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Long term effect of different exercise intensitieon serum cortisol level in

osteoarthritis patients.

Abstract

Background: Exercise intensity has a significant impact onléwels of several hormones such
as cortisol, adrenalin and testeserBuarpose: To compare between the effect of low intensity
(40-60%) and high intensity (65-80%) aerobic exasitraining on serum cortisol level, knee
pain, stiffness and difficulty performing ADL acities in over weight osteoarthritic patients.
Methods: Forty overweight, knee osteoarthritic patients eveelected between Jan and Mar
2016 from Elmenia University Hospitaltheir ages ranged from 45- 50 years. Patients were
assigned randomly into two equal groups. Group ceirked aerobic exercises intensity 45% to
60% of maximum heart rate (MHRId Group B received aerobic exercises intensity 65% to
75% of MHR. Both groups received aerobic exercfee80 min / 3 sessions/week for 4 weeks.
Serum Cortisol level and WOMAC questionnaire wessegsed before the study and after 4
weeks of trainingResults: Serum Cortisol level after training in comparigonbefore training
significantly decreased in Group A (P-value < 0)0&id significantly increased in Group B (P-
value < 0.001). Also WOMAC questionnaire pain gmtti stiffness section and difficulty
performing daily activities (ADL) section show ssically significant decrease after 4 weeks of
training in both groups (P-value < 0.001). Thereswa significant difference in post training
serum cortisol level, pain, stiffness or difficulperforming ADL activities between all groups
(P-value > 0.05)Conclusion: High intensity exercise (65-75%) significantly irased Serum

Cortisol level while low intensity exercise (45-6D%ignificantly decreased Serum Cortisol



level. Both high and low intensity aerobic exersisse effective in improving Knee OA

symptoms
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Introduction

Osteoarthritis (OA) is the most common condition affecting synoévipints.
Osteoarthritis of the knee causes substantial paith disability, especially in the elderly,
resulting in a significant burden on health carevjmion. Treatment of osteoarthritis aims to
reduce pain and disability. Overweight and Obesity is a modifiable risk acfor the
development and progression of knee OA. Epidemiolegidence suggests that weight loss
may prevent the incidence of knee OA and allevaéaleerse symptoms accompanying the onset
of the diseasé The lifetime risk of developing knee OA is aroudi % and it is estimated that
symptomatic disease occurs in 10 % of men and 13 $omen aged 60 years or oveRecent
guideline for the management of knee osteoarthgitiphasized on the central role of exercise.
Aerobic walking exercises have been shown to regaie and disability in subjects with knee

osteoarthritis.

Exercise causes specific changes in the body. Tlhbseges are mainly stress
adaptations of the body that usually have genayaincon findings, although they are affected
by several factors such as age, gender, genettispaesition, nutrition and circadian pattern.
The most prominent adaptations are in the neuromtarsand endocrine systems. The
hormones of the endocrine system are the regulatorsetabolic functional changes of the
body during restructuring of tissues by exercisée Tcatabolic process causes tissue
destruction within the body during resistance eiserc while the anabolic process

predominates and leads to growth and tissue rejoging the rest period



Cortisol levels increase in response to psychogad physical stressors such as life
changes, extreme temperatures, negative energgdealand physical exercise. In response to
the stress of exercise, cortisol has many speftifictions helping the body modify and adapt to
the stress, including: the mobilization of freetyaacids (FFA) from adipose tissue, protein
catabolism, stimulation of gluconeogenesis at iver,l and inhibition of glucose uptake by the
working skeletal muscle. These responses act tease exercise capacity and aid in recovery

and adaptatiofi

As regarding the Threshold intensity that resuitsignificant elevations in circulating
cortisol, Exercise intensity of 50-60% of Y@ ax must be reached for cortisol to be increased
and the absolute levels attained during exercisedapendent on the total duration of the
exercise bout. Salivary cortisol levels have bdews to increase following acute exercise with

the response dependent on the intensity and doratiactivity " ®

Moderate to high intensity (60% and 80% of maximalgen consumption [V® max)
exercise augmented circulating cortisol levels wderately trained men. These increases were
resulted from acombination of hemoconcentration &flA axis stimulus ACTH . Conversely,
low intensity exercise (40% of Vmax did not result in significant increases in catis
levels, actually reducing cortisol concentrationfiew accounting for plasma volume changes.
So Moderate to high intensity exercise provokeseases in circulating cortisol levels. These
increases seem due to a combination of hemocomtentrand HPA axis stimulus (ACTH). In
contrast, low intensity exercise (40%) does notlltes significant increases in cortisol levels,
but, once corrections for plasma volume reductiartuaed and circadian factors were

examined, low intensity exercise actually resulted reduction in circulating cortisol levels



Another study concluded that there was a significdifierence between the salivary
cortisol responses immediately following the higiddow intensity exercise protocols. This
study has demonstrated that salivary measuresrt$aocan be used to delineate between high
and low intensity workouts. The results of thisdstuhave also shown that rating of perceived
exertion RPE is a reliable and useful tool of eating the intensity of a resistance training
during session. This scale would be a beneficial tor researchers, strength coaches,
recreational weightlifters, and athletes as thelyestto rate the work intensity of a resistance

training sessior’.

Cortisol levels increase in response to psychowqnd physical stressors such as life
changes, extreme temperatures, negative energgdealand physical exercise. Most previous
exercise studies investigating cortisol responses @ agreement that there is a “threshold
intensity” of one’s maximal oxygen uptake (VO2mathat results in significant elevations
in circulating cortisot”.

The type and intensity of exercise in relation taividual training levels provokka

[ojalterations in hormone responses, making it somewifiicult to identify them'?.

Therefore, this study was aimed to compare betwleerong term effect of high intensity (65-
80%) and low intensity (40-60%) aerobic exercigerad weeks of tanning with frequency of 3
sessions per week in overweight, knee OA patigkis this study was carried out to compare
between the effect of aerobic exercise differetennities (low 40-60% and high 65-80%) on
knee pain, stiffness and difficulty performing ADdctivities in over weight osteoarthritic

patients after 4 weeks of tanning with frequenc@® skssions per we@m



Subjects and Methods

Subjects
The study was conductesh—n-the—periocbetween Janrand Mar 2016L Forkye,] both

sexes(22 female and 18 male) patients were selectedtcgate in this study from Elmenia

University Hospitals, their ages ranged from 45-y8@rs with mean value 47.34+1.51 years.
Inclusion criteria were as follows: age betweena#fl 50 years; OA classified as grade Il and
over based on the Kellgren & Lawrence radiologicialssification; and knee OA diagnosed
according to the American College of Rheumatologteida . The exclusion criteria were as

follows: pacemaker use; unstable heart conditismgarticipainge in another physical activity

program; inability to walk on a treadmill; previodksiee or hip arthroplasty; diagnosis of
fiboromyalgia; epilepsy; and presence of a tumocwdaneous lesion that could interfere with the
procedure. All patients were given a full explaoatiof the treatment protocol and a written
informed consent form giving agreement to partitgpaand publication of results was signed

by the patients.

Study Design

This was randomized, pre-test and post-test destiggy. Patients who met the selection
criteria were divided randomly into two equal greupow intensity exercise group (Group A) or
High intensity exercise group (Group B). Randomaratwas allocated using the numbered
envelops method. Subjects were blinded about wigidup they were allocated. Group A
including 20 patients received aerobic exercisaitrig program with intensity of maximum
heart rate 45% to 60%, 3 sessions per week for éksvand Group B including 20 patients
received aerobic exercises training program witkrisity of maximum heart rate 65% to 80%

only, 3 sessions per week for 4 weeks.



Assessment
All medical and demographic data of subjeceyaas collected and the role of physical

therapy importance in improving their condition veaplained.

Resting heart rate (HRrest) and maximum heart r@i&max) was determined to

calculat@leterminethe target heart rate th@asused in exercise for every patient.

Each subject intensity was calculated as trainiegrthrate (THR) based on his maximum, and

resting heart rate according to karvonen fornifits following.
THR= HRrest + (HR max — HR rest) TF
Where HRrest = resting heart rate in bpm
HRmax = 220 - age
TF = training fraction, (was 45-60 % to 6% in low training intensity

The pre- and post-intervention assessments wersethen cortisol level, TU@Gs] test and the
self-reported WOMAC aspects of functionality, paamd stiffness. The assessment was carried

out before start of training and after 4 weekdatend of training program.

Blood sample and Cortisol Level evaluation method

Blood samples was collected using a 3-cc syringealiosubjects at 8:00 am (time of
measurement is affixed time) pre and post exert@@ing program. Total serum cortisol
concentrations were measured with immunoassay mhetfimal using Cortisol Im 1841 RIAKIT
REF made in the Czech Republic. It is importantdedermine reference values and be aware

that they vary depending on collection time. W hetlected at 8:00 am, the proposed value



ranges between 5.0 and 25.0 pg/dl, at 4:00 pmsobralues should decline by more than 35%

of the morning value, while at 6:00 pm the dropudtide greater than 50%4
Western Ontario and McMaster Universities Osteoarthitis Index (WOMAC)

The WOMAC questionnaire contains 17 questions iggrthe degree of difficulty to
perform daily activities, such as stair use, teeasshe physical function of patients. Patients are
asked to rank the degree of difficulty in the [d&thours in éscale from O (none) to 4 (severe).
[oe)The individual score for the 17 questions is addiedo a score that can range from 0-68. The
greater the score, the worse the function. The W@MRestionnaire also includes questions
about pain, stiffness and difficulty performing Igactivities (ADL). In this study, the WOMAC

scores of pain, stiffness, and difficulty perforqiADL activities were analyzed separatéely [

Treatment

Preparatory procedures

Each patient was informed about experimental po@sswell as the significance of
study andyivenwrite a consent. All equipments were checked up, calibrated prepared before

application

Exercise procedures

Both groups received 30 min of aerobic exercisesorm of walking on a treadmill

(figure 1) as following.

Using a program of exercise with 45% to 60% of mwdiheart rate reserve for group A
and, 65% to 80% of maximal heart rate reserve foug B and frequency of 3 times/week for 4
weeks. The session consists of 5 minutes warm-uforpged on the treadmill at low load

followed by training period for 30 minutes and ethdby 5 minutes cool down as following:



Warming up exercise:

The aerobic training program included a 5-min wanmn-consisting of fast

walking, slow running and stretching.

Exercise Phase
Group A:

After warming up, continuous running was performsdrted by walking ~2.0 mph
increased gradually every 2 mif to reach intensity of 45% to 60% of maximal heate
reserve for the participant . The running period Wa min for the first sessiorand every two
sessions 2 min was added to the running period stepwise manner until the runnirggriod

reached 30 mirf.
Group B:

After warming up, continuous running was performstdrted by walking ~2.0 mph
increased gradually every 2 mif to reach intensity of 65% to 80% of maximal heate
reserve for the participant . The running period k& min for the first sessiorand every two
sessions 2 min was added to the running period stepwise manner until the runnirggriod

reached 30 mirt.

Cool down exercise:

At the end of each session, there was a cool-de@tiog consisting ofslow running and

stretching for 5 min.



Figure (1): Exercise training on the treadmill .

Sample Size and Statistical Analysis

Statistical analysis was conducted using SPSS fadaws, version 18 (SPSS, Inc.,
Chicago, IL).] To avoid a type Il error, a prelimiggower analysis [power (b-error P) = 0.85,
a = 0.01, effect size = 0.5] determined a sample siz40 for this study. This effect size was
chosen because it yielded a realistic sample\[csizé’.he current test involved two independent
variables. The first one was the (tested group)wéen subject factor which had two levels
(group A and group B). The second one was then{trgiperiods); within subject factor which
had two levels (pre, post). In addition, this tesblved two tested dependent variables (Serum

cortisol level and WOMAC scores of pain, stiffneasd difficulty performing ADL activities.
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Accordingly, ']'paired }teshoa]" was used to compare between “pre” and “padests for all
dependent variables for each grou\p. "Unpair_eob:tkog]" was conducted to compare Serum
cortisol level and WOMAC scores of pain, stiffneasd difficulty performing ADL activities

between both groups in the “pre” and “post” tesith whe alpha leve).05.

RESULTS

Baseline and demographic data

There were ncstatistically-significant differences (F0.05) between subjects in both
groups concerning age, weight, height, and BMI (@ab). There were also nstatistically
significant differences between groups for any omnte variables at baseline (pre-intervention).

Table (1). General characteristics of all patient

Age (years) Height (c.m) Weight (k.g) BMI
Group Group | Group | Group Group | Group | Group | Group
Group
(A) (B) (A) (B) (A) (B) (A) (B)
46.97+1. | 47.72+1.| 1722, | 173.0% | 83.65:7. | 83.8t7. | 28.281 | 27.991.
Mean
53 42 92 5.7 17 25 .8 54
t-
-1.622 0.7332 0.06579 0.5475
value
P 0.113 0.4679 0.9479 0.5872
T eioniT w7 5

Serum cortisol level:

As indicatedinat table{2) "Paired t-test" revealed that there was a significant reducti

of serum cortisol level (t-value= 8.125, P <0.001)group A. In addition, "Paired--ttest"
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revealed that there was significant increase afraesortisol level (t-value= -8.045, P <0.001) in
group B. Comparison of serum cortisol level betwgeyups "pre" treatment using "unpaired t
test" showed no statistically significant differesc(t-value= 1.94, P=0.064). Also, "post"
treatment values of serum cortisol level betweeth lgooups showed no significant difference (t-

value=-0.698, P=0.494).

Table {2): Comparison of serum cortisol level within and beiveen groups:

13.17+4.004

10.88+3.88

9.91+3.35 11.99+3.21 -8.045| 0.000*
1.976 -0.698
0.064 0.494

SD: Standard Deviation tp: paired t-test

* = Significant N.S. = nonrsignificant

WOMAC scores of pain, stiffness, and ADL:

As indicatedinat table {3) "Paired t-test" inat group A revealed that there was a
significant reduction in Pain (t-value= 12.964, B.€01), stiffnesgt-value= 10.239, P €.001)
and difficulty performing ADL activities (t-value23.307, P <0.001). In addition, "Paired t
test" inat group B revealed that there was a significant cgdo in Pain (t-value= 8.510, P <
0.001), stiffnesgt-value= 8.510, P €.001) and difficulty performing ADL activities (talue=

13.307, P <0.001). Comparison between both groups pre tredtraed post treatment,
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"unpaired t-test" revealed that there were no significant défifiees in pain pre treatment (t-
value= -0.54, P9.59) or Pain post treatment (t-value= -1.07,029), stiffness pre treatment (t-
value= -0.47, P 0.64) or stiffness post treatment (t-value= 0.347 B.73) and Difficulty
performing ADL activities pre treatment (t-value#68, P =0.50) or difficulty performing ADL

activities post treatment (t-value= -1.00, B.32).

Table {3): Comparison of WOMAC scores within and between grops.

12.12+0.828

8.47+0.893

12.9640.000*

12.27+0.892

8.75+0.776

-0.54

-1.07

0.59

0.29

4.56+0.876

2.03+0.517

12.9420.000*

10.2390.000*

4.69+0.924

1.97+0.595

-0.47

0.64

0.73

41.47+1.404

35.50+1.250

11.09p0.000*

13.3070.000*

41.17+1.307

35.90+1.312

-1.00

0.32

13.108.000*

SD: Standard Deviation tp: paired t-test

* = Significant
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Discussion

This study investigated the effect of different ddec exercise intensities on serum
cortisol level and WOMAC scores of pain, stiffneasd function in overweight adult patients
with knee OA. Aerobic exercise intensities in tsigdy include two types; low intensity 45% to

60 % of maximal heart rate reserve and high intgr%% to 80% of maximal heart rate reserve.

The findings of this study indicated significantcdease in the Serum Cortisol level mean values
after training in comparison to before training mealues in Group A (P< 0.0001). Serum
Cortisol level mean values after training in conigam to before training mean values in Group

B showed significant increase with (P< 0.00@1);

The findings of this study indicated no significatitference between Group A, and Group B

post treatment values of Serum Cortisol level.

]Therefore, the results of current study showed thate was a significant increase in Serum
Cortisol level with high intensity exercise andrsfggant decrease in the Serum Cortisol level in
low intensity exercise with no significant diffe@n Serum Cortisol level between both groups

after trainingo11]

The result of the current study supported previstigly that reported that aerobic
training with intensity of 65 to 75% of heart raéserve on sixteen healthy volunteer students for

4 weeks showed significant increases in saliva eonations of cortisof®.

Physical exercise is considered as a physiologisalessful situation to the body, so that
post-exercise cortisol concentration changes sderbe due to activation of the hypothalamic-
pituitary-adrenal axis. physical exercise stregaidate the sympathetic nervous system, cause

stimulation of hypothalamic-pituitary-adrenal (HPAgcretion elevated secretion rates of

13



‘ corticotropin-releasing hormoread-tewhich activates the anterior pituitary and stimegathe
release of adrenocorticotropin hormone (ACTH). phesence of ACTH stimulates the adrenal
cortex to release Cortisd! % Also this physical stress associated witfpothalamic-pituitary-

‘ adrenal (HPA) secretion which increasaody temperature, changes in blood pH, hypoxia,
lactate accumulation and mental str&ssCortisol release seems to be affected by the ofpe
resistance training (hypertrophic vs maximal sttejygorevious long- term sports participation
and neuromuscular performance. The immune and endtogical responses to exercise are

dependent orits intensity and duratiof" %

On the other hand, the results of this study cammntradiction with the previous study
thatmentionedthat 3 sessions per week for 8 weeks with intensitywbet 65 and 75% showed
that aerobic training led to significant decreaseartisol %. Also, in disagreement with this

study there were previous studteatshowed no significant change in cortisol level afterobic

exercise training for six months with intensity @-70% of heart rate reserve in thiealthy
middle-aged womeR®, after aerobic exercise training for 12-weekshinty obese mei® and
after aerobic exercise training with low, mediunddngh intensity in elite 10 young female

swimmers?®.

The contradiction with the previously mentionedds#s may be due to differences in
subject characteristics as younger age subféctsr thin healthy subject$’ or elite trained
subjects?® and longer training period more than 4 weeks . difference in the results may be
due to that, the biosynthesis and metabolism dismdrare altered by the high levels of adipose
tissue and the constant state of low-grade inflatiumaof overweight subject$’. Also

physiological stress reaction during acute exerigis@dividuals who are obese is greater than

14



the response in heathy individuals and elite tchipersons, leading to a greater stimulation of

skeletal muscle protein catabolism but, also, goeater lipolytic responsé’.

The results for WOMAC scores of pain, stiffness afificulty performing ADL
activities showed significant improvement in botloups in comparison to pre treatment values

with no significant difference between both gropps or post treatment.

The results of our study also came in accordantie pvevious study examined the effect of 10
weeks aerobic training with high 70%-and low intensity 40% of heart-rate reserve inrafda

of 54 older knee-OA patients. Analysis revealedisicant improvement of OA pain with no
significant post treatment differences in pain edwthe high- and low-intensity exercise groups
28 Many other studies showed reduction in pain isitgrf® *° 3! 32 32 34 32 35 radyce morning

30 38 39 40 41

stiffness®® and improve functional activitie with aerobic exercise and aerobic

walking.

Knee osteoarthritis patient's weakness of the qoeds muscles is caused by disuse and
capsular swelling which inhibition muscle contraati Severity of pain is directly correlated
with the degree of muscle weaknesslthough strong muscles may promote structural
deterioration in misaligned knees. Aerobic exercisgroves muscle strength, flexibility, and
balance®. Cartilage oligomeric matrix protein (COMP) is atmix protein, which is currently
studied as a potential serum marker for cartilagegsses in osteoarthritSerum COMP levels

increased during exercise in individuals with k% whereaghelevels

decreased during re’t

15



Conclusion

The results of current study showed that both lowl &igh intensity aerobic exercises are
effective in improving Knee OA symptoms among owveight patients but low intensity
exercises had a reducing effect on serum cortesadlIwhile high intensity exercises had an

increasing effect on serum cortisol level aftereeks of training.
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