this study, the main focus of serotonin will be its implications in the processes 

of mood, sleep, aggression, cognition, and feeding behavior in patients. In postmortem tissue 

analysis of depressed or suicidal patients, reduced levels of metabolite of serotonin 5-

hydroxyindoleactic acid (5-HIAA) and 5-HT were observed, suggesting that alterations in 

serotonergic neuronal functions in the central nervous system play an important role in patients 

with major depressive disorder (Owens and Nemeroff, 1994). Serotonin does not only have an 

effect on mood and behavior, but it is also involved in the regulation of the core body 

temperature (Gudelsky, 1986). 

 

History of Depression 

Because of such biological evidences relating imbalance of serotonin to depression, 

antidepressants are targeted to re-establish that balance by encouraging production of serotonin 

and serotonin receptor sites (Lacasse 2005). Common antidepressants are known as SSRIs or 

selective serotonin reuptake inhibitors and they claim to “correct a chemical imbalance caused 

by a lack of serotonin” (WebMD, 2005-2014). SSRIs such as Zoloft or Prozac work by 

increasing extracellular levels of serotonin by inhibiting re-uptake into the presynaptic cell, 

increasing the level of serotonin in the synaptic cleft that is available to bind to the post-synaptic 

receptor. Although in theory, this is a more direct approach to increasing levels to counteract any 

imbalance of serotonin in a depressed patient’s brain, the side effects of antidepressant drugs are 

high and sometimes too risky. For example, common side effects of Zoloft are nausea, diarrhea, 

loss of appetite, nervousness, and changes in sex drive or ability, which are already the 

symptoms of depression (MedlinePlus, 2012). Overdosing and/or serious side effects of 

antidepressant drugs are seizures, hallucinations, and increased thoughts of death. The National 

Institute for Clinical Excellence (NICE) actually advises non-pharmalogical treatment for mild 

depression.  

Thus, much research focus has been given to finding alternative methods of decreasing 

levels of depression. According to the World Health Organization (WHO), more than 350 

million people are suffering from depression. In 2012, WHO called for an end to the stigma that 

came with declaring depression because about 5% of every community in any given region in the 

world has depression.  

 

Previous Research: 
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Since the 20
th

 century, raising one’s body temperature has proven to be effective in 

decreasing the level of depression in clinically depressed patients. In 1904, Karl Osswald 

conducted a psychiatric study on warm permanent baths decreasing depression. The study 

involved patients sitting in a continuous warm bath, from hours to weeks, which raised their 

body temperature an average of 0.4
o
C. The patients also had a rest day in which their body temp 

was about 0.2
o
C above baseline body temperature. This method of raising and sustaining an 

elevated body temp is known as pyrogenics. In Osswald’s study, the permanent water baths and 

use of pyrogenics were almost impossible to control and the occasional drastic outcomes raised 

concerns of fatalities. Hyperthermia, however, is a controlled alternative to pyrogenics for it is 

also correlated with insufficient fever reactions but no fatalities. Increasing the body temperature 

via hyperthermia to 1
o
C improves the human immune system (Hanusch et al, 2012).  

Human hyperthermia entails an induced raise in body temperature through increased heat 

supply in connection to decreased heat emission. Hyperthermia is distinguished in two different 

mechanisms: passive hyperthermia and fever, which are physiologically different. A fever is 

usually triggered by bacteria and viruses or therapeutically through bacterial auto lysates or 

pyrogens, which inhibit heat receptors and stimulates cold receptors in the skin and 

hypothalamus. The hypothalamus then sends a noradrenergic signal in the spine to induce a 

sympathetic signal that initiates muscular tremor through alpha motor neurons. The result is an 

increase in body temperature with a reduction in skin temperature in the peripheral system.  

As the heat increases, thermosensitive ion channels in the skin’s Merkel cells project 

sensory afferents to a specific part of the dorsal raphe nucleus leading to increased levels of 

serotonin and serotonin metabolism in the forebrain limbic sites. This initiates thermo-stress 

reaction and stimulation of sweat glands and thus perspiration.   

Following a whole body hyperthermia test, a feeling of “well-being” was observed for 24 

hours in cancer patients with a significant improvement in mood; the sense of well-being 

continued for 72 hours afterwards (Koltyn et al, 1992) 

In an orthopedic rehabilitation study performed by Rohner, it was discovered that the best 

method of effective results is man-to-device in a passive WBH where a therapist was present in 

the room while the patient underwent intervention (Rohner, 2009). Results proved stronger effect 

in pain relief and additional progressive pain reduction after each treatment with a total of six 

treatments. Furthermore, the chamber-like design of the device created a sense of protection for 

the patients rather than claustrophobia. 

More recent research on depression shows a correlation between alternations in core body 

temperature and depression, with evidence of patients suffering from clinical depression likely to 

have higher core body temperature and less of an ability to perspire (Koltyn et al, 1992 & Avery, 

1999). Because of this inability to perspire, the internal body temperature of the patient is higher 

than in those able to perspire properly so there is probably a lack of serotonin release to the 

forebrain which would allow a sense of relief. This explains the irritated feelings in depressed 

patients.   

 

Current Research: 

Based on the previous work, current research aims to use heat therapy to increase core 

body temperature and decrease depression. One new mode of heat therapy is whole body 

hyperthermia achieved through the Heckel-T3000. 30 participants suffering from major 

depressive disorder will undergo whole body hyperthermia interventions twice during a six-week 

experiment to test the effectiveness of WBH in increasing core body temperature and ability to 
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perspire. This summary will discuss a study aimed to find a correlation between core body 

temperature and depression, which is the backbone of whole body hyperthermia interventions. 

Vitals temperature collected before the hyperthermia interventions will also be used to observe if 

there is a relation between core body temperature and vitals temperature in participants.    

 

Hypotheses 

1. The null hypothesis for this preliminary study of whole body hyperthermia 

intervention is that there is no correlation between core body temperature and 

depression. 

2. The alternative hypothesis is that depression is positively correlated to core body 

temperature so that an increase in depression results in an increase in core body 

temperature or vice versa.  

3. Another null hypothesis is that there is no correlation between vitals temperature and 

depression or vitals temperature and core body temperature.  

4. The alternative hypothesis is that there is a positive correlation between vitals 

temperature and depression where a higher score in the depression rating scale should 

be connected to a higher vitals temperature in the participant prior to the WBH 

session. 

5. The second alternative hypothesis is that there is a positive correlation between core 

body temperature and vitals temperature where a person with high core body 

temperature will also have higher vital temperature.  
  

Methods:  
 

In order to enter the Whole Body Hyperthermia intervention study, participants 

underwent a Hamilton Depression Rating Scale with a licensed physician, whom diagnosed their 

clinical depression. A score between 0-7 on the HAM-D scale means that the person has a 

normal condition. A score of 10-15 is indicative of depression and anything above 15 is clinical 

depression, therefore participants above a score of 15, with the exception of one participant, on 

the HAM-D scale were included in the study. 21 out of 30 desired participants have been 

accepted into the WBH study thus far at the University of Arizona. 

  
 

Once entered into the study, participants were given an Equivital EQ02 pill, device, and 

belt to wear for 48 hours, over a weekend. The EQ02 pill collects core body temperatures of the 

participant every minute for 24 hours for a total of 1400 data points. Monday morning, the 

participant returns with the equivital device and belt and all temperature files are collected. Six 
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hours prior to their WBH intervention on that day, a regular thermometer is used to measure the 

vitals temperature of the participant. This is a one-time measurement of core body temperature.  

 

Microsoft Excel was used to summarize core body temperature data, one-time 

measurement of vitals temperature prior to WBH, and Hamilton Rating Depression Interview 

scores. Only 8 of the 21 participants have complete Equivital data of core body temperatures for 

24 hours ready for analysis, the means of which were calculated in Microsoft Excel. Graphical 

representation of all data were created using Microsoft Excel to analyze for correlations. 

Statistical analyses were not conducted, due to the small amount of data and continuation of data 

to prevent biases.   

 

Results: 

 

Participant 

ID 

HAM-D 

scores  

Core body 

temperature 

means of 24h 

minute to minute 

data 

One-time vitals 

temperature (°C) 

before WBH 

interventions 

1 25   36.8 

2 20   36.9 

3 13   36.8 

4 17   36.5 

5 20 37.39 36.6 

6 22 36.42 37.3 

7 26   36.4 

8 28 36.67 36.3 

9 27 37.55 36.4 

10 19 37.12 36.6 

11 16 36.82 36.7 

12 26   36.4 

13 25   36.6 

14 22   37.2 

15 25   36.4 

16 28   36 

17 16 37.35 37.1 

18 30 36.94 36.5 

19 31   36.6 

20 22   36.4 

21 16   36.3 
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Table 1. The table above shows all the data collected from the Equivital EQ02 at least 24 hours 

before the WBH intervention, vitals temperatures collected 6 hours prior to the WBH 

intervention, and HAM-D scores of all the participants in the study. 

 

Participant ID 

Core body temperature 

means of 24h minute to 

minute data 

HAM-D scores  

 

5 37.39 20 

6 36.42 22 

8 36.67 28 

9 37.55 27 

10 37.12 19 

11 36.82 16 

17 37.35 16 

18 36.94 30 

 

Table 2. The table shows the relationship between the mean core temperatures collected using 

Equivital EQ02 for least 24 hours before the WBH session, every minute, and HAM-D Scores.  
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Figure 1. The graph above shows a positive correlation between mean core body temperature 

collected in eight participants at least 24 hours before WBH session and their depression scores 

measured by HAM-D.  
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Participant 

ID 

HAM-D 

scores  

One-time vitals 

temperature (°C) 

before WBH 

interventions 

      

1 25 36.8 

2 20 36.9 

3 13 36.8 

4 17 36.5 

5 20 36.6 

6 22 37.3 

7 26 36.4 

8 28 36.3 

9 27 36.4 

10 19 36.6 

11 16 36.7 

12 26 36.4 

13 25 36.6 

14 22 37.2 

15 25 36.4 

16 28 36 

17 16 37.1 

18 30 36.5 

19 31 36.6 

20 22 36.4 

21 16 36.3 

 

Table 2. The table above shows the relationship between HAM-D scores of study participants 

and vitals temperature (
o

C) collected 6 hours before WBH interventions. 
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Figure 2. The graph above shows an inverse correlation between vitals temperature and 

depression scores.  
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Discussion 

 
 Figure 1 shows a positive correlation between core body temperatures and depression 

scores, which means a higher core body temperature is directly proportional to a higher 

depression score. This is consistent with the alternative hypothesis that a higher internal body 

temperature would result in a higher level of depression. Although perspiration in the patients is 

yet to be studied, the positive correlation observed in Figure 1 supports the theory that high core 

body temperatures decrease one’s ability to perspire and release serotonin. Due to the low 

number of available data of complete 24-hour minute to minute core body temps, 8 out of 21 

participants, statistical analyses cannot be performed. Nevertheless, such results allow for the 

hypothesis that an increase in core body temperature will lead to a higher ability to perspire, 

which will be achieved through the WBH intervention. The WBH intervention involves the use 

of the Heckel-T3000. The HT-3000 has four IR water bulbs that input heat to the body through 

blood-tissue by increasing levels of heat over the course of 3-4 hours. The results from this study 

will further prove the hypothesis that increasing core body temperature is correlated to higher 

depression scores, however artificially increasing the core body temperature to increase 

perspiration will ultimately decrease depression scores.  

 

Interestingly, Figure 2 shows that vitals temperature and depression scores are inversely 

proportional; higher vitals temperature means lower depression scores. These results are 

inconsistent with the hypothesis that a patient with higher depression scores would have higher 

vitals temperature. A standard thermometer was used to collect the vitals temperature of the 

participants six hours prior to their WBH intervention. Data for all 21 participants is available 

and further analysis of the data proved that vitals temperature and depression and inversely 

proportional. This means that as the level of depression increases, the vitals temperature 

decreases. Although the alternative hypothesis has been disproven, the results from this study do 

not prove the null hypothesis to be correct.  

 

Furthermore, vitals temperatures alone cannot represent a person’s reasons for higher 

depression scores. These values don’t take into account the circadian rhythm, as seen in the core 

body temperatures collected for 24 hours. Therefore, the vitals temperatures are not a complete 

representation of the body temperatures of a depressed patient. Moreover, the core body 

temperatures and vitals temperatures were not analyzed together because there were simply not 

enough data to show actual results. Observing the correlation between 8 out 21 participants is not 

a fair representation of the overall data and study.  

 

This study is on-going and data collection is continuous until 30 participants have been 

acquired. Completion of the data collection and analysis will provide a better picture of the 

hypotheses discussed in this summary; however the current data does show where the study is 

headed. The data presented here proves that there is a correlation between core body temperature 

and depression and shows an inverse correlation between vitals temperature and depression. 

Conclusion of the WBH study will further provide evidence or reject the hypothesis that core 

body temperatures are related to depression scores. If the study shows a positive correlation, the 

artificial induction of fevers in the participants through WBH would allow better 

thermoregulation in depressed patients, thus in turn decreasing their depression scores. Such 
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results would be an innovative method of decreasing depression and a novel idea in the field of 

research on alternative methods for clinical depression.  
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