
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Sakamoto et al. BMC Sports Science, Medicine and Rehabilitation          (2024) 16:147 
https://doi.org/10.1186/s13102-024-00938-x

BMC Sports Science, Medicine 
and Rehabilitation

*Correspondence:
Takayuki Miyamori
t.miyamori.hi@juntendo.ac.jp

Full list of author information is available at the end of the article

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 UMIN000054235. 2024/04/23. Retrospectively registered.

Keywords  Bone mineral density, 25-hydroxy vitamin D, Middle-aged, Premenopausal, Football, Volleyball, Exercise 
habits
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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 

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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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 (BMI, kg/m²), 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.

Fig. 1  Participant selection flow chart
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Measurement of BMD
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 mean ± standard deviation, whereas BMD 
and blood 25-OHD concentration are expressed as 
mean values and 95% confidence intervals (CIs) 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.

Categorical variables in the questionnaire were cal-
culated as percentages within groups for each question 
item, and Pearson’s χ-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 
(η²) 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). FFMI 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 b Effect size Power

Age (years) 44.0 ± 2.3a 44.3 ± 2.8 46.0 ± 2.7** 0.01 0.10 0.79
Height (cm) 160.2 ± 5.8 161.1 ± 5.5 159.9 ± 4.8 0.61 0.01 0.13
Weight (kg) 57.1 ± 7.8 60.1 ± 9.1 57.6 ± 7.8 0.38 0.03 0.25
Skeletal muscle mass (kg) 21.1 ± 2.1 23.1 ± 2.9* 22.8 ± 2.5* 0.02 0.10 0.80
Body fat amount (kg) 18.0 ± 5.9 17.7 ± 6.9 16.0 ± 5.0 0.48 0.02 0.20
Body mass index (kg/m²) 22.3 ± 3.2 23.3 ± 4.2 22.5 ± 2.6 0.79 0.01 0.16
Body fat percentage (%) 30.9 ± 6.4 28.7 ± 7.0 27.2 ± 5.5 0.11 0.05 0.44
Skeletal muscle percentage (%) 37.1 ± 3.4 38.7 ± 3.8 39.7 ± 3.0* 0.01 0.07 0.64
Fat-free mass percentage (kg/m²) 15.3 ± 1.1 16.3 ± 1.7* 16.3 ± 1.2* 0.01 0.02 0.82
Waist-hip ratio 0.85 ± 0.05 0.85 ± 0.05 0.82 ± 0.04** 0.01 0.97 0.78
a Average ± standard deviation
b P: analysis of covariance

* P < 0.05: vs. non-exercise

** P < 0.05: vs. volleyball
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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 

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 

Table 2  Comparison of years of play in the exercise group
Volleyball Football P-value d

(n = 40) (n = 27)
<3 years b 0 5 0.01

(0.0) a (18.5)
3–5 years 3 0

(7.5) (0.0)
5–10 years 8 11

(20.0) (40.7)
11–15 years 11 6

(27.5) (22.2)
15–20 years 4 1

(10.0) (3.7)
> 20 years c 14 4

(35.0) (14.8)
a Number (%)
b <3 years: less than 3 years
c >20 years: More than 20 years
d P: analysis of covariance

Table 3  Comparison of frequency of play in the exercise group
Volleyball Football P-value b

(n = 40) (n = 27)
< 1 time/month c 1 1 0.59

(2.5) a (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 d 2 0

(5.0) (0.0)
a Number (%)
b P: analysis of covariance
c <1 time/month: less than 1 time
d >5 times/week: more than 5 times

Table 4  Comparison of playing hours per time in the exercise 
group

Volleyball Football P-value b

(n = 40) (n = 27)
< 1–2 h c 27 12 0.17

(67.5) a (44.4)
2–3 h 11 13

(27.5) (48.1)
3–4 h 2 2

(5.0) (7.4)
a Number (%)
b P: analysis of covariance
c <1–2 h: less than 1 h to 2 h

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

Non-exercise Volleyball Football P-value b

(n = 25) (n = 40) (n = 27)
1 time 15 22 13 0.79

(60.0) a (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 c 0 1 0

(0.0) (2.5) (0.0)
a Number (%)
b P: analysis of covariance
c >7 times: more than 7 times/week
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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, η² = 
0.15). Furthermore, lumbar spine BMD was higher in the 
volleyball group than in the non-exercise group (P < 0.01, 
η² = 0.16), and femoral neck BMD was higher in the foot-
ball and volleyball groups than in the non-exercise group 
(P < 0.01, η² = 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, η² = 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.

Table 6  Comparison of frequency of mushroom consumption 
within a week between groups

Non-exercise Volleyball Football P-value b

(n = 25) (n = 40) (n = 27)
1 time 6 9 14 0.23

(24.0) a (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 c 0 1 2

(0.0) (2.5) (7.4)
a Number (%)
b P: analysis of covariance
c >7 times: more than 7 times/week

Table 7  Comparison of calcium intake score between groups
Non-exercise Volleyball Football P-value b

(n = 25) (n = 40) (n = 27)
Calcium intake score 5.3 ± 2.3a 5.3 ± 2.5 6.3 ± 2.4 0.74
a Number ± standard deviation
b P: analysis of covariance

Table 8  Comparison of supplement intake or not between 
groups

Non-exercise Volleyball Football P-value b

(n = 25) (n = 40) (n = 27)
Yes 6 9 8 0.80

(24.0) a (22.5) (29.6)
No 19 31 19

(76.0) (77.5) (70.4)
a Number (%)
b P: analysis of covariance

Table 9  Current smoking status
Non-exercise Volleyball Football P-value b

(n = 25) (n = 40) (n = 27)
None 21 25 22 0.14

(84.0) a (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)
a Number (%)
b P: analysis of covariance
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Blood vitamin D levels
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 

Table 10  Smokers around
Non-exercise Volleyball Football P-value b

(n = 25) (n = 40) (n = 27)
None 17 19 16 0.43

(68.0) a (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)
a Number (%)
b P: analysis of covariance

Table 11  Comparison of current frequency of alcohol 
consumption between groups

Non-exercise Volleyball Football P-value b

(n = 25) (n = 40) (n = 27)
None 6 13 8 0.07

(24.0) a (32.5) (29.6)
< 1 time/week 4 13 3

(16.0) (32.5) (11.1)
1 time/week 3 1 6

(12.0) (2.5) (22.2)
2 times/week 4 3 6

(16.0) (7.5) (22.2)
3 times/week 1 1 1

(4.0) (2.5) (3.7)
4 times/week 1 2 0

(4.0) (5.0) (0.0)
5 times/week 0 2 2

(0.0) (5.0) (7.4)
6 times/week 0 0 0

(0.0) (0.0) (0.0)
Every day 6 7 1

(24.0) (17.5) (3.7)
a Number (%)
b P: analysis of covariance
c <1 time/week: less than 1 time/week

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

Non-exercise Volleyball Football P-value b

(n = 25) (n = 40) (n = 27)
Non 6 14 10 0.54

(24.0) a (35.0) (37.0)
< 20 g c 11 17 12

(44.0) (42.5) (44.4)
20–40 g 7 6 4

(28.0) (15.0) (14.8)
40–60 g 0 0 1

(0.0) (0.0) (3.7)
60–80 g 0 0 0

(0.0) (0.0) (0.0)
> 80 g d 1 3 0

(4.0) (7.5) (0.0)
a Number (%)
b P: analysis of covariance
c <20 g: less than 20 g/day
d >80 g: more than 80 g/day

Table 13  Comparison of number of childbirth experiences 
between groups

Non-exercise Volleyball Football P-value b

(n = 25) (n = 40) (n = 27)
None 1 0 6 0.06

(0.0) a (0.0) (22.2)
1 time 2 6 3

(8.0) (15.0) (11.1)
2 times 17 21 11

(68.0) (52.5) (40.7)
3 times 4 12 6

(16.0) (30.0) (22.2)
> 4 times c 1 1 1

(4.0) (2.5) (3.7)
a Number (%)
b P: analysis of covariance
c >4 times: more than 4 times
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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 

Table 14  Multivariate analysis of 25-OHD levels and bone mineral density between groups
Non-exercise Volleyball Football P-value b 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) a (13.3–16.7) (17.7–21.1)

Bone density of lumbar spine (g/cm²) 1.024 1.151* 1.104 < 0.01 0.16 0.96
(0.970–1.077) (1.113–1.189) (1.056–1.152)

Bone density of femoral neck (g/cm²) 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) (0.451–1.104) (0.582–1.314)

a Average (95% confidential interval)
bP: analysis of covariance
c 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
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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 FFMI.

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.
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