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Do obese patients with primary knee
osteoarthritis benefit from a single bout of
moderate intensity aerobic exercise?
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Abstract

Background: Obesity and osteoarthritis are often concomitant. Both are accompanied by oxidative stress and
stimulated inflammatory response. Exercise is considered a substantial treatment in rehabilitation of both
conditions. Yet most of literature reported the benefits of regular exercising, while there is paucity about the effects
of single low to moderate exercise session. This study aimed to investigate the possible potential effects of a single
bout of moderate exercise in obese middle-aged individuals with knee osteoarthritis (KOA).

Results: Score of pain and Western Ontario and Mc-Master University (WOMAC) had been improved 24 h after
exercise. Glutathione reductase (GR) activity increased post-exercise but decreased the next 24 h though remained
higher than baseline. Blood glucose level was reduced post-exercise whereas blood lipids still uninfluenced by
exercise. Markers of inflammation remained unchanged after exercise session.

Conclusion: A single bout moderate-intensity aerobic exercise is effective in improving pain and antioxidant
activity among middle-aged obese patients with primary knee OA. Single bout of mild to moderate exercise may
help in treatment of obese patients with KOA.

Trial registration: Clinical Trials.gov Identifier: NCT03927339
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Background
Dramatically, worldwide obesity incidence has increased
throughout the recent decades. Obesity and its accompany-
ing disorders like KOA now represent significant health im-
pacts in both developed and developing countries [1].
KOA is a clinical multifactorial disorder with several

etiologies and different risk factors that probably con-
tribute to its manifestations, and of them is obesity and
inflammation, the mostly blamed and constitute the
highest associated disorders with the disease [2].
Increased oxidative stress seems to be an important

component of both obesity and osteoarthritis (OA) and

may formulate an important track joining obesity with
the elevated incidence of OA. In obesity, as well as in
OA, the cellular antioxidant capability is insufficient for
detoxifying the reactive oxygen species (ROS), with the
resulting oxidative stress that may cause damage of cel-
lular enzymes and organelles, resulting in the develop-
ment of insulin resistance, degrading components
located extracellular such as collagens and proteogly-
cans, and additionally, increasing the susceptibility of
chondrocytes to oxidant-mediated cell death [3].
Currently, one of the most studied antioxidants is

glutathione, probably due to its endogenous synthesis
throughout the body and being basically found in all
cells, and plays any roles in which it is involved [4].
Previous studies have reported glutathione reductase

(GR) changes seen in serum, the enzyme that is respon-
sible for the restoration of reduced glutathione from
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oxidized glutathione via the application of nicotinamide
adenine dinucleotide (NADH) [5, 6].
Being an interventional strategy against obesity and re-

lated disorders, the advocacy of exercise is gaining more
added significance. Additionally, numerous studies re-
vealed that physical and exercise activities alone have sev-
eral metabolic benefits such as improved tissue sensitivity
to insulin and elevated peak oxygen consumption [7].
Increased production of ROS due to exercise can be

beneficial by inducing particular adaptations, such as in-
creased resistance to oxidative stress, increased antioxi-
dant/oxidative damage repairing enzyme activity, and
lower levels of oxidative damage [8].
Available data supports the impact of life long exercise

training on the level of pain and the anti-inflammatory
status in KOA patients. However, exercise might pro-
duce a short-term pro-inflammatory response depending
on physical training of the patient, mode, severity, and
duration of the exercise [9–11].
An increased understanding of the molecular basis for

exercise-induced metabolic effects is important in devel-
oping optimal exercise interventions for primary KOA.
Since many of KOA are usually sedentary and may not
be able to practice exercise regularly and lack of studies
revealing the effect of single session of exercise on KOA,
this raises the question “can they benefit from sporadic
single bouts of mild to moderate exercise?”
This study aimed to determine how mild to moderate

exercise influences metabolic, antioxidant, and inflam-
matory responses of untrained obese middle-aged
patients with KOA.

Methods
Study population
This is an observational study among a cohort of sed-
entary Egyptian patients that included thirty-four
obese patients diagnosed with primary KOA according
to the criteria of the American College of Rheumatol-
ogy (ACR) [12] and were selected from those attend-
ing the outpatient clinics of Rheumatology and
Rehabilitation Department, Mansoura University from
June 2019 to October 2019 (28 females and 6 males;
mean age, 46.94 ± 10.84 years; body mass index, 40.91
± 10.09 kg/m2). In addition, 30 healthy volunteers
without clinical and radiological manifestations of
KOA attending in the hospital for regular check-up
(22 females and 8 males; mean age, 50.7 ± 10.5; BMI
24.3 ± 1.3) participated in the study.
This study was approved by the Institutional Re-

search Board of Faculty of Medicine, Mansoura Uni-
versity code R.18.04.137. A written informed consent
was obtained from all participants before the start of
the study.

Inclusion criteria
The inclusion criteria are as follows: KOA with obesity,
age ranging from 36 to 56 years old, sedentary with no
previous training, ability to understand and follow
commands, and ability to walk independently.

Exclusion criteria
The exclusion criteria are as follows: any conditions that
medically contraindicated for moderate aerobic exercise
(as detected by prescreening questions, i.e., cardiac or
coronary artery disease as ischemic cardiomyopathy,
chronic lung disease, asthma, uncontrolled hyperten-
sion), inability to exercise via treadmill (i.e., extra neuro-
muscular or lower extremity conditions or any other
medical contraindication that could prevent them from
walking on treadmill as disorders impacting hip move-
ment or gait, history of previous hip or knee surgery,
peri-articular fractures, or lower limb injuries), history of
recent joint infection or acute joint inflammation, any
recent history of intraarticular joint injection (hyaluronic
acid, steroids, etc.) during the previous 6 weeks of study,
intake of antioxidant supplementation, and the use of
psychotropic agents. All secondary causes of KOA were
excluded (gout, pseudogut, trauma, and autoimmune
diseases).
Patients who did not sign the consent (4 patients), did

not attend the next day for blood sample (3 patients),
and/or did not complete the session due to exhaustion
(5 patients) were also excluded.

Data collection
Collection of basic clinical data was done through inter-
viewing the participants that included demographic
characteristics, history of associated comorbidities such
as diabetes and hypertension, history of previous knee or
hip surgery, and history of drug intake or recent joint
injection.

Evaluation of OA
The Western Ontario and Mc-Master University
(WOMAC) OA scoring index was used for the evalu-
ation of joint pain, stiffness, and function in OA patients
[13]. Total WOMAC is the sum of three subscales
scores. High WOMAC score indicates more pain and
stiffness and severe functional limitation.

Radiological assessment
Bilateral antero-posterior (AP) standing knee radio-
graphs were done to confirm the presence of OA and its
degree. Grading of X-rays was done by Kellgren and
Lawrence (K/L) scale for KOA severity [14]. Subjects
with radiographic KOA of KL grade ≥ 2 in one knee
were enrolled. The worst affected knee grading of each
patient was used for data analysis.
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Treadmill training protocol
Each eligible participant in the patients’ group was then
prospectively assigned to undergo exercise session of
full-body-weight treadmill training. Once the partici-
pants were prepared, muscle stretching for 5 min and
slow walking for 3 min were performed as a warm-up
exercise before starting the training. Stretching was per-
formed similarly to all the participants to quadriceps
femoris and the hamstring. During warm-up period, it
was enforced for 3 min at the speed of 1 km/h. Then, pa-
tients began the walking trials and walked at 1 to 1.34
m/s on an electric treadmill (JACO fitness: JACO-212C)
(South Korea).

Exercise intensity
In this study, exercise intensity was determined through
applying Metabolic Equivalents (METs) and Rate of Per-
ceived Exertion (RPE) as guidelines. Activity that gener-
ates energy expenditure of 3.0 to 6.0 (METs) was
defined as moderate aerobic exercise [15] for the deter-
mination of exercise intensity, time, and frequency; it

was set at low to moderate, which is between 40 and
60% of the maximum heart rate, rating of RPE from
12 to 14. In this study, moderate aerobic exercise was
also defined by a participant’s subjective Rate of Per-
ceived Exertion (RPE) of 4–6 on a 10-point scale.
Additionally, the 15-point Borg Rating of Perceived
exertion scale has been introduced to each participant
and instructed in its use. The RPE scale was easily
visible to the participants on the wall in front of the
treadmill. Instructions regarding exercise and mea-
surements of associated METs were determined based
upon earlier studies which proved that walking on a
level surface at 3.0 MPH is equal to 3.3 METs, and
walking at 4.5 MPH generates 6.3 METs [16]. Partici-
pants walked at a pace of 2.5 to 3.0 MPH on a tread-
mill with zero incline for 30 min, and they were
instructed to walk at a pace that neither caused pain
nor increased symptoms [17]. To minimize pain that
may occur due to treadmill exercise, 5-min rest was
allowed after 15 min of exercise. In the control group,
the subjects remained at rest.

Fig. 1 Participant flowchart from screening to data analysis
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Laboratory assays
Blood samples were drawn before and after exercise
(within 0.5 h after exercise and at 24 h). The whole bio-
chemical measurements were carried out on frozen
plasma samples obtained throughout centrifugation of
freshly drawn blood (3000×g for 20 min at 4 °C) and
stored subsequently at − 70 °C. Blood lipid profiles, in-
cluding total cholesterol (TC), HDL cholesterol (HDL-
C), calculated LDL cholesterol (LDL-C), and triglycer-
ides (TG) concentrations, were determined by enzymatic
assays, as well as fasting blood glucose level.

IL-6, CRP
IL-6 serum concentrations were determined using sand-
wich high sensitivity ELISA kit for quantitative detection
of human IL-6 according to manufacturer’s protocol
(Boster Immuno leader by Boster Biological Technology
Co. Inc.). Detection of serum CRP was performed by
Solid Phase Sandwich ELISA according to manufac-
turer’s instructions (Quantikine Human CRP Immuno-
assay, R&D systems).

Glutathione reductase assay
Spectro-photometric determination of GR activity in the
serum was measured as described by Calberg and Man-
nervic [18] using commercially available Glutathione Re-
ductase Assay Kit (Sigma Chemical Company, St Louis,
MO, USA). Reduction of glutathione disulfide (GSSG)
was catalyzed by glutathione reductase throughout the
oxidation of reduced form of nicotinamide adenine
dinucleotide phosphate (NADPH) to nicotinamide
adenine dinucleotide phosphate (NADP+). The decrease
in absorbance was measured at 340.

Statistical analysis
Data were analyzed using the SPSS software version
21.0. Mean and standard deviation (mean ± SD) was
used to represent data. Kolmoggorov-Smirnov test was
used to determine the homogeneity of data distribution.
Changes of pain and laboratory parameters among par-
ticipants before and after exercise and 24 h after were
assessed using ANOVA. Means of continuous variables
before and after physical exercise were compared by
paired Student’s t test. Pearson’s correlation test was
performed to assess clinical and laboratory parameters
correlation. A p value ≤ 0.05 was considered statistically
significant.

Results
Baseline characteristics
A total of 34 obese KOA patients shared in and com-
pleted this study with average age 46.94 ± 10.84 years
(range 30–60 years). Eighty-two percent of the partici-
pants were females, and average body was mass index

40.91 ± 10.09 kg/m2. The flow diagram of the patients
participated in this study is shown in (Fig. 1). The demo-
graphic characteristics, clinical, and laboratory results of
the study participants are listed in Table 1.
GR activity was significantly lower, and the inflamma-

tory markers were significantly higher in patients at
baseline than controls. Significant differences were also
found between patients at baseline and controls as
regards lipid profile and blood glucose level (Table 1)

After exercise
The patients did not report significant increase in pain
post-exercise; furthermore, perceived pain was signifi-
cantly diminished the next day (Tables 2 and 3) with
median change of 20% from the baseline. In terms of
functional status, a significant improvement in WOMAC
score was noticed after 24 h with median change of 4.4%
from baseline (Table 4).
Regarding the antioxidant activity, GR was significantly

increased following exercise. Though this rise was short-
lived and reduced later, it maintained higher levels than
baseline for the next 24 h, yet not significant (Table 5).
While no change in IL-6 or CRP was demonstrated even
instantly after exercise, blood lipid levels did not alter
after exercise; meanwhile, blood glucose level was
significantly reduced after exercise and remained lower
than baseline level for the following day, although this
difference turned insignificant (Table 6).

Table 1 Demographic, clinical, and laboratory data of the study
participants

Characteristic Patients Control p value

Age (years) 46.94 ± 10.84 50.7 ± 10.5 0.358 (NS)

Sex (male/female) 6/28 3/12 0.85

BMI (kg/m2) 40.91 ± 10.06 24.3 ± 1.3 ˂ 0.001

VAS of pain 5.07 ± 1.16 NA

WOMAC score 70.26 ± 11.21 NA

K/L score 2.48 ± 0.68 NA

TC (mg/dL) 210 ± 22.17 161.93 ± 19.71 ˂ 0.001

HDL-C (mg/dL) 35.71 ± 6.3 43.87 ± 6.17 ˂ 0.001

LDL-C (mg/dL) 149.71 ± 23.34 100.4 ± 19.59 ˂ 0.001

TG (mg/dL) 123.86 ± 17.4 87.8 ± 24.01 ˂ 0.001

IL-6 (pg/mL) 58.46 ± 6.51 46.78 ± 1.61 ˂ 0.001

Glucose level 173.92 ± 6.24 101.76 ± 17.07 ˂ 0.001

CRP (mg/L) 5.24 ± 0.23 3.33 ± 0.32 0.022

GR activity (U/l) 47.92 ± 9.75 59.13 ± 12.53 0.006

Data are expressed as mean values ± standard deviation. The inter-group
variability is determined by t test. Significance level of p value is ≤ 0.05. Non-
parametric parameters are shown as numbers, and the Chi square test X2was
used to test their statistically significant differences
BMI body mass index, VAS visual analogue scale, NA not applicable, TC total
cholesterol, HDL high density lipoprotein, LDL low density lipoprotein, TG
triglycerides, IL-6 interleukin-6, GR glutathione reductase
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There was a significant negative correlation between
level of GR at baseline and the percent change in its
level after exercise (r = − 0.713, p = 0.006). On the other
hand, no other correlation was found between baseline
GR activity and any of the clinical or laboratory
parameters.
BMI correlated inversely with WOMAC score and

positively with baseline IL-6 level (r = − 0.480, 0.516 and
p = 0.044, 0.017 respectively). Age correlated as expected
with X-ray score (r = 0.482, p = 0.027).

Discussion
Many studies have acknowledged the important effects
of exercise in the treatment of knee OA and concomi-
tant obesity with its related complications. Although
acute strenuous and maintained exercise influences have
been well investigated in OA patients, same information
for single bout of low to moderate intensity is limited.
Several studies had addressed the valuable benefits of ex-
ercises in improving pain and functional status of OA
patients. Nevertheless, most of these studies evaluated
the effects of repeated exercises for variable periods of
time. Patients with moderate to severe KOA often obese,
sedentary, and have functional disabilities preventing
them from performing exercise on regular basis or
being engaged in prolonged exercise programs.
Increased-intensity or -duration exercises as well as
regular training may not be feasible for these patients.
We thought that single bouts of low- to moderate-
intensity exercise could have some benefits as mid-
way between sedentariness and regular training in this
particular category of patients [19].
Since obesity is considered an important co-morbidity

of KOA, obese patients were chosen to participate in this
study. Almost 65% of KOA diagnosed adults were either
overweight or obese [20], and more than 30% of obese
adults exhibit KOA [21]. Because women demonstrate
higher rates of KOA incidence than men, the enrolled
patients were mostly females [22] probably as a result of

attenuated estrogens’ protective effect after menopause
and also their tendency to accumulate more fat than
men [22]. The mean body mass index (BMI) of KOA
female patients is relatively 24% greater than that of
their healthy counterparts [23].
In the current study, we found that a single session of

low- to moderate-intensity exercise for 30 min in obese
untrained KOA elicited improvement in pain and
WOMAC score after 24 h with significant increase in
GR antioxidant activity after exercise. This increase
remained more than the baseline for the next day
though turned insignificant. Although earlier studies
demonstrated that physical exercise is considered as oxi-
dant stimulus that generating a ROS-dependent adaptive
signaling [24, 25], this effect looks to be influenced by a
high inter-individual variability [26]. Recently, studies re-
vealed that oxidative stress induced by exercise is exac-
erbated particularly in obese subjects as a response to
acute exercise [27] that subsequently induces an eleva-
tion in the endogenous antioxidant activity during acute
exercise as a counterforce mechanism [28], which is in
line with the current study results. For that, these find-
ings suggest that, in certain conditions, even a short ses-
sion of exercise may be adequate to activate antioxidant
defense mechanisms against oxidative harm. In this con-
text, this study speculates that when sedentary lifestyle is
concomitant with severe obesity, an early antioxidant re-
sponse may be needed to counteract the increased oxi-
dative condition that happens following physical activity,
whereas this does not happen in moderate obesity or
sedentariness alone. Furthermore, a significant inverse
relation was detected between GR baseline level and its
percentage post-exercise change. When taking in consid-
eration, the changes that occur in redox chemistry as a
result of physical exercise, the capability of the body to
sustain an optimum balance of glutathione is vitally im-
portant. The current study revealed an increase in levels
of GR in response to mild non-exhaustive exercise as a
body adaptive mechanism to effectively work against the

Table 2 Pain score (VAS) before and after exercise

VAS of pain

Pre-exercise baseline Post-exercise 24-h post-exercise % change in score
median (range)

F p value

5.07 ± 1.16 5.20 ± 1.27 4.47 ± 1.30 20 (− 25, 33.3) 13.45 0.001

The intra-group comparison is shown before and after exercise. Data are expressed as mean values ± standard deviation. Parameters failing normal distribution ()
are shown as median value and range (in brackets). The intra-group variability is determined by ANOVA test. Significance level of p value is ≤ 0.05

Table 3 Comparison between pain score at baseline, post-exercise, and 24 h after

VAS of pain

% change in score,
median (range)

Change between baseline and post-exercise Change between baseline and 24-h post-exercise

Pre-exercise baseline Post-exercise 95% CI p value Pre-exercise baseline 24-h post-exercise 95% CI p value

20 (− 25, 33.3) 5.07 ± 1.16 5.20 ± 1.27 (− 0.53, 0.24) 0.44 5.07 ± 1.16 4.47 ± 1.30 (0.21, 1.07) 0.007

The intra-group variability is determined by t test. Significance level of p value is ≤ 0.05
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increased free radicals that commonly occurs secondary
to obesity and OA. Perhaps, this is the reason why the
less the GR level in obese OA individuals, the more the
increase in its release as a compensatory mechanism
after exercise.
One of the potential hazards of exercise is that it

might elicit a short-term mild to modest pro-
inflammatory response that may aggravate the inciting
state already exists in such kind of patients [29]. This
happens particularly with acute intense exercise. In
this terms, our study showed that moderate-intensity
exercise did not provoke a significant inflammatory
response on short-term in KOA patients. These re-
sults suggest that this kind of exercise does not pro-
vide enough stimulus that exacerbates inflammatory
status of KOA.
This study assessed the influence of aerobic exercise

on blood lipids before and after exercise, measured tri-
glycerides and cholesterol as they are the most common
lipids that cover 98 to 99% of all occurring natural lipids,
and are widely taken as an index for confirming and de-
tecting hyperlipidemia [30]. A debate on the effect of
single exercise on blood lipids had been ensued. It has
been reported that physical exercise can induce lipolysis,
resulting in elevated levels of serum glycerol and higher
oxidative stress in obese than in lean subjects [30]. How-
ever, no subsequent significant changes were demon-
strated in the lipid profile following mild to moderate-
intensity exercise session which was consistent with pre-
vious findings in non-trained persons with one single
session of aerobic exercise with acute [31] or moderate
intensity [32, 33] and of similar duration. Contrastingly,
a previous study illustrated the effect of exercise training
on the acute response to exercise [34] and reported
increase in LDL-C after acute exercise, an effect which
was nullified by exercise training.

These findings propose that the magnitude of a sin-
gle exercise session may have been below the required
caloric threshold to induce beneficial responses in the
current population. However, for acute exercise, a
greater caloric expenditure should be taken with cau-
tion considering the nature of patients in this study
that may be associated with a negative effect on their
disease status. An earlier study was specifically de-
signed to detect “How much exercise is enough?” and
“What is the optimal amount of exercise?” with re-
spect to potentially beneficial cardiovascular effects
and effects on lipid profile and had reported that
exercise has to be weekly with high amount in order
to produce the acknowledged broad beneficial influ-
ences on the lipoprotein profile. The improvements
were related to the activity amount and not to the
exercise intensity or fitness improvement [35].
Exercise is broadly considered a cornerstone treatment

for obesity and an important one in management of OA.
Its influence on blood glucose is of particular interest
since insulin resistance is likely to associate obesity and
is reflected on the whole body systems including joints
as well as the general health compromising the patient’s
ability to mobilize. It was proved that a single session of
vigorous exercise could significantly improve insulin
sensitivity measured after 24 h in obese adults [36].
Clearly, this vigorous exercise level cannot be prescribed
for most obese OA people as a viable exercise; until
now, little is understood about the influence of a lower
exercise stimulus (lower duration and intensity) on sen-
sitivity to insulin in obesity. Inconsistent results have
been yielded by very few studies that have tried to inves-
tigate the metabolic benefit of shorter exercise and/or
less intense sessions in obese subjects [37, 38]. More re-
cently, Newsom et al. demonstrated that one session of
exercise with low intensity is enough to enhance insulin
sensitivity into the next 24 h in obese adults [39] which
was in line with our findings. In contrast to the popular
belief, a lot of the insulin-sensitizing effect of physical
exercises can be attributable to the most recent ses-
sion(s) of exercises rather than to an accumulated effect
of training and/or “fitness” [40, 41]. Typically, this bene-
ficial effect of one exercise session is short-lived (i.e.,
24–48 h) [42, 43]. For these reasons, exercise prescrip-
tions should be tailored to maximize the beneficial

Table 4 WOMAC score before and after exercise

WOMAC score

Pre-exercise
baseline

24-h post-
exercise

% change in score 95% CI p value

70.26 ± 11.21 67.78 ± 12.78 4.39 ± 7.11 0.62–5.38 0.017

The intra-group comparison is shown before and after exercise. Data are
expressed as mean values ± standard deviation. The inter-group variability is
determined by t test. Significance level of p value is ≤ 0.05

Table 5 Changes in glutathione reductase levels before and after exercise

GR activity

% change in score,
median (range)

Change between baseline and post-exercise Change between baseline and 24-h post-exercise

Pre-exercise baseline Post-exercise 95% CI p value Pre-exercise baseline 24-h post-exercise 95% CI p value

27.27 (− 21.3, 94.6) 47.92 ± 9.75 58.46 ± 9.27 (− 17.92, − 3.16) 0.009 47.92 ± 9.75 49.31 ± 9.17 (− 1.66, 0.58) 0.316

Data are expressed as mean values ± standard deviation. Parameters failing normal distribution () are shown as median value and range (in brackets). Significance
level of p value is ≤ 0.05
GR glutathione reductase
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effects that occur in the few hours following each session
of exercise. Our study has demonstrated that even a
single session of low to moderate intense exercise can
significantly induce a favorable effect on blood glucose
level in obese OA individuals.
This study was among the scarcity to study the impact

of single session of mild to moderate exercise on the
obese KOA population that responds by activating anti-
oxidant reserves. We implemented a non-exercising con-
trol group to which we compared the resting levels in
KOA group. Then, improvement of participants was
compared against their baseline survey findings. How-
ever, there are numerous limitations of this study. One
of them was its small sample size. Therefore, the results
of current study may need to be reinforced by further
studies with larger numbers to be clinically relevant and
could be generalized. This attenuation rate may be at-
tributed to the difficulty in encouraging individuals with
non-mild OA to commit to perform exercise. Another
limitation was that the study did not examine the ex-
tended effect of exercise (i.e., for several days after exer-
cise) and also for serial measurement during the day
after exercise. A question arises in relation to the peak
of exercise-induced changes and the time it fades. In the
current study, we aimed to investigate the effect of single
exercise on severe OA who cannot compel with frequent
exercising; hence, we could not clarify the effect of KOA
according to its severity on the outcomes of exercise
session since we did not enroll different OA grades.

Conclusion
Symptoms of OA can be improved by mild to moderate
exercise, even with a single session. Single bout of mod-
erate exercise can enhance the anti-oxidant status and
glucose tolerance of obese OA patients without provok-
ing hazardous (undue) pro-inflammation. Obese individ-
uals with OA should be encouraged to exercise
whenever they can and to the level of intensity they can
tolerate since it may be difficult to motivate them to
continue regular exercise.

Recommendation
Future studies are needed on large number of patients of
KOA with different grades to assess the exact role of
single bout of exercise on KOA.
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