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Background: Physical exercise intervention is known to be crucial
in the management of type 2 diabetes mellitus (T2DM). We aimed to
evaluate, in patients with T2DM, the effect of regular moderate walking
exercise on markers of oxidative stress, lipid metabolism, and inflammation.
Methods: We studied 30 patients with T2DM who walked regularly
during the last year and 53 patients with T2DM who did not per-
form any type of exercise. The patients were evaluated for chemerin,
adiponectin, leptin, oxidized low-density lipoprotein, and C-reactive
protein (CRP) levels.
Results: The active T2DM patients showed significantly lower body
mass index, as compared with the inactive patients. The active T2DM
patients showed significantly lower levels of chemerin and CRP than
those of the inactive T2DM patients (CRP lost significance after ad-
justment for body mass index). The active patients, compared with the
inactive, presented a trend toward higher levels of adiponectin and lower
values of oxidized low-density lipoprotein. Leptin differed significantly
between sexes, and the active women presented a trend toward lower
levels as compared with the inactive women.
Conclusions: In the patients with T2DM, the practice of moderate
walking in a regular basis was sufficient to reduce chemerin levels, which
suggests that practice of regular physical exercise should be encouraged.
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Type 2 diabetes mellitus (T2DM) is known to be associa-
ted with obesity, suggesting that adipose tissue may play

an important role in its development.1 Adipose tissue secretes
several adipokines, such as adiponectin and leptin, which in-
terfere with insulin resistance, glucose and lipid metabolism,
lipid peroxidation, and the inflammatory process.2Y4 Physical
activity seems to have a positive effect on adiponectin and leptin
levels in patients with T2DM.5

Chemerin is a novel adipokine associated with inflamma-
tion, adipogenesis, and glucose and lipid metabolism.6,7 A de-
crease in chemerin levels was observed both in obesity and
impaired glucose regulation after the practice of intensive phys-
ical exercise.8 As far as we know, the effect of practicing mod-
erate walking on a regular basis on chemerin and other adipokine
levels has been poorly clarified.

Our aim was to study, in T2DM patients, the effect of
walking on chemerin, adiponectin, leptin, oxidized low-density
lipoprotein (oxLDL), and C-reactive protein (CRP) levels. With
that purpose, we studied T2DM patients who performed regular
moderate walking during the last year and T2DM patients who
did not perform any kind of exercise.

MATERIALS AND METHODS
The protocol used was approved by the Committee on Ethics

of the Instituto Superior das Ciências da Saúde Norte, CESPU,
Gandra-Paredes, Portugal.

We performed a cross-sectional and retrospective study in
T2DM patients. These patients were selected from the general
population and invited to participate in this study. Afterward, an
accurate and detailed interview with the patients was performed
to collect and record the clinical characteristics of the disease;
the sociodemographic data; and the retrospective habits, espe-
cially those concerning their physical activity during the last
year. Only the patients reporting that their only type of physical
activity in the last year was moderate walking exercise, prac-
ticed for at least 30 minutes, 3 times a week, and the patients
who did not perform any kind of physical exercise were in-
cluded in this study after informed consent. Patients whose
statements were confusing, unclear, and inconsistent and those
who performed intensive activity or a physical activity lower
than our defined criteria were excluded from this study. Patients
presenting inflammatory or infectious diseases and liver or kidney
diseases were also excluded from this study. The selected active
patients reported to walk continuously, without interruptions,
for 30 minutes up to 1 hour a day, 3 to 5 times per week, during
the last year, with rapid and steady step but without running.
Two groups were established: one, the active group (AG), in-
cluding 30 Portuguese adult patients with T2DM who per-
formed walking training on a regular basis during the last year,
and the other, the sedentary group (SG), including 53 adult
patients with T2DM who did not perform any type of exercise
during the last year. Sociodemographic, clinical, and analytical
data of the 2 studied groups are presented in Table 1.

The diet of the T2DM patients was low in carbohydrates
and fat, and all were treated with oral hypoglycemic drugs.
Leisure time activities performed by the patients did not imply
physical exercise. The type of medication, nutrition intake, other
leisure activities besides walking, diastolic and systolic blood
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pressure, and smoking and alcohol drinking habits were similar
in both groups of T2DM patients. Besides the oral hypogly-
cemic therapy, none of the patients were receiving any medi-
cation that could interfere with our results (eg, antioxidants,
anti-inflammatory drugs, and anti-obesity therapies).

Blood was collected by venipuncture into tubes contain-
ing EDTA as anticoagulant, to obtain plasma. We evaluated the
plasmatic levels of chemerin, adiponectin, leptin, oxLDL (enzyme
immunoassays: Chemerin ELISA, Biovendor R&DP, Heidelberg,
Germany [intra-assay coefficient of variation (CV), 2.82%];
Adiponectin, R&D Systems, Minneapolis [intra-assay CV, 2.95%];
and Leptin and Oxidized LDL ELISA, Mercodia, Uppsala,
Sweden [intra-assay CV, 4.78% and 3.73%, respectively]), CRP
(immunoturbidimetry: Prestige 24i CRP-Ultra (HS); P.Z. Cormay,
Lublin, Poland), glucose (enzymatic colorimetric method: Pres-
tige; P.Z. Cormay, Lublin, Poland), and glycated hemoglobin
(spectrophotometric method: Prestige 24i HbA1C; P.Z. Cormay,
Lublin, Poland).

We used the Statistical Package for the Social Sciences
(version 17 for Windows, Chicago, IL) for the statistical anal-
ysis. A P value of lower than 0.05 was considered as statisti-
cally significant. Measurements are expressed as mean T SD,
when presenting a Gaussian distribution, or as median values
(interquartile ranges) for those with a non-Gaussian distribu-
tion. The correlation analysis was performed by calculating
the Spearman correlation coefficient. Comparisons between the
groups used the Student unpaired t test or the Mann-Whitney
U test, according to Gaussian distribution of the substances.
Adjustment for confounding factors (eg, body mass index [BMI],
weight) used analysis of covariance, after transformation of
variables (those with a non-Gaussian distribution, eg, chemerin,
adiponectin, leptin, CRP); variables were linearized by loga-
rithmic transformation and, afterward, checked for a Gaussian
distribution. Analysis of covariance allows to evaluate whether

the significance of the differences between the groups are in-
dependent of the confounding factors.

RESULTS
Both groups of patients with T2DM were matched for sex,

age at the time of diagnosis, age at the time of the present study,
and disease length. Glucose and glycated hemoglobin presented
similar values for both groups (Table 1).

When considering all T2DM patients, the practice of reg-
ular walking exercise correlated significantly and inversely
with chemerin (r = j0.644; P e 0.001), oxLDL (r = j0.218;
P = 0.047), CRP (r = j0.301; P = 0.006), and BMI
(r = j0.313; P = 0.004) values.

The AG of the T2DM patients presented significantly
lower BMI and weight values than those of the SG of the
T2DM patients. The AG of the T2DM patients also presented
significantly lower levels of chemerin and CRP, as compared
with the SG patients. After adjustment for the confounding
factor BMI, CRP values lost statistical significance (P = 0.103),
whereas the differences in chemerin levels remained signifi-
cantly different for the 2 groups (P = 0.012). The AG of the
T2DM patients also showed, as compared with the SG of the
T2DM patients, a trend toward higher levels of adiponectin and
lower values of oxLDL. Concerning leptin values, we found a
significant difference between sexes and a trend toward lower
levels in the female active patients, when compared with the
inactive ones (Table 1).

DISCUSSION
The practice of physical exercise is known to have an im-

portant role in T2DM management. Patients with T2DM often
have functional limitations and physical disabilities that do
not allow the practice of intensive physical exercise. Thus, an

TABLE 1. Sociodemographic, Clinical, and Analytical Data in the Portuguese T2DMPatients PracticingModerateWalking Exercise
on a Regular Basis During the Last Year (AG) and in the Patients Who Did Not Practice Physical Exercise (SG)

AG (n = 30) SG (n = 53) P

Sex (F/M) 13/17 28/25 0.412
Age, y 62.2 T 11.1 63.1 T 9.8 0.682
Disease length, y 8.8 T 6.3 9.4 T 6.9 0.758
ATD, y 53.4 T 10.0 53.8 T 9.7 0.808
BMI, kg/m2 26.6 T 4.4 28.1 T 3.6 0.006
Weight, kg 68.6 T 12.9 76.3 T 11.5 0.006
Height, m 1.6 T 0.1 1.7 T 0.1 0.597
Glucose, mg/dL 126 (99Y181) 128 (105Y158) 0.974
Glycated hemoglobin, % 7.05 (6.10Y7.85) 6.80 (6.25Y7.90) 0.861
Chemerin, ng/mL 134 (102Y181) 181 (156Y199) 0.001
Adiponectin, ng/mL 6706 (3642Y9636) 5425 (4213Y7158) 0.206
Leptin, ng/L 14.8 (6.9Y24.9) 20.2 (5.6Y52.5) 0.251
Female 23.1 (19.1Y47.1) 49.6 (20.8Y61.3) 0.159
Male 7.5 (3.1Y24.9) 6.2 (3.2Y18.6) 0.980

oxLDL, U/L 36.8 T 12.5 42.8 T 14.0 0.056
CRP, mg/L 1.67 (0.61Y2.67) 2.98 (0.88Y6.57) 0.006*

Measurements are expressed as mean T SD or as median values (interquartile ranges) according to Gaussian distribution of the substances; com-
parisons between the groups used the Student unpaired t test or the Mann-Whitney U test, according to Gaussian distribution.

*Loss of significance after adjustment for BMI using analysis of covariance.

ATD indicates age at time of diagnosis; F, female; M, male.
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alternative is the practice of moderate physical activity, such as
regular walking, one of the most simple, basic, and accessible
forms of exercise.

According to our results, the regular practice of mode-
rate walking by T2DM patients has positive effects on adipose
metabolism, lipid peroxidation, and inflammation. The T2DM
patients who performed moderate walking, when compared
with those who did not practice physical exercise, presented
lower weight and BMI values, suggesting that physical activity
leads to less adipose mass, with an improvement in adipokine
production, namely, in chemerin.

Chemerin has been associated with changes in inflamma-
tion, glucose, and lipid metabolism.7 This adipokine plays a
vital role in adipocyte differentiation and development and
seems to be a modulator of different metabolic pathways in
the mature adipocyte.7 Raised chemerin levels were found in
diabetes and obesity.9 Intensive and acute physical training has
shown to have a positive effect, by reducing chemerin levels,
in the impairment of glucose regulation and weight loss.8,10

Saremi et al.11 found that the levels of chemerin decreased in
men performing 50 to 60 minutes, 5 days a week, for 12 weeks,
of aerobic exercise, which included exercises and 15 to 50 minutes
of walking-running, increasing weekly the exercise intensity.
The influence of the practice of merely regular moderate walk-
ing exercise, without running, a simple, light, and easy form
of exercise, in its levels is not well clarified. Our data show
that this type of physical activity performed by T2DM patients
was associated with chemerin levels lower than those presen-
ted by the sedentary T2DM patients. In accordance with our
results, Venojärvi et al.12 found that Nordic walking, fitness
walking with specially designed poles, contributes to decreased
chemerin levels in middle-aged men.

Considering that chemerin is involved in the pathophysi-
ology of insulin resistance, oxidative stress, and inflamma-
tion,9,13,14 the regular practice of physical exercise, even a
moderate form of exercise, by contributing to decreased chemerin
values may favor insulin sensitivity and improve the lipid pro-
file in T2DM patients. A lifestyle modification of T2DM pa-
tients, through practice of regular physical exercise, even in a
moderate rate, and healthy diet habits should be encouraged.
Indeed, according to Kim et al.,15 12 weeks of intensive life-
style modification, which included supervised exercise sessions,
significantly decreased serum chemerin level, which was asso-
ciated with an improvement in insulin sensitivity.

Adiponectin and leptin levels are known to be altered in
obesity.16Y18 Adiponectin has anti-inflammatory activity and
protects against metabolic and cardiovascular diseases.19 An
inhibitory feedback mechanism that is triggered when adipose
mass increases has been suggested.2 This feedback mechanism
is, probably, a consequence of the increased secretion of other
adipokines or of a reduced adipocyte metabolic function, in-
ducing a reduction in adiponectin levels. A deficient activity
of leptin leads to severe insulin resistance and vascular dys-
function. A resistance to leptin effects has been also proposed
to explain the reduced activity found in obesity.3 A study by
Hopps et al.5 showed a significant positive effect of physi-
cal exercise practice in adiponectin and leptin levels in T2DM
patients, with a rise in adiponectin and a decrease in leptin le-
vels. In accordance, we found a trend toward lower leptin levels,
at least in the women, and toward higher adiponectin concen-
trations in the active T2DM patients. The performance of a
moderate form of physical exercise by our AG of T2DM pa-
tients may explain the less marked effect in these adipokines;
indeed, most of the reported studies used intensive and acute
exercise protocols.

The practice of exercise by T2DM patients has been as-
sociated with an increase in oxLDL levels.20 In the present
study, we observed that the AG of the T2DM patients presen-
ted a trend toward lower values of oxLDL, as compared with
the SG of the T2DM patients. Again, the use of a protocol of
exercise that was moderate and performed regularly and not
an intensive and acute exercise protocol may account for the
differences observed.

The lower CRP levels found in the AG of the T2DM pa-
tients seem to result from an associated effect of exercise prac-
tice and lower body mass and not only from physical exercise
practice because the statistical significance was lost after ad-
justment for BMI.

To confirm our results, further studies in a larger popula-
tion are unwarranted, namely, longitudinal studies that might
strengthen our results.

In summary, in T2DM patients, the practice of moderate
walking on a regular basis was associated with lower levels of
chemerin, which suggests that practice of regular physical ex-
ercise should be encouraged.
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