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Abstract Patients with rheumatoid arthritis (RA) have
increased oxidative stress, decreased antioxidant levels,
and impaired antioxidant capacity. Cold treatments are
used to relieve joint inflammation and pain. Therefore,
we measured the effect of cold treatments on the antioxidative capacity of RA patients with active disease. Sixty
patients were randomized to (1) whole body cryotherapy
at −110 °C, (2) whole body cryotherapy at −60 °C, or
(3) local cryotherapy. Each treatment was given three
times daily for 7 consecutive days in addition to the conventional rehabilitation. Blinded rheumatologist evaluated disease activity before the first and after the last
cryotherapy. We collected plasma samples daily immediately before the first and after the second cryotherapy
and measured total peroxyl radical trapping antioxidant
capacity of plasma (TRAP), which reflects global combined antioxidant capacity of all individual antioxidants
in plasma. Baseline morning TRAP levels (mean, 95%
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CI), adjusted for age, body mass index, disease activity,
and dose of prednisolone, were 1244 (1098–1391) µM/l
in the local cryotherapy, 1133 (1022–1245) µM/l in the
cryotherapy at −60 °C, and 989 (895–1082) µM/l in the
cryotherapy at −110 °C groups (p = 0.006). After the first
treatment, there was a rise in 1-h TRAP of 14.2 (−4.2
to 32.6) µM/l, 16.1 (−7.4 to 39.6) µM/l, and 23.6 (4.1–
43.2) µM/l, respectively. The increase was significant in
the whole-body cryotherapy −110 °C group (p < 0.001)
but not significant between the groups (p = 0.78). When
analyzed for the whole week, the daily morning TRAP
values differed significantly between the treatment
groups (p = 0.021), but there was no significant change
within each treatment group. Whole-body cryotherapy at
−110 °C induced a short-term increase in TRAP during
the first treatment session with but not during other treatment modalities. The effect was short and the cold treatments did not cause a significant oxidative stress or adaptation during 1 week.
Keywords Rheumatoid arthritis · Cryotherapy ·
Antioxidant capacity · Peroxyl radical trapping ·
Rehabilitation

Introduction
Rheumatoid arthritis (RA) is a chronic, progressive autoimmune disease of unknown aetiology characterized by synovitis and progressive joint destruction if untreated. Synovial
inflammation is a hallmark of the disease, and infiltration of
synovium by inflammatory cells is a major characteristic in
the patients. The inflamed synovium containing activated T
cells and macrophages is a milieu favouring the formation
of reactive oxygen species. Excessive generation of reactive
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oxygen radicals driven by overproduction of proinflammatory cytokines, in particular TNF and IL-1, participates in
inflammatory process and causes degradation of connective
tissue molecules, e.g., hyaluronic acid in the synovial fluid
and proteoglycans of the synovium, induces lipid peroxidation products and oxidized low-density-proteins, inhibits
total protein, proteoglycan and DNA synthesis, and suppresses cellular growth dose-dependently [1–11]. An efficacious antioxidant system including manganese superoxide dismutase, catalase, and glutathione peroxidase type 1
catalyzes the inactivation of reactive oxygen species. Several groups have demonstrated increased oxidative stress
along with decreased or inappropriately low antioxidant
levels and impaired antioxidant capacity in plasma, in red
cells, and in synovial fluids of RA patients [2, 12–15]. The
impaired antioxidant capacity also relates to disease activity [14, 15].
Application of local cold has long been in use to relieve
pain and swelling in different inflammatory and traumatic
situations. Regular winter swimming in cold water has
reached a great popularity in northern countries to relieve
pain and stress and it is believed to induce body hardening
resulting in a better tolerance to infections.
An increase in metabolic rate during cold exposition
in cold water due to skeletal muscle exercise and hyperventilation has been detected in healthy persons [16]. The
increased metabolism would produce a greater amount of
toxic oxygen radicals. In resting conditions, healthy habitual winter swimmers have a higher level of reduced glutathione, lower level of oxidized glutathione, and higher
levels of superoxide dismutase and catalase in red cells than
control persons who are not used to swim in cold water
[17]. In habitual winter swimmers, the concentration of
oxidized glutathione in red cells is markedly increased 1 h
after the whole-body cold stimulus, while the subjects have
a significant decrease in reduced glutathione of red cells
and in serum uric acid concentrations without a change of
its renal clearance [17]. These results refer to adaptation to
repeated oxidative stress [17].
Whole-body cryotherapy was developed in Japan in
the late 1970s [18]. In Europe, it has been used since
1984–1985, first in Germany [19]. In whole-body cryotherapy, patients wearing minimal clothing are exposed
to very cold and dry air (from −110 °C even to −160 °C)
in a special unit for 1–3 min. It has been associated with a
decrease of pain [20, 21] and has been applied especially in
Germany to support mobilisation and rehabilitation.
The previous literature describing positive effects of
repeated whole-body cold exposure prompted us to study
if whole body cryotherapy has an effect on the oxidative
stress and antioxidant capacity in RA patients with active
disease. The aim of the current investigation was to measure the effect of repeating whole-body cryotherapy at two
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different temperatures (−110 or −60 °C) and local cryotherapy on the antioxidant capacity of RA patients with
active disease during an intervention of 1 week. For this,
we measured the total peroxyl radical trapping antioxidant
capacity of plasma (TRAP), which reflects the global combined antioxidant capacity of all individual antioxidants in
plasma [22]. TRAP is a sensitive tool to quantify combined
non-enzymatic antioxidant capacity of plasma or tissues.
An increase in TRAP is interpreted as increase in antioxidant defence, while a decrease in TRAP shows consumption of antioxidant capacity [23]. Activation of antioxidant
defence has been viewed as an adaptive defence mechanism
to cope with increased stress [24]. Our hypothesis was that
whole-body cryotherapy at −110 °C could improve the
antioxidant capacity in patients suffering from RA. As control therapies, we studied patients treated with whole body
cryotherapy at −60 °C or with local cryotherapy.

Patients and methods
Patients
The study was carried out in RA patients hospitalized at
the Rheumatism Foundation Hospital for treatment and
rehabilitation. The patients were informed about the study
beforehand and asked to participate in the study.
The patient was eligible for the study if she/he had
active seropositive RA. The activity criteria at inclusion
were: ≥5 swollen and ≥5 tender joints, erythrocyte sedimentation rate (ESR) ≥20 mm/h, and/or C-reactive protein
(CRP) >20 mg/l and the duration of morning stiffness at
least for 30 min. The medication had to be stable at least
for 1 month before the study and no intra-articular corticosteroid injections had been carried out during the previous
month. The exclusion criteria were uncontrolled hypertension (diastolic blood pressure over 100 mmHg), a history
of cardiac arrhythmia, symptomatic cardiovascular or lung
disease, severe Raynaud’s phenomenon, cold allergy, or
cold-induced bronchospasm.
Sixty patients were recruited in the study. They were
randomized in three groups, 20 patients in each group:
whole-body cryotherapy at −110 °C, whole-body cryotherapy at −60 °C. or local cryotherapy (cold packs or
cold air −30 °C applied to five swollen joints at a time for
10–30 min). Each treatment was given three times daily
(at 8:00, 12:00 and 17:00, twice on Sunday) for 7 consecutive days in addition to the conventional rehabilitation. One
session of whole-body cryotherapy lasted up to 2 min and
the study continued for 7 days. The total number of exposures was 20. A blinded rheumatologist (HH) evaluated the
number of swollen and tender joints and recorded the physician’s global assessment of the patient’s disease activity
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(10 cm visual analogue scale), and recorded the drugs used
by the patient before the first and after the last cryotherapy.
Disease activity was measured by DAS [25]. The rehabilitation period was from 8 days to 3 weeks, of which the
intervention with cold therapy covered the first week, during which the drug therapies were kept stable. After that,
the treatments, including glucocorticoid injections in the
inflamed joints, could be freely modified.
Cryotherapy
The patients were randomized to (1) whole-body cryotherapy at −110 °C, (2) whole-body cryotherapy at −60 °C,
or (3) local cryotherapy. The whole-body cryotherapy was
given in a specially built, temperature controlled unit (Zimmer, Elektromedizin). The unit has three chambers, where
the patient passes through the first chamber (−10 °C)
and the second chamber (−60 °C) before coming into the
therapy chamber (−110 °C). During the whole body cryotherapy, the subjects wore bathing suits, surgical masks,
caps, gloves, socks, and shoes. In the therapy chamber, the
patients were instructed to slightly move their fingers and
legs. The adverse effects were documented daily right after
the treatment or later on the ward [21].
Blood sampling
On a treatment day, blood samples were taken before the
first cryotherapy (baseline 08:00) and after the second cryotherapy (13:00). Blood samples were taken daily during
the 7-day treatment period. On the first day, a sample was
also taken 1 h after the first session of cryotherapy at 09:00.
During days 2–7, the blood samples were drawn at 08:00
before first cryotherapy and at 13:00 except on Saturday
afternoon and Sunday. No patient started the intervention
on Saturday or Sunday. The blood samples were collected
in 10-ml EDTA tubes (Becton–Dickinson) kept in fridge
before sampling. After the venepuncture, the tubes were
protected from light, placed in ice-water, and centrifuged
immediately at +4 °C. The supernatant was divided in aliquots and frozen at −70 °C. The samples were analyzed
within 3 months of sampling.
Total antioxidant capacity (TRAP)
The antioxidant capacity (total radical-trapping antioxidant
parameter, TRAP) of plasma was measured by a chemiluminescence method, as described earlier [26, 27]. In brief,
peroxyl radicals are produced at a constant rate by thermal
decomposition of 2,2-azo-bis (2-aminopropane) hydrochloride (ABAP; Polysciences, Warrington, PA, USA) in a test
tube and peroxyl radical reactions are followed by luminolenhanced chemiluminescence. The time at which the added
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plasma sample extinguishes the reaction is directly proportional to the peroxyl radical-trapping antioxidative capacity
of the sample, i.e.TRAP, which is expressed as micromoles
of peroxyl radicals trapped by 1 L of the sample.
All the patients gave their written informed consent.
The study was approved by the ethical committee of PäijätHäme hospital district.
Statistics
The data are presented as means with standard deviations
(SD) or as counts with percentages. Statistical comparison were made using the Chi-square test, analysis of variance (ANOVA) or analysis of covariance (ANCOVA) taking age, body mass index, DAS, and dose of prednisolone
as covariates. In the case of violation of the assumptions
(e.g., non-normality), a bootstrap-type test was used and
95% confidence intervals (95% CI) were obtained by biascorrected bootstrapping (5000 replications). The bootstrap
method is significantly helpful when the theoretical distribution of the test statistic is unknown or in the case of
violation of the assumptions. Repeated measures of daily
TRAP values in the morning before cold treatments were
analyzed generalizing estimating equations (GEE) models
with the unstructured correlation structure. No adjustment
was made for multiple testing. STATA 14.0, StataCorp LP
(College Station, TX, USA) statistical package was used for
the analyses.

Results
Demographic data of the patients are presented in Table 1.
All patients had chronic active seropositive RA. Half of the
patients were on the conventional DMARDs, and more than
half of the patients were on cytostatic treatments (methotrexate or azathioprine) and on low dose prednisolone. No
patient was on a biological DMARD. Patients randomized
to the local cold therapy had slightly higher disease activity
compared with the other patients (Table 1).
Local cryotherapy was well tolerated and accepted.
All patients in this treatment category completed the trial
and 98% of the planned cryotherapy sessions were carried
out. In both of the whole body cryotherapy groups three
patients discontinued during the first 2 days of the intervention because of intolerance and side effects; one patient was
withdrawn from the study because of a stable neutropenia
present already before entry, regarded as a risk for infective complications. Two more patients in both groups were
not included in analysis because of incomplete set of samples. Altogether, 94 and 92% of the planned cryotherapies
were completed in the whole-body cryotherapy at −60 and
−110 °C treatment arms, respectively.
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Table 1  Baseline demographic, clinical, and radiographic characteristics of patients
Characteristics

Treatment group
Local cold (n = 20)

p value
Cryotherapy −60 °C (n = 18)

Cryotherapy −110 °C (n = 17)

Demographic
Female, n (%)

16 (80)

16 (89)

14 (82)

0.75

Age (years), mean (SD)

58 (9)

53 (9)

50 (9)

0.012

Duration of disease (years), mean (SD)

Body mass index (kg/m2), mean (SD)

16 (10)

16 (12)

12 (10)

0.27

25.7 (4.3)

24.7 (3.7)

29.0 (6.1)

0.025

5.14 (1.10)

4.28 (0.98)

4.59 (0.91)

0.033

42 (16)

32 (19)

38 (18)

0.19

Clinical
DAS, mean (SD)
Erythrocyte sedimentation rate (mm/h), mean
(SD)
C-reactive protein (mg/L), mean (SD)
Duration of morning stiffness (min), median
(IQR)

25 (23)
120 (60, 240)

31 (24)

26 (24)

60 (60, 120)

0.73

120 (60, 120)

0.26

Number of swollen joints, mean (SD)

19 (8)

15 (6)

14 (7)

0.14

Number of tender joints, mean (SD)

22 (12)

14 (8)

19 (10)

0.042

Patient’s global assessment (VAS), mm, mean
(SD)

48 (28)

37 (26)

42 (23)

0.47

Physician’s global assessment (VAS), mm, mean
(SD)

46 (20)

34 (13)

41 (18)

0.061

Pain (VAS), mm, mean (SD)
Health Assessment Questionnaire, mean (SD)

43 (26)

29 (26)

46 (23)

0.10

1.57 (0.80)

1.06 (0.55)

1.25 (0.65)

0.071

48 (38)

43 (35)

38 (35)

0.71

Radiography
Larsen score (0–100), mean (SD)
Treatment
DMARD, n (%)

10 (50)

7 (39)

8 (47)

0.78

Cytostatics, n (%)

11 (55)

13 (72)

10 (59)

0.53

Prednisolon, n (%)

10 (50)

13 (72)

8 (47)

0.25

Mean dose, mg, mean (SD)

3.3 (0–10)

5.3 (0–15)

2.2 (0–7.5)

0.049

NSAID, n (%)

16 (80)

15 (83)

15 (88)

0.80

n number of patients, DAS disease activity score (van der Heijde et al. [23]), DMARD disease modifying anti-rheumatic drugs (excluding cytostatics), NSAID non-steroidal anti-inflammatory drugs (includes both regular and occasional use)
140

13

1800

TRAP at baseline, µM / l

The baseline TRAP levels before any cryotherapies differed statistically significantly between the groups, when
adjusted for age, body mass index, DAS, and dose of prednisolone (p = 0.006) (Fig. 1, left panel). Baseline morning
TRAP levels (mean, 95% CI) were 1244 (1098–1391) µM/l
in the local cryotherapy, 1133 (1022–1245) µM/l in the cryotherapy at −60 °C, and 989 (895–1082) µM/l in the cryotherapy at −110 °C groups (p = 0.006). After the first treatment,
there was a rise in 1-h TRAP , respectively. The increase was
significant in the whole-body cryotherapy −110 °C group
(p < 0.001). First, we analyzed the change of TRAP during the very first single session of cryotherapy (Fig. 1, right
panel). The TRAP increased from baseline within 1 h in each
group; 14.2 (−4.2 to 32.6) in the local cryotherapy, 16.1 (−7.4
to 39.6) in the cryotherapy at −60 °C, and 23.6 (4.1–43.2)
in the cryotherapy at −110 °C groups. The increase was
significant in the whole-body cryotherapy −110 °C group
(p < 0.001) and minor in the other groups. When adjusted for

TRAP 1h change from baseline, µM / l
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Fig. 1  Baseline TRAP values of each patient according to the treatment groups. Data adjusted for age, body mass index, DAS and dose
of prednisolone (left panel), and the change of TRAP, adjusted for
age, body mass index, DAS, dose of prednisolone and baseline TRAP
(right panel) in one hour after first cryotherapy session. Open circle,
single patient, black square, mean with 95% CIs
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age, body mass index, DAS, dose of prednisolone and basal
level of TRAP, the change was not significant between the
groups (p = 0.78). Second, we wanted to study if the repeated
cold exposure would have a prolonged effect on oxygen
radical production and antioxidant capacity during 1 week.
Therefore, we analyzed the daily morning TRAP values during the week. When adjusted for age, body mass index, DAS,
and dose of prednisolone, the morning TRAP differed significantly between the treatment groups (p = 0.021), but there
was no statistically significant change in the morning TRAP
levels within each treatment group (Fig. 2).

Discussion
In this study, a rise of TRAP was detected in the first hour
of the trial during the first session of cryotherapy in patients
treated with cryotherapy at −110 °C, but not in other treatment groups. We cannot rule out that the small, though significant, detected increase might be due to other patients’
characteristics, such as age, body mass index, DAS, dose
of prednisolone, or baseline level of TRAP. During the
1-week exposure, there was no adaptation to the cold exposure measured by TRAP. The early transient increase in the
TRAP is in line with the results of Dugué et al. [24], who
studied TRAP in healthy middle-aged women treated with
whole-body cryotherapy at −110 °C or with winter swimming three times a week for 12 weeks. In both groups, an
immediate (within 2 min) increase in TRAP was observed
1600
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-60ºC
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1500
1400

TRAP, µM / l
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1100
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700
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Group: p=0.021
Morning: p=0.42
Interaction: p=0.51
0

1

2

3

4

5

6

Morning
Fig. 2  Baseline TRAP values in the mornings immediately before
cold treatment adjusted for age, body mass index, DAS and dose of
prednisolone. Treatment groups: open circle, local cold, black circle,
−60°C, black square −110°C. Mean with 95% CIs

during the first 4 weeks [24]. However, there was no statistically significant increase in the plasma antioxidant capacity when the samples collected 35 min after cold exposure
were compared with the baseline levels [24]. In addition,
intensive short-term whole-body cold exposure induced an
oxidative stress in habitual winter swimmers [17]. The subjects, when swimming in ice cold water for 5–10 min, had
a rapid increase in oxidized glutathione and 4-hydroxynonenal levels (observed in 15 min) and a rapid fall in reduced
glutathione, urate, and ascorbic acid levels (observed within
1 h), indicating that acute cold stress induced an oxidative
stress in the swimmers [17]. Evidently, the oxidative stress
is very short. During the 7-day cryotherapy treatment, when
we measured TRAP before the first cold treatment and 5 h
later, exposure to even whole-body cryotherapy at −110 °C
did not cause a significant prolonged change in TRAP.
Interestingly, while there was no change in the clinical activity or inflammatory variables during the 7-day
treatment period [21], we reported a significant decrease
in pain especially in patients treated with cryotherapy at
−110 °C, as reported also by others [20, 28, 29]. The 7-day
treatment might have been too short for the suppression
of disease activity or to show any mid-term or long-term
effect. Because of active disease, we considered unethical
to extend the time period of cold treatment while keeping
the drug therapy unchanged for more than 7 days. Recently,
rehabilitation using cold treatments including cold chamber
therapy and local cryotherapy during a rehabilitation period
of 3 weeks was reported to result in greater improvement in
disease activity and function in RA patients compared with
the traditional rehabilitation [30].
Cold either used as local cooling of inflamed joints or
other ways, such as winter swimming, have been used by
patients to suppress joint pain and stiffness. In healthy
middle-aged women with no previous experience in winter swimming or whole body cryotherapy, treatment with
whole body cryotherapy at −110 °C or with winter swimming three times a week for 12 weeks resulted in sustained
increase in plasma norepinephrine, while epinephrine was
unchanged, and plasma ACTH and cortisol levels in weeks
4–12 were significantly lower than at start [31]. According
to the authors, the frequent increase in norepinephrine during the cold exposure might have a role in pain alleviation.
TRAP reflects the global combined antioxidant capacity of all individual antioxidants in blood. The main
known components of it are uric acid, ascorbic acid,
tocopherol, and plasma SH-groups. Besides those, there
is an unidentified fraction which cannot be classified
more exactly [32]. Interestingly, erythrocyte superoxide dismutase, catalase, and reduced glutathione levels
are higher and oxidized glutathione levels are lower in
healthy habitual winter swimmers compared with healthy
controls [17] indicating an improved antioxidative
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protection and an adaptation in cold. The same subjects,
when swimming in ice cold water for 5–10 min, had a
rapid fall in reduced glutathione, urate and ascorbic acid
levels, and a rapid increase in oxidized glutathione and
4-hydroxynonenal levels [17], indicating that despite of
adaptation, the acute cold stress induced an oxidative
stress in the swimmers. Because the exposure to cold
in winter swimmers in studies by Siems et al. [17] and
Dugué et al. [24] was short, the adaptation and response
to oxidative stress was most probably related to the cold
exposure itself and less probably related to the exercise.
In the current study, we measured the total antioxidative capacity, not the concentrations of the known components of TRAP. The total co-operative action of the
human antioxidative system in vivo can be different from
that of a single agent.
There was a great variation of TRAP values between
single patients in this study. In the present study, we did
not have healthy control subjects. However, individual values were within the range of Finnish healthy middle-aged
women reported by Dugué et al. [24]. They did not observe
any significant change at any time point in the resting values of TRAP in 35–45-year-old healthy women without
previous experience in winter swimming or whole-body
cryotherapy who were exposed to whole-body cryotherapy three times in a week during 12 weeks [24]. Age, sex,
disease activity, immobility, and medications can have an
effect on TRAP values [22, 24, 27, 33], with TRAP increasing especially in women with increasing age. There was
an increase in TRAP during the first hour of cryotherapy
in those randomized to the −110 °C, but not in the other
patients. Unfortunately, our randomized groups were not
identical in baseline statistics. The patients in the −110 °C
treatment group were younger compared with the other
groups (Table 1) and started from a slightly lower level
(Fig. 1). Many disease-modifying anti-rheumatic drugs
(DMARDs) can have an effect on free radical production,
on the antioxidative capacity or on the function of free
radical scavengers [34–37]. Glucocorticoids have profound
effects on polymorphonuclear leucocytes, which produce
reactive oxygen radicals. In the present study, there were
not significant differences between the groups in the use of
prednisolone and DMARDs.
We conclude that cold treatments induced a short-term
increase in TRAP in patients with active RA during the first
treatment session with whole-body cryotherapy at −110 °C
but not during other treatment modalities. The effect was
short and the cold treatments did not cause significant oxidative stress or adaptation as measured by TRAP in seropositive RA patients with active arthritis who used local
or whole-body cryotherapy two or three times daily during
1 week. Cryotherapy as used in this study seems to be well
tolerated and safe.
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