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ABSTRACT 

Background: Whole-Body Cryotherapy (WBC) - a repetitive, short-term exposure to extremely low 

temperatures – may become an effective early intervention for mild cognitive impairment (MCI). It is 

a heterogeneous group of symptoms associated with cognitive dysfunction which is estimated to 

transform into dementia in 50% cases. 

Study design: The prospective randomised double-blind sham-controlled study aimed to determine the 

efficacy of WBC on cognitive functioning and biological mechanisms. The study was registered with 

Australian New Zealand Clinical Trials Registry (ACTRN12619001627145). 

Methods: Participants with MCI (n=62; (20<MoCA>26) were randomly allocated to cryogenic 

temperatures (-110°C till -160°C) (EG, n=33) or placebo-controlled group (CG, n=29). Cognitive 

functions were measured at baseline (T1), after the 10
th
 WBC session (T2) and after 2 week-break (T3) 

with DemTect, SLUMS and Test Your Memory (TYM). Secondary outcome measures included 

quality of life (WHOQoL–BREF), self-reported well-being (VAS) and depressive symptoms (GDS). 

Whole blood samples (10 ml) were collected at T1 and T2 to evaluate levels of cytokines, 

neurotrophins, NO and biochemical parameters CRP total cholesterol, prolactin).    

Results: There were significant differences between groups measured at T2 in immediate recall 

(DemTect) and in orientation (TYM) in favour of WBC group. Improvement in mood was detected in 

self-reported depressive symptoms level (WHOQoL-26; T2 p=0.04; VAS mood T2 p=0.02; T3 

p=0.07). The significant reduction of BDNF level was observed (p<0.05). 

Conclusions: WBC may increase the performance of cognitive functions. It seems promising to 

combine WBC with existing behavioural and cognitive trainings in the future studies investigating 

early interventions methods in MCI.  

Keywords: whole-body cryotherapy; mild cognitive impairment; memory improvement; supportive 

therapy; randomized controlled trial 
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HIGHLIGHTS 

 The first RCT on the impact of whole-body cryotherapy on cognitive functions

 WBC may increase the performance of cognitive functions among people with MCI

 WBC may regulate the level of brain derived neurotrophic factor (BDNF)
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1. Introduction

Due to an ageing world population, the increased prevalence of neurocognitive disorders will compare 

to cardiovascular or neoplastic diseases within the next few decades (WHO, 2015). Neurocognitive 

disorders, like dementia, are of significant interest as there are no treatments that modify disease 

progression.  

Mild cognitive impairment (MCI) includes a heterogeneous group of symptoms associated with 

cognitive dysfunction, and usually refers to the transition period between normal functioning and 

dementia. It is estimated that between 41-64% of people diagnosed with MCI will develop dementia 

during their lifetime (Gauthier et al., 2006). Due to the progressive and irreversible nature of dementia, 

novel therapeutic strategies, employed at an early stage of cognitive impairment, are a much needed 

intervention. One such proposed intervention involves a repetitive, short-term exposure to extremely 

low temperatures (maximum 3 minutes for adults) termed Whole-Body Cryotherapy (WBC), also 

known as whole-body cryostimulation. This method is already used as a supplementary therapy in 

other clinical areas, such as neurology, rheumatology, and sport medicine (Bouzigon et al., 2016). It is 

also commonly used as a treatment in inflammatory diseases. Induced hypothermia is a similar 

approach utilised for its neuroprotective effects in acute brain injuries caused by ischemic events. 

Numerous in vitro and animal model studies have also reported possible protective effects from 

exposure to extremely low temperature (Bouzigon et al., 2016). 

WBC has become a standard form of treatment and rehabilitation in the course of neurological and 

musculoskeletal disorders in some countries, including Poland. Currently, WBC is most commonly 

used in the treatment of rheumatology disorders that involve pain, joint swelling, and mobility 

limitations – mainly in spinal and peripheral joint osteoarthritis as well as in rheumatoid disease 

(Gizińska et al., 2015; Stanek et al., 2015; Yamauchi, 1986). Indications for WBC also include spastic 

paresis in the course of multiple sclerosis (Lubkowska, 2013). Its use in fibromyalgia also has 

beneficial clinical effects and reduces pain (Kanecki and Tyszko, 2016; Rivera et al., 2018; Vitenet et 

al., 2018).  Lately WBC is more and more often used in healthy subjects as a method to promote well-

being (Stanek et al., 2019, 2016). Preliminary evidence of WBC benefits in the mental health area, 

including improving quality of life (Szczepańska-Gieracha et al., 2014), reducing depressive 

symptoms (Rymaszewska et al., 2020, 2019; Rymaszewska and Ramsey, 2008) and improving 

cognitive functions, as well as biochemical blood parameters, have been reported in people with MCI 

(Rymaszewska et al., 2018).  

The systemic effect of cryogenic temperatures is associated with analgesic, neuro-muscular, 

antiedematous, anti-inflammatory, hormonal and circulatory reactions (Rymaszewska and Mazurek, 

2012). It is hypothesised that WBC may be used in prevention and early intervention of MCI and 

Alzheimer’s Disease (AD) (Misiak and Kiejna, 2012). Studies indicate that low temperatures may 

have a protective effect on the central nervous system (Dietrich and Bramlett, 2010). This effect is 

applied in emergency medicine with induced hypothermia to treat acute vascular conditions, such as 



5 

strokes (Lubkowska, 2013). Immunomodulation is another potential effect of WBC. Researchers have 

found that exposure to extremely low temperatures leads to a decrease in oxidative stress and pro-

inflammatory cytokines (IL-1, IL-2, TNF-α) and an increase in the concentration of anti-inflammatory 

cytokines (IL-6, IL-10) (Banfi et al., 2009; Stanek et al., 2018). Markers of inflammatory response, 

such as C Reactive Protein (CRP) and sICAM-1 were also downregulated, which is of importance in 

patients with dementia due to the correlation of cognitive impairment with neuroinflammation 

(Bouzigon et al., 2016; Kim et al., 2012). The synaptic dysfunction and apoptosis of neuronal cells 

observed in Alzheimer’s disease is caused by chronic neuroinflammation induced in response to an 

accumulation of highly insoluble amyloid beta peptide deposits. A continuous pro-inflammatory 

reaction includes a decrease in microglia activity, and the altered secretion of reactive oxygen species, 

nitric oxide (NO), chemokines, and cytokines, and inflicts damage to the blood-brain barrier 

(Brosseron et al., 2014; Faria et al., 2014; Janoutová et al., 2015; Magaki et al., 2007; Saleem 

et al., 2015).  

It has been reported that inflammatory markers, or markers of an impaired immune response, can be 

used to monitor Alzheimer’s disease progression (McGeer and McGeer, 1998; Richartz et al., 2005). 

An altered immune profile has also been found in MCI patients. In MCI, and AD patients who had 

progressed from MCI, a higher levels of pro-inflammatory cytokines (e.g. TNF-α, IL-1β or IL-6) in 

serum/plasma was observed when compared to healthy controls (Su et al., 2016; Wang et al., 2015). A 

reduction in levels of anti-inflammatory factors like IL-10 or TGF-β was also observed (Tarkowski et 

al., 2003; Wang et al., 2015). Oxidative stress has been also recognized as a contributing factor in 

ageing, AD, and the progression of multiple neurodegenerative diseases (Massaccesi et al., 2019; 

Tönnies and Trushina, 2017). Alterations in the immune response in MCI would suggest that 

inflammatory events may precede the clinical development of AD.  

There is a significant amount of studies supporting the idea that neurotrophic factors are crucial for the 

etiology of AD, in particular BDNF (Brain Derived Neurotrophic Factor) (Miranda et al., 2019). 

BDNF, a member of the nerve growth factor family, plays an important role in neuronal survival, 

differentiation, and synaptic plasticity in the CNS, particularly in brain regions susceptible to 

degeneration in AD (Angelucci, 2009; Faria et al., 2014; Miranda et al., 2019). Several studies have 

revealed an alteration in BDNF expression in the post-mortem brains of AD patients, however, with 

contrasting results. Some studies showed a decrease of BDNF mRNA and protein level in both 

preclinical (Holsinger et al., 2000) and end-stage AD brain (Savaskan et al., 2000). This reduction was 

also reported in MCI (Shimada et al., 2014). There is also some experimental evidence that peripheral 

BDNF level is significantly higher in MCI patients and AD patients, when compared to the healthy 

controls (Angelucci, 2009; Faria et al., 2014; Kim et al., 2017; Miranda et al., 2019). 

This research project aimed to determine the efficacy of Whole-Body Cryotherapy on cognitive 

functioning and its biological mechanisms in people with mild cognitive impairment (MCI).  
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2. Materials and methods

2.1 Study design 

This study was conducted as a prospective randomized double-blind sham-controlled trial with the 

research protocol reviewed and approved by the Bioethical Committee of the Wroclaw Medical 

University (permission numbers: KB-665/2014, KB-124/2015). The research protocol was performed 

in compliance with the Declaration of Helsinki. The study was retrospectively registered with 

Australian New Zealand Clinical Trials Registry (ACTRN12619001627145). All participants received 

oral and written information about the study design, anonymity, and informed they could withdraw 

from the study at any time and provided written consent. Figure 1 presents the study design. 

2.2 Procedure 

Participants from the experimental group undertook 10 WBC sessions for two weeks (1 per day from 

Monday – Friday, no sessions were conducted on the weekend). Cryochamber CR 2002 (Wroclaw 

type, provided by Creator Sp. z o. o.) was used in this study. The cryochamber consists of two rooms; 

the vestibule/antechamber (temperature -60ºC); and the main chamber (temperature -110ºC at the first 

day till -135ºC further on). The device was cooled by liquid nitrogen (with no direct contact with the 

liquid nitrogen). The WBC session lasts for 2 minutes in the main chamber. Each session in the main 

chamber is preceded and followed by a 30 second adaptation session in the vestibule/antechamber. 

Blood pressure was measured prior to each session, and all sessions were supervised by medical 

personnel. Groups of 5-6 participants used the WBC chamber at the same time. 

29 Participants in the control (sham) group undertook 10 sessions for two weeks (1 per day from 

Monday – Friday, no sessions were conducted on the weekend) in the vestibule/antechamber 

(temperature -50ºC). Because of the technical elements of maintaining higher temperatures in the 

cryochamber, participants from the control (sham) group entered the cryochamber in the opposite way, 

through the main chamber (-20ºC) to the vestibule with lower temperature (-50 ºC) for 2 minutes.  

All other aspects of the control procedure were performed exactly as for the experiment intervention. 

Both experimental and control sessions were performed between 5:00 PM and 7:00 PM. All 

participants (from both experimental and control group) were required to wear minimal woollen or 

cotton clothing (i.e. shorts and t-shirt), gloves, headband (or beanie), a nose and mouth mask, high-

knee socks and dry shoes (i.e. wooden) during the WBC. Regardless of group, each session was 

conducted similarly. 

There were 3 assessments during the study. Before the first WBC session (T1), after the last (10
th
) 

WBC (T2), and finally two weeks later at follow-up (T3). Blood was collected from all participants at 

T1 and T2. The blood specimens were collected before the first session on Monday (approximately 

half an hour before WBC session) and immediately after the last session on Friday. The detailed 
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structure of the procedure is presented on the Figure 1. There were no additional changes in the study 

protocol after commencement. The study took place between January 2015 and December 2018. 

Figure 1. Study design 
MoCA - Montreal Cognitive Assessment;  HAM-D 17 - Hamilton Depression Rating Scale; SLUMS - Saint Louis University Mental Status 

Examination; TYM - Test Your Memory; VFT - Verbal Fluency Test; WHOQoL-BREF - World Health Organization Quality of Life – 

BREF; VAS - Visual Analogue Scale; GDS - Geriatric Depression Scale; AIS - Acceptance of Illness Scale; BDNF – Brain Derived 
Neurotrophic Factor; NGF - nerve growth factor; NO – nitric oxide; CRP –C- Reactive Protein; PRL – Prolactin; WBC sessions (10 WBC 

sessions or 10 control sessions) 

2.3 Randomisation 

The participants were randomly allocated via randomisation software to be exposed to cryogenic 

temperature ranging from -110°C to -135°C (the experimental group, EG) or to low, but not cryogenic, 

temperatures -50°C (the control group, CG). People were assigned to the groups by the research 

assistant not involved in assessment procedures. Both investigators and subjects remained blind. 

Participants did not receive information about being allocated to the experimental or control group, a 

temperature display on the cryochamber was covered for both groups at each session. Researchers 

involved in the assessment pre-, during, and post- intervention were not informed about the 

randomisation outcomes. Only the research assistant, responsible for the randomisation, and a person 

responsible for the cryochamber preparation were not blinded.   

2.4 Study participants 

112 people with mild cognitive impairment (MCI) were recruited from the outpatients’ clinic in 

Wroclaw Medical University Hospital, via local media adverts as well as through word-of-mouth. The 

study enrolled 86 medically stable (based on physical examination, medical history and vital signs at 

screening) adults (aged 49-80 years) with a diagnosis of mild cognitive impairment (MCI; F06.7 

according to research criteria of International Classification of Diseases, ICD-10) (World Health 

Organization, 2004) with additional inclusion criteria based on the Montreal Cognitive Assessment 

(MoCA) test (Magierska et al., 2012; Nasreddine et al., 2005; Talarowska et al., 2011) (scores 
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between 20 and 26). The exclusion criteria included 1) a lack of or more advanced cognitive decline 

(20<MoCA>26), 2) depression, 3) previous exposure to WBC 4) being over 80 years old and 5) all 

standard contraindications to use WBC (e.g. alcohol and drug abuse, inability to understand questions 

and written information, psychosis, suicidal thoughts, standard contraindications to use WBC (e.g. 

acute respiratory diseases, acute cardiovascular disease like coronary disease, circulatory 

insufficiency, unstable hypertension, cold intolerance, claustrophobia, cryoglobulinemia, cancer, deep 

vein diseases, hypothyroidism, neuropathies, purulent skin changes, Reynaud disease).  

86 participants who met the inclusion criteria were randomised into experimental (EG) or sham-

control group (CG) from whom 33 people completed 10 WBC sessions in EG and 29 in CG. Before 

starting the WBC sessions 8 (4 in CG and 4 in EG) people dropped-out from the study (because of 

undiagnosed high blood pressure – those were referred to their GPs; fear of WBC; developing cold/flu, 

other life events). 33 participants in the EG completed 10 WBC cryotherapy sessions and took part in 

T2 assessment; 29 people completed all 10 sham sessions in CG. Additionally, 1 person from EG and 

5 from CG refused to participate in the T3 assessment (two weeks after the last WBC session). The 

detailed flow diagram, including drop-out reasons is presented in Figure 2. 

[Figure 2. Flow Diagram] 
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Finally, 62 people enrolled in the study completed all 10x WBC sessions – 33 in experimental and 29 

in control group. Mean age for EG was 65.97(±6.94) and 67.45(±5.72) for CG group. Majority of 

participants were female (69.7% in EG and 56.6% in CG). Over 80% of participants in both groups 

completed higher education (27.3% EG and 34.5% CG) or secondary education (57.6% EG and 51.7% 

CG). The level of depressive symptoms was assessed at the baseline with 2.15(±2.83) mean score in 

HAMD-17 for EG and 3.03(±5.38) for CG (p=0.95). There were no significant demographic 

differences between participants randomised into EG and CG, or clinical background characteristic 

differences (p>0.05). The detailed demographical characteristics are presented in Table 1. 

Table 1 Participant demographics (n=62). 

Variable Experimental Group (EG) Control Group (CG) p-

value N=33 % N=29 % 

Gender Female 23 69.7% 17 56.6% 0.43 
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Male 10 30.3% 12 41.4% 

Education 

Primary 

education 

2 6.0% - - 

0.64 

Vocational 

education 

3 9.1% 4 13.8% 

Secondary 

education 

19 57.6% 15 51.7% 

Higher 

education 

9 27.3% 10 34.5% 

Mean (±SD) 
Median(Q1-

Q3) 
Mean (±SD) 

Median(Q1-

Q3) 

p-

value 

Age 65.97(±6.94) 65(62-69) 67.45(±5.72) 68(64-70) 0.33 

MoCA 23.76(±1.7) 24(22-25) 23.83(±1.77) 24(23-25) 0.89 

HAMD-

17 
2.15(±2.83) 0(0-4) 3.03(±5.38) 1(0-3) 0.95 

*p≤0.05

2.5 Instruments 

2.5.1 Primary outcome measures 

The primary outcome measures were cognitive functions measure at baseline (T1) and after the 10
th
 

WBC session (T2) by DemTect® and Saint Louis University Mental Status Examination (SLUMS).   

DemTect® is a relatively short (takes around 10-12 minutes to complete) screening test for MCI and 

early stages of dementia and is a validated tool to monitor the changes in cognition. It is especially 

sensitive to memory deficits. The whole test consists of 5 subscales: (1) a word list, (2) number 

transcoding, (3) supermarket (semantic fluency), (4) digit span reverse and (5) word list delayed recall 

(Fischer-Altevogt et al., 2002). This tool was validated for the Polish population (Wojtyńska and 

Szcześniak, 2016). 

Saint Louis University Mental Status Examination (SLUMS) (Tariq et al., 2006) consists of 11 

cognitive tasks with total score of 30 points, which takes up to 10 minutes. It assesses allopsychic 

orientation, delayed memory, arithmetic skills, abstract thinking, ability to concentrate, categorial 

fluency, executive functions and logical memory. The test was translated and validated for Polish 

population (Szcześniak and Rymaszewska, 2015). 

2.5.2 Secondary outcome measures 

Test Your Memory (TYM) is also a screening tool for assessing cognitive functions. It was developed 

by Brown et al. (2009) in the UK.  Comparing to the majority of cognitive screening tools TYM 

differs from standard tests - it is filled out by the patient. It analyses 10 cognitive areas: orientation, the 

ability to copy a sentence, semantic knowledge, calculation, verbal fluency, abstract thinking, naming, 

visuospatial abilities, recall of a copied sentence, and the assessment of one’s independence. A version 

of TYM developed and validated at Wroclaw Medical University, Poland was used in this study 

(Szczesniak et al., 2013).  
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Verbal Fluency Test (VFT) was applied to assess executive functions and semantic memory. 

Participants were asked to articulate as many words belonging to a certain category or starting from a 

given letter as possible in a certain time period (usually 60s). For this study, phonetic fluency (letters: 

F, A and S) was assessed (Ponichtera-Kasprzykowska and Sobów, 2015) at T1, T2 and T3. 

The World Health Organization Quality of Life – BREF (WHOQoL – BREF) (WHOQOL-BREF 

WHO, 1996) was created based on WHOQoL-100 by World Health Organisation Group as the 

universal tool to assess the quality of life. It is commonly used among healthy people as well as 

patients diagnosed with different diseases, both for clinical and scientific purposes. It consists of 26 

questions. Two questions are about individual, general quality of life and health. 24 items are gathered 

into 4 domains: physical (D1), psychological (D2), social (D3) and environmental (D4). All questions 

are scored between 1 and 5. Higher summary score indicates better life quality. WHOQoL-BREF was 

adapted into polish by Wołowicka and Jaracz (Jaracz et al., 2006). 

Visual Analogue Scales (VAS) were used to record self-report on “well-being” issues including: mood 

(VAS 1), vitality (VAS 2) and sleep quality (VAS 3). Participants were asked to cross the vertical line 

(10 cm) between two extreme points (0 – the worse mood and 10 – the best mood).  

Acceptance of Illness Scale (AIS) was used to measure the level of acceptance of the disease 

(depression). This tool is highly recommended for use in clinical trials )(Juczyński, 2001; Mazurek 

and Lurbiecki, 2014).   

The 15-item Geriatric Depression Scale (GDS) was used to control the depressive symptoms among 

participants at T1, T2 and T3 (Albiński et al., 2011; Yesavage et al., 1983).  

The Hamilton Depression Rating Scale (HAM-D 17) was used at T1 by psychiatrist to exclude people 

with depressive disorder. This tool is widely used to measure depressive symptoms. Each symptom 

can be scored between 0 and 4. The total score 7-12 points is considered to be mild depressive 

disorder, 13-17 – moderate, 18-29 – severe and 30-52 very severe (Hamilton, 1960).  

Additionally, safety measures included adverse events reported at each visit. A physical examination 

(including blood pressure, heart rate) was performed at each WBC session.  

2.5.3 Biochemical measurements 

Venous blood samples (10 ml) were collected before the first session (T1), and after the 10
th
 WBC 

session (T2). Blood samples were obtained using the S-Monovette system (Sarstedt, Nümbrecht, 

Germany). One tube with an appropriate amount of sodium heparin anticoagulant to obtain blood 

plasma, and the second (5 ml) containing a clotting activator in order to obtain blood serum. Both 

tubes were centrifuged in standard conditions, with either plasma or serum obtained. In blood serum, 

CRP (C-reactive protein) was determined by the CRP High Sensitivity kit (DiaSys, Germany), and 

total cholesterol (DiaSys, Germany) using Konelab 20i (ThermoScientific) biochemical analyzer. The 

concentration of prolactin (PRL) levels was measured using techniques ELFA (Enzyme Linked 

Fluorescent testing) in the mini- Vidas analyzer (Biomerieux SA France). 
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The level of cytokines (IL-6, IL-10) and neurotrophins (BDNF- Brain Derived Neurotrophic Factor; 

NGF - Nerve growth factor) were determined in blood plasma using commercially available ELISA 

kits (BioLegend, San Diego, CA; and R&D System, Minneapolis, MN, respectively), according to 

the procedure recommended by the manufacturer. NO level was determined by the Griess method. The 

absorbance was measured using spectrophotometry (Enspire 2300 Multilabel Rider, Perkin Elmer). 

2.6 Statistical analysis 

Difference between experimental and control group in T1 was tested using Mann-Whitney test (for 

continuous variables) or Fisher’s exact test (for nominal and ordinal variables). Analysis of changes in 

variables in T2 and T3 was done using generalised mixed models (for continuous outcome variables) 

or cumulative link mixed models (for ordinal variables). Additionally, Cohen’s ƒ
2
 was used to 

calculate the clinical effect sizes. Analysis was performed in R for windows (version 3.5.3) (R Core 

Team, 2019). Differences were considered as statistically significant if the p-value was less or equal 

than 0.05. 

The intra- and inter-assays were calculated for determined parameters: BDNF, NGF, IL-6, IL-10 and 

NO. Intra-assay replicates were evaluated by calculating the coefficient of variation (CV) in %. Since 

there is no consensus on the appropriate threshold for objective judgment of the reliability of a 

biological test, we have set up a threshold of CV <15% as revealing good reliability and a CV <5% for 

very good reliability (according to Belzeaux et al., 2017). The inter-assay variation was also 

determined to measure the consistency of replicate samples between experiments. Inter %CV is 

considered to be the best if < 15%.  

3. Results

3.1 Level of cognitive functions at baseline (T1) 

All participants were classified with mild cognitive impairment based on MoCA test. There were no 

statistically significant differences between the participants in the experimental (mean=23.76 SD±1.7) 

and control (mean=23.83; SD±1.77) groups (p=0.89) in general cognitive functioning as presented in 

Table 1.   

The detailed description of cognitive functions assessed by DemTect, SLUMS, TYM and FAS are 

additionally included in Table 2. There were few minor statistically important differences between 

participants allocated into EG and CG like DemTect 3 “Supermarket: Semantic fluency” (p=0.04) 

(presented in Supplementary Table 1).  

Table 2 Results obtained at baseline (T1) 
Tool Group T1 

Mean 

(SD) 

Median 

(Q1- Q3) 

p 

DemTect Total EG 11.7(3.52) 12(9-14) 0.09 

CG 13.07(2.73) 12(11-15) 
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Slums Total EG 23.46(3.17) 23(22-26) 0.03* 

CG 21.59(3.11) 22(19-24) 

TYM Total EG 45.03(3.16) 45(44-48) 0.7 

CG 45(3.77) 46(43-47.5) 

FAS Total EG 30.55(11.41) 30(23-38) 0.89 

CG 29.9(11.01) 32(24-37) 

AIS EG 31.97(6.59) 34(27-37) 0.69 

CG 30.45(9.09) 34(26-37) 

GDS EG 5.33(2.96) 6(3-7) 0.09 

CG 4.21(3.2) 3(2-5) 

WHOQOL – physical EG 24.49(3.59) 24(22-27) 0.99 

CG 24.59(4.25) 24(22-27) 

WHOQOL - psychological EG 22.09(3.65) 22(20-25) 0.81 

CG 21.86(3.52) 22(20-25) 

WHOQOL - social EG 11.06(2.34) 11(10-13) 0.36 

CG 10.59(2.23) 11(8-12) 

WHOQOL - environmental EG 30.09(4.24) 30(27-33) 0.20 

CG 28.83(4.32) 29(25-32) 

VAS 1 - vitality EG 6.81(2.34) 6.7(5.35-8.3) 0.74 

CG 7.13(1.85) 7.2(5.75-8.55) 

VAS 2 - mood EG 7.05(2.52) 7(5.65-9.5) 0.75 

CG 6.94(1.84) 7.15(5.3-8.28) 

VAS 3 - sleep quality EG 6.47(2.1) 6.8(4.45-7.85) 0.79 

CG 6.67(2.0) 6.7(5.9-8.03) 

*p<0.05

3.2 Primary outcome measures 

The results show evidence for a statistically significant difference in assessment in cognitive functions 

in DemTect (time by group interaction p=0.01) after 10 WBC sessions (Table 3). The experimental 

group scored higher (T2) compared to baseline (T1), with an adjusted between group difference in 

mean score of 1.727 points. Cohen’s ƒ
2
 calculation (0.24) indicated medium clinical effect size. There 

were no other significant differences in primary outcome measures between T1 and T2. The analysis 

of individual items of DemTect scale indicates significant differences between groups measured over 

time (T1 vs T2) in immediate recall (DemTect 1: 1.34 points, p=0.02) (Supplementary Table 2). There 

were no statistically important differences between T1, T2 and T3 in SLUMS scores in EG in 

comparison to CG (Table 3).   

3.3 Secondary outcome measures 

3.3.1 Cognitive functions 

There were no other significant differences in general cognitive functioning between T1, T2 and T3 

(Table 3) measured with TYM. However, the results show evidence for a statistically significant 

difference in assessment in cognitive functions in Test Your Memory 1 – Orientation (T3 time by 

group interaction p=0.05) after 2 weeks from the last WBC session. The experimental group scored 

higher (T3) compared to baseline (T1), with an adjusted between group difference in mean score of 

1.97 points (Supplementary Table 2).  

3.3.2 Quality of life and mood 
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Regarding quality of life, participants did not declare any statistically significant change in four 

domains measured with WHOQoL-BREF. However, there was a statistically significant improvement 

in the reduction of the level of depressive symptoms (WHOQoL-26) (time by group interaction 

p=0.04) in T3 (Table 3). Moreover, the results show evidence for a statistically significant difference 

in assessment in WHOQoL-2 general health (time by group interaction p=0.02) after 10 WBC sessions 

(T2) and after 2 weeks from the last WBC session (T3) (time by group interaction p=0.02) 

(Supplementary Table 2).  

Participants from EG also reported significant improvement (T2 time and group p=0.02; Cohen’s 

ƒ
2
=0.26) in their mood (VAS 2) comparing to those from CG using VAS. Statistically significant 

changes in mood were not recorded in GDS. Table 3 presents detailed information.  

Table 3 Linear mixed model analysis results (T1, T2, T3) 

Tool Interaction description Linear mixed model 

analysis 

– interaction effect

Estimate Std 

Error 

p- 

value 

Cohen’s f
2

DemTect total (Intercept) 13.07 0.61 0.00 

T2 1.00 0.50 0.05 

T3 1.90 0.53 0.00 

Experimental group -1.37 0.83 0.10 

T2 time x Experimental group 1.73 0.68 0.01 

T3 time x Experimental group 0.56 0.71 0.43 0.24 

TYM total (Intercept) 45.08 0.59 0.00 

T2 0.31 0.59 0.60 

T3 1.18 0.63 0.06 

Experimental group -0.05 0.80 0.95 

T2 time x Experimental group 0.87 0.80 0.28 

T3 time x Experimental group 1.30 0.83 0.12 0.15 

SLUMS total (Intercept) 21.59 0.54 0.00 

T2 1.31 0.49 0.01 

T3 1.48 0.53 0.01 

Experimental group 1.87 0.74 0.01 

T2 time x Experimental group -0.01 0.67 0.99 

T3 time x Experimental group 0.87 0.70 0.22 0.13 

FAS (Intercept) 29.90 2.19 0.00 

T2 3.86 1.44 0.01 

T3 4.89 1.57 0.00 

Experimental group 0.65 3.00 0.83 

T2 time x Experimental group 0.50 1.98 0.80 

T3 time x Experimental group -0.23 2.08 0.91 0.03 

WHOQoL – item 1 – 

quality of life 

(Intercept) 3.90 0.12 0.00 
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T2 -0.14 0.12 0.24 

T3 -0.16 0.12 0.19 

Experimental group -0.02 0.16 0.91 

T2 time x Experimental group 0.23 0.16 0.15 

T3 time x Experimental group 0.32 0.17 0.06 0.19 

WHOQoL – item 26 - 

depressive symptoms  

(Intercept) 3.83 0.14 0.00 

T2 0.03 0.13 0.79 

T3 -0.08 0.14 0.55 

Experimental group -0.16 0.19 0.40 

T2 time x Experimental group 0.24 0.18 0.19 

T3 time x Experimental group 0.39 0.19 0.04 0.26 

WHOQoL - physical (Intercept) 24.59 0.79 0.00 

T2 0.86 0.59 0.15 

T3 0.71 0.64 0.27 

Experimental group -0.10 1.08 0.93 

T2 time x Experimental group 0.08 0.81 0.93 

T3 time x Experimental group 0.25 0.85 0.77 0.03 

WHOQoL - 

psychological 

(Intercept) 21.86 0.68 0.00 

T2 -0.07 0.47 0.88 

T3 0.07 0.51 0.89 

Experimental group 0.23 0.93 0.81 

T2 time x Experimental group 0.89 0.65 0.17 

T3 time x Experimental group 1.12 0.68 0.10 0.17 

WHOQoL - social (Intercept) 10.59 0.41 0.00 

T2 0.14 0.29 0.64 

T3 -0.14 0.31 0.65 

Experimental group 0.47 0.57 0.40 

T2 time x Experimental group -0.08 0.40 0.85 

T3 time x Experimental group 0.40 0.41 0.33 0.11 

WHOQoL - 

environmental 

(Intercept) 28.83 0.82 0.00 

T2 0.14 0.53 0.80 

T3 -0.35 0.57 0.54 

Experimental group 1.26 1.13 0.27 

T2 time x Experimental group 0.20 0.73 0.79 

T3 time x Experimental group 1.32 0.76 0.09 0.17 

AIS (Intercept) 30.45 1.34 0.00 

T2 2.66 1.48 0.08 

T3 2.93 1.58 0.07 

Experimental group 1.52 1.84 0.41 

T2 time x Experimental group -0.90 2.03 0.66 

T3 time x Experimental group -1.78 2.11 0.40 0.08 

GSD (Intercept) 4.21 0.60 0.00 

T2 0.07 0.42 0.87 

T3 0.23 0.45 0.62 

Experimental group 1.13 0.82 0.17 

T2 time x Experimental group -0.40 0.57 0.48 

T3 time x Experimental group -0.41 0.60 0.50 0.08 

VAS 1 - vitality (Intercept) 7.13 0.91 0.00 

T2 -0.21 1.28 0.87 

T3 0.52 1.28 0.69 

Experimental group -0.32 1.36 0.82 

T2 time x Experimental group 1.08 1.90 0.57 

T3 time x Experimental group 3.24 1.90 0.09 0.18 

VAS 2 - mood (Intercept) 6.94 0.37 0.00 

T2 0.04 0.34 0.91 

T3 0.59 0.34 0.08 
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Experimental group 0.12 0.55 0.83 

T2 time x Experimental group 1.24 0.50 0.02 

T3 time x Experimental group 0.93 0.50 0.07 0.26 

VAS 3 - sleep quality (Intercept) 6.66 0.40 0.00 

T2 0.15 0.40 0.70 

T3 0.48 0.40 0.24 

Experimental group -0.20 0.59 0.74 

T2 time x Experimental group 0.84 0.59 0.16 

T3 time x Experimental group 0.59 0.59 0.32 0.15 
ƒ2 ≥ 0.02, ƒ2 ≥ 0.15, and ƒ2 ≥ 0.35 represent small, medium and large effect sizes (respectively) (Cohen, 1988). 

3.3.3 Blood measurements 

A significant (p<0.05) decrease of BDNF level in experimental group (EG) compared to control group 

(CG) was observed after the last (10
th
) session of WBC (T2). However, no significant effect on 

cytokines (IL-6, IL-10), NO and NGF concentration and the other laboratory parameters such as CRP, 

total cholesterol and prolactin, was observed (Table 4). The intra-assay variability (CV(%) was 

determined for: BDNF (5.1%; 4.6%; 10.4%; 4.4%; 1.9% and 4.7%); NGF (1.25% and 6.09%); IL-10 

(2.6%; 12%; 8.4%; 7.9%; 6.1% and 13.3%), IL-6 (0.3%; 9.1%; 12.3%; 13% and 19.22%) and NO 

(4.5%; 4.2%; 10%; 11.2% and 12.3%). The inter-assay variations were 5.1% for BDNF; 3.6% for 

NGF, 8.3% for IL-10, 10,78% for IL-6 and 8.4% for NO.  

Table 4. Biochemical changes after WBC in the experimental and control groups. 

Parameter Group 

T1 

Median (Q1-Q3) 

Mean ± SD 

T2 

Median (Q1-Q3) 

Mean ± SD 

multifactor β St.Err. df 
t 

value 

p 

value 

Coh

en’s 

f
2

IL-6 

(pg/ml) 

CG 0.00 (0-1.99) 0.00 (0-0.06) 
T2 (CG vs 

EG) 
-0.43 1.15 57.55 -0.38 0.71 

0.10 

4.56 ±11.98 3.24±9.78 

EG 2.96 (0 – 9.06) 4.74 (0 – 6.86) EG (T1-T2) 1.99 2.21 57.14 0.90 0.37 

5.87±8.74 6.24±7.20 

IL-10 

(pg/ml) 

CG 7.39 (3.49 – 12.71) 7.34 (4.14 – 13.53) 
T2 (CG vs 

EG) 
-1.92 2.19 60.00 -0.88 0.39 

0.10 

8.99±6.88 8.81±5.91 

EG 5.88 (4.50 – 8.02) 7.24 (5.95 – 9.15) EG (T1-T2) 0.47 2.67 59.00 0.18 0.86 

11.12±24.64 7.62±3.18 

NO 

(nM) 

CG 
2288.83 (1086.08 – 

4061.25) 

2088.11 (910.28 – 

3704.99) 

T2 (CG vs 

EG) 
496.97 419.50 48.00 1.19 0.24 

0.17 

2613.64±1993 2510.48±2139.73 

EG 
1081.57(565.81-

3543.33) 

1980.68 (1079.49 – 

4120.25) 
EG (T1-T2) 916.17 

1035.9

0 
47.00 0.88 0.38 

3039.71±4190.4 3916.75±4953.60 

BDNF 

(pg/ml) 

CG 
108.02 (78.17-

169.77) 
74.93(51.30-179.03) 

T2 (CG vs 

EG) 
-58.25 23.09 51.00 -2.52 0.015 

0.15 

178.90 ±190.77 144.45±193.37 

EG 94.74(59.79-203.82) 64.56(39.14-130.66) EG (T1-T2) -27.73 40.06 50.00 -0.69 0.49 

175.93±173.68 91.95±74.18  
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ƒ2 ≥ 0.02, ƒ2 ≥ 0.15, and ƒ2 ≥ 0.35 represent small, medium and large effect sizes (respectively) (Cohen, 1988).

4. Discussion

The study results indicate that Whole-Body Cryotherapy may increase the performance of cognitive 

functions among people with mild cognitive impairment. Our results highlight that participants from 

experimental group showed a significant improvement in general cognitive functioning (DemTect 

total score) as well as in episodic memory measured by immediate recall task (DemTect 1) compared 

to control group after participating in WBC sessions. An improvement in the orientation (Test Your 

Memory: orientation) among participants subjected to WBC was noted. These results are in line our 

previous study (Rymaszewska et al., 2018). However, the important value of RCT design should be 

emphasised as our earlier report focused only on the effects within participants undergoing WBC - 

without comparison to the sham group. Potentially, the learning processes (including the ‘practice 

effect’) (Donovan and Radosevich, 1999) could also be responsible for the effect seen in the previous 

study. Nevertheless, these analyses clearly show the effect seen in the interaction between time and 

group. Thus, present conclusions are of great importance. To the best of our knowledge, this is the first 

report considering the impact of WBC on cognitive functions as a result of the RCT study in MCI. 

Therefore, it is difficult to compare the results of our study with other non-pharmacological 

interventions such as physical or cognitive training applicable among patients with MCI as the 

mechanisms of action are having different grounds. However, it should be noted that there are many 

NGF 

(pg/ml) 

CG 0(0-0) 0(0-0) 
T2 (CG vs 

EG) 
12.58 13.35 35.00 0.94 0.35 

0.21 

3.901±13.41 36.12±123.05 

EG 0(0-0) 0(0-0) EG (T1-T2) -12.43 14.91 34.00 -0.83 0.41 

8.31±25.48 6.86±24.62 

CRP 

[mg/l] 

CG 0.73 (0.41 -2.30) 0.84 (0.36 - 3.20) 
T2 (CG vs 

EG) 
0.15 0.17 61.00 0.85 0.40 

0.04 

1.56±1.69 1.66±1.70 

EG 1.16 (0.51-2.12) 1.41 (0.79 - 2.27) EG (T1-T2) 0.24 0.39 60.00 0.62 0.54 

1.76±1.71 1.95±1.65 

Total 

cholesterol 

[mg/dl] 

CG 219 (197-251) 214 (188-247) 
T2 (CG vs 

EG) 
-1.65 3.42 61.00 -0.48 0.63 

0.10 

231.41±56.57 227.00±55.82 

EG 212 (188-246) 212 (199-242) EG (T1-T2) -13.30 11.79 60.00 -1.13 0.26 

215.52±41.95 216.30±38.05 

Prolactin 

[ng/ml] 

CG 6.26 (5.70-11.10) 5.70(5.16-11.33) 
T2 (CG vs 

EG) 
-0.64 0.69 38.00 -0.92 0.37 

0.08 

8.43±4.38 8.41±4.76 

EG 11.05 (8.37 -15.09) 10.56 (8.14-13.15) EG (T1-T2) 3.38 1.77 37.00 1.91 0.06 

12.23±5.71 11.38±5.30    
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reports highlighting the role of behavioural interventions/stimulations, including exercise, in 

improving the cognitive functioning of people with cognitive deficits (Colcombe and Kramer, 2003; 

Nuzum et al., 2020). One study is known to date that also evaluated the concept of applying low 

temperatures to improve cognitive function, however this study was different in terms of both the 

study population and the intervention used (Gonzales et al., 2017). In their study, Gonzales et al. 

(2017), aimed to investigate whether wearing a cooling vest during a physical training program could 

increase the cognitive and physical capacities of patients with multiple sclerosis. In this study, the 

combination of physical training together with cooling vest had a positive influence on cognition (in 

terms of verbal fluency) as well as in executive functions measured with Trail Making Test A. The 

Gonzales study highlights one important feature of interventions that improve cognitive function - its 

multimodality. Similar observations resulted from a meta-analysis in which the authors mainly 

considered the effect of cognitive training in MCI patients. They found significant, moderate effects 

for multicomponent training as well as multidomain focused strategies (Sherman et al., 2017). 

Therefore, joined programs, consisting of a combination of interventions having different 

neurostimulatory mechanisms, seem to be of particular importance among MCI patients. Especially 

since WBC, apart from significantly influencing the improvement of cognitive functions, has again 

confirmed influence on mood. Participants from experimental group rated their mood higher (on visual 

analogue scale), which differed significantly from those who were subjected to the placebo group. 

Significant changes in mood were not recorded in GDS. However, it should be emphasized that the 

mood assessed using VAS is related to well-being in general. In turn, the GDS scale measured mood 

and other depressive symptoms that are associated with the depressive disorder. The study involved 

people without depressive symptoms, which is why no significant changes in GDS were expected. 

Given the multimodal impact of WBC on cognitive function and mood it seems promising to 

combined existing behavioural and cognitive trainings together with WBC, thus adding another 

potential mechanism of neurostimulation. 

Recent studies indicate that low temperatures may have a protective influence on the central nervous 

system (Dietrich and Bramlett, 2010; Jackson and Kochanek, 2019). Therefore, finding the 

explanation of the possible WBC impact on anti-inflammatory and neuroprotective mechanisms – and 

its connection with the modulation of cognitive functions – may prove important (Misiak and Kiejna, 

2012; Rymaszewska et al., 2018). A number of studies have investigated peripheral inflammatory 

indices, including plasma cytokines, chemokines, acute phase proteins, activated complement factors, 

free radicals and related molecules according to mild cognitive impairment (MCI), defined as a pre-

dementia syndrome, and Alzheimer’s disease (AD) (Faria et al., 2014; Janoutová et al., 2015; Magaki 

et al., 2007; Saleem et al., 2015). Also, the possible involvement of neurotrophins such as brain-

derived neurotrophic factor (BDNF) and nerve growth factor (NGF) are considered (Angelucci, 2009; 

Faria et al., 2014).  
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In the present study, we observed that the applied Whole-Body Cryotherapy did not affect the 

concentration of the measured cytokines, both pro-inflammatory IL-6 and anti-inflammatory IL-10, 

measured in MCI patients’ plasma before and after therapy. There was also no significant impact on 

NGF level and nitric oxide production. Comparable results were presented by Sadura-Sieklucka et al. 

(2019), where no differences in the concentrations of cytokine tested were observed in the serum of 

rheumatoid arthritis patients before and after cryotherapy. However, this is in contrast to the results 

obtained by Gizinska et al. (2015), who presented that WBC exerted anti-inflammatory local and 

systemic effects. In blood obtained from rheumatoid arthritis patients a significant decrease of IL-6 

and TNF-𝛼 was shown after cryotherapy (Gizińska et al., 2015). Exposure to cold also significantly 

enhanced the concentration of the anti-inflammatory cytokine IL-10 (Banfi et al., 2009). 

Moreover, we observed that the applied WBC did not affect the concentration of CRP measured in 

serum. Comparable results were presented by Istrati et al. (2010) who showed that WBC in patients 

with rheumatoid arthritis and osteoarthritis did not reduce CRP levels. However, this is in contrast to 

the results obtained by Sadura-Sieklucka et al. (2019) who showed that WBC exerts local and 

systemic effects. Additionally, the stimulus for CRP production is an increase in IL-6 concentration 

(Bloomfield et al., 2019). 

There are number of reports indicating that changes in level of peripheral cytokines can be connected 

with the presence of a pro-inflammatory process accompanying neurodegenerative diseases such as 

AD (Bermejo et al., 2008; Brosseron et al., 2014). While associations between MCI and inflammatory 

markers have been documented, many reports are controversial or inconclusive, particularly those 

presenting data investigating cytokines like TNFα, IL-6 or IL-10 (Brosseron et al., 2014; Su et al., 

2019). Some studies indicated no significant changes in inflammatory markers at the MCI stage of 

cognitive decline (Sadura-Sieklucka et al., 2019; Saleem et al., 2015). 

 Literature data also suggests the participation of CRP in the development of MCI, however, there are 

no other reference interval values for people with MCI. It is true that there is evidence of increased 

CRP values in people with type II diabetes and MCI (Gorska-Ciebiada et al., 2015a, 2015b). However, 

in our study participants, CRP is within the reference values of healthy people (Dembińska-Kieć and 

Naskalski, 2010), therefore the measured CRP levels do not indicate a developing inflammatory 

response. We did not observe the impact of WBC on cytokine level in plasma and serum CRP 

concentration of MCI patients treated with WBC. Our previous results showed that cryotherapy 

significantly improves immunological status of whole blood of MCI patients in response to amyloid 

beta 42 by modulating the intensity of inflammatory response (Rymaszewska et al., 2018). 

Unexpectedly, significant decrease in BDNF level was observed in Examined Group (EG) compared 

to the Control Group (CG) (T2 (EG vs CG) p ≤ 0.05) (Table 4). There is some experimental evidence 

that peripheral BDNF level is significantly higher in MCI patients and AD patients, when compared to 

the healthy control (Angelucci, 2009; Faria et al., 2014; Kim et al., 2017). Circulating BDNF comes 
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from a number of peripheral sources as activated immune cells: T cells, B cells, monocytes or 

platelets. BDNF secreted by immune cells is bioactive and may support neuronal survival (Karege et 

al., 2005; Kerschensteiner et al., 1999). BDNF may also derive from neurons and glial cells. Indeed, 

some experimental work suggests that the blood-brain barrier is permeable to the neurotrophins (Pan 

et al., 1998; Poduslo and Curran, 1996).  

Moreover, peripheral BDNF seems to reflect neural viability and integrity in healthy humans (Lang et 

al., 2007) as well as widespread brain amyloidosis (Teixeira et al., 2010). Previous studies have 

suggested that an increase of BDNF in MCI patients may reflect a compensatory repair mechanism 

activated in response to up- regulated inflammatory response in early stage of neurodegeneration in 

brain (Kim et al., 2017; Teixeira et al., 2010). Thus, observed reduction of BDNF level in this study 

may suggests that cold exposure down-regulates inflammatory processes. 

Second, we can speculate that it can be partially depends on the impact of WBC on activity and/or 

immune status of peripheral blood cells (Pournot et al., 2011). As was shown by Kerschensteiner et al. 

(1999), BDNF can be secreted by immune cells in response to inflammatory stimuli. One of them can 

be abnormal form of amyloid β (Aβ) which is one of the pathological factors in MCI and AD. 

Considering the inhibitory impact of WBC on inflammation and on APP processing in MCI patients 

(resulting the inhibition of production of abnormal form of Aβ) the down-regulated secretion of BDNF 

might be observed. 

The following aspects should also be discussed while analysing the results of our study. Based on 

recently published data (Bermejo et al., 2008), we expected to show a significant modulation of 

inflammatory factors production in participants with MCI undergoing whole-body cryotherapy. 

However, no differences in levels of IL-6, IL-10, NGF and NO in plasma of both, the control and 

experimental, groups was shown. This may be due to the fact that the level of the tested inflammatory 

factors in plasma of MCI patients is comparable to that observed in plasma of normal control among 

older adults, which was previously observed by other researchers (Bermejo et al., 2008; Boccardi et 

al., 2019; Leung et al., 2013).  

Our research was conducted only on people with MCI (both control and experimental groups). 

Therefore, we did not have a comparison within the healthy older adults control group which could 

provide information about the physiological level of tested biochemical parameters in potentially 

healthy seniors. These data would indicate whether the level of cytokines or BDNF in the group of 

patients with MCI is different from the level detected in the blood of healthy elderly people. Although 

the concentration of cytokines or BDNF in plasma of healthy people were published in many papers, 

those levels are very divergent.  

Differences between the technical approaches reported in different studies, (e.g different ELISA kits 

do not give identical absolute values of the same analyte, plasma bio-banking conditions and sample 

handling may significantly affect the results of cytokine detection, standardisation between research 

groups should also be considered and patient collective characterisation) could explain our results (for 
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references see  Bathina and Das, 2015; Brosseron et al., 2014). Therefore, we cannot relate the results 

of our analyses to published data due to the risk of drawing false conclusions. Another explanation of 

results obtained for WBC-treated MCI patients is that the assumed treatment time (10 WBC sessions), 

may be insufficient to achieve a significant reduction of potential inflammatory processes.  

4.1 Study limitations 

The described study has also some limitations which should be taken into account. We did not collect 

data which would allow us to diagnose the MCI type. Additionally, we did use the same screening 

tests to measure changes before and after WBC. Therefore, some of the results in both experimental 

and control groups could be explained by the ‘practise effect’ (Donovan and Radosevich, 1999), 

described earlier in the text, as participants were provided with the same cognitive tasks at T1, T2 and 

T3. Using methods with existing alternative versions (i.e. MoCA or The Cambridge 

Neuropsychological Test Automated Battery - CANTAB) (Nasreddine et al., 2005; Robbins et al., 

1994) could provide more accurate results.  

The study sample for RTC design was relatively small. Obtained small and medium clinical effect 

sizes, based on Cohen’s ƒ
2
 indicated that the study would require much more observation per group to 

show statistically significant differences with power of 0.8 (Cohen, 1988). Those calculations need to 

be taken into account in further studies planning. However, recruitment of target sample among older 

people with no WBC contraindications like hypertension and other diseases (Rubio-Guerra and Duran-

Salgado, 2015) is challenging. Additionally, WBC is a popular treatment for arthritis (Gizińska et al., 

2015; Reginster, 2002) in Poland (another common condition among older adults) and previous use of 

WBC was our additional exclusion criteria.  

Currently, there is a need to investigate the effect of placebo groups with sub-zero temperatures used. 

It is the closest way to perform almost identical conditions for WBC sessions and was also used in 

other randomised-controlled trials exploring WBC effects (Rymaszewska et al., 2020). However, it 

requires further investigation. 

5. Conclusions

The current study showed that whole-body cryotherapy may increase the performance of cognitive 

functions measured with psychological tests. It seems promising to combine WBC with existing 

behavioural and cognitive trainings in the future studies investigating early interventions methods in 

MCI. The study did not provide sufficient information about WBC regulatory role in oxidative status

and immunological response in MCI patients. Further study is required in this area. 
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