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A prospective study was conducted to clarify the 1-year changes in lumbar spine and hip bone min-
eral density (BMD) and bone turnover markers in premenopausal amateur runners and to determine 
whether jumping and muscle-strengthening exercises have additive effects on the bone parameters in 
these runners. Thirty-six premenopausal amateur runners were recruited and were divided into the 
following two groups: a jumping plus muscle-strengthening exercise group (n =21) and a control group 
(n =15). All participants continued their running practice for 1 year, and the lumbar spine and total 
hip BMD and bone turnover markers were monitored. For all participants, the lumbar spine and total 
hip BMD increased modestly after 1 year (1.31% and 1.54%, respectively) in addition to increases in 
the bone-specific alkaline phosphatase, osteocalcin, and tartrate-resistant acid phosphatase 5b levels 
(13.2%–27.8%), indicating mild effects of running activity on bone turnover and BMD at clinically 
relevant skeletal sites. Jumping plus muscle-strengthening exercises did not significantly influence any 
bone parameters; however, it was difficult to draw definite conclusions because compliance was poor. 
These results suggest that long-distance running at the recreational level may be useful in maintaining 
bone health in premenopausal women. (doi: 10.2302/kjm.2013-0010-OA; Keio J Med 63 (3) : 43–51, 
September 2014)

Keywords: premenopausal women, long-distance runner, bone mineral density (BMD), jumping 
exercise, muscle-strengthening exercise

Introduction

Osteoporosis is a skeletal disorder characterized by 
compromised bone strength predisposing a person to an 
increased risk of fracture.1 Because estrogen deficiency 
after menopause causes rapid bone loss in women, osteo-
porosis commonly affects postmenopausal women and 
places them at an increased risk of fractures. Osteopo-
rotic fractures, particularly vertebral and hip fractures, 

are known to increase morbidity and mortality.2 Thus, 
the spine and hip are clinically important skeletal sites; 
appropriate management to prevent vertebral and hip 
fractures is considered to be crucial.

Peak bone mass is reached by age 30 years, with 90% of 
bone development completed by age 18.3 For most wom-
en, bone mass remains stable until menopause, when the 
loss of estrogen in conjunction with aging is associated 
with a decline in bone mineral density (BMD).4 Strate-
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gies for preventing osteoporotic fractures in women in-
clude maximizing peak bone mass, increasing bone mass 
before menopause, counteracting menopause-related 
bone loss, and preventing falls.5 Primarily, sports and ex-
ercise in the presence of sufficient calcium and vitamin 
D intake play an important role in the prevention of os-
teoporotic fractures throughout a woman’s life. Available 
evidence suggests that exercise stimulates bone growth 
in children (leading to an increase in peak bone mass), 
attenuates loss of BMD in postmenopausal women, and 
prevents falls in elderly women.5 Cross-sectional studies 
among young female athletes have revealed that runners 
and swimmers have a lower BMD than athletes perform-
ing weight-bearing activities.6 A systematic review study 
demonstrated that in young women, high-impact exercis-
es such as jumping increase the femoral neck BMD, and 
muscle-strengthening exercises are useful for increasing 
the lumbar spine BMD.7,8

Recently, the number of young adult women who at-
tempt to maintain their general health through running 
activities has increased. However, whether long-distance 
running enhances bone health in young adult women re-
mains uncertain, because very few prospective longitudi-
nal studies have demonstrated the effect of long-distance 
running at the recreational level on the lumbar spine and 
hip BMD in premenopausal women. In female athletes, 
Nikander et al.9 showed that long-term sport-specific ex-
ercises involving ground impacts (e.g., endurance run-
ning, ball games, jumping) were associated with thick-
er cortex at the distal and diaphyseal sites of the tibia, 
whereas Wilks et al.10 reported that the cortical BMD of 
the tibia in runners decreased systematically with run-
ning distance or training volume. Thus, the influence of 
endurance running on bone mass remains controversial. 
The purposes of the present study were (1) to clarify the 
1-year changes in the lumbar spine and total hip BMD 
as well as bone turnover markers in premenopausal ama-
teur runners and (2) to determine whether jumping and 
muscle-strengthening exercises have additive effects on 
the bone parameters in those runners.

Materials and Methods

Study design

This study was a 1-year prospective longitudinal study. 
The study was approved by the research ethics board of 
the Graduate School of Health Management, Keio Uni-
versity (Kanagawa, Japan). Written informed consent 
was obtained from all participants.

Participants

Forty-three premenopausal women were recruited 
from three running clubs and at two running events in 

Kanagawa and Tokyo, Japan. The inclusion criteria in-
cluded premenopausal women, amateur runners who 
participated in running clubs and/or running events regu-
larly, and running activity more than twice per week. The 
exclusion criteria included pregnancy, lactation, suffer-
ing from diseases such as rheumatoid arthritis, kidney 
disease, hyperthyroidism, fractures within 1 year, and 
medication related to bone metabolism (e.g., glucocor-
ticoid, vitamin D3, bisphosphonates). The participants 
were assigned randomly to a running plus jumping and 
muscle-strengthening exercise group (exercise group) or 
a running only group (control group). The random assign-
ment procedure was performed using random numbers 
generated by a computer program. The duration of the 
study was 1 year, and running activities were continued 
throughout the year. In the exercise group, the subjects 
were instructed to perform a maximum jumping exercise 
ten times a day, 3 days per week, and trunk muscle (four 
core muscles) strengthening exercises ten times a day, 
3 days per week. The lumbar spine and total hip BMD, 
biochemical markers including bone turnover markers, 
physical function parameters (muscle strength and mus-
cle power), and nutritional intake were evaluated over 1 
year. The primary endpoint was the BMD. The second-
ary endpoints included biochemical markers and physical 
function parameters.

Measurement of BMD

The BMD of the lumbar spine (L2–L4) and the total 
hip (the sum of the neck, trochanter, and intertrochanteric 
values) was measured using dual-energy X-ray absorp-
tiometry (DXA: QDR 4500A; Hologic, Bedford, MA, 
USA) (Fig. 1).11 Measurements of the lumbar spine and 
hip BMD have a precision error of 1%–1.5% based on 
adult scans.12 The BMD was measured at baseline and at 
1 year after the start of the trial.

Measurement of biochemical markers

Blood and urine samples were obtained from each par-
ticipant after the participant had fasted in the morning. 
The serum level of bone-specific alkaline phosphatase 
(BAP) as a bone formation marker was measured using 
an enzyme immunoassay (EIA) or a chemiluminescent 
enzyme immunoassay (CLEIA). EIA was available at 
the beginning of the trial, but CLEIA only became avail-
able thereafter. BAP levels measured using EIA were 
converted into BAP levels measured using CLEIA with 
the following formula: BAP measured using CLEIA 
=0.778×(BAP measured using EIA) − 7.059.13 The se-
rum level of osteocalcin as a bone formation marker was 
measured using EIA. The serum level of tartrate-resistant 
acid phosphatase 5b (TRAP5b) and the urinary level of 
cross-linked N-terminal telopeptides of type I collagen 
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(NTX) as bone resorption markers were both measured 
using EIA. The serum levels of 25-hydroxyvitamin D 
(25-OHD), undercarboxylated osteocalcin (ucOC), fol-
licle stimulating hormone (FSH), and thyroid stimulat-
ing hormone (TSH) were measured using a competitive 
protein binding assay, an electro chemiluminescence im-
munoassay, a chemiluminescent immune assay (CLIA), 
and CLIA, respectively.

The standard values of BAP (CLEIA), osteocalcin, 
TRAP5b, and urinary NTX in premenopausal healthy 
women are 2.9–14.5 µg/L, <7.0 ng/mL, 120–420 mU/dL, 
and 9.3–54.3 nmol BCE/mmol Cr, respectively.14 The cut-
off values for vitamin D and vitamin K insufficiency are 
25-OHD <28 ng/mL and ucOC >4.5 ng/mL, respective-
ly.14,15 The normal range of FSH is 3.2–14.4 μIU/mL for 
the follicular phase, 3.4–17.1 μIU/mL for the ovulatory 
phase, and 1.4–8.4 μIU/mL for the luteal phase. The nor-
mal range of TSH is 0.436 − 3.78 μIU/mL. Biochemical 
markers were measured at baseline and at 1 year after the 
start of the trial.

Evaluation of physical function

Muscle strength was evaluated by measuring the iso-
metric maximum extension and flexion strength of the 
right knee joint using a hand-held dynamometer (μTas 

F-100; Anima, Tokyo, Japan). The measurement was per-
formed while the participants assumed a sitting position 
with the knee and hip joints flexed at 90° (knee extension 
strength) and a prone position with the knee joint flexed 
at 90° (knee flexion strength). The measurement was per-
formed twice, and the higher value of the two measure-
ments was adopted.

Muscle power was evaluated by measuring the leg ex-
tension power using a dynamometer (Aneropress 3500; 
Combi Wellness, Tokyo, Japan). Participants sat on the 
seat of the dynamometer with bilateral feet fixed on the 
footplate and the knee joints flexed at 90°. Then, they were 
instructed to push the footplate as strongly and quickly as 
possible. The parameter was measured five times, and the 
highest value of five measurements was adopted. These 
physical function parameters were evaluated at baseline 
and at 1 year after the start of the trial.

Assessment of nutritional intake

A food frequency questionnaire for the prevention and 
management of osteoporosis, developed by Uenishi et 
al.,16 was used to evaluate nutritional status. The daily in-
takes of energy, protein, calcium, vitamin D, and vitamin 
K were calculated using this questionnaire. Nutritional 
intakes were evaluated at baseline and at 1 year after the 

Fig. 1 Bone mineral density (BMD) measurement by dual-energy X-ray absorptiometry (DXA).
The BMD of the lumbar spine (L2–L4) and the total hip was measured using QDR 4500A DXA. First, the participants reclined on the 
DXA table with a large square cushion under their lower legs with the thighs as close to a 90° angle to the body as possible (left panel). 
Then, the lumbar spine was scanned and the L2–L4 BMD was measured. Second, the participants reclined on the DXA table placing 
the hip scan positioning device at the far end of the table near the participants’ feet. The leg to be examined was rotated inward so that 
the foot could be placed against the positioning device and secured with a strap (right panel). The abduction of the leg was adjusted so 
that the shaft of the femur was parallel with the center of the table. The hip to be examined was then scanned and the BMD of the total 
hip (the sum of the neck, trochanter, and intertrochanteric values) was measured.
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start of the trial.

Monitoring of adherence

The frequency and distance of the daily running 
practice and compliance with the jumping and muscle-
strengthening exercises were monitored using a self-re-
port sheet. The sheets were collected every 6 months.

Statistical analyses

Data are expressed as means ±standard deviations (SD) 
in the tables and means ±standard errors (SE) in the fig-
ures. An unpaired t test was used to compare parameters 
between the two groups. One-way analysis of variance 
(ANOVA) with repeated measurements was used to ex-
amine the longitudinal changes in parameters in all par-
ticipants. Two-way ANOVA with repeated measurements 
was used to examine differences in the changes in pa-
rameters between the two groups. A significance level of 
p < 0.05 was used for all the comparisons. All statisti-
cal analyses were performed using the IBM SPSS Statis-
tics 20 (International Business Machines, Armonk, NY, 
USA) and the Stat View J-5.0 programs (SAS Institute, 
Cary, NC, USA).

Results

Breakdown of study participants

Five women (25.0%) in the control group and two wom-
en (8.7%) in the exercise group dropped out from the trial. 
The reasons for the dropouts were non-compliance (n =3), 
health problems (n =2), trauma (n =1), and house mov-
ing (n =1). None of the reasons were related to running 

practice or the jumping plus muscle-strengthening exer-
cises. Fifteen women (75.0%) in the control group and 21 
women (91.3%) in the exercise group completed the trial 
and were included in the analyses.

Baseline characteristics of the study participants who 
were included in the analyses

Table 1 shows the baseline anthropometry, BMD, and 
bone turnover markers of the study participants who 
completed the trial. For all participants, the mean dura-
tion of running activity was 5.2 years. None of the study 
participants had any menstruation disorders. The mean 
age at baseline was 37.9 years and the mean body mass 
index was 20.8 kg/m2. The mean lumbar spine and to-
tal hip BMD at baseline were 0.992 g/cm2 and 0.843 g/
cm2, respectively. These values corresponded to Z-scores 
(compared with age-matched controls) of −0.14 and −0.20. 
The mean serum BAP, osteocalcin, TRAP5b, and urinary 
NTX levels were within the normal ranges. There were 
no significant differences in the baseline anthropometry, 
BMD, or bone turnover markers between the two groups.

Table 2 includes baseline biochemical markers other 
than the bone turnover markers, physical functions and 
nutritional intakes. Although the mean serum ucOC level 
(2.85 ng/mL) was within the normal range in all partici-
pants,14 the mean serum 25-OHD level (21.3 ng/mL) was 
lower than the cut-off value for vitamin D insufficiency 
(28 ng/mL).15 There were no significant differences in 
biochemical markers, physical functions, or nutritional 
intakes between the two groups.

Table 1 Baseline anthropometry, BMD, and bone turnover markers

All participants (n=36) Control group (n=15) Exercise group (n=21)
Age (years) 37.9 ± 6.6 37.5 ± 7.4 38.2 ± 6.2
Height (m) 1.58 ± 0.05 1.59 ± 0.05 1.57 ± 0.05
Body weight (kg) 51.8 ± 5.6 51.9 ± 5.1 51.8 ± 6.1
Body mass index (kg/m2) 20.8 ± 1.9 20.5 ± 1.9 21.0 ± 2.0
Duration of running activity (years) 5.24 ± 4.27 4.85 ± 3.83 5.52 ± 4.64
Lumbar spine BMD (g/cm2) 0.992 ± 0.110 1.002 ± 0.118 0.985 ± 0.106
Total hip BMD (g/cm2) 0.843 ± 0.105 0.819 ± 0.087 0.859 ± 0.116
Serum BAP (μg/L) 8.69 ± 3.50 7.91 ± 2.71 9.24 ± 3.94
Serum osteocalcin (ng/mL) 5.11 ± 1.33 5.26 ± 1.65 5.02 ± 1.11
Serum TRAP5b (mU/dL) 173 ± 67 155 ± 49 186 ± 76
Urinary NTX (nmol BCE/mmol Cr) 30.3 ± 11.9 32.6 ± 9.5 28.6 ± 13.3
Data are expressed as the means ±SD. An unpaired t test was used to compare parameters between the two groups. There were no significant 
differences in any parameters between the two groups. BMD, bone mineral density; BAP, bone-specific alkaline phosphatase; TRAP5b, 
tartrate-resistant acid phosphatase 5b; NTX, cross-linked N-terminal telopeptides of type I collagen.
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Compliance with running and jumping and muscle-
strengthening exercises

The 1-year running distance (mean ±SD) was 1344.0 
± 876.0 km in the exercise group and 1103 ± 1033.1 km 
in the control group. There was no significant difference 
in the 1-year running distance between the two groups. 
Although the participants in the exercise group were in-
structed to perform the jumping and muscle-strengthen-
ing exercise 3 days per week, or 156 days per 52 weeks (1 
year), the jumping exercise was only performed on 26.5 
days (17%) and the muscle-strengthening exercise was 
performed on 78.0 days (50%) during the year.

Changes in BMD and bone turnover markers

In all participants, the lumbar spine and total hip BMD 
had significantly increased from the baseline values after 
1 year (Fig. 2 and Table 3, one-way ANOVA with re-
peated measurements). The percentage increases in the 
lumbar spine and total hip BMD from the baseline values 
were 1.31% and 1.54%, respectively. However, there were 
no significant differences in the increases in the lumbar 
spine and total hip BMD between the two groups (Fig. 2 
and Table 3, two-way ANOVA with repeated measure-
ments).

In all participants, the serum BAP, osteocalcin, and 
TRAP5b levels had significantly increased from the 

baseline values after 1 year (Fig. 3 and Table 3, one-way 
ANOVA with repeated measurements). The urinary NTX 
level increased from the baseline value, but this change 
was not statistically significant (Fig. 3 and Table 3, one-
way ANOVA with repeated measurements). The percent-
age increases in the serum BAP, osteocalcin, TRAP5b, 
and urinary NTX levels from the baseline values were 
17.8%, 13.2%, 27.8%, and 11.7%, respectively. However, 
no significant differences in these increases were ob-
served between the two groups (Fig. 3 and Table 3, two-
way ANOVA with repeated measurements).

Changes in biochemical markers (other than bone turn-
over markers), physical functions, and nutritional in-
takes

In all participants, the serum 25-OHD, ucOC, FSH, and 
TSH levels did not significantly change from the baseline 
values after 1 year (Table 2, one-way ANOVA with re-
peated measurements). There were no significant differ-
ences in the changes in any biochemical markers between 
the two groups (Table 2, two-way ANOVA with repeated 
measurements).

In all participants, there were no significant changes in 
the knee extension and flexion strength and leg press pow-
er from the baseline values after 1 year of study (Table 2,  
one-way ANOVA with repeated measurements). There 
were no significant differences in the changes in any 

Table 2 Changes in biochemical markers, physical functions, and nutritional intakes

All participants (n=36) Control group (n=15) Exercise group (n=21)
Baseline 1 year Baseline 1 year Baseline 1 year

Biochemical markers
25-OHD (ng/mL) 21.3 ± 7.1 21.0 ± 5.8 21.4 ± 5.2 20.1 ± 5.4 21.1 ± 8.3 21.6 ± 6.2
ucOC (ng/mL) 2.85 ± 0.99 3.07 ± 1.19 2.83 ± 1.22 3.14 ± 1.35 2.86 ± 0.84 3.03 ± 1.10
FSH (mIU/mL) 7.05 ± 9.97 9.18 ± 12.90 4.29 ± 1.66 8.52 ± 11.38 8.89 ± 12.58 9.67 ± 14.21
TSH (μIU/mL) 1.90 ± 1.15 1.89 ± 1.01 2.08 ± 1.42 2.17 ± 1.05 1.78 ± 0.94 1.68 ± 0.95
Physical functions
Knee extension strength (kg) 31.1 ± 6.6 31.4 ± 6.8 33.7 ± 8.4 31.8 ± 7.0 29.4 ± 4.5 31.1 ± 6.9
Knee flexion strength (kg) 9.5 ± 2.2 9.5 ± 2.2 9.95 ± 1.51 9.45 ± 2.08 9.14 ± 2.61 9.59 ± 2.26
Leg press power (W) 721 ± 200 844 ± 179 792 ± 234 843 ± 211 669 ± 159 844 ± 157
Nutritional intakes
Energy (kcal/day) 1877 ± 426 1829 ± 355 1724 ± 232 1719 ± 274 1986 ± 499 1908 ± 392
Protein (g/day) 77 ± 20 77 ± 20 70 ± 9 71 ± 15 80 ± 24 81 ± 23
Calcium (mg/day) 495 ± 188 486 ± 132 529 ± 228 482 ± 137 472 ± 155 488 ± 132
Vitamin D (µg/day) 10.2 ± 2.0 10.2 ± 2.0 10.3 ± 2.2 10.2 ± 2.4 10.1 ± 2.0 10.2 ± 1.8
Vitamin K (µg/day) 256 ± 118 236 ± 113 261 ± 134 222 ± 124 252 ± 108 246 ± 106
Data are expressed as the means ±SD. An unpaired t test was used to compare parameters between the two groups. ANOVA with repeated 
measurements was used to examine the longitudinal changes in parameters in all participants. Two-way ANOVA with repeated measurements 
was used to examine differences in changes in parameters between the two groups. There were no significant differences in either baseline 
parameters or changes in any parameters between the two groups. 25-OHD, 25-hydroxyvitamin D; ucOC, undercarboxylated osteocalcin; FSH, 
follicle stimulating hormone; TSH, thyroid stimulating hormone.
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physical functions between the two groups (Table 2, two-
way ANOVA with repeated measurements).

In all participants, there were no significant changes in 
the energy, protein, calcium, vitamin D, and vitamin K 
intakes from the baseline values after 1 year (Table 2,  
one-way ANOVA with repeated measurements). Also, 
there were no significant differences in the changes in 
any nutritional intakes between the two groups (Table 2, 
two-way ANOVA with repeated measurements).

Discussion

Peak bone mass is reached by age 30 years in women3 
and bone mass remains stable until menopause, when the 

loss of estrogen in conjunction with aging is associated 
with a decline in BMD.4 A prospective study was con-
ducted to clarify the 1-year changes in the lumbar spine 
and total hip BMD and bone turnover markers in pre-
menopausal amateur runners (mean age: 37.9 years) and 
to determine whether jumping plus muscle-strengthening 
exercises would have positive effects on the bone param-
eters in these runners. For all participants, the average 
lumbar spine and total hip BMD modestly increased, to-
gether with modest increases in the average serum BAP, 
osteocalcin, and TRAP5b levels. However, the jumping 
plus muscle-strengthening exercises did not significantly 
influence the bone parameters, possibly because of poor 
compliance. These results suggest that long-distance run-

Fig. 2 Changes in lumbar spine and total hip BMD. 
Data are expressed as means ±SE. For all participants, the lumbar spine and total hip BMD had significantly increased from the base-
line values after 1 year (Table 3, one-way ANOVA with repeated measurements). The percentage increases in the lumbar spine and 
total hip BMD from the baseline values were 1.31% and 1.54%, respectively. However, there were no significant differences in the 
increases in the lumbar spine (left panel) and total hip BMD (right panel) between the two groups (Table 3, two-way ANOVA with 
repeated measurements). 

Table 3 One- and two-way ANOVA with repeated measurements (P values)

One-way ANOVA 
All participants

Two-way ANOVA 
Exercise group vs. control group

Lumbar spine BMD 0.0012 N S
Total hip BMD 0.0043 N S
Serum BAP 0.0022 N S
Serum osteocalcin <0.0001 N S
Serum TRAP <0.0001 N S
Urinary NTX N S N S
One-way ANOVA with repeated measurements was used to examine the longitudinal changes in parameters in all participants.
In all participants, changes in the lumbar spine and total hip BMD, serum BAP, osteocalcin, and TRAP5b levels were statistically significant.
Two-way ANOVA with repeated measurements was used to examine differences in changes in parameters between the two groups. There were 
no significant differences in changes in any parameters between the two groups. 
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ning at the recreational level may be useful for maintain-
ing bone health in premenopausal women.

Whether long-distance running at the recreational level 
enhances bone health in young adult women is uncertain. 
Female athletes, especially long-distance runners, have a 
risk of developing the female athlete triad, i.e., low ener-
gy availability, functional hypothalamic amenorrhea, and 
osteoporosis.17 Low energy availability leads to a reduc-
tion in fat mass, resulting in a decrease in leptin secre-
tion. Leptin is synthesized by adipocytes and regulates 
bone formation via the sympathetic nervous system.18 
Amenorrhea, low body mass index, low calcium intake 
(<1300 mg/day), and low energy intake (<2000 kcal/day) 
are all risk factors for increased bone resorption.19 Young 
adult women with the female athlete triad may lose bone 
as a result of an increase in bone resorption because of 

estrogen deficiency and a decrease in bone formation be-
cause of low leptin secretion, leading to the uncoupling 
of bone resorption and formation. The participants in the 
present study did not have any menstruation problems, 
but their body mass index (20.8 kg/m2) was on the low 
side (standard value for Japanese population: 22.0 kg/
m2). Furthermore, the calcium and energy intakes were 
also considered to be low. However, although we did not 
evaluate the serum levels of leptin, the BMD was not 
low and bone turnover markers such as BAP, osteocal-
cin, TRAP5b, and urinary NTX were within the normal 
ranges at baseline. Thus, the bone health of the premeno-
pausal amateur runners did not appear to be impaired at 
baseline.

The average lumbar spine and total hip BMD for all 
participants increased modestly (1.31% and 1.54%, re-

Fig. 3 Changes in bone turnover markers.
Data are expressed as means ±SE. In all participants, serum BAP, osteocalcin, and TRAP5b levels had significantly increased from 
the baseline values after 1 year (Table 3, one-way ANOVA with repeated measurements). The urinary NTX level increased from the 
baseline value, but this change was not statistically significant (Table 3, one-way ANOVA with repeated measurements). The increases 
in the serum BAP, osteocalcin, TRAP5b, and urinary NTX levels from the baseline values were 17.8%, 13.2%, 27.8%, and 11.7%, 
respectively. However, there were no significant differences in these increases between the two groups (Table 3, two-way ANOVA 
with repeated measurements). BAP, bone-specific alkaline phosphatase; TRAP5b, tartrate-resistant acid phosphatase 5b; NTX, cross-
linked N-terminal telopeptides of type I collagen. 
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spectively) together with increases in the average bone 
turnover markers. Although the percentage increases 
in the serum BAP, osteocalcin, TRAP5b, and urinary 
NTX levels from the baseline values were 17.8%, 13.2%, 
27.8%, and 11.7%, respectively, modest increases in the 
bone turnover markers were confirmed by consistent 
changes in the bone formation and resorption markers. 
Generally, sports and exercise contribute to acquisition 
or maintenance of BMD.5 However, comparisons of the 
BMD among collegiate female athletes revealed that 
long-distance runners had a lower BMD than athletes 
performing weight-bearing activities.6 In elite female en-
durance athletes, a significant correlation was observed 
between the number of hours of training per week and 
decreases in BMD.20 The study participants in the pres-
ent study were premenopausal amateur runners without 
any menstruation problems, and the mean annual run-
ning distance was 1103–1344 km (92–112 km per month), 
suggesting running activity at the recreational level. The 
running activities of our study participants were consid-
ered to be within the recommended levels for developing 
and maintaining health set by the American College of 
Sports Medicine.21 Running activity at the recreational 
level appeared to be useful for enhancing bone health at 
clinically relevant skeletal sites without causing an eleva-
tion in the stress hormone cortisone.22 However, the cal-
cium and vitamin D nutritional status would likely need 
to be improved to obtain further BMD increases.

The type of sports activity is an important determinant 
of bone health: strength-based and high-impact sports are 
associated with a higher BMD.6 In young women, high-
impact exercises such as jumping increase the femoral 
neck BMD, and muscle-strengthening exercises increase 
the lumbar spine BMD.8 In particular, brief high-impact 
exercises (<30 min) improve the BMD at the hip but not 
at the lumbar spine.7 Thus, a jumping exercise was added 
with the aim of enhancing the increase in the hip BMD 
and back muscle-strengthening exercises were added 
with the aim of increasing the lumbar spine BMD in pre-
menopausal amateur runners. However, no significant ef-
fect of jumping plus muscle-strengthening exercises on 
the BMD or bone turnover markers was obtained. This 
result may be mainly attributable to the poor compliance 
with the exercise protocol. According to our survey, the 
main reasons for the poor compliance were a lack of ap-
propriate facilities where the runners could perform the 
jumping and muscle-strengthening exercises and busy 
schedules for daily activities or attending school. The 
participants should have been motivated by thinking 
about their bone health in later life in terms of the pri-
mary prevention of osteoporosis.

Sun exposure significantly influences vitamin D nutri-
tional status, and vitamin D may improve athletic per-
formance in athletes.23 In all participants of the present 
study, outdoor long-distance running had been performed 
at baseline, which means they might have been exposed 

to sun longer than age-matched non-running premeno-
pausal women. However, they were considered to have 
vitamin D insufficiency according to the mean serum 25-
OHD level at baseline. Changes in the serum 25-OHD 
levels did not differ significantly between the running 
plus exercise and the running only group. Vitamin D nu-
tritional status did not appear to influence bone param-
eter changes between the two groups. Further analyses 
may be needed to determine the reasons for the non-
significant effect of jumping plus muscle-strengthening 
exercises on bone parameters.

The strength of the present study was its prospective 
design for clarifying 1-year changes in the lumbar spine 
and total hip BMD and bone turnover markers in pre-
menopausal amateur runners. The crucial limitations of 
the present study include the absence of a non-exercise 
control group, the small number of participants, the poor 
compliance with the jumping plus muscle-strengthening 
exercises, and the absence of calcium and vitamin D 
supplementation. Both the calcium intake (495 mg/day) 
and the serum 25-OHD level (21.3 ng/mL) were relatively 
low in our study subjects. Further studies are needed, 
particularly to examine whether jumping and/or muscle-
strengthening exercises can enhance bone health in pre-
menopausal amateur runners.

In conclusion, the present prospective study clarified 
the 1-year changes in the lumbar spine and total hip BMD 
and bone turnover markers in premenopausal amateur 
runners. The lumbar spine and total hip BMD modestly 
increased, together with modest increases in bone turn-
over markers, indicating mild effects of running activ-
ity on bone turnover and the BMD of clinically relevant 
skeletal sites. The results of the present study suggest that 
long-distance running at the recreational level is useful 
for maintaining bone health in premenopausal women.
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