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1 | INTRODUCTION

Bone health is deteriorating progressively with increasing
age in both genders resulting in an elevated risk of developing

The effects of football training on bone health were examined in 55- to 70-year-old
sedentary women and men with prediabetes. Patients (n = 50) with prediabetes (age;
61 + 9 years, BMI 29.7 + 0.6 kg/mz, body fat content; 37 + 1%, VOjn.
22.7 + 0.8 mL/min/kg and mean arterial pressure; 104 +3 mm Hg) were rand-
omized into a football training group (FT'G; n = 27, 14 women) and a control group
(CON; n =23, 11 women). At baseline, 73% and 24% were diagnosed with femur
osteopenia and osteoporosis, respectively. FT'G performed football training twice
weekly 30-60-minute sessions in 16 weeks, and both FTG and CON received profes-
sional dietary advice. Pre- and post-intervention whole-body and regional bone min-
eral content (BMC) and density (BMD) were determined with DXA-scans, and
venous blood samples were drawn and analyzed for plasma bone turnover markers.
Change scores were greater (P < 0.05) in FTG compared to CON in leg BMD
(0.023 + 0.005 vs —0.004 + 0.001 g/cm?) and in leg BMC (32 +8 vs —4 + 6 g).
Between-group changes in favor of FTG (P < 0.05) also occurred in the femur neck
BMD (3.2%) and femur shaft BMD (2.5%). Whole-body BMC and BMD were un-
changed in both groups during the intervention. In FTG, resting plasma osteocalcin,
PINP, and CTX-1 rose (P < 0.05) by 23 + 8, 52 +9 and 38 + 7%, with greater
change scores (P < 0.05) than in CON. Finally, PINP (formation)/CTX-1 (resorp-
tion) ratio increased (P < 0.05) in FTG (127 + 15 vs 150 + 11) from pre- to post-
intervention, with no change in CON (124 + 12 and 123 + 12). In conclusion,
football training provides a powerful osteogenic stimulus and improves bone health
in 55- to 70-year-old women and men diagnosed with prediabetes.
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osteoporosis and osteopenia. In the United States alone, ~45
million meet the criteria for these two skeletal deficiencies.
Especially in the post-menopausal period in women® and
at corresponding ages in men® bone health impairs rapidly.
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Impaired bone health combined with poor physical fitness
may therefore increase the risk of falls and bone fractures
markedly. In Europe, osteoporosis affected more than 22 mil-
lion women aged >50 years or 22% of the female population
in 2010.* For men >50 years of age in the United States, it is
estimated that around 25% will experience a fracture due to
osteoporosis,l and in 2050, the incidence of hip fracture in
men is expected to increase more than threefold worldwide.’
In both gender >60 years of age, fractured patients have a sig-
nificantly higher mortality rate than the general population,
and men suffering any major fracture display higher mortal-
ity rates than women.® It seems that aging as well as a re-
duced amount of osteogenic activities with increasing age is
responsible for the impaired bone health. Thus, maintaining
a physically active lifestyle and performing regular exercise
training with high osteogenic stimuli despite an old age may
improve bone health and delay the onset of age-related oste-
oporosis and osteopenia. In geographical regions far north
on the northern hemisphere, there is limited sunlight in the
autumn and winter, which may affect the systemic D-vitamin
levels and reinforce the age-induced deterioration in bone
health. Therefore, the population in these regions may be at
higher risk of poor bone health.

Physical inactivity is a global pandemic’ and is an inde-
pendent risk factor for major chronic diseases. Type 2 diabe-
tes mellitus (T2DM), prediabetes, and metabolic syndrome
are common endocrine diseases in most parts of the world
and are pathological phenomena closely associated with an
inactive lifestyle. However, patients suffering from these met-
abolic deficiencies also have an elevated risk of other patho-
logical conditions such as poor bone health.® For example,
various aspects of bone structure, density, skeletal integrity,
as well as biochemical markers of bone turnover appear to
be affected by poor glycemic control and remain a frequently
overlooked complication of prediabetes and T2DM.’ Indeed,
patients with deteriorated glycemic control are more suscepti-
ble to fractures than healthy controls,'! which appears to as-
sociate with impaired or poor glycemic control, longer disease
duration, and complications of diabetes.® Thus, it is of great
importance to develop treatment and prevention protocols
aiming to facilitate bone health in patients with prediabetes.

Weight-bearing exercise training is a well-known stimulator
of osteogenesis and exercise-induced increases in bone mineral-
ization.'? In addition, there appears to be consensus in the liter-
ature that bone deformation (strain) due to mechanical loading
is required to stimulate osteogenesis. 13 Moreover, the larger the
strain magnitude and rate, as well as the magnitude of the vari-
ation between usual and novel strain, the larger the osteogenic
gain.14 Zhao and Zhang (2014)" reported meta-analysis data
indicating marked benefits from high-impact exercise protocols
on especially the lower limbs. Thus, large strain stimuli com-
pleted in few repetition cycles may be essential components of
a training protocol aiming to promote osteogenesis and bone
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quality,13 and odd-impact as well as multimodal training reg-
imens including resistance training, high intensity aerobic ex-
ercise, and balance training are recommended to improve bone
strength and reduce the risk of falls and fractures.'®!’

Recreational football training has substantial effect on
bone turnover and increases in BMC or BMD have been re-
ported in middle—agedlg'19 and elderly men,”?! as well as in
women across the lifespan.'***** For example, in a study of
untrained premenopausal women, a 2%-3% improvement in
tibia BMD measured with peripheral quantitative computed
tomography (pQCT) was reported after 14 weeks of football
training which was superior to continuous running.** Finally,
football training has been demonstrated to elicit a greater
osteogenic stimulus compared to none-weight-bearing activ-
ities such as high and low intensity swimming.25 Thus, foot-
ball training may represent efficient multimodal osteogenic
training for a sedentary elderly patient group.

As itis reported that T2DM seems to impair bone strength
independently of BMD due to an unfavorable change in bone
turnover (Kulkarni 2017),% it is highly warranted to test the
hypothesis that football training induces a powerful osteo-
genic stimulus and causes site-specific osteogenic adapta-
tions in sedentary, prediabetic 55- to 70-year-old women and
men from the Faroe Islands. Especially for a country in the
far northern hemisphere, knowledge about the role of osteo-
genic exercise in health promotion is demanded.

Please click on this video link to hear more about the
study.

2 | METHODS

2.1 |

The participants in the present study were recruited from a
population-based cross-sectional survey aiming to determine
the prevalence of T2DM and prediabetes among the popula-
tion aged 40-74 years in the Faroe Islands. The database in-
cluded 1772 individuals, corresponding to ~10% of the entire
population aged 40-74 years.26

Atotal of 117 individuals aged 55-70 years from the respec-
tive cohort were diagnosed with prediabetes (HbAlc > 5.8%,
40 mmol/mol) and received a letter of invitation to participate
in the study. The letter contained information about the study

Participants
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TABLE 1 Participant characteristics at baseline (n = 55)
Age (y) Height (cm) Weight (kg) BMI (kg/mz) VO, max (mL/min/kg) Body fat (%)
60 + 1 170 + 1 86.2+23 29.7 + 0.6 223+0.8 37+1
SBP (mm Hg) DBP (mm Hg) MAP (mm Hg) RHR (beats/min) Femoral neck T-score
142 +3 86 + 2 104 +2 72+1 —1.56 +0.17

Age, body composition, maximal oxygen uptake, blood pressure, resting heart rate, and femoral neck T-score of the total participant sample recruited for the study.

Data are means + SE.

design and the experimental procedure that the participants
would undergo. The letter was followed up by a phone call
to clarify any questions and to invite the patients to an infor-
mational group meeting near their residence. The participant
group is described in further detail in the paper by Skoradal
et al.”” At baseline, 30% (n = 15) of the participants had femo-
ral osteoporosis (T-score <—2.5) and 45% (n = 22) had femo-
ral osteopenia (T-score <—1.0). Thus, 75% of the participants
had either osteoporosis or osteopenia in femur (see Table 1).
Additionally, spine osteoporosis and osteopenia were detected
in numerous of the participants. The participants suffering
from osteoporosis and osteopenia were informed on the in-
creased risk of bone fractures prior to the intervention. After
being informed verbally and in writing about the experimen-
tal procedures and associated risks, 55 individuals (28 men
and 27 women; see Table 1) volunteered to participate in the
study and gave their written consent. The study was approved
by the ethical committee of the Faroe Islands and conducted
in accordance with the Declaration of Helsinki (1964). Data
from the study on the cardiovascular adaptations have been
published in an accompanying manuscript by Skoradal et al.?’

2.2 | Experimental design

The study applied a randomized controlled design (RCT).
The participants reported to the laboratory and had a fast-
ing blood sample taken pre- and post-intervention. Moreover,
bone mineral content (BMC) and density (BMD) were as-
sessed with pre- and post-DXA-scans. Descriptive partici-
pant data such as body fat content, height, weight, blood
pressure, and maximal oxygen uptake were also obtained at
baseline (see Table 1). Dietary advice was given to all par-
ticipants by a registered dietitian in a 3-hour group-based
session pre-intervention (see Ref. [27]). Subsequently, the
participants were randomized to a football training group
(FTG; n = 32) and a control group (CON; n = 23). Males and
females were randomized separately to insure an equal gen-
der distribution in the two groups. There were five drop-outs
from FTG (three men and two women) due to low training
attendance; <1 session per week, resulting in 27 participants
that completed the FTG intervention and were included in
the data analysis. There was no drop-out from CON (n = 23).
There were examples of severe muscle soreness as result of

the football training treatment in the initial phase of the in-
tervention period, but no serious injuries occurred during the
intervention period.

2.3 | Resting blood sampling

On the day of testing, participants reported to the laboratory
after transport by car or bus. No training was performed 48-
72 hour prior to testing, and the participants were instructed
to avoid physical activity on the day prior to the experimental
testing. A blood sample was collected at rest pre- and post-
intervention under standardized conditions from an antecu-
bital vein between 7 and 8 am after an overnight fast using
the venipuncture technique. The blood samples were rapidly
centrifuged for 30 seconds, and the plasma was collected. The
plasma samples were frozen at —80° and subsequently ana-
lyzed for bone turnover markers (BTM), that is, procollagen
type 1 N propeptide (PINP), osteocalcin, C-terminal telo-
peptide 1 (CTX-1), using ELISA and AlphalLISA apparatus
(PerkinElmer, Cambridge, United Kingdom) at the scientific
laboratory at the Research Center for Ageing and Osteoporosis,
Departments of Diagnostics and Medicine, Copenhagen
University Hospital Glostrup, Glostrup, Denmark.

24 |

Whole-body BMC and BMD were determined by total-body
DXA-scanning (Norland XR-800; Norland Corporation,
Oslo, Norway). The body was segmented in accordance with
standard procedures to evaluate regional BMC and BMD, and
all analyses were performed using Illuminatus DXA software
(Norland Corporation, Oslo, Norway). The effective radiation
dose was <0.3 mSv per whole-body scan. Additionally, site-
specific scans of the lumbar spine and proximal femur were
conducted as previously described.”> BMD in the lumbar ver-
tebrae L2, L3, and L4, and in the femoral neck, -trochanter,
and -shaft were evaluated. The radiation dose for these spe-
cific scans ranged between 3.0-4.5 mSv.

Body composition

25 |

The football training group completed a total of 32 + 2 (range:
19-46) football training sessions over the 16-week intervention

Training intervention
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period, corresponding to 2.0 + 0.1 (1.2-2.9) weekly sessions.
Each session lasted 30-60 minutes (30 minutes during weeks
0-2, 40 minutes during weeks 3-4, 50 minutes during weeks
5-6, and 60 minutes during weeks 7-16). The sessions were
organized with two equally long periods (2 X 15 minutes,
2 X 20 minutes, 2 X 25 minutes, 2 X 30 minutes progressively
in the different weeks—see above) separated by 2-3 minutes
of passive recovery. All sessions were organized as small-
sided games (4v4-6v6), as previously described,”® and were
preceded by a 10-minute warm-up period, as described by
Uth et al.>' Heart rate was measured during one training ses-
sion in week 4 and one session in week 12 of the intervention,
and mean and peak heart rate were 127 + 5 and 153 + 4 bpm,
respectively, corresponding to 79 + 1 and 96 + 1%HR,,,, re-
spectively. All participants were given group-based dietary ad-
vice by a registered dietitian and provided with a standardized
meal plan (see Skoradal et al for details).27

2.6 | Statistical analysis

Data are presented as means + SE, unless otherwise stated.
Statistical analyses were performed using SPSS v.22. After test-
ing for normality, a two-factor mixed ANOVA was used to test
the intervention-induced difference between FTG and CON for all
plasma BTM, as well as BMC and BMD. When significant interac-
tions or main effects were detected, data were subsequently analyzed
using Bonferroni post-hoc t tests. The Pearson’s product-moment

TABLE 2 Whole-body and regional
bone mineral content (BMC) and bone
mineral density (BMD) before and after
16 wk of football training (FTG; n = 27)

‘Whole-body
and control (CON; n = 23)

BMC (g)
BMD (g/cm?)
Head

BMC (g)
BMD (g/cmz)
Chest

BMC (g)
BMD (g/cm?)
Midriff

BMC (g)
BMD (g/cm?)
Pelvis

BMC (g)
BMD (g/cm?)
Arms

BMC (g)
BMD (g/cm?)

method was used to test for associations in pre-to-post changes be-
tween selected variables. The significance level was P < 0.05.

3 | RESULTS

3.1

Whole-body BMC and BMD at baseline were similar in FTG
and CON, as well as in the measured site-specific skeletal re-
gions (Table 2). During the intervention period, the change
score in leg BMD was greater (P < 0.05) in FTG than in CON
(0.023 +0.005 vs —0.004 + 0.001 g/cm?, Figure 1A). Leg
BMC also increased more (P < 0.05) in FTG than in CON
(32 +8 vs —4 + 6 g, Figure 1B). Evaluated by the whole-
body scan, no significant changes occurred in any other major
skeletal region (Table 2). The site-specific scans revealed
between-group changes in BMD in the femoral neck and
-shaft (P < 0.001) (Figure 2A). No significant difference was
observed in the femoral trochanter BMD change score be-
tween FTG and CON (P = 0.09), whereas the change score in
femoral trochanter BMC was greater (P < 0.05) in FTG than
in CON (0.38 +0.27 vs —0.31 + 0.12 g; Figure 2A). Within-
group increases in BMC occurred in femoral trochanter
(P < 0.05), while BMD increased in all three femoral sites and
in vertebrae L.2 and L3 in FTG only (P < 0.05; Figure 2B). In
contrast, a decrease (P < 0.05) in femur trochanter BMC and
femur shaft BMD occurred in CON (Figures 2A and 2B).

Bone mineral content and density

FTG CON
Post Pre Post
2843 + 62 2847 + 63 2836 + 107 2833 + 108
1.006 + 0.017 1.007 + 0.016 1.023 + 0.035 1.027 + 0.034
457 + 14 457 + 13 451 +£23 452 +23
1.686 + 0.046 1.723 + 0.046 1.665 + 0.021 1.673 + 0.027
522 + 13 515+ 14 530 + 20 517 + 19
0.896 + 0.022 0.898 + 0.021 0.907 + 0.043 0.907 + 0.040
49 +3 44 +3 52+3 49+3
1.379 + 0.041 1.323 + 0.037 1.358 + 0.067 1.331 + 0.063
354 + 11 353+ 12 340 + 16 342 + 17
1.118 + 0.030 1.108 + 0.028 1.143 + 0.054 1.133 +£ 0.052
411 + 10 426 + 11 399 + 10 413 + 11
0.666 + 0.017 0.662 + 0.014 0.689 + 0.016 0.702 + 0.018

Data are presented as mean + SE.
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Baseline BTM did not differ between FTG and CON. In FTG,
plasma osteocalcin, PINP, and CTX-1 were 22.7 + 1.8,
48.9 + 4.2, and 0.47 + 0.05 ng/mL prior to training and in-
creased (P < 0.05) during the intervention period by 23 + 8,
52 + 9, and 38 + 7%, with no changes in CON (Figure 3).
The change scores in FTG were greater (P < 0.05) than
in CON (Figure 3). PINP (formation)/CTX-1 (resorption)
ratio increased (P < 0.05) in FTG (127 + 15 vs 150 + 11)
from pre- to post-intervention, respectively, with no change
in CON (124 + 12 and 123 + 12). The change in P1NP/
CTX-1 ratio was greater (P < 0.05) in FTG in comparison
with CON.

3.3 | Correlations

There were no correlations between absolute or relative delta
change in BMC and BMD in any body segment and the cor-
responding delta changes in any of the measured plasma

(B) in FTG and CON pre- and post-intervention in selected sites in
the lower spine and the femur. *Denotes a significant difference from
pre. #Denotes a significant difference in change score from CON.
Significant level P < 0.05. Data are means =+ SD (standard deviation)

BTM. Nor were there any correlation between training at-
tendance and delta change in BMC, BMD, or plasma BTM.

4 | DISCUSSION

The present study is the first RCT to investigate the osteo-
genic effect of recreational football training in female and
male patients with prediabetes. The principal findings were
that 16 weeks of recreational football training encompassing
two 30-60-minute weekly sessions significantly elevated bone
mineral density by 2.5%-3.9% in clinically important sites,
such as the femur neck, trochanter, and shaft, as well as in
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the lower spine. In support, the football training intervention
increased leg bone mineralization with 2.2% increase in bone
mineral density and a 3.0% increase in bone mineral content. In
line with these findings, recreational football training induced
a 23%-52% increase in plasma bone turnover markers, repre-
senting increased osteogenesis, remodeling, and resorption.

T2DM, prediabetes, and metabolic syndrome repre-
sent pathophysiological conditions with an elevated risk
of a myriad of other pathological deficiencies such as low
cardiovascular and metabolic health, as well as poor bone
health.® The participants in this study had poor bone health
having an average T-score of —1.6 in the femoral neck at
baseline and with three of four suffering from osteopo-
rosis or osteopenia in the femur bone (Table 1). Studies
have demonstrated that bone mineralization is negatively
affected by poor glycemic control, due to mechanisms not
fully understood, and remains a frequently overlooked
complication of prediabetes and T2DM.’ In addition, pa-
tients with deteriorated glycemic control have a higher
fracture risk, independent of BMD, compared to healthy
controls.'™" In the present study, the participants im-
proved their blood glucose regulation and reduced body
fat content markedly (see Ref. [27]), which both may have
played a role in the improved bone metabolism. However,
no correlations were found between bone adaptations and
neither blood glucose regulation nor body fat content (data
not shown).

The participants in the present study had relatively poor
bone health at baseline, which may be associated with their
age, sedentary lifestyle as well as poor metabolic health sta-
tus. Moreover, the plasma D-vitamin levels ranged between
55 and 65 nmol/L during the intervention (see Ref. [27]),
which is below the recommendations of 75-150 nmol/L for
patients with deteriorated bone quality. In addition, several

participants displayed levels <50 (~40%) and <75 nmol/L
(~75%) (data not shown) during the experimental period.
The study was conducted on the Faroe Islands during the
fall and winter period, where there is limited light due to
the geographical location, which is likely to have affected
the low D-vitamin levels, and contributed to the poor bone
health status. Plasma D-vitamin did, however, not differ be-
tween groups or pre- and post-measurements.”’

Peak bone mass is attained in both genders in the second
decade of life, but a decrease of approximately 1% annually
occurs midlife and onwards with an accelerated decrease in
women during the first few years after menopause.29 Thus,
the ~2% increase in leg bone mineral density and ~3% in-
crease in bone mineral content in the present study in only
16 weeks underlines that the osteogenic effects were signif-
icant. The positive adaptations (2.5%-3.9%) in the femoral
neck and lumbar spine furthermore support the clinical im-
portance of the present findings, as these benefits occurred in
regions where a large portion of the participants had osteopo-
rosis or osteopenia.

As evaluated by the whole-body scan, the football train-
ing group had a ~3% increase in bone mineral content of the
total legs corresponding to 32 g after 16 weeks of football
training, as well as an similar percentage increase in bone
mineral density. This is comparable to a 30 g increase in
sedentary premenopausal women® and a 41 g increase in
20- to 45-year-old untrained men'® after 15 and 12 weeks of
football training, respectively. In contrast, other studies show
smaller osteogenic r(:sponses19’24’30 in untrained premeno-
pausal women, with no effects on total bone mineralization in
the legs in comparable studies.'”*! Thus, the 55- to 70-year-
old individuals with prediabetes in the present study display
similar or even greater osteogenic adaptations than younger
participants in only 16 weeks. The fact that the participants in
the present study had a relatively high body weight may have
reinforced the osteogenic effects of the training.

The bone loss is greater in women after the menopause
than in their male counterparts with annual decreases in bone
mineral density and content as high as nearly 2% and 1.5%,
respectively.32 However, men are additionally experiencing
marked age-induced deterioration in bone health. Indeed, in
the United States, around 25% of all men older than 50 years
will experience a fracture due to osteoporos.is.1 In the present
study, the participants were representing both genders equally
and the improvements in leg bone health were observed in-
dependent of gender (data not shown). Thus, football training
appears to provide osteogenic stimulus and to have potential
as an efficient protocol in preventing and treating osteoporo-
sis and osteopenia in patients with relatively poor bone qual-
ity and health status.

Performing exercise training at a high intensity results in
large forces being applied to bone.**** There appears to be
consensus in the literature that the key osteogenic stimuli are
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the resulting strain magnitude and strain rate.'3353 Thus,
exercise training with high impacts or power output34’37 is
more suitable compared to training with lower intensity.
Moreover, it has been suggested that complex training regi-
mens'®*® and odd-impact sports such as team sports16 may
increase the osteogenic stimuli. These types of exercise mo-
dalities may be efficient due to the diverse and intermittent
forces applied to the skeleton, which may diminish the de-
sensitization of bone that occurs with repetitive stimuli such
as during continuous running,.B’B’36 Indeed, several random-
ized controlled trials have demonstrated that recreational
football can improve areal BMD and biochemical bone turn-
over marker profile in untrained men®>*'*" and women.*
In addition, a recent cross-sectional study demonstrated that
female elite football players exhibit a 13% higher total BMD
and a 23% higher total BMC compared to untrained age-
matched controls.>! Thus, there appears to be support in the
literature that football training provides a powerful osteo-
genic impact, which also applies for an elderly group with
prediabetes.

In the present study plasma osteocalcin, PINP and CTX-1
were elevated by 23%, 52%, and 38% after 16 weeks of football
training with greater increases than in the control group. This is
in line with findings in football training studies both for women
and men.”*?!* These systemic markers reflect different steps
in the differentiation process of the osteoblastic lineage (for-
mation and resorption) and the marked increases in these bone
markers emphasizes that football training is a potent osteogenic
stimulus leading to improved bone mineralization in the legs
and in the spine. Furthermore, it was observed that the P1NP
(formation)/CTX-1 (resorption) ratio also increased in the foot-
ball training group as result of the intervention. This indicates
that the alterations in BTM induced by football training reflect
an anabolic response due to an activation of the bone mod-
eling metabolism characterized by an uncoupling of resorp-
tion (CTX-1) and formation processes (osteocalcin, PINP),
whereas bone remodeling is characterized by a site-specific
coupling between resorption and formation.

In the present study, men and women took part in the foot-
ball training together. This is one of the first mixed-gender
RCT using football training. The findings show that football
can be applied as treatment for poor bone health, and the fact
that no correlation was observed between the osteogenic ef-
fect and training frequency and that both genders improved
their bone health, demonstrates the high osteogenic impact
and beneficial practical applications of the present treatment
protocol. Finally, the broad-spectrum effects of football
training”*° implies that this exercise training method may
be highly effective for patients with multiple pathophysio-
logical conditions such as prediabetes and T2DM.

In conclusion, the present study is the first to apply football
as osteogenic training for sedentary 55- to 70-year-old female
and male patients with prediabetes, of which a majority suffered

from femoral osteopenia or osteoporosis. The study confirms
the hypothesis, that football training induces an increase in bone
mineralization and a favorable change in bone turnover toward
site-specific modeling, which may counteract the normal im-
pairment of bone metabolism in this patient group.

S | PERSPECTIVES

The present study demonstrates that 16 weeks of recreational
football training causes marked beneficial bone health adapta-
tions in 55- to 70-year-old women and men with prediabetes.
Individuals suffering from prediabetes have broad-spectrum
pathophysiological challenges including poor bone health. In
general, the participants in the present study had poor bone
health in the spine and femur and the football training im-
proved bone mineralization at these sites as well as the over-
all biochemical bone turnover marker profile. Participation
in small-sided football training can therefore be integrated in
the treatment of prediabetic patients with poor bone health.
As the bone adaptations occurred independent of gender, the
study demonstrates that mixed-gender football training pro-
vides an efficient stimulus in both genders.
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