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Background. Dysfunction of adipose tissue is one of the major
factors leading to insulin resistance. Altered adipokine concen-
tration is an early sign of adipose tissue dysfunction. The aim
of this study was to assess the impact of exercise intervention
on adipokine profile, glycemic control, and risk factors of
the metabolic syndrome (MeS) in men with impaired glucose
regulation (IGR).

Methods. Overweight and obese men with IGR (n-= 144) aged
40-65 years were studied at baseline and at 12 weeks in a ran-
domized controlled multicenter intervention study. BMI varied
from 25.1 to 34.9. The subjects were randomized into one of three
groups: 1) a control group (C; n =47), 2) a Nordic walking group
(NW; n = 48), or 3) a resistance training group (RT; n = 49).
Results. Leptin concentrations decreased in the NW group
compared to both other groups. Both types of exercise
intervention significantly decreased serum chemerin con-
centrations compared to the C group. In the NW group also
body fat percentage, fatty liver index (FLI), and total and LDL
cholesterol concentrations decreased compared to the RT group.
Conclusions. Nordic walking intervention seems to decrease
chemerin and leptin levels, and subjects in this intervention group
achieved the most beneficial effects on components of MeS.

Key words: Chemerin, impaired glucose regulation, Nordic walking,
resistance training

Introduction

Altered adipokine serum concentration is an early sign of
adipose tissue dysfunction which is one of the primary defects
in obesity and may link it to an increased risk of type 2 diabetes
(T2D), fatty liver, and cardiovascular disease (1). In T2D subjects,
elevated concentrations have been reported of various adipokines
including chemerin, leptin, retinol-binding protein 4 (RBP4),
and cytokines including interleukin 6 (IL-6) and tumor necrosis

© Nordic walking intervention has positive effects on
aerobic performance capacity, body composition, FLI
index, and lipid profile without dietary modification.

o Nordic walking intervention can be easily implemented.
There is no evidence about acute or overuse sports
injuries induced by supervised Nordic walking training.

factor alpha (TNF-ou), as well as elevated high-sensitivity CRP (1-4).
During exercise IL-6 increases glucose uptake (5), but sustained
high levels of IL-6 can be an indicator of low-grade inflammation
and subsequently insulin resistance (6).

Increased blood leptin concentrations have been found both
in obese subjects with T2D and obese subjects without diabetes
compared to healthy lean controls (7). Decreased adiponectin and
increased chemerin and RBP4 are already detectable in prediabetic
states (1,8). Tonjes et al. (1) found that serum chemerin and RBP4
were significantly higher in T2D subjects than in subjects having
impaired fasting glucose (IFG), but there was no difference in the
corresponding values between T2D subjects and subjects having
impaired glucose tolerance (IGT).

Expression of chemerin has been found in a number of
tissues, e.g. in liver, pancreas, lung, and adipose tissues (9).
Chemerin induces insulin resistance in adipocytes and skeletal
muscle cells in vitro (10). It is also associated with several
components of the metabolic syndrome like body mass index
(BMI), high-density lipoprotein (HDL)-cholesterol, hypertension,
and triglycerides (TG) (11,12). Yang and co-workers (13) showed
by using multiple regression analysis that waist circumference,
diastolic blood pressure, 2-hour plasma insulin during an oral
glucose tolerance test (OGTT), and glycated hemoglobin
(HbA1c) were independently related variables reflecting plasma
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chemerin levels. Serum chemerin and leptin concentrations
are also increased in patients having non-alcoholic fatty liver
disease (NAFLD) (9,14).

Physical exercise is known to decrease adipokine release from
fat tissue and cytokine release from skeletal muscles, endothelial
cells, and immune system (4) and to reduce risk of cardiovascular
diseases, metabolic syndrome, and type 2 diabetes (15).

In type 2 diabetes, aerobic and resistance exercise have differ-
ent effects on adipokines (4). High-intensity resistance training
has been found to reduce TNF-o. concentrations (16), whereas
aerobic exercise has not modified TNF-a. (17), though physical
exercise usually reduces inflammation markers (18,19). Data
obtained from some other studies suggest that physical activity is
not associated with a reduction in inflammation markers (20,21).
Because of inconsistence in the physiological effects of physical
activity or various types of exercise training, more knowledge of
their regulatory effects on adipokine and cytokine metabolism
as well as their importance for glucose homeostasis is needed,
especially among subjects having impaired glucose regulation
(IGR). In particular, the role in glucose regulation of the newly
discovered adipokine, chemerin, needs to be studied.

The primary aims of this study were to determine whether aer-
obic and/or resistance exercise training without dietary-induced
weight loss improves impaired glucose regulation, the compo-
nents of metabolic syndrome, and markers of low-grade inflam-
mation in middle-aged men with IGR. The hypothesis was that
the supervised exercise could have positive effects on adipokine
patterns, glycemic control, and risk factors for the metabolic
syndrome (MeS) in middle-aged men with IGR.

Material and methods

Study subjects

Overweight or obese male volunteers (40-65 years) who did not
exercise regularly and who were interested in participating the
study and eligible to screening (n = 313) were recruited through
newspaper advertisements and advertisements in local occupa-
tional health care institutes in both Helsinki and Turku. After a
telephone interview, 267 of them were recruited to participate in
the screening tests.

Their health status and suitability for the study were checked
by a health and lifestyle questionnaire, physical examinations, and
a 75 g OGTT. Inclusion criteria were male sex, age 40-65 years,
BMI 25.1-34.9, and fasting plasma glucose 5.6-6.9 mmol/L and/
or 2-hour plasma glucose 7.8-11.0 mmol/L. Exclusion criteria
were earlier detection of IGT and engagement in prescribed diet
or exercise programs, engagements in regular and physically very
vigorous activities, and usage of medication affecting glucose bal-
ance (e.g. peroral corticosteroid medication). Use of medication
affecting serum lipids and hypertension were allowed, and there
was no difference between groups (Table I).

Finally, 144 volunteers were eligible for the study (Trial no:
ISRCTN97931118). They were equally randomized into one of
three groups both in Helsinki and in Turku: 1) a control group
(C group; n = 47),2) a Nordic walking group (NW group; n = 48),
or 3) a resistance training group (RT group; n =49). During the
intervention period, some of the subjects dropped out due to
private or medical reasons or difficulties in work arrangements
and eventually some also due to lack of or deteriorating motiva-
tion. As a result, 115 subjects received intervention as assigned
(Figure 1). The characteristics of the subjects are shown in Table I.
There was no difference in smoking habits after multiple compari-
sons. According to answers on health and lifestyle questions, no

differences in work-load or physical activity levels during the past
year before the study were observed between the three groups.
The Ethical Committee of the Hospital District of Helsinki and
Uusimaa in Finland approved the protocol of the study, and all
the study subjects gave written informed consent.

The minimum sample size was determined with analysis of
variance test (StatTools software). Our aim was to have 80%
power to detect a difference of 0.2 mmol/L in mean fasting
glucose between the two intervention groups and the control
group, using a significance level of 0.05. Assuming that the
mean difference is 0.2 mmol/L and standard deviation is 0.3, the
number of subjects required to achieve this difference having
the mentioned statistical power is 34 persons in each group.

Applying the same minimum sample size to chemerin con-
centrations would correspond to a mean difference of 8 ug/mL
and SD 12, and in relation to leptin a mean difference of 4 ug/
mL and SD 6.

Intervention

Participants were advised not to change their habitual diet or
their other lifestyle habits during the intervention. If they had
been physically active during their leisure time, they were asked
to continue these habits. The aim of the intervention program was
to be an additional, not compensatory, program, and the time for
that should be taken from the inactive leisure time.

The control group, that had no supervised exercise during the
intervention period, was advised, however, about the health ben-
efits of exercise during the first test day. Both intervention groups
trained three times per week for 60 minutes per session during
12 weeks according to special exercise programs in which both
the exercise intensity and load were increased so that the strain
of the subjects was progressively increased after every 4 weeks
of training. Training sessions were supervised by at least by two
physical education instructors.

The programs in the Nordic walking group consisted of warm-
up exercises including walking for 5 minutes and stretching of
main muscle groups in addition to walking with poles. The pro-
grams were individually designed in detail, but they started with
learning sessions advising how to walk with walking poles. The
aerobic exercise sessions were carried out at strain levels increas-
ing from 55% to 75% of heart rate reserve (weeks 1-4 at 55%,
weeks 5-8 at 65%, and weeks 9-12 at 75%). Individual target heart
rates were calculated by using measured resting heart rate and the
maximal heart rate estimated with the formula 210 - (0.65 X age
in years) (22). Heart rate was monitored during training with
Polar F4 (Polar Electro Oy, Kempele, Finland) heart rate moni-
tors, and target heart rate range was progressively increased as
mentioned. Walking speed was increased, or a degree of uphill
was added, so that the intended target heart rate was achieved.
After the pole walking, the main muscle groups were stretched for
5 minutes for cool-down.

The resistance training sessions were started with warm-up
exercises including cycling or rowing with ergometer for 5 minutes
and stretching of main muscle groups. After that the main part
of program was performed by using regular resistance equip-
ment, and training focus was on strength and power exercises of
the lower extremities and trunk; but also muscles of the upper
extremities were trained. Muscle contractions were performed
with maximal or high velocity, and external loads were 50%-85%
from exercise-specific maximal strength, which was determined
by the five-repetition maximum (5RM) test according to the for-
mula [(-4.18 X RM-value of load) + 103] (23). For each subject
external loads were individually prescribed, and progression was
controlled by 5RM strength measurements during the seventh
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Table I. Baseline characteristics of middle-aged men with impaired glucose regulation in three randomized groups.

Data are given as means (SD).

Control Nordic walking Resistance training P between

Randomized groups (n=140) (n=39) (n=136) group
Physical characteristics

Age (years) 54 (7.2) 55 (6.2) 54 (6.1) 0.542

Height (cm) 179 (5.9) 178 (6.2) 179 (6.3) 0.649

Weight (kg) 92.2 (12.4) 95.1 (11.7) 96.7 (12.3) 0.174

BMI 28.6 (3.0) 30.0 (3.4) 30.3 (3.2) 0.035

Fat percentage (%) 23.6 (5.0) 25.8 (5.9) 25.8 (4.5) 0.155
Aerobic performance capacity

UKK fitness index 80.2 (18.7) 74.0 (23.2) 68.9 (21.1) 0.017
Proportion of persons being or having (%)

Overweight/obese 63/37 49/51 47/53 0.446

Metabolic syndrome® 70 85 89 0.086

Smokers 8 13 19 0.303

Lipid-lowering drugs 25 18 22 0.747

Hypertension-lowering drugs 30 23 33 0.602

Kruskal-Wallis or chi-square test was used to assess differences between all three groups.
3According to criteria of International Diabetes Federation (IDF).

training week. At the end of every session, subjects cooled down
by cycling or rowing with the ergometer for 5 minutes and by
stretching the main muscle groups.

Blood samples

Blood samples were drawn after an overnight fast (12 h) from
the brachial vein of subjects before the intervention and after the
12-week intervention period. The study subjects were instructed to
avoid alcohol, intensive exercise, and painkillers for 2 days before
sample collection, and the amount of dietary carbohydrates should
be the usual for 3 days before sample collection. Plasma, serum,
and glucose tubes were centrifuged at 2200 X g for 10 min.

Physical measurements and clinical analyses

Body composition was determined by a bioimpedance method
(Inbody 3.0, Biospace, Seoul, Korea). The subjects were in-
structed to empty bladder 30 minutes before the measurement.
Body weight of barefoot subjects wearing light indoor cloth-
ing was recorded to the nearest 0.1 kg by calibrated weighing

scales, and total body fat mass, fat-free mass, and fat percent-
age were calculated from impedance values. Body height was
recorded to the nearest 0.5 cm. Waist circumference was mea-
sured midway between spina iliaca superior and the lowest rib
margin. Blood pressure was measured in duplicate using the
automated Omron M4-I device (Omron Healthcare Europe
BV, Hoofddorp, The Netherlands) in accordance with stan-
dard procedures. Maximum oxygen uptake was estimated with
a 2-km UKK walk test. The test was performed on an indoor
200 meter athletic track. The UKK fitness index was used to
predict V02max using gender-specific equations (24).
Adiponectin was measured from the plasma samples with
Millipore's Human CVDI1-kit (HCVD1-67AK) and leptin, TNF-
o, as well as IL-6 with a Millipore’s Human Serum Adipokine
kit (Panel B, HADK2-61K-B) (Millipore, Billerica, MA) using
a BioRad Bio-Plex 200 System (Bio-Rad Laboratories, Espoo,
Finland) (25). Chemerin and RBP4 were measured from serum
samples with Millipore’s Human Chemerin kit (EZHCMRN-57K)
and Human RBP-4 kit (EZHRBP-4-18K) (Millipore, Billerica,

ELIGIBELE FOR SCREENING
=267 DID NOT MEET
e ELIGIBILITY CRITERIA
ELIGIBLE FOR STUDY n=12
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' !

'

CONTROL NORDIC WALKING RESISTANCE TRAINING
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Figure 1. Flow chart of the subjects who received intervention as assigned and included in the analyses.
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MA) using a Thermo Multiskan (Thermo Clinical Labsystems
Oy, Konelab, Finland).

Coefficient of variation for intra-assay replicate samples was
less than 6.5% and for inter-assay samples less than 9.0% using
ELISA (chemerin and RBP4).

Gamma glutamyltransferase (y-GT), total cholesterol, HDL cho-
lesterol, low-density lipoprotein (LDL) cholesterol, triacylglycerols,
and uric acid were measured from plasma samples by enzymatic
photometric methods with commercial kits (Thermo Clinical
Labsystems Oy, Espoo, Finland) using a Konelab 20i analyser (25).
Plasma glucose was analyzed by enzymatic photometric method
using Konelab Glucose HK as reagent. Glycated hemoglobin (HbA1c)
and serum hs-CRP based on immunoturbidimetry were analyzed
with routine standardized methods using a Konelab 20i analyser
(Thermo Clinical Labsystems Oy, Konelab, Finland). Serum insulin
was analyzed by chemiluminescence-immunoassay using an Immu-
lite 1000 analyser (Siemens Medical Solutions, Espoo, Finland).

Homeostasis model assessment for insulin resistance (HO-
MA-IR) was calculated as follows: HOMA-IR = fasting serum
insulin (WU/mL) X fasting plasma glucose (mmol/L) / 22.5 (26).
Fatty liver index (FLI) was calculated according to the equation of
Bedogni et al. (27):

FLI = exp,(0.953 X log (triglycerides) + 0.139 X BMI
+ 0.718 Xlog (y=GT) + 0.053 X (waist circumference)
—15.745/{1 + exp [(triglycerides) + 0.139 X BMI
+ 0.718 X1og (GGT) + 0.053 X (waist circumference)
—15.745]} X 100. (1)

When exp, = exponent of e value, triglycerides as (mg/dL),
BMI = body mass index as body weight (kg) / body height (m)?,
v-GT = gamma-glutamyltransferase as (U/L), waist circumference
as (cm).

Questionnaires and diaries

After being accepted into the study, the subjects filled in a
health and lifestyle questionnaire modified from the FINRISK
Physical Activity Questionnaire (28). During the whole interven-
tion period, the subjects filled in a diary in which they wrote down
all physical activity lasting for 30 min or longer (Table II). Both
before, in the middle of (data not shown), and after the interven-
tion period they were asked to keep 3-day food diaries (29,30).
Dietary intakes were assessed using a special analysis program
developed by the National Public Health Institute (31).

Table II. Exercise activity during the 12-week intervention. All physical
activity lasting for 30 min or longer was recorded by the participants.
Volunteers were randomized to one of three groups: control group (C), Nordic
walking group (NW), or resistance training group (RT).

Cgroup NW group RT group P between

Type of training (min/wk)  (min/wk)  (min/wk) groups
Supervised RT 0 0 125 (49)  0.001(0:001,0.001)a
All RT 15 (62) 6(16) 131 (47)  0.001(0:001001)a
Other type RT 15 (40) 20 (87) 12 (32) 0914
Supervised NW 0 103 (38) 0 0.001(0-001, 001)b
Endurance exercise 71 (109) 151 (62) 46 (68)  0.001(0-001,001)b
Light aerobic exercise 4 (20) 11 (64) 2(8) 0.908
Walking 93 (128) 50 (79) 56 (90) 0.186
Other physical 12 (60) 13 (41) 30 (114) 0.183

activity
Total amount 210 (205) 250 (151) 277 (191) 0.071

of exercise

Data are given as means (* SD).

*Mann-Whitney test adjusted with Bonferroni correction between RT group
and C group and NW group, respectively.

"Mann-Whitney test adjusted with Bonferroni correction between NW group
and C group and RT group, respectively.

Statistical analyses

Data have been reported as means * standard deviations
(SD) or standard errors (SE). Because most variables did not
distribute normally and also sizes of groups were rather small,
the non-parametric Kruskal-Wallis test was used to assess
differences between all three groups in variables at baseline
and their changes during the intervention period. If statistical
significance existed, Mann-Whitney test was used for pair-
wise analyses with a Bonferroni adjustment. Difference within
group was tested by the Wilcoxon signed-rank or paired ¢ test.
The normality of variables was tested by Shapiro-Wilk test. In
addition, we applied analysis of covariance (ANCOVA) that
was adjusted for baseline values and body fat percentage to
compare the change in total cholesterol and LDL cholesterol,
chemerin, fatty liver index, and leptin. The variables were rank-
transformed for analysis, because of non-normal distribution
of the data. Statistical significance was indicated by P <0.05.
Statistical analyses were performed with SPSS 17.0.

Results

Characteristics of subjects

Baseline characteristics were similar in the study groups except
that the UKK fitness index and carbohydrate intakes (Tables I
and 1V) were lower and BMI was higher in the RT group
(P<0.05) than in the C group (Table I). Of the subjects, 93%
in the C group, 97% in the NW group, and 92% in the RT group
reported exercising 0-3 times/week during their leisure time
in the previous year, mostly without accelerated breathing or
sweating. In the past year before the intervention they exercised
weekly approximately 137 minutes in the C group, 134 minutes
in the NW group, and 141 minutes in the RT groups according
to answers on health and lifestyle questions. Most of the subjects
were working in sedentary occupations (85% in the C group,
87% in the NW group, and 92% in the RT group were sedentary)
before and during the intervention period. Those participants
who reported working in a physically demanding occupation
were working in the construction industry.

Attendance for exercise intervention

The overall mean attendance rates were 64% in the NW group
and 67% in the RT group. The proportion of participants whose
adherence corresponded to = 66.7% attendance rate (2 out of 3)
was 49% in the NW and 63% in RT group. For most participants
who had low attendance rates, the reasons for their absence were
work-related. In some cases (one subject in NW and two subjects
in the RT group) illness in the musculoskeletal system, indepen-
dent of the intervention, affected participation rates (Figure 1).
Five participants (four from the NW group and one from the RT
group) were excluded from the analyses because they were not
able to practice during the last 5 weeks and/or did not participate
in the physical performance test because of asthma (new medica-
tion), chronic bronchitis, groin injury, and prolapse in the NW
group and vein thrombosis in the RT group.

The amount of endurance-type of exercise was obviously
greater in the NW group than in the C and RT groups (P < 0.001),
and the amount of resistance exercise was greater in the RT group
than in the other two groups (P<<0.001) during the interven-
tion period (Table II). The exercise frequency and time (data not
shown) were similar in both supervised training groups, and total
physical activity was the same level in all groups (Table II). The
subjects trained for an average of 15.5 % 0.5 MET-hours (METh
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X wk!) in the NW group and for an average of 10.5* 0.3 MET-
hours (METh X wk!) in the RT group.

Glucose, lipid, and liver markers

At baseline, fasting insulin (P<<0.01) and HOMA-IR levels
(P<0.05) were higher in the NW and RT groups compared to the
C group. Also 2-hour insulin concentrations were higher in the
NW group than in the C group (P<0.05), and LDL cholesterol
(P<0.05) compared to RT group. The primary variables of glu-
cose metabolism, fasting glucose, 2-hour glucose, insulin, 2-hour
insulin, HbAlc, and HOMA-IR, did not change significantly
in the NW group or in the RT group compared to the C group
(Table ITI). In the NW group, total cholesterol and LDL cholesterol
decreased compared to the RT group during intervention (Table
III). After adjusting total cholesterol and LDL cholesterol with
baseline values and body fat percentage, a statistically significant
difference was found between the NW group and the C and RT
groups (Table IV). No statistically significant differences in HDL
cholesterol or triacylglycerol concentrations were found between
groups. Also plasma levels of y-GT after Bonferroni correction
(P=0.054) and uric acid were unchanged in each group. FLI de-
creased in the NW group compared to the RT group (P<<0.01),
although the changes were not significant after Bonferroni correc-
tion (P = 0.129) compared to the C group (Table III), but the NW
group differed significantly after adjusting FLI with baseline value
and body fat percentage from both other groups (Table IV).

Regulatory markers

At baseline IL-6 concentrations were higher in the NW group
(P<<0.01) compared to the C group. Both types of exercise
significantly decreased serum chemerin concentrations compared
to the control group (P<<0.05) (Table III). In addition, plasma
leptin concentration decreased in the NW group (P<<0.001)
(Table III). The difference was similar after the analyses were
adjusted forbaselinevaluesandbodyfat percentageinboth chemer-
in and leptin analyses (Table IV). No significant changes in the

circulating adiponectin, IL-6, RBP4 and TNF-o concentration
were found between the groups (Table III).

Fitness, body composition, and blood pressure

During intervention, body fat percentage decreased in the NW
group compared to the RT and C groups, and also the UKK
fitness index improved compared to the C group (Table V). Weight
as well as BMI (data not shown) decreased in the NW group com-
pared to the other groups (Table V). No differences were found
in fat-free mass between the groups. Systolic blood pressure (BP)
tended to decrease within the NW group (—6.7 = 1.8 mmHg),
but in comparison to the C and RT groups (—2.9*2.0
and —4.1 = 2.4 mmHg, respectively), it did not reach statistical
significance. The decreases in diastolic pressure (—2.7, —2.8,
and —3.8 mmHg, respectively) did not differ between the groups
(Table V).

Discussion

The novel finding of this study was that both Nordic walking and
resistance training decreased serum chemerin concentrations.
Both types of exercise seemed to have regulatory effects on cir-
culating chemerin also, an adipokine which is highly expressed in
the adipose tissue and liver (32) and which is also strongly associ-
ated with markers of inflammation (hs-CRP, IL-6, and TNF-o)
(12). Chemerin has been shown to increase in body tissues and
fluids in inflammatory conditions and to regulate adipogenesis
and adipocyte metabolism (33). Increased serum chemerin in
obesity and T2D seems to be associated with inflammation rather
than BMI (34).

Nordic walking caused significant reduction of central obesity;
in both exercise groups, waist circumferences were reduced about
2 cm. It is known that during weight loss the size of adipocytes
reduces and the secretion of inflammatory cytokines (35) and
also of adipokines (36) decreases. Thus, in the NW group one
reason behind the reduction of serum chemerin levels could be

Table III. Glucose, fat, and liver metabolisms as well as their regulation at baseline and the changes in variables due to intervention in three randomized groups.
Data are given as means (SE). Differences between groups for baseline values and their changes were tested with Kruskal-Wallis test.

Control Nordic walking Resistance training

(n=40) (n=39) (n=36) P between groups P between groups
Randomized group Baseline Change Baseline Change Baseline Change At baseline Change
Glucose (mmol/L) 6.1 (0.1) —0.2 (0.1) 6.2 (0.1) —0.0 (0.1) 6.1 (0.1) —0.1(0.1) 0.374 0.519
2-hour glucose (mmol/L) 6.1(0.2) —0.3(0.3) 6.8 (0.3) —0.5(0.3) 6.6 (0.3) —0.3(0.3) 0.165 0.335
Insulin (UTU/mL) 7.7 (0.7) 1.0 (0.9) 12.6(1.2) —1.7(1.0) 129(0.7) —0.8(1.0) 0.002(0-006, 0.006)2 0.384
2-hour insulin (WIU/mL) 489 (6.7) —9.1(3.9) 80.7(10.1) —159(6.4) 63.0(8.2) —4.2(4.8) 0.036(0-042)b 0.606
HbAlc (%) 5.4 (0.1) 0.2 (0.1) 5.5 (0. 1) 0.0 (0.1) 5.4 (0.1) 0.1 (0.1) 0.482 0.420
HOMA-IR 2.1(0.2) 0.3 (0.3) 3.5(0.4) —0.5(0.3) 3.6 (0.5) —0.3(0.3) 0.004(0-012, 0.015) 0.410
Chol,,,, (mmol/L) 5.2(0.2) 0.1(0.1)  53(0.2) —0.2(0.1)  48(0.2) 0.2 (0.1) 0.079 0.005(0-003)¢
HDL-chol (mmol/L) 1.2 (0.1) 0.1 (0.0) 1.2 (0.1) 0.0 (0.0) 1.2 (0.1) 0.1 (0.0) 0.626 0.940
LDL-chol (mmol/L) 3.3 (0.1) 0.1 (0.1) 3.4 (0.1) —0.2 (0.1) 2.9 (0.1) 0.2 (0.1) 0.035(0.048)c 0.01200.048)c
Triacylglycerols 1.6 (0.2) —0.1(0.2) 1.9 (0.2) —0.3(0.2) 1.9 (0.3) 0.0 (0.2) 0.137 0.489

(mmol/L)

hs-CRP (mg/L) 14 (02)  —0.1(0.3) 2.2 (0.4) —0.5(0.4) 1.6 (0.3) 0.3 (0.4) 0.331 0.050(0:072)¢
v-GT (TU/L) 55 (6) -2 (3) 59 (7) -7 (2) 65 (10) 8(7) 0.523 0.044(0:054)c
Fatty liver index (FLI) 73.8(2.8) —3.4(15) 77.6(2.9) -92(26) 756(2.9) —1.0(1.2) 0.602 0.007(0-129)b, (0.006)c
Uric acid (umol/L) 398 (10) 18 (9) 420 (11) -3(7) 427 (12) 3(9) 0.047 0.286
Adiponectin (ug/mL) 12.1 (1.5) 02(0.7) 11.2(1.3) 0.0 (0.8)  10.4 (1.1) 0.9 (0.6) 0.930 0.813
Chemerin (ug/mL) 55.3 (4.1) 8.1(2.6) 64.4(3.9) —-16(27) 584(38) —1.1(3.8) 0.048(0-033)b 0.005(0-009, 0.030)a
Interleukin-6 (pg/mL) 4.0 (1.1) 0.7 (0.8)  11.5(3.3) —0.4 (0.9) 7.6 (2.3) 0.3 (0.5) 0.016(0:015) 0.207
Leptin (ug/mL) 7.6(1.3)  —02(0.9) 14.1(2.8) -3.8(1.2) 115(1.4) —0.9(0.9) 0.009(0-015, 0.036)2 0.001(0-001b
RBP4 (ng/mL) 16.5 (0.6) 1.3(0.5)  16.3(0.8) 0.5(0.5)  192(20) —09(1.8) 0.827 0.486
TNE-o. (pg/mL) 4.6 (0.3) 0.5 (0.2) 5.6 (0.4) —0.2 (0.3) 55(0.8)  —0.2(0.4) 0.196 0.284

aMann-Whitney test adjusted with Bonferroni correction between C group and NW group and RT group, respectively.
®Mann-Whitney test adjusted with Bonferroni correction between C group and NW group.
‘Mann-Whitney test adjusted with Bonferroni correction between NW group and RT group.
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Table IV. ANCOVA model® of adipokines, fatty liver index, and lipids for the changes in variables due to

intervention.
P between Post-hoc test between Post-hoc test between Post-hoc test between
groups C and NW groups C and RT groups NW and RT groups
Chol ., 0.029 0.034 0.698 0.015
Chemerin 0.038 0.040 0.019 0.772
Fatty liver index 0.004 0.012 0.495 0.002
(FLI)
LDL-chol 0.031 0.015 0.814 0.037
Leptin 0.003 0.002 0.174 0.314

2The P values were obtained using rank-transformed data and adjusted with baseline value and body fat percentage for
analysis of covariance (ANCOVA), and least significant difference (LSD) was used as post-hoc test.

decreased size of adipocytes (loss of fat mass), which has been
found to correlate with the decrease of adipokines (36). On the
other hand, plasma adiponectin, IL-6, and TNF-o. concentra-
tion which also correlate with adipocyte size (37) did not change
in any of the groups. However, it has been shown that a small
weight loss (4%-5%) decreases leptin levels but not adiponectin,
IL-6, or RBP4 levels (38). No group differences were found in
the changes of circulating RBP4 concentration. Increased serum
RBP4 levels have been found in IGT and T2D subjects (39).
Furthermore, it is known that significant weight loss achieved
by physical exercise also decreases serum RBP4 levels which
predicts improvements in insulin sensitivity (40). In our study
there was no difference in insulin sensitivity between groups
(McAuley index; data not shown).

A decreased chemerin concentration could be a sign of
reduced hepatic insulin resistance (3). Sell and co-workers
found increased chemerin concentrations in morbidly obese
patients with a significant activity score for NAFLD and
other markers of liver pathology (3). They also showed that
chemerin decreased most prominently in the first 3 months
after bariatric surgery when weight and fat mass loss and
improvement of insulin sensitivity and inflammatory markers
were strongest, in morbidly obese subjects (3). In our study,
HOMA-IR levels, reflecting hepatic insulin resistance (41),
were unchanged in all groups. Small but not statistically sig-
nificant decreases in the HOMA-IR values could be seen in

NW and RT groups (—0.48 and —0.33, respectively) but not in
the C group (+0.26).

Haus (42) and co-workers recently reported that 12 weeks of
aerobic training combined with dietary counseling reduced he-
patic insulin resistance under basal and hyperinsulinemic con-
ditions in obese individuals with IGT. Hepatic insulin resistance
is typical for IFG subjects, while subjects with IGT also have
peripheral insulin resistance (43,44). Both IFG and IGT subjects
have increased resistance to the lipolytic action of insulin in the
adipocytes, but IFG subjects seem to be able compensate for
adipocyte insulin resistance by increasing their basal insulin
secretion (43). This compensatory effect keeps plasma free fatty
acid concentration at the normal level, and IFG subjects also
typically have normal muscle insulin sensitivity (45).

Insulin resistance is commonly associated with NAFLD
which is also linked to dyslipidemia, obesity, and T2D (46).
It has recently been shown that chemerin concentrations are
increased in patients with NAFLD compared to healthy controls
(9). Subjects in our study had a similar metabolic profile and
BMI as the subjects in Kukla’s study (9), and both NAFLD
patients and our subjects have higher GGT values than controls
in the Kukla’s study. They suggested that chemerin and insulin
resistance may play a role in NAFLD progression. When looking
at our FLI results, both aerobic training and resistance train-
ing seem to prevent this progression without affecting hepatic
insulin resistance (Table III).

Table V. Results for anthropometry, blood pressure and dietary intakes at baseline and the changes in variables due to intervention in three randomised groups.
Data is given as means (SD). Differences between groups for baseline values and their changes were tested with Kruskall-Wallis test.
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Control Nordic walking Resistance training

(n=40) (n=39) (n=36) P between groups P between groups
Randomized group Baseline Change Baseline Change Baseline Change At baseline Change
Weight (kg) 92.2(124) —0.8(2.1) 95.1(11.7)  —23(2.5) 96.7(123) —0.2(2.2) 0.174 0.001(0-:006,0.001)b
Fat free mass (kg) 64.9(12.9) —0.1(12)  65.0(12.5) 0.1(19) 67.7(7.2) 0.3 (1.9) 0.426 0.180
Fat percentage (%) 23.6(5.0) —0.4(15)  25.8(5.9) -19(26) 258(45) —0.5(2.0) 0.155 0 0030002, 0006)b
Waist circumference (cm) 102 (8.6)  —0.6(3.2) 106 (9.6) —1.9(3.3) 107 (9.6) —1.5(3.2) 0.049(0:057,0,081)a 0.515
UKK fitness index 80.2 (18.7) 6.0 (13.5)  74.0 (23.2) 144 (16.3) 68.9(21.1)  10.2(9.6) 00260-021)c 0.021(0:024)d
Blood pressure (mm Hg)
Systolic pressure 142 (17.6) —2.9(12.6) 147(139) —6.7(11.1) 144(157) —4.1(142) 0255 0.316
Diastolic pressure 84 (11.7) —2.7(7.5) 85(9.3) —3.8(6.0) 86(7.3) —2.8(6.4) 0.513 0.765
Dietary intake
Energy intake (kcal/day) 2276 (614)  —200(545) 2152 (493) 100 (410) 2292 (657)  211(772)  0.379 0.060
Alcohol (E%) 55(63) —1.4(84) 49(59)  —03(43) 5.5 (6.6) 20(6.1)  0.201 0.062
Carbohydrates (E%) 46.6(73) —18(7.1)  46.0(7.7) —33(69) 41.7(87) —0.1(7.8) 0.040(0030)¢ 0.402
Dietary fiber (g /1000 kcal) ~ 11.8 (4.4) 0.5 (4.0) 11.2 (3.8) —0.4(3.2) 11.6 (4.5) —1.5(4.8) 0.357 0.764
Protein (E%) 17.2 (2.9) 0.8 (3.4) 17.6 (2.7) 0.6 (3.2) 18.2 (2.6) —0.7 (3.0) 0.718 0.288
Fat (E%) 30.7 (5.9) 24(59)  31.5(6.4) 30(62) 346(73) —12(6.8) 0.293 0.059
Saturated Fat (E%) 10.7 (2.8) 1.1 (2.6) 11.1 (3.4) 1.0 (2.7) 11.6 (3.2) 0.2 (2.5) 0.525 0.422

*Mann-Whitney test adjusted with Bonneferoni correction between C group and NW group and RT group; respectively.
®Mann-Whitney test adjusted with Bonneferoni correction between NW group and C group and RT group; respectively.
‘Mann-Whitney test adjusted with Bonneferoni correction between C group and RT group.

dMann-Whitney test adjusted with Bonneferoni correction between C group and NW group.
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High-sensitivity CRP and y-GT are produced in liver and
associated to obesity. It has been shown that hs-CRP is a
predictive factor of non-alcoholic steatohepatitis (NASH) in
patients with NAFLD (47) and is associated to IFG and IGT
(48). However, recently Sun et al. (49) showed that elevated
v-GT, but not CRP, was independently associated with the
presence of IFG/IGT in both genders in a Chinese population.
In our study serum hs-CRP and y-GT values differed between
the groups. Nevertheless after Bonferroni adjustment there
was no statistically significant difference between the NW
group and the RT group in relation to hs-CRP. Unfortunately,
we cannot estimate the NAFLD score or liver fat by the equation
provided by Kotronen and co-workers (50). It would be
supportive for our hypothesis that both aerobic training and
resistance training may prevent NAFLD progression. FLI
decrease during the intervention period in the NW group was
comparable to that of the RT but not the C group. Subjects
with values of FLI > 60 (in our study FLI > 70) have a more
than 78% probability of having fatty liver, but they also have
increased risk for insulin resistance, cardiovascular diseases,
and atherosclerosis (51).

Chemerin also correlates positively with leptin and hs-CRP
(34). Subjects with NAFLD and MeS have increased leptin lev-
els (14,52). We found that Nordic walking decreased plasma
leptin levels. This can result in weight loss (in our study 2.4%).
Two studies have reported that even mild weight loss (4%-5%)
may have beneficial effects on leptin levels (38).

Leptin resistance is believed to be a major factor in the
progression of metabolic syndrome, although the mechanism
of leptin resistance is still unknown (53). In our study, leptin
decreased in the NW group by 27% but not in the other groups.
It seems that aerobic exercise training could reduce leptin
resistance. It has been shown that leptin decreased by 21% dur-
ing a 3-month dynamic strength training program (54) and by
14% with a 6-month program combined with a hypocaloric diet
and moderate physical activity (55). Reduced leptin resistance
could have positive effects on the peripheral fatty acid oxidation
protecting tissues from TG accumulation and/or more serious
leptin resistance in NAFLD.

In this study, increased endurance-type physical activity,
which mostly consisted of supervised Nordic walking training,
improved aerobic performance capacity about 20% and decreased
weight (2.4%) and body fat percentage (7.5%) without changes
in dietary habits. Similar changes did not take place in the C or
RT groups, and fat-free mass was unchanged in all three groups.
This indicates that the weight loss in the NW group is mainly due
to decreased adipose tissue mass (average —1.9 kg) by increased
exercise training for endurance because the caloric intake did not
change during the intervention.

Despite the positive effects on the body composition and aero-
bic performance capacity, no differences were found between the
two intervention programs on fasting glucose and insulin, HbA ¢,
and 2-hour glucose and insulin compared to the C group. Two-
hour insulin decreased both in the NW (P = 0.026) and C groups
(P= 0.045) but not in the RT group. It seems that the short-term
aerobic or resistance training is not associated with improvements
in glycemic control in middle-aged men with IGR. Our results
are consistent with the results of Gram and co-workers (56) who
reported that neither 4 months of Nordic walking nor combined
aerobic and resistance training of 1.5 times per week on average
and with moderate intensity changed HbAlc levels in T2D sub-
jects. However, in a meta-analysis Strasser and co-workers (15)
showed that resistance training reduced HbAlc levels on average
0.48% in the 13 randomized controlled trials included in their

analyses. Interestingly, in T2D subjects 12 weeks of combined aer-
obic and resistance training three times a week did not improve
glycemic control, but instead the HbAlc values were significantly
reduced in the exercise group with creatine supplementation
(57). The exercise alone or exercise plus creatine supplementation
had no positive effects on the body composition, lipid profile, or
physical capacity (57), unlike in our study. However, the baseline
levels of HbA 1c values were significantly higher than in our study
(7.5% versus 5.5%) which may affect the comparison.

We also found that total cholesterol and LDL cholesterol
decreased significantly in the NW group compared to the RT group.
A recent meta-analysis showed that aerobic exercise with prudent
diet reduced total cholesterol, LDL cholesterol, and TG values,
but no changes in HDL cholesterol values were observed (58). In
those studies in which only resistance training has been used as
intervention, this had no effect on lipid profile (15). Of course it
is easier to correct an energy imbalance by using aerobic exercises
and/or by changing dietary habits than by using resistance exer-
cises, in which the main purpose is to produce anabolic effects
in the muscle tissue and through that to prevent sarcopenia. We
found similar results to those reported by Kelley and co-workers
in their article (58) without any dietary counseling or diet-induced
weight changes.

Systolic blood pressure tended to decrease only in the
NW group though the changes were decreasing in all groups.
The reasons for that were perhaps large standard deviations
and the use of medication against blood pressure. Endurance
training lowers resting systolic BP in patients with mild to severe
hypertension (59), and a recent meta-analysis also showed that
RT reduced systolic BP and this effect on RT seemed to be inde-
pendent of weight loss (60).

In addition to a decrease of serum chemerin and plasma leptin
levels, Nordic walking seems to cause the most beneficial effects
on components of MeS. To confirm these findings we used rank-
transformed data with ANCOVA using baseline values and body
fat percentage as covariates, and our results were in line with non-
parametric analyses without adjusting baseline differences for the
variables and body fat percentage. In addition, Nordic walking
was easily implemented, and during the intervention period no
sport or strain injuries induced by Nordic walking training were
reported in our study. This study has also limitations that should
be considered. A high dropout rate in the RT group affected the
homogeneity of the randomized groups which can be seen as
baseline differences in mean values of weight and VO2max. In
addition, sudden illness and adjustment of working hours or place
caused difficulty or even prevented some of subjects from par-
ticipating in guided training at the fixed gym times. These things
can be seen as decreased exercise adherence and many dropouts
(Figure 1). Our results suggest that without dietary change or
significant weight loss, 12 weeks of aerobic or resistance training
(2.1 or 2.3 times per week, respectively) was insufficient to induce
improvements in glycemic control in middle-aged men with IGR.
This is consistent with the fact that fewer training session are
needed to maintain physical fitness levels but higher frequency
(=3 times per weeks) is needed to promote substantial improve-
ments (61). Certainly, the optimal frequency for maintaining or
improving fitness is also dependent on other variables, including
age, training status, physical fitness level, and type, intensity, and
volume of the exercise (61).

In conclusion, Nordic walking has positive effects on aerobic
performance capacity, body composition, FLI, and lipid profile
without dietary modification. It also decreases circulating lep-
tin concentrations in middle-aged men with impaired glucose
regulation. Both Nordic walking and resistance training have
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regulatory effect on circulating chemerin. The results of our
study and those of previous studies raise the suggestion that
Nordic walking may have positive effects on obesity-induced
low-grade inflammation and preventable effects on the non-
alcoholic fatty liver disease and lipid profile in overweight or
obese men with impaired glucose regulation. But this suggestion
needs more research.
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