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Abstract

Background The number of football teams in senior categories has increased. As outdoor sports entail players being
exposed to sunlight, playing football may contribute to maintaining vitamin D stores and body mineral density while
preventing osteoporosis. This study aimed to determine the bone mineral density and vitamin D levels in middle-
aged premenopausal female football players.

Methods Participants were premenopausal females in their 40s. We evaluated bone mineral density of the second
to the fourth lumbar vertebrae and femoral neck, serum 25-hydroxy vitamin D (25-OHD) levels, which is an indicator
of vitamin D stores, and body composition. In addition, we administered a questionnaire survey on exercise habits
and lifestyle. Ninety-two participants were categorised into three groups: the football group (n=27), volleyball group
(n=40), and non-exercise group (n=25).

Results Bone mineral density was higher in the football and volleyball groups than in the non-exercise group
(P<0.01). The volleyball group had a significantly higher bone mineral density of the lumbar spine and femoral neck
than the non-exercise group (P<0.01). The football group had a significantly higher bone mineral density of the
femoral neck than the non-exercise group (P<0.01). Although the football group had played fewer years than the
volleyball group (P<0.01), serum 25-OHD levels were the highest in the football group and were significantly higher
than those in the volleyball and non-exercise groups (P<0.01).

Conclusions Middle-aged premenopausal football players had higher body vitamin D levels and bone mineral
densities than non-active females. These results suggest that playing football may contribute to the prevention of
osteoporosis.

Trial registration UMIN Clinical Trials Registry UMINO00054235. 2024/04/23. Retrospectively registered.
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Background

Football is one of the world’s most popular sports, with
approximately 300 million players globally [1]. In Japan,
the number of football players over 40 years old has been
increasing [2] especially in male and female senior foot-
ball [3].

Playing football has several health benefits [4—6]. Social
networks are built through football, which improves
health and promotes long-term physical activity [4].
Additionally, females and older males who play small-
sided football games have significantly lower blood pres-
sure, lower resting heart rate, and increased muscle mass
and bone density [5, 6]. Moreover, older males who con-
tinuously play football have a significantly higher whole-
body bone mineral density (BMD) and BMD of the
proximal femur than males of the same ages who do not
perform daily exercises [7]. It has also been reported that
playing football increases the BMD of the femoral shaft
and trochanter in sedentary middle-aged premenopausal
females [8]. Although several health benefits of playing
football have been reported, few studies have focused on
the bone health of females who play football [7-10]. Bone
health is particularly problematic for females aged>40
years due to hormonal imbalances [11].

Osteoporosis is a disease wherein bone strength
becomes fragile and the risk of fracture increases due to
reduced bone density and deterioration of bone qual-
ity [12, 13]. Among the risk factors of osteoporosis,
modifiable factors include lack of exercise, vitamin D
deficiency, inadequate calcium intake, and insufficient
exposure to sunlight [12, 13]. There is a significant cor-
relation between blood vitamin D levels and BMD in
females aged 9-25 years and postmenopausal women
aged 55-74 years [14—16]; therefore, vitamin D is consid-
ered an important factor in bone metabolism [17]. Vita-
min D is produced in the skin through ultraviolet light
and is significantly and positively associated with sunlight
exposure [17, 18]. A study investigating seasonal varia-
tions in blood vitamin D levels in female university ath-
letes reported that the football players who play outdoors
had significantly higher blood vitamin D levels through-
out the year compared to basketball and volleyball play-
ers who play indoors [19]. Hence, the implementation
of outdoor physical activity and exposure to sunlight
is necessary to prevent osteoporosis and BMD loss [12,
13]. Football is one of the most common outdoor sports;
however, to date, the BMD and blood vitamin D levels
in premenopausal middle-aged female football players
remain unknown. Clarification of these levels may pro-
vide basic data for verifying whether playing football reg-
ularly can contribute to the prevention of BMD loss and
osteoporosis.

Therefore, this study aimed to determine and compare
blood vitamin D levels and BMD between premenopausal
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middle-aged females playing football and volleyball,
which is a popular and competitive sport for this genera-
tion in Japan [20], and non-exercise groups.

We hypothesised that as football is an outdoor sport,
the female football group will have higher blood vitamin
D levels than the other groups. In addition, the female
football and volleyball groups would have higher BMDs
than the non-exercise group.

Methods

Participants and study design

This was a cross-sectional study, and participants were
women aged 40-49 years. The football group consisted
of football players who played outdoors. The volley-
ball group consisted of volleyball players who played
indoors, and the non-exercise group consisted of women
who did not exercise regularly (exercise<once a week).
In this study, the football players had been playing in
the Chiba Prefecture Female’s Football League for more
than 2 years. The volleyball players had been playing in
the Chiba Prefecture Senior Volleyball League for more
than 2 years. Both groups had not participated regu-
larly in any outdoor team sports for the past 2 years. The
exclusion criteria were as follows: age <40 years or >50
years at the time of measurement, menopause (spontane-
ous or secondary to surgery), and consumption of drugs
such as heparin, warfarin, cyclosporine, glucocorticoids,
medroxyprogesterone, acetate, cancer drugs, and thyroid
hormones.

To recruit participants, posters were created regard-
ing the study participation, and an invitation was sent by
e-mail to the football and volleyball team members active
in Chiba Prefecture in Japan. Those who were insuffi-
ciently active were invited to participate by directly hand-
ing posters to them. A total of 103 participants consented
to participate in the study and in all measurements. Of
these, 92 participants were divided into three groups
for analysis: 27 in the football group, 40 in the volleyball
group, and 25 in the non-exercise group. Ten postmeno-
pausal women and one out-of-target age participant
were excluded (Fig. 1). Measurements were conducted in
October 2022 at Sakura Campus of Juntendo University.
All measurements were obtained on the same day for the
same participants.

The study was conducted with the approval of the
Research Ethics Committee of the Faculty of Sports and
Health Science of Juntendo University (Juntendo Uni-
versity Ethics Committee No. 2021-136) and in accor-
dance with the Declaration of Helsinki. Participants were
informed about the study in advance, and their informed
written consent was obtained.
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Total participants
N=103

October 2022

Total excluded (n=11)
Postmenopausal (n= 10)
Not aged 40 years (n=1)

Eligible participants
N=092

Football group
N=27

Volleyball group
N =

Non-exercise group
40 N=25

Fig. 1 Participant selection flow chart

Measurements and survey items

In this study, height, body composition, BMD, and blood
vitamin D concentrations were measured, and a ques-
tionnaire survey related to lifestyle and exercise habits
was administered.

Body composition measurements

Body composition was measured by bioelectrical imped-
ance analysis (BIA) using InBody 730 (InBody Japan Inc.,
Tokyo, Japan) to determine body weight, skeletal muscle
mass, body fat mass, body mass index (BMIL, kg/m?), body
fat percentage (%BF), and waist-to-hip ratio. The fat-free
mass index (FFMI) was calculated based on %BF mea-
sured by the BIA method. The conditions for body com-
position measurements were no food intake within the
last>8 h and no exercise prior to measurement.

Questionnaire survey

A questionnaire survey was conducted using an online
form that included information on athletic history, nutri-
tional intake, smoking status, drinking status, menstrual
cycle, and previous childbirth.

For the athletic history of the volleyball and football
groups, the survey asked about years of play, frequency
of play per week, and playing hours per day. The number
of years for continuous playing was based on the time of
measurement; for interruptions of play, the interruption
period was excluded.

The calcium intake score was calculated based on the
calcium intake score reported by Ishii and Mizutani [21]
in addition to the frequency of fish and mushroom con-
sumption and the presence or absence of supplement
intake within 1 week.

Smoking status was determined by examining whether
there was a current smoking habit, a history of smoking
in the past, or other smokers around the participants.

Drinking status was investigated regarding current
alcohol consumption, frequency of alcohol consumption
within 1 week, and amount of alcohol consumed per day.

Menstrual status was determined based on current
menstruation, past menstrual irregularities, and age at
which irregular menstruation occurred.

Regarding childbirth experience, the presence or
absence of childbirth and the number of deliveries were
obtained.
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Measurement of BMID

BMD was measured by dual-energy X-ray absorptiom-
etry using an X-ray bone densitometer (Hologic Discov-
ery-A; Hologic Inc., Bedford, MA, USA). In this study,
to diagnose osteoporosis, measurements were obtained
at the following two sites: the second to the fourth lum-
bar vertebrae and the right femoral neck. The Z score for
BMD, including same-age comparisons, was obtained,
with the mean value assessed as being out of the age
equivalent if<—2.0 [22].

All BMD measurements were performed by an ortho-
paedic doctor and assessed according to the International
Society for Clinical Densitometry protocol [23]. Cali-
bration was performed before measurements using the
phantom.

Blood vitamin D level measurements
Vitamin D stores in the body were assessed by measur-
ing the serum 25-OHD concentration. Blood samples
were collected and analysed using the chemiluminescent
enzyme immunoassay method at the SRL Clinical Labo-
ratory (Tokyo, Japan).

All measurements were carried out in October 2022.

Statistical analysis

Participants’ age, height, and body composition are
expressed as meantstandard deviation, whereas BMD
and blood 25-OHD concentration are expressed as
mean values and 95% confidence intervals (Cls) for the
error range. For between-group comparisons of partici-
pant characteristics, the Shapiro—Wilk test was used to
check for normality. One-way analysis of variance was
performed for items for which normality was found, and
Tukey’s test was used for subsequent multiple compari-
sons. For items where normality was not found, the Krus-
kal-Wallis test was performed, and the Bonferroni test
was used for subsequent multiple comparisons.

(2024) 16:147

Page 4 of 10

Categorical variables in the questionnaire were cal-
culated as percentages within groups for each question
item, and Pearson’s x-square test was used for between-
group comparisons.

For between-group comparisons of blood 25-OHD
concentration, lumbar spine BMD, and femoral neck
BMD, analysis of covariance was performed using age
and BMI as confounders. Bonferroni’s test was per-
formed for subsequent multiple comparisons.

As sample size calculation was not conducted before
recruitment, a post hoc power analysis was performed
to confirm the probability of a type-II error. Effect size
(n®) and power were calculated using G*power 3.1.9.7
software.

All statistical analyses were conducted using IBM SPSS
Statistics version 22 (IBM Corp., Armonk, NY, USA),
with a significance level of 5%.

Results

Participants’ characteristics

Age, height, and body composition

The group comparisons for age, height, and body com-
position are presented in Table 1. The football group was
significantly older than the volleyball and non-exercise
groups (P=0.01). Skeletal muscle mass was significantly
higher in the football and volleyball groups than in the
non-exercise group (P=0.02 and P=0.01, respectively).
Skeletal muscle percentage was significantly higher in the
football group than in the non-exercise group (P=0.01)
(no significant difference with the volleyball group,
P=0.06). FEMI was significantly higher in the football
and volleyball groups than in the non-exercise group
(P=0.01, P=0.01). Furthermore, the waist-to-hip ratio
was significantly lower in the football group than in the
non-exercise and volleyball groups (P=0.01). No signifi-
cant differences were found between groups in terms of
height, weight, body fat mass, BMI, or %BF.

Table 1 Comparison of age, height, and body composition between groups

Non-exercise (n=25) Volleyball (n=40) Football (n=27) P-value® Effect size Power
Age (years) 440+2.3° 443428 46.0+2.7%* 0.01 0.10 0.79
Height (cm) 160.2+£5.8 161.1£55 1599+4.8 0.61 0.01 0.13
Weight (kg) 57178 60.1+9.1 576+7.8 0.38 0.03 0.25
Skeletal muscle mass (kg) 211421 23.1+£29* 22.8+2.5% 0.02 0.10 0.80
Body fat amount (kg) 180+5.9 17.7+6.9 16.0+5.0 048 0.02 0.20
Body mass index (kg/mz) 223+32 23.3+42 225+26 0.79 0.01 0.16
Body fat percentage (%) 309+64 28.7+70 272+55 0.11 0.05 044
Skeletal muscle percentage (%) 37.1+34 38.7+38 39.7+3.0% 0.01 0.07 0.64
Fat-free mass percentage (kg/m?) 15311 163+1.7* 163+1.2% 0.01 0.02 0.82
Waist-hip ratio 0.85+0.05 0.85+0.05 0.8240.04** 0.01 0.97 0.78

? Average tstandard deviation
b p: analysis of covariance

* P<0.05: vs. non-exercise

** P<0.05: vs. volleyball
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Table 2 Comparison of years of play in the exercise group

Volleyball Football P-value ¢
(n=40) (n=27)
<3years® 0 5 0.01
00)° (18.5)
3-5 years 3 0
(7.5) (0.0)
5-10 years 8 1
(20.0) (40.7)
11-15 years M 6
(27.5) (222
15-20 years 4 1
(10.0) (3.7)
>20 years © 14 4
(35.0) (14.8)

# Number (%)
b <3 years: less than 3 years
€>20 years: More than 20 years

9 P: analysis of covariance

Table 3 Comparison of frequency of play in the exercise group

Volleyball Football P-value®
(n=40) (n=27)
<1 time/month © 1 1 0.59
@25)° 3.7)
2 times/month 3 2
(7.3) (7.4)
3 times/month 0 1
(0.0) (3.7)
<1 time/week 12 7
(30.0) (25.9)
2 times/week 14 11
(35.0) (40.7)
3 times/week 5 5
(12.5) (18.5)
4 times/week 3 0
(7.5) 0.0)
>5 times/week ¢ 2 0
(5.0) (0.0)

2 Number (%)

b P: analysis of covariance

€<1 time/month: less than 1 time
95 times/week: more than 5 times

Questionnaire survey
Athletic competition status

Table 2 presents the years of play. Table 3 presents the
frequency of play. Table 4 presents the hours played per
session for the volleyball and football groups.

The football group exhibited the highest percentage
of respondents who had been playing for 5-10 years
(40.7%), whereas the volleyball group had the highest
percentage of respondents who had been playing for >20
years (35.0%). There was a significant difference between
the groups in years of play (P=0.01), with the ‘less than
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Table 4 Comparison of playing hours per time in the exercise

group
Volleyball Football P-value®
(n=40) (n=27)

<1-2h¢ 27 12 0.17
67.5)° (44.4)

2-3h 1 13
(27.5) (48.1)

3-4h 2 2
(5.0) (7.4)

2 Number (%)
b p: analysis of covariance
€<1-2h:lessthan Thto2h

Table 5 Comparison of frequency of fish consumption within a
week between groups

Non-exercise  Volleyball  Football ~ P-value®
(n=25) (n=40) (n=27)
1 time 15 22 13 0.79
(60.0) @ (55.0) (48.1)
2 times 6 12 9
(24.0) (30.0) (33.3)
3 times 4 4 4
(16.0) (10.0) (14.8)
4 times 0 1 0
(0.0) (2.5) (0.0)
5 times 0 0 1
(0.0) 0.0 (3.7)
6 times 0 0 0
(0.0) (0.0) (0.0)
>7 times © 0 1 0
(0.0) (2.5 (0.0)

2 Number (%)
b p: analysis of covariance
€>7 times: more than 7 times/week

3 years’ option showing a difference in frequency based
on an adjusted residual analysis. The largest proportion
of both groups played ‘twice a week’ The football group
had the highest proportion of respondents (48.1%) who
played ‘less than 2-3 hours, whereas the volleyball group
had the highest proportion (67.5%) who played ‘less than
1-2 hours’

Nutritional intake status

The frequency of fish and mushroom intake per week,
calcium intake scores, and supplement intake are pre-
sented in Tables 5, 6 and 7, and 8. No significant dif-
ferences were observed between the groups for any
outcome.

Smoking status
Table 9 presents the current smoking status, and Table 10
shows the presence or absence of smokers around the
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Table 6 Comparison of frequency of mushroom consumption
within a week between groups
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b

Non-exercise ~ Volleyball  Football  P-value
(n=25) (n=40) (n=27)
1 time 6 9 14 0.23
(24.0)° (22.5) (51.9)
2 times 8 16 3
(32.0) (40.0) (11.1)
3 times 7 6 4
(28.0) (15.0) (14.8)
4 times 2 4 2
(8.0) (10.0) (7.4)
5 times 1 3 2
(4.0) (7.5) (7.4)
6 times 1 1 0
(4.0) (2.5) 0.0)
>7 times © 0 1 2
(0.0) (2.5) (7.4)

2 Number (%)
b p: analysis of covariance

€>7 times: more than 7 times/week

Table 7 Comparison of calcium intake score between groups

Non-exercise Volleyball Football P-value®

(n=25) (n=40) (n=27)

Calcium intake score  53+2.3° 53+25 63+24 074

#Numbertstandard deviation

b p: analysis of covariance

Table 8 Comparison of supplement intake or not between

groups
Non-exercise Volleyball Football P-value®
(n=25) (n=40) (n=27)
Yes 6 9 8 0.80
(24.0)° (22.5) (29.6)
No 19 31 19
(76.0) (77.5) (70.4)
2 Number (%)
b P: analysis of covariance
Table 9 Current smoking status
Non-exercise Volleyball Football P-value®
(n=25) (n=40) (n=27)
None 21 25 22 0.14
(84.0)° (62.5) (81.5)
Past experience 2 6 4
(8.0) (15.0) (14.8)
Yes 2 9 1
(8.0) (22.5) (3.7)

2 Number (%)

b p: analysis of covariance
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participants. No significant differences were found
between groups for either outcome.

Drinking status

The frequency and amount of alcohol consumed per day
are listed in Tables 11 and 12, respectively. No significant
differences were found in either the frequency or amount
of alcohol consumed per day.

Menstrual status

Seventy-five participants (74.3%) answered ‘no’ to the
question ‘have you ever experienced amenorrhoea or rare
menstruation in the past, except before or after child-
birth! Of the 17 participants who had ‘ever’ experienced
amenorrhoea, six experienced amenorrhoea or rare men-
struation in their teenage years. No significant differences
were observed between the groups in terms of previous
amenorrhoea or amenorrhoea.

Childbirth experience

The number of births is presented in Table 13. The high-
est number of deliveries experienced was ‘twice’ in the
football, volleyball, and non-exercise groups. There were
no significant differences between groups in terms of the
number of births.

Multivariate analysis of blood vitamin D concentration and
BMD

The results of the multivariate analysis for blood 25-OHD
concentrations and BMD, with age and BMI as adjust-
ment factors, are presented in Table 14. Blood 25-OHD
concentrations were higher in the football group than
in the non-exercise and volleyball groups (P<0.01, n*> =
0.15). Furthermore, lumbar spine BMD was higher in the
volleyball group than in the non-exercise group (P<0.01,
n?=0.16), and femoral neck BMD was higher in the foot-
ball and volleyball groups than in the non-exercise group
(P<0.01, n* = 0.23). Z-scores for lumbar spine and fem-
oral neck BMD were higher in the football and volley-
ball groups than in the non-exercise group (P=0.03 and
P<0.01, n* = 0.16, respectively).

Discussion

This study examined BMD and blood vitamin D levels of
premenopausal middle-aged female football players and
compared them with those of females of the same age
who played volleyball and did not exercise regularly. The
results showed that the football and volleyball groups had
significantly higher Z-scores for the femoral neck and
lumbar spine BMD than the non-exercise group. Further-
more, blood vitamin D levels in the football group were
significantly higher than those in the volleyball and non-
exercise groups.
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Table 10 Smokers around
Non-exercise Volleyball Football P-value®
(n=25) (n=40) (n=27)
None 17 19 16 043
(68.0)° (47.5) (59.3)
Roommate 6 16 10
(24.0) (40.0) (37.0)
Not a roommate/others 2 5 1
(8.0) (12.5) (3.7)

2 Number (%)

b p: analysis of covariance

Table 11 Comparison of current frequency of alcohol
consumption between groups

Table 12 Comparison of amount of alcohol consumption per
day between groups

Non-exercise  Volleyball Football P-value® Non-exercise Volleyball Football P-value®
(n=25) (n=40) (n=27) (n=25) (n=40) (n=27)
None 6 13 8 0.07 Non 6 14 10 0.54
(24.0)° (32.5) (29.6) (24.0)° (35.0) (37.0)
<1time/week 4 13 3 <20g° 1 17 12
(16.0) (32.5) (11.1) (44.0) (42.5) (44.4)
1 time/week 3 1 6 20-40g 7 6 4
(12.0) (2.5) (22.2) (28.0) (15.0) (14.8)
2 times/week 4 3 6 40-60 g 0 0 1
(16.0) (7.5) (22.2) (0.0) (0.0) (3.7)
3 times/week 1 1 1 60-80 g 0 0 0
(4.0) (2.5) (3.7) (0.0) (0.0) (0.0)
4times/week 1 2 0 >80g¢ 1 3 0
(4.0) (5.0) (0.0) (4.0) (7.5) (0.0)
5 times/week 0 2 2 2 Number (%)
0.0) (5.0) (7.4) b p: analysis of covariance
6 times/week 0 0 0 €<20 g: less than 20 g/day
(0.0) (0.0) 0.0) 9>80 g: more than 80 g/day
Every day 6 7 1
(24.0) (17.5) (3.7) Blood vitamin D levels

2 Number (%)

b p: analysis of covariance

€<1 time/week: less than 1 time/week

Table 13 Comparison of number of childbirth experiences

between groups

Non-exercise  Volleyball ~ Football  P-value®
(n=25) (n=40) (n=27)
None 1 0 6 0.06
(0.0)° (0.0) (22.2)
1 time 2 6 3
(8.0) (15.0) (11.1)
2 times 17 21 1
(68.0) (52.5) (40.7)
3 times 4 12 6
(16.0) (30.0) (22.2)
>4 times © 1 1 1
(4.0) (2.5) (3.7)

@ Number (%)

b P: analysis of covariance

€ >4 times: more than 4 times

The football group had the highest blood vitamin D lev-
els compared with the other two groups, whereas the
volleyball and non-exercise groups had comparable val-
ues. Blood vitamin D levels are increased by the produc-
tion of vitamin D in the skin due to ultraviolet radiation
associated with skin exposure to the sun [24]. Therefore,
because those players in the football group regularly
played in summer (July to September 2022), it is possible
that body vitamin D stores may have increased during
football matches; these are outdoor activities that provide
more frequent opportunities for exposure to sunlight.
Maruyama et al. [19] reported that blood 25-OHD levels
were higher throughout the year in outdoor sports ath-
letes than in indoor sports athletes. In addition, a study
investigating the relationship between sunlight exposure
and blood 25-OHD concentrations in adult males living
in urban India found that blood 25-OHD concentrations
increased with increasing sunlight exposure [25]. Fur-
thermore, Ono et al. [24] investigated seasonal variations
in blood 25-OHD concentrations of 197 members of the
general population aged 20-68 years living in the Tokai
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Table 14 Multivariate analysis of 25-OHD levels and bone mineral density between groups
Non-exercise Volleyball Football P-value® Effect size Power
(n=25) (n=40) (n=27)

25-OHD (ng/mL) 14.9 15 19.4%* <0.01 0.15 0.95
(12.7-17.0)°® (13.3-16.7) (17.7-21.1)

Bone density of lumbar spine (g/cm? 1.024 1.151% 1.104 <001 0.16 0.96
(0.970-1.077) (1.113-1.189) (1.056-1.152)

Bone density of femoral neck (g/cm?) 0.708 0.824* 0.833* <0.01 0.23 0.99
(0.664-0.751) (0.791-0.858) (0.797-0.870)

Bone density of Lumbar spine (Z score) 0.140 1.108* 0.811% <0.01 0.16 0.97
(-0.253-0.533) (0.823-1.392) (0.450-1.172)

Bone density of femoral neck (Z score) -0.352 0.777% 0.948*% <0.01 0.24 0.99
(—0.764-0.060) (0451-1.104) (0.582-1.314)

2 Average (95% confidential interval)

bp: analysis of covariance

¢ Confounders: age, body mass index (BMI, only BMI for Z score)
*P<0.05: vs. non-exercise; **P<0.05: vs. volleyball

25-OHD, 25-hydroxy vitamin D

region of Japan and reported that the mean values were
lowest during late winter and highest during late sum-
mer. Compared to the average annual sunshine hours
in the Tokai region, the results showed that vitamin D
production in the skin due to exposure to sunlight had a
significant effect on blood 25-OHD concentrations [24].
Therefore, in line with these previous studies, we con-
sidered that the football group, whose members played
outdoors, had significantly higher blood 25-OHD con-
centrations than the other two groups, whereas those
of the volleyball group, whose members played indoors,
were comparable to those of the non-exercise group.

However, the cut-off value for a satisfactory blood
25-OHD concentration is 20 ng/mL or higher, although
neither group was in a satisfactory state in the pres-
ent study. As blood 25-OHD levels fluctuate, reflecting
body production from sun exposure and food intake
[17], it is possible that the participants in this study did
not frequently consume vitamin D-rich foods. Vitamin D
is abundant in fish and mushrooms [26]. Regarding this
study’s questionnaire, most of the respondents stated
their frequency of consumption of those foods as once/
week. Owing to this low vitamin D intake, participants in
this study did not have vitamin D levels above the cut-off
value, even in the football group.

BMD

The football and volleyball groups exhibited significantly
higher Z-scores for femoral neck and lumbar spine BMD
than the non-exercise group.

Volleyball is a sport that combines intermittent active
and passive play and is based on the repetition of move-
ments such as vertical jumps, spikes, blocks, and serves
[27]. In a study by Alfredson et al. [28] that compared
the BMD in 13 female volleyball players and 13 females
who did not regularly exercise, the volleyball players had

a significantly higher BMD in the lumbar spine, femoral
neck, femoral greater trochanter, and femur on the non-
dominant leg side than non-exercising females. Ito et al.
[29] studied the BMD of pre-, peri-, and postmenopausal
females who habitually played volleyball and found a sig-
nificantly higher BMD in the lumbar spine, tibia, and cal-
caneus in the volleyball group than in the non-exercise
group. These previous studies suggest that repetitive
jumping movements characteristic of volleyball may pro-
vide a vertical mechanical stimulus to the bones and pro-
mote bone formation, resulting in higher lumbar spine
and femoral neck BMD.

Football is characterised by repetitive running with
quick changes in direction, acceleration and deceleration,
jumping, and kicking [30]. Alfredson et al. [31] measured
and compared the BMD in 16 female football players and
13 females who did not exercise regularly. They reported
that female footballers had significantly higher BMD in
the lumbar spine and femoral neck than the non-exercis-
ing females. In addition, Hage [32] investigated the effect
of football practice on hip BMD in females and reported
that the BMD at the femoral neck was significantly higher
in the football group than in the non-exercise group.
Additionally, other measures of bone strength, such as
bone cross-sectional area and cortical thickness, were
also significantly higher in the female football group.
Hence, continued competition-specific movements in
football may increase femoral neck BMD, particularly
due to mechanical stimulation of the femoral neck, which
constitutes the hip joint.

In addition to skeletal muscle mass, skeletal muscle
percentage, which is the ratio of skeletal muscle mass
to body weight, and FFMI were significantly higher
in the football group than in the non-exercise group,
while skeletal muscle mass and FFMI were significantly
higher in the volleyball group than in the non-exercise
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group. The skeletal and muscular systems are considered
interdependent, and a large cross-sectional study in the
United States of America reported a positive correlation
between skeletal muscle mass and whole-body, lumbar
spine, and pelvic BMD [33, 34]. Therefore, it was likely
that the BMD would be higher in the football and vol-
leyball groups, which had a higher skeletal muscle mass,
skeletal muscle percentage, and FFMIL

Limitations

This study had several limitations. As this study had
a cross-sectional design, it was not possible to explain
the causal relationship between the playing of football
and blood vitamin D levels and BMD. BMD reaches its
maximum value in the late teenage years [35]; there-
fore, it is important to know whether regular physical
activity was a habit during adolescence. However, the
questionnaire administered in the present study did
not provide details on the regular exercise habits of the
participants during their teenage years. In addition, as
vitamin D is produced by UV radiation to the skin, it
is possible that the use of sunscreen creams may have
affected vitamin D production in the participants.
Therefore, future research should investigate the asso-
ciation between sunscreen cream use and participants’
blood vitamin D levels. Furthermore, the amount of
UV radiation required to produce vitamin D in the
skin is influenced by season and latitude [18], and the
amount of vitamin D produced by exposure to sun-
light varies according to skin colour [36]. This study
did not evaluate the amount of sun exposure, and the
participants were Japanese females only. Therefore,
the results of the present study need to be examined
in a larger sample size before they can be generalised.
Finally, the present study did not include bone forma-
tion makers, such as osteocalcin, and bone resorption
markers, such as amino-terminal cross-linked telopep-
tide of type 1 collagen, for data validation.

Conclusions

Premenopausal female football players in their 40s had
a significantly higher femoral neck BMD and blood
vitamin D concentrations than the non-exercise female
group. Although football players had fewer years of
play than volleyball players, their blood vitamin D lev-
els were significantly higher than those in the other
groups. As blood vitamin D levels are associated with
increased bone metabolism and BMD, continuously
playing football may contribute to the prevention
of future postmenopausal bone loss. Future studies
should prospectively consider the influence of detailed
confounders such as training hours, nutritional intake,
and amount of sun exposure between the groups.

(2024) 16:147

Page 9 of 10

Abbreviations

25-OHD  25-hydroxy Vitamin D

BIA Bioelectrical Impedance Analysis
BMD Bone Mineral Density

BMI Body Mass Index

a Confidence Interval

FEMI Fat-Free Mass Index

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/513102-024-00938-x.

[ Supplementary Material 1 J

Acknowledgements

We would like to thank the Research Project of the Institute of Health and
Sports Science & Medicine at Juntendo University for their valuable help in
conducting this study. We also would like to thank Editage (www.editage.
com) for English language editing.

Author contributions

K.S wrote the paper. T.M was responsible for study design, participant
recruitment, and assisted in writing the paper. Y.S and M.N analysed the
data and provided advice on the data analysis. Y.l was responsible for
participant recruitment. Y.K assisted in writing of the paper.Y.S was in charge
of participant recruitment. J.I, T.O, and K.T advised on the study design of the
paper. M.Y was in charge of the study’s overall design.

Funding
This study was funded by the Japan Football Association.

Data availability

Raw data were generated at the Faculty of Health Science, Juntendo
University. Derived data supporting the findings of this study are available
from the corresponding author, Takayuki Miyamori, on request.

Declarations

Ethics approval and consent to participate

The study was conducted with the approval of the Research Ethics Committee
of the Faculty of Sports and Health Science of Juntendo University (Juntendo
University Ethics Committee No. 2021 —136) and in accordance with the
Declaration of Helsinki. Participants were informed about the study in advance
and their informed written consent was obtained.

Consent for publication
Not applicable.

Competing interests

The study was conducted under a contract research agreement between
Juntendo University and the Japan Football Association. MY received a
research grant from the Japan Football Association to conduct this study. The
other authors declare that they have no conflicts of interest to disclose.

Author details

!Graduate School of Health and Sports Science, Juntendo University,
Chiba, Japan

2Department of Physical Therapy, Faculty of Health Science, Juntendo
University, Tokyo, Japan

3Graduate School of Health Science, Juntendo University, Tokyo, Japan
“Graduate School of Health and Sports Science, Juntendo University,
Chiba, Japan

°Department of Orthopedic Surgery, Faculty of Medicine, Juntendo
University, Tokyo, Japan

5Medical Technology Innovation Center, Juntendo University, Tokyo,
Japan

’School of Science and Technology for Future Life, Tokyo Denki University,
Tokyo, Japan

8) Medical Oyumino, Chiba, Japan


https://doi.org/10.1186/s13102-024-00938-x
https://doi.org/10.1186/s13102-024-00938-x

Sakamoto et al. BMC Sports Science, Medicine and Rehabilitation

“Department of Sports Science, Faculty of Health and Sports Science,
Juntendo University, Chiba, Japan
1%)apan Football Association, Tokyo, Japan

Received: 15 April 2024 / Accepted: 28 June 2024
Published online: 02 July 2024

References

1.

Dvorak J, Junge A. Twenty years of the FIFA Medical Assessment and
Research Centre: from'Medicine for Football'to ‘Football for Health' Br J
Sports Med. 2015;49:561-3.

Japan Football Association. Databox. https://wwwijfajp/about_jfa/organiza-
tion/databox/playerhtml. Accessed 12 Jan 2024.

Chiba Football Association. O-40 women'’s national open tournament. Chiba.
https://chiba-fa.grjp/11women/. Accessed 12 Jan 2024.

Krustrup P, Dvorak J, Junge A, Bangsbo J. Executive summary: the health and
fitness benefits of regular participation in small-sided football games. Scand J
Med Sci Sports. 2010,20(Suppl 1):132-5.

Krustrup P, Helge EW, Hansen PR, Aagaard P, Hagman M, Randers MB, et al.
Effects of recreational football on women'’s fitness and health: adaptations
and mechanisms. Eur J Appl Physiol. 2018;118:11-32.

Bangsbo J, Hansen PR, Dvorak J, Krustrup P. Recreational football for disease
prevention and treatment in untrained men: a narrative review examining
cardiovascular health, lipid profile, body composition, muscle strength and
functional capacity. Br J Sports Med. 2015;49:568-76.

Hagman M, Helge EW, Hornstrup T, Fristrup B, Nielsen JJ, Jorgensen NR, et al.
Bone mineral density in lifelong trained male football players compared with
young and elderly untrained men. J Sport Health Sci. 2018;7:159-68.

Mohr M, Helge EW, Petersen LF, Lindenskov A, Weihe P, Mortensen J, et al.
Effects of soccer vs swim training on bone formation in sedentary middle-
aged women. Eur J Appl Physiol. 2015;115:2671-9.

Helge EW, Andersen TR, Schmidt JF, Jorgensen NR, Hornstrup T, Krustrup P, et
al. Recreational football improves bone mineral density and bone turnover
marker profile in elderly men. Scand J Med Sci Sports. 2014;24(Suppl
1):98-104.

Helge EW, Aagaard P, Jakobsen MD, Sundstrup E, Randers MB, Karlsson MK,
et al. Recreational football training decreases risk factors for bone fractures

in untrained premenopausal women. Scand J Med Sci Sports. 2010,20(Suppl
1):31-9.

Cheng CH, Chen LR, Chen KH. Osteoporosis due to hormone imbalance: an
overview of the effects of estrogen deficiency and glucocorticoid overuse on
bone turnover. Int J Mol Sci. 2022:23:1376.

NIH Consensus Development Panel on Osteoporosis, Prevention D. Osteopo-
rosis prevention, diagnosis, and therapy. JAMA. 2001;285:785-95.

Tarski W, Kosiorowska J, Szymariska-Chabowska A. Osteoporosis-risk factors,
pharmaceutical and non-pharmaceutical treatment. Eur Rev Med Pharmacol
Sci. 2021,25:3557-66.

Lehtonen-Veromaa MK, Mottonen TT, Nuotio IO, Irjala KMA, Leino AE. Vitamin
D and attainment of peak bone mass among peripubertal Finnish girls: a 3-y
prospective study. Am J Clin Nutr. 2002;76:1446-53.

Nakamura K, Tsugawa N, Saito T, Ishikawa M, Tsuchiya Y, Hyodo K, et al.
Vitamin D status, bone mass, and bone metabolism in home-dwelling post-
menopausal Japanese women: Yokogoshi Study. Bone. 2008;42:271-7.

Ohta H, Kuroda T, Onoe Y, Orito S, Ohara M, Kume M, et al. The impact of
lifestyle factors on serum 25-hydroxyvitamin D levels: a cross-sectional study
in Japanese women aged 19-25 years. J Bone Min Metab. 2009,27:682-8.
Nakamura K. Vitamin D insufficiency in Japanese populations: from the
viewpoint of the prevention of osteoporosis. J Bone Min Metab. 2006;24:1-6.

(2024) 16:147

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31
32.

33.

34.

35.

36.

Page 10 of 10

Passeron T, Bouillon R, CallenderV, Cestari T, Diepgen TL, Green AC, et

al. Sunscreen photoprotection and vitamin D status. Br J Dermatol.
2019;181:916-31.

Maruyama-Nagao A, Sakuraba K, Suzuki Y. Seasonal variations in vitamin D
status in indoor and outdoor female athletes. Biomed Rep. 2016;5:113-7.
Takaoka H. Reproduction of ‘housewifeliness'in housewives sports activities:
the case of the characteristics and institutionalization of the Mum'’s Volleyball.
Japan J Phys Educ Hlth Sport Sci. 2008;53:391-407.

Ishii K, Mizutani K. Usefulness of calcium self-check sheet. Seikei-Saigai geka.
2018;61:1081-9.

Ebeling PR, Nguyen HH, Aleksova J, Vincent AJ, Wong P, Milat F. Secondary
osteoporosis. Endocr Rev. 2022;43:240-313.

Lewiecki EM, Binkley N, Bilezikian JP, Kendler DL, Leib ES, Petak SM. Official
positions of the International Society for Clinical Densitometry. Osteoporos
Int. 2006;17:1700-1.

OnoY, Suzuki A, Kotake M, Zhang X, Nishiwaki-Yasuda K, Ishiwata Y, et al.
Seasonal changes of serum 25-hydroxyvitamin D and intact parathyroid
hormone levels in a normal Japanese population. J Bone Min Metab.
2005;23:147-51.

Patwardhan VG, Mughal ZM, Chiplonkar SA, Webb AR, Kift R, Khadilkar WV, et
al. Duration of casual sunlight exposure necessary for adequate vitamin D
status in Indian men. Indian J Endocrinol Metab. 2018;22:249-55.

Nakamura K, Nashimoto M, Okuda Y, Ota T, Yamamoto M. Fish as a major
source of vitamin D in the Japanese diet. Nutrition. 2002;18:415-6.

Borras X, Balius X, Drobnic F, Galilea P. Vertical jump assessment on volleyball:
a follow-up of three seasons of a high-level volleyball team. J Strength Cond
Res. 2011;25:1686-94.

Alfredson H, Nordstrom P, Lorentzon R. Bone mass in female volleyball play-
ers: a comparison of total and regional bone mass in female volleyball players
and nonactive females. Calcif Tissue Int. 1997,60:338-42.

[to M, Nakamura T, lkeda S, Tahara Y, Hashmi R, Tsurusaki K, et al. Effects of
lifetime volleyball exercise on bone mineral densities in lumbar spine, calca-
neus and tibia for pre-, peri- and postmenopausal women. Osteoporos Int.
2001;12:104-10.

Grimston SK, Willows ND, Hanley DA. Mechanical loading regime and its
relationship to bone mineral density in children. Med Sci Sports Exerc.
1993;25:1203-10.

Alfredson H, Nordstrom P, Lorentzon R. Total and regional bone mass in
female soccer players. Calcif Tissue Int. 1996;59:438-42.

Hage RE. Geometric indices of hip bone strength in young female football
players. J Musculoskelet Neuronal Interact. 2013;13:206-12.

Han H, Chen S,Wang X, Jin J, Li X, Li Z. Association between muscle strength
and mass and bone mineral density in the US general population: data from
NHANES 1999-2002. J Orthop Surg Res. 2023;18:397.

Qin H, Jiao W. Correlation of muscle mass and bone mineral density in the
NHANES US general population, 2017-2018. Med (Baltim). 2022;101:e30735.
Orito S, Kuroda T, Onoe Y, Sato Y, Ohta H. Age-related distribution of bone
and skeletal parameters in 1,322 Japanese young women. J Bone Min Metab.
2009;27:698-704.

Glass D, Lens M, Swaminathan R, Spector TD, Bataille V. Pigmentation and
vitamin D metabolism in caucasians: low vitamin D serum levels in fair skin
types in the UK. PLoS ONE. 2009;4:e6477.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.jfa.jp/about_jfa/organization/databox/player.html
https://www.jfa.jp/about_jfa/organization/databox/player.html
https://chiba-fa.gr.jp/11women/

	﻿Vitamin D levels and bone mineral density of middle-aged premenopausal female football and volleyball players in Japan: a cross-sectional study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Participants and study design
	﻿Measurements and survey items
	﻿Body composition measurements
	﻿Questionnaire survey
	﻿Measurement of BMD
	﻿Blood vitamin D level measurements


	﻿Statistical analysis
	﻿Results
	﻿Participants’ characteristics
	﻿Age, height, and body composition




