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Objective: Different studies have demonstrated that regular exercise can induce changes
in the lipid profile, but results remain inconclusive. Available data suggest that correction
of vitamin D deficiency can improve the lipid profile. In this study, we have hypothesized
that Nordic Walking training will improve lipid profile in elderly women supplemented with
vitamin D.
Methods: A total of 109 elderly women (68 ± 5.12 years old) took part in the study. First
group [experimental group (EG): 35 women] underwent 12 weeks of Nordic Walking
(NW) training combined with vitamin D supplementation (4,000 IU/day), second group
[supplementation group (SG): 48 women] was only supplemented with vitamin D (4,000
IU/day), and third group [control group (CG): 31 women] was not subject to any interventions. Blood analysis of total cholesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and 25-OH-D3 was
performed at baseline and after the 12 weeks of NW training. Additionally, a battery of
field tests specifically developed for older adults was used to assess the components of
functional fitness. The same blood analysis was repeated for the EG 6 months after the
main experiment.
results: After 12 weeks of NW training and vitamin D supplementation, in the EG a
decrease in TC, LDL-C, and TG was observed. In the SG, no changes in the lipid profile
were observed, whereas in the CG an increase in the HDL-C level was noticed. Positive
physical fitness changes were only observed in the EG.
conclusion: Our obtained data confirmed baseline assumption that regular exercise
induces positive alternations in lipid profile in elderly women supported by supplementation of vitamin D.
Keywords: physical fitness, exercise, LDL, HDL, health training
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INTRODUCTION

to reach 28,000 IU/week which is essentially concordant with
current recommendations (13).
Third group [control group (CG)] involved 31 women, who
did not receive any supplementation and did not participate in
the training. Considering the pleiotropic function of vitamin D
on many aspects of human health, we recognized that it would be
unethical to include a placebo group in the experiment.
All subjects underwent a medical check-up prior to the
experiment. Exclusion criteria from the study included the following: uncontrolled hypertension (systolic blood pressure over
140 mmHg and diastolic over 100 mmHg) a history of cardiac
arrhythmia, cardio-respiratory disorders, and orthopedic problems. It was recommended that the volunteers did not change
their lifestyle and diet habits throughout the study. Experiment
activities were completed at the Gdansk University of Physical
Education and Sport.

Regular exercise has been demonstrated to induce several
adaptive changes manifested by an increase in the endurance
strength of skeletal muscle. Positive changes in brain structure
and function have also been observed in response to physical
activity (1). These and other adaptive changes induced by exercise
are known to lower the risk of cardiovascular disease, diabetes,
cancer, depression, and many others (2), often associated with
aging. The pro-healthy effect of physical activity on the risk of
these diseases may be partially attributed to beneficial changes in
insulin sensitivity, inflammatory markers, and blood lipids post
(3, 4). However, the topic continues to raise questions; despite the
fact that many studies have reported a positive effect of regular
exercise on blood lipids, several studies have shown no effect at
all (5).
Vitamin D is an endogenous hormone known to regulate
expression of hundreds of genes. Since it is synthetized from
7-dehydrocholesyterol, it is also possible that its status is interrelated with cholesterol.
There is some evidence that apolipoprotein A-I (apo A-I) gene
expression can be modified by vitamin D. At the same time, apo
A-I is an essential component of high-density lipoprotein (HDL)
molecules, positively influencing its quality. The effects of exercise
on blood lipids have been shown to depend on applied dietary
solutions or some drug compounds (6). In particular, vitamin D
combined with exercise has been demonstrated to modify lipid
metabolism and blood lipid profile by improving insulin sensitivity (7).
Physical activity itself is associated with better vitamin D
status (25-OH-D3) (8); however, the effect of vitamin D status on
blood lipids alone remains unclear. Supplementation of vitamin
D at 400 IU for 5 years has been reported to induce no significant changes in blood lipids (9). Conversely, another study has
shown that the concentration of 25-OH-D3 correlated inversely
with triglycerides (TG) and total cholesterol (TC) (10). Based
on collected data, we have hypothesized that beneficial effects of
exercise on the lipid profile may be influenced by the vitamin D
status.
Vitamin D deficiency or insufficiency is prevalent in most
countries; it is now considered a pandemic (11, 12). Consequently,
in this paper, we have studied effects of vitamin D supplementation alone and combined with 12 weeks of Nordic Walking (NW)
training on the lipid profile in elderly women. The present study
is the first published report to implicate effects of exercise and
vitamin D on lipid profile in elderly subjects.

Ethics Statement

The examination was officially approved by the Bioethical
Committee of the Regional Medical Society in Gdansk (KB-26/14)
according to the Declaration of Helsinki and was registered as a
Clinical trail NCT03417700. Before commencing the training
and testing, subjects received verbal description of the experiment. Written informed consent was signed by all participants.
The ethics approval was also obtained for referring participants to
their family physician upon detection of any abnormal pathology
results during the medical check-up.

Blood Analysis

Blood collection was performed following the same timeline
for all groups: at baseline and one day directly after the 12-week
training program. Additionally, in EG blood collection took
place also 6 months after end of NW training program. Blood
samples were obtained between 7 and 8 a.m. after an overnight
fast. The serum was separated by centrifugation at 1,000× g
for 15 min and stored at −80°C pending analysis. Red blood
cells count (106/μL) (RBC), hematocrit (%) (Hct), and blood
hemoglobin concentration (g/dL) (Hb), low-density lipoprotein
cholesterol level (LDL-C), HDL-C, TC, and triglyceride (TG)
were determined from venous blood samples by conventional
methods using a BIOSYSTEMS S.A, ANALYZER A25 Costa
Brava, Barcelona, Spain.

Vitamin D Assessment

Vitamin D metabolite 25-OH-D3 was measured by highperformance liquid chromatography mass spectrometry
(HPLC-MS). The HPLC system was a Transcend TLX turboflow
2 system attached to a TSQ Quantum Ultra triple quadrupole
mass spectrometer (Thermo Fisher Scientific, San Jose, CA, USA)
as described before (14).

MATERIALS AND METHODS
Three groups of elderly women participated in the study, all aged
over 60 years (68.4 ± 5.0 years old). They were randomly assigned
to three groups. First group [experimental group (EG)] involved
35 women subjected to 12 weeks of NW training supported with
vitamin D supplementation (average 4,000 IU/day). Second group
[supplementation group (SG)] involved 48 women, subject only
to vitamin D supplementation (average 4,000 IU/day). Vitamin D
was supplemented three times per week with appropriate doses

Frontiers in Endocrinology | www.frontiersin.org

Measurements of Physical Fitness

A battery of field tests developed specifically for older adults was
used to assess components of functional fitness in the EG. These
tests require very little time or equipment and are designed to be
conducted in community settings. In accordance with Rikli and
Jones (15, 16), we used the following tests at the beginning of
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the study and after the 12 weeks of training. The Senior Fitness
Test (SFT) consists of the following six items: (1) 30-s chair stand,
(2) arm curl, (3) chair sit-and-reach, (4) back scratch, (5) 2-min
step, and (6) 8-foot up-and-go. The tests were performed in this
order with 1 min of rest in-between. Before each test, the exercises were demonstrated for the participants, who made a trial
attempt before completing the actual drill. The walking test was
performed only once.

performed to identify significantly different results. For heterogeneous results, the ANOVA Friedman’s test and right post hoc
test was applied. The significance level was set at p < 0.05. The
relations between variables were evaluated using the Pearson
correlation coefficient.

RESULTS
General Outcomes

Exercise Protocol

Baseline descriptive characteristics of participants are summarized in Table 1. Values of the body mass index (BMI),
percentage, and absolute fat tissue indicate that our groups were
within the range of normal to slightly overweight. There were no
significant changes in the body composition after the 12 weeks of
NW training in the EG nor in the SG or CG.

The same group of research assistants and instructors supervised
all training sessions. The EG completed 12 weeks of a mesocycle
exercise, divided into three microcycles. The training procedure
was described in detail in our previous study (17). The participants met three times a week, 1 h after eating a light breakfast and
performed the main session of NW training at 60–70% intensity
of the maximal HR (10-min warm-up, 45–55-min NW, and
10-min cooldown). Each training unit was recorded with Garmin
Forerunner 405 with a built-in GPS.

Level of Physical Fitness

The 12 weeks of NW training improved all measured fitness
parameters. Specifically, changes in the level of general shoulder coordination and flexibility were statistically significant
(Table 1). The applied training program also improved the level
of endurance and lowered the heart rate at baseline [from 81 ± 14
to 77 ± 15 bpm, average values during exercise (120 ± 17 to
116 ± 16 bmp) and after the exercise (141 ± 22 to 133 ± 23 bmp)].
These changes, however, were not statistically significant. The
level of physical fitness in the SG and CG was lower as compared
with the EG; however, the differences did not reach statistical significance (Table 1). In addition, some improvement in endurance
has been observed in 2,000-m test (1,082 ± 108 vs. 1,059 ± 116 s);
however, it did not reach statistical significance (p = 0.2, CI − 49
to 11).

Statistical Analysis

Statistical analysis was performed using Statistica 12.0 software
(Statsoft, Tulsa, OK, USA). All values are expressed as mean ± SD.
The Shapiro–Wilk test was applied to assess the homogeneity of
dispersion from the normal distribution. The Brown–Forsythe
test was used to evaluate the homogeneity of variance. For
homogenous results, a paired t-test analysis was performed to
identify significantly different results. For heterogeneous results,
the Wilcoxon signed-rank test was applied. For homogenous
results, the analysis of variance (ANOVA) for repeated measurements and the post hoc Tukey test for unequal sample sizes were

Table 1 | 12 weeks of Nordic Walking training had no effect on the body composition but had improved physical fitness in elderly women supplemented with vitamin D
supplementation.
Experimental group (exercise and supplement)

Weight
(kg)
BMI
(kg•m−2)
Fat
(kg)
Fat
(%)
FFM
(kg)
TBW
(kg)
Chair stand
(no. of stands)
Arm curl
(no. of reps)
Chair sit-&-reach (cm)
Back scratch (cm)
8-foot up-&-go (s)

Control group

Supplemented group

Baseline
(n = 35)

After 12 weeks
(n = 35)

After 6 month
(n = 21)

Baseline
(n = 31)

After 12 weeks
(n = 31)

Baseline
(n = 48)

After 12 weeks
(n = 48)

69.2 ± 10.7

69.0 ± 11.1

66.5 ± 7.9

70.7 ± 11.4

71.2 ± 11.8

69.2 ± 10.1

70.3 ± 10.0

26.0 ± 4.0

26.3 ± 4.0

25.6 ± 3.3

27.1 ± 3.7

27.5 ± 4.0

26.4 ± 3.5

26.8 ± 3.7

24.8 ± 8.1

24.9 ± 8.6

23.3 ± 6.4

27.0 ± 7.4

27.1 ± 8.0

25.1 ± 7.3

25.9 ± 7.7

35.3 ± 7.1

35.2 ± 7.7

34.5 ± 6.2

37.3 ± 6.0

37.0 ± 5.7

35.5 ± 6.7

36.1 ± 7.1

44.2 ± 5.1

44.1 ± 4.9

43.2 ± 3.6

43.7 ± 5.6

44.1 ± 5.6

44.2 ± 5.0

44.6 ± 5.1

32.5 ± 3.8

32.4 ± 3.6

31.7 ± 2.6

32.1 ± 4.1

32.4 ± 4.1

32.5 ± 3.7

32.7 ± 3.8

21 ± 4

22 ± 3

22 ± 3

19 ± 5

20 ± 5

16 ± 3

17 ± 4

26 ± 5

28 ± 6a

29 ± 3

26 ± 7

26 ± 6

24 ± 5

23 ± 5

7±9
−1 ± 8
4.72 ± 0.5

9±9
0±8
4.24 ± 0.4a

6±9
1±7
4.56 ± 0.7

4 ± 10
−1 ± 7
4.66 ± 0.7

4 ± 10
−1 ± 8
4.61 ± 0.7

6 ± 10
−1 ± 7
4.49 ± 0.9

4 ± 10
−2 ± 6
4.61 ± 0.7

Values are means (±SD). BMI, body mass index; Fat, fat mass; Fat%, percentage of body fat; FFM, free fat mass; TBW, total body water.
a
Significant differences from baseline.
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General Characteristics of Blood Tests

change observed in the CG (Table 4). At the same time, in the
SG, an increase in 25-OH-D3 was accompanied by a decrease in
HDL-C relative to the CG (Table 4).

Hematological parameters of the EG were within reference ranges
in all subjects at baseline as well as after the training. Nonetheless,
a significant drop in Hb, mean corpuscular hemoglobin concentration (MCHC), and mean corpuscular hemoglobin (MCH) was
observed after training (Table 2). Importantly, no iron deficiency
(not shown) or anemia was observed in any subject.

DISCUSSION
Data obtained through this study suggest that regular exercise
induced positive changes in the lipid profile in elderly women.
We demonstrate that NW training combined with vitamin
D supplementation led to a significant decrease in total blood
cholesterol in elderly women. As reviewed by Leon and Schantz,
many studies have demonstrated that exercise applied alone
induced a decrease in LDL and TG, but had no effect on blood
TC (18). Conversely, a 12-week program of aerobic exercise did
not influence blood lipids despite triggering a decrease in TG
and a transient increase in HDL (19). It has also been revealed
that the lipid-profile concentrations: serum TG, TC HDL-C, and
LDL-C did not differ between athletes and non-athletes (20). In
our previous study, we have shown that 4 weeks of regular training in young rowers did not influence the lipid profile unless the
subjects were supplemented with vitamin D (21). All of these data
indicate that effects of exercise on blood lipids can be modulated
by other factors, among many vitamin D. Our preliminary data
on 25-OH-D3 demonstrate that most of the women participating
in the study had exhibited vitamin D deficiency or insufficiency.
Thus, in our present study, we have investigated the effect of
regular training in combination with vitamin D supplementation.
The present study also demonstrates that NW training combined with vitamin D supplementation induced not only changes
in total blood cholesterol, but also a significant decrease in LDLC, yet no shift in HDL-C. Still, a comparison between the SG and
the CG shows that vitamin D has a tendency to lower HDL-C.
A previously published study supports this observation, as a low
dose of vitamin D supplementation (300 IU/day) was shown to
lead to a significant drop in HDL-C in postmenopausal women
(22). In addition, no differences in the lipid profile between physically active (>3 h exercise/week) and physically inactive (<3 h
exercise/week) women were observed. The authors concluded
that vitamin D supplementation may have an unfavorable effect
on lipids in postmenopausal women undergoing hormone

Lipid Profile

Vitamin D supplementation combined with the 12 weeks of NW
training induced significant changes in the lipid profile in the EG.
A significant decrease in TC, LDL-C, and TG was noted. All these
changes were accompanied by a significant rise in 25-OH-D3
concentration owing to the applied supplementation. The training
and supplementation caused a decrease in HDL-C; however, the
shift was not statistically significant (Table 3). A detailed analysis
of the ratios between parameters of the lipid profile (LDL-C/
HDL-C, TC/HDL-C, TC/LDL-C, TG/HDL-C) showed no additional tendency for change, neither within individual groups nor
in the intergroup comparison. Interestingly, 6 months following
the experiment, the levels of TC, HDL-C, and LDL-C returned to
baseline in the EG (Table 3).
In the CG, the concentration of 25-OH-D3 remained stable
over the 12-week period, considerably lower compared with the
EG and SG. An increase in HDL concentration was the only
Table 2 | Hematological parameters in the experimental group.
Variable

Baseline

After
12 weeks

p-Value

CI– 95%

CI+ 95%

Hb (g·dL−1)
MCH (pg)
MCHC (g·dL−1)
HCT (%)
MCV (fL)
RBC (min·μL−1)

14.0 ± 0.9
30.1 ± 1.0
34.0 ± 0.8
41.1 ± 2.7
88.6 ± 3.1
4.6 ± 0.3

13.7 ± 1.0a
29.8 ± 1.1a
33.5 ± 0.8a
40.8 ± 2.6
88.9 ± 3.4
4.6 ± 0.3

0.03
0.00
0.00
0.42
0.14
0.28

−0.55
−0.52
−0.64
−1.09
−0.07
−0.14

−0.02
−0.13
−0.26
0.47
0.56
0.04

Values are means (±SD). CI, confidence interval; Hb, hemoglobin; MCH, mean cell
hemoglobin; MCHC, mean corpuscular hemoglobin concentration; HCT, hematocrit;
MCV, mean corpuscular volume; RBC, erythrocytes. After 12-weeks of comparison
between baseline and after the whole period of Nordic Walking training.
a
Significantly different from baseline.

Table 3 | Changes in lipid profile in elderly women when Nordic Walking training is combined with vitamin D supplementation.

TC (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
TG (mg/dL)
LDL-C/HDL-C
TC/HDL-C
TC/LDL-C
TG/HDL-C
Vit D (ng/mL)

Baseline (n = 35)

After 12 weeks of NW training and
vit D supplementation (n = 35)

p

CI (−95%; +95%)

After 6 month without training and
vit D supplementation (n = 21)

228.8 ± 36.0
70.8 ± 19.3
134.5 ± 29.6
117.1 ± 55.6
2.1 ± 0.6
3.4 ± 0.8
1.7 ± 0.2
1.9 ± 1.2
20.8 ± 7.7

207.7 ± 37.4a
67.6 ± 18.5
121.1 ± 32.2a
94.6 ± 34.0a
1.9 ± 0.7
3.2 ± 0.7
1.8 ± 0.2
1.6 ± 0.8
38.4 ± 14.3a

0.00
0.12
0.02
0.00
0.49
0.10
0.53
0.09
0.00

(−34.2; −7.9)
(−7.4; 0.9)
(−24.5; −2.3)
(−36.4; −8.5)
(−0.2; 0)
(−0.4; 0)
(0; 0.2)
(0; 0.6)
(12.6; 22.6)

239.0 ± 50.3
73.2 ± 20.5
143.7 ± 47.4
109.8 ± 46.8
2.1 ± 0.8
3.4 ± 0.9
1.7 ± 0.3
1.7 ± 1.0
23.6 ± 10.8

Values are means (±SD). TC, total cholesterol; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein; TG, triglycerides.
a
Significant differences from baseline.
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endurance capacity were accompanied with significant decrease
in Hb and MCH; however, all the recorded data were in reference
range. More research is needed to understand the nature of these
changes. Our data suggest that the shifts in blood lipids induced
by NW training were mediated by vitamin D and some factors
possibly discharged from exercising muscles (4). Interestingly,
in the EG, in the 6-month period after the intervention, during
which neither regular training nor supplementation were taking
place, all lipids parameters and 25-OH-D3 returned to baseline
values. This happened despite the fact that all participants had
attended a talk about benefits of vitamin D and had received recommendations about vitamin D supplementation and exercise.
Certainly, however, it is too early to judge the nature of these
changes without data about subpopulation of HDL particles. The
NW training and vitamin D supplementation had also a positive
effect on blood TG. These data are in agreement with a previously
published study, where plasma 25-OH-D was inversely associated
with TG and TC (10, 28). Certainly, the main limitation of this
study is the lack of a placebo group. As mentioned above, we
decided not to include a placebo group in our study because of two
main reasons. Firstly, most women taking part in our study were
vitamin D deficient at the beginning of the experiment. Given
that vitamin D deficiency can increase the risk of many morbidities, we decided that maintaining this state would be unethical.
Secondly, observations made in this study are supported by our
earlier research on young athletes (21). We can, thus, conclude
that regular NW exercise induced positive changes in blood lipids
in elderly women, in whom vitamin D deficiency was corrected.

Table 4 | Effect of vitamin D supplementation on lipid profile in elderly women.
Control group

TC (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
TG (mg/dL)
LDL-C/
HDL-C
TC/HDL-C
TC/LDL-C
TG/HDL-C
Vit D (ng/mL)

Supplemented group

Baseline
(n = 31)

After
12 weeks
(n = 31)

Baseline
(n = 48)

After
12 weeks
(n = 48)

215.5 ± 41.6
73.2 ± 16.1
121.5 ± 38.4
103.7 ± 32.4
1.8 ± 0.7

235.0 ± 52.2
79.8 ± 16.3a,b
133.9 ± 51.6
106.7 ± 31.7
1.8 ± 0.8

218.2 ± 57.3
70.1 ± 14.6
127.0 ± 54.9
107.0 ± 37.4
1.9 ± 1.2

212.2 ± 56.4
69.1 ± 13.3b
121.0 ± 53.7
110.5 ± 44.8
1.8 ± 1.2

3.1 ± 0.8
1.8 ± 0.3
1.5 ± 0.7
24.2 ± 12.1

3.0 ± 0.9
1.9 ± 0.4
1.4 ± 0.6
24.6 ± 10.9

3.2 ± 1.2
1.9 ± 0.4
1.5 ± 0.6
18.1 ± 9.1

3.2 ± 1.3
1.9 ± 0.4
1.6 ± 0.8
40.7 ± 12.1a,b

Values are means (±SD). TC, total cholesterol; HDL-C, high-density lipoprotein; LDL-C,
low-density lipoprotein; TG, triglycerides.
a
Significant differences from baseline.
b
Significant differences between groups.

replacement therapy (22). It is difficult to agree with this conclusion as a study published in recent years demonstrated that it is the
quality rather than quantity of HDL that plays an important role
in human health (23–25). The level of HDL in people converted
to low-fat high-carbohydrate diet was observed to decrease, while
the atheroprotective potential improved (26). Another study has
shown the level of HDL-C to decline in bariatric patients after
surgical intervention, reaching the preoperative level after 6
months. It has been demonstrated that that during this period
a qualitative switch took place as apoE HDL was replaced by
apoA-I HDL (25). The effect of vitamin D on the apoA-I gene
expression is debatable because both positive and negative shifts
have been reported in response to 1,25-OH-D3 treatment. These
data indicate that the effects of vitamin D on blood lipids can be
modulated by other factors.
At the same time, in our previously published study we have
demonstrated that regular exercise had no effect on the HDL-C
level in vitamin-D-deficient young men, but led to its significant
reduction when accompanied by vitamin D supplementation
(21). It is generally believed that changes are blood lipids result
from the adaptive response of skeletal muscle, manifested in
an increase in lipid oxidation, and insulin sensitivity (27). We
observed some improvement in endurance in the EG, which
could have been accompanied by an increase in the mitochondrial oxidative potential. Contrary to our expectation, changes in
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