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Bisphosphonate (BP) is mainly used for the treatment of osteoporosis because of its efficacy in increasing 
bone mineral density (BMD) and reducing osteoporotic fractures.  Previous large-scale studies indicated 
that continuous 10-year treatment with BP was effective for osteoporosis treatment.  However, several 
studies indicated an increase in the risk of serious adverse events such as atypical femoral fracture on 
prolonged BP treatment.  The benefits and risks associated with long-term BP therapy are controversial.  
On the other hand, the effects of BP for more than 10 years are unknown because of few previous studies.  
The aim of this study to investigate effects of continuous 15-year treatment with BP on Japanese 
postmenopausal osteoporosis patients.  The study was a retrospective observational study.  Fifteen of the 
55 patients, who had already received a 10-year course of oral BP treatment in our previous study, 
continued the treatment for an additional 5 years.  All patients made the choice additional BP treatment with 
informed consent.  BMD; hip structural analysis (HSA); limbs-muscle volume; and serum total alkaline 
phosphatase, tartrate-resistant acid phosphatase-5b, calcium and phosphate levels were measured for 5 
years in the 15 patients.  BMD values at the lumbar spine were significantly increased at 15 years in 
comparison with that at 10 years.  Section modulus of HSA for the intertrochanter was significantly 
increased at 15 years.  No subsequent fractures or serious adverse events were observed.  We 
demonstrated favorable effects of an additional 5 years of BP treatment in postmenopausal osteoporosis 
patients who had already received a continuous 10-year treatment.
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Introduction
Bisphosphonate (BP) is mainly used for the treatment 

of osteoporosis because of its significant efficacy in increas-
ing bone mineral density (BMD) and reducing osteoporotic 
fractures.  Several large-scale studies demonstrated that 
treatment with alendronate for 10 years resulted in a reduc-
tion in vertebral fractures and an increase in BMD, and 
decreased nonvertebral fractures in women whose femoral 
neck T score was –2.5 standard deviation or less, compared 
with the cessation of alendronate treatment after 5 years 
(Black et al. 2006; Adler et al. 2016).  We also demon-

strated that BMD at the lumbar spine was significantly and 
continuously increased by treatment with alendronate or 
risedronate over a period of 10 years without any AFFs, 
osteonecrosis of the jaw (ONJ) or other serious adverse 
events in 55 Japanese postmenopausal osteoporosis patients 
(Iba et al. 2020).  In addition, the realistic comorbidity 
adjusted number needed to treat harm and number needed 
to prevent fragility fractures suggested that use of BP for 
more than 10 years remains favorable (Abrahamsen et al. 
2016).  However, effects of a continuous long-term treat-
ment with BP for more than 10 years are unknown because 
of few previous studies.  Then, we extended the investiga-
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tion undertaken in our previous study (Iba et al. 2020) by 5 
years in the current study.

The absolute risk of serious adverse events such as 
atypical femoral fracture (AFF) is indicated to be higher in 
patients on prolonged BP therapy, with the risk decreased 
on discontinuation of the treatment.  However, no cause-
and-effect relationship has been established (Shane et al. 
2014; Adams et al. 2018).  Previous studies indicated that 
while there is no consensus on when to discontinue BP use 
or for how long, there seem to be a clinical benefit of a drug 
holiday with regard to AFF risk (Schilcher et al. 2015; 
Black et al. 2020).  In addition, the preventive effect of BP 
on fragility fractures is indicated to last several years after 
cessation, whereas the risk of atypical fractures decreases 
rapidly (Schilcher et al. 2015).  Another consideration for a 
long-term BP treatment is that the incidence of AFFs 
remains low in comparison with the number of potential 
osteoporotic fractures avoided (Black et al. 2020).  Other 
studies also indicated that patients who are at high risk for 
osteoporotic fractures may benefit from more than 5 years, 
and up to 10 years of BP medication, although the optimal 
duration of that has not been determined (Bone et al. 2004; 
Qaseem et al. 2017; Siu et al. 2019).  Thus, we should care-
fully weigh the risks and benefits associated with long-term 
BP therapy.

Evidence has accumulated regarding the effects of 
anabolic agents such as teriparatide or romosozumab on 
increasing bone mineral density and reducing the risk of 
fragility fracture (Neer et al. 2001; Saag et al. 2017; Hagino 
et al. 2021; Poutoglidou et al. 2022).  On the other hand, the 
anabolic agents are considered a treatment of choice only 
for very high-risk osteoporosis patients.  Therefore, we do 
not generally use these agents for the treatment of osteopo-
rosis patients, and the administration period of these agents 
is limited to 1 or 2 years.  In terms of planning for the long-
term treatment of osteoporosis patients without very high-
risk of fragility fractures for periods more than 10 years, 
we, therefore, consider the long-term use of anti-resorptive 
agents such as BP and denosumab, for which a good deal of 
evidence exists regarding their ability to prevent fragility 
fractures (Cranney et al. 2002; Wells et al. 2008; Orimo 
2015; Papapoulos et al. 2015).

Moreover, Japanese osteoporosis patients are usually 
administrated with a half-dose of alendronate and risedro-
nate in comparison with the patients in the US and Europe 
(EU), although the physical size of patients in Asian is gen-
erally smaller than that of Caucasians.  Therefore, despite a 
number of studies on the efficacy and risks of long-term 
treatment with BP in the US and EU, we question whether 
all of the findings reported to date applies to Japanese 
osteoporosis patients (Ebetino et al. 2011).  The aim of this 
study was to investigate the effects of a 15 years of treat-
ment with BP on Japanese postmenopausal osteoporosis 
patients who had already received 10 years of continuous 
BP treatment.

Materials and Methods
Study designs

Subjects included 55 Japanese postmenopausal osteo-
porosis patients who received 10 years of continuous treat-
ment with oral BP including oral alendronate (5 mg/day or 
35 mg/week) or risedronate (2.5 mg/day, 17.5 mg/week or 
75 mg/month) in the outpatient clinic of our hospital until 
December 2017 (Iba et al. 2020).  Thirty-five of the 55 
patients were excluded from the current study due to admis-
sion to other hospitals or other medical care facilities, inter-
ruption to their attendance at the clinic due to physical dete-
rioration by aging, dementia, treatment for other malignant 
diseases, or death within the 5 years from 2017.  All 
patients were informed of the benefits and risks of addi-
tional treatment with BP, and made the choice to addition-
ally continue or discontinue BP treatment for 5 years, which 
is a 5-year extension of our previous study (Iba et al. 2020).  
Five patients did not want to further continue BP medica-
tion, and then continued treatment with only alfacalcidol or 
eldecalcitol.

Subjects
Fifteen postmenopausal osteoporosis patients, aged 

69-89 years old, satisfied the following criteria: 1) Patients 
had received 10 years of continuously oral BP treatment, 
including alendronate (5 mg/day or 35 mg/week) in 8 
patients and risedronate (2.5 mg/day or 17.5 mg/week) in 7 
patients, with alfacalcidol (1.0 μg/day) or eldecalcitol (0.75 
μg/day).  2) Their T-score was –3.3 ≤ BMD ≤ –2.5, or there 
was a history of a vertebral fracture before the start of the 
first 10-year BP treatment, which denote to be no very high-
risk osteoporosis patients.  3) They had no disease such as 
hyperparathyroidism, Cushingʼs syndrome, rheumatoid 
arthritis, diabetes mellitus, or renal disease; and had not 
received glucocorticoids or other anti-osteoporosis agents 
according to their medical records.  4) All patients treated 
with BP were continuously and longitudinally evaluated 
and followed up by the author in the outpatient clinic of the 
university hospital for more than 15 years (Table 1).

Measurements
All data were retrospectively collected.  The age; 

BMD at the lumbar spine (L1-L4), total hip, distal 1/10 and 
1/3 of the radius; hip structural analysis (HSA); limbs-mus-
cle volume (Lean, g) (Hologic Horizon-A, Marlborough, 
MA, USA); serum total alkaline phosphatase [(ALP, refer-
ence range 110-370 IU/l) measured using the Japan Society 
of Clinical Chemistry (JSCC) method, which was calcu-
lated from the values measured using International 
Federation of Clinical Chemistry and Laboratory Medicine 
(IFCC) method from 2020], and serum tartrate-resistant 
acid phosphatase-5b (TRAP-5b, reference range 120-420 
mU/dL), as bone metabolic markers; as well as serum cal-
cium (Ca, reference range 8.4-10.4 mg/dl), which was cor-
rected against serum albumin level, and serum phosphate (P, 



Continuous Treatment with Bisphosphonate for 15 Years 231

Ta
bl

e 
1.

  D
em

og
ra

ph
ic

 d
at

a 
in

 th
e 

pa
tie

nt
s a

fte
r c

on
tin

uo
us

 tr
ea

tm
en

t w
ith

 b
is

ph
os

ph
on

at
e 

fo
r 1

0 
ye

ar
s.

C
as

e
A

ge
D

ru
g

pr
ev

io
us

 
fr

ac
tu

re
B

M
D

 
(g

/c
m

2 )
H

SA
 F

N
 

H
SA

 IT
H

SA
 F

S
Le

an
 (g

)
A

LP
 

(I
U

/l)
TR

A
P 

(m
U

/d
L)

C
a 

(m
g/

dl
)

P 
(m

g/
dl

)
eG

FR
 

(m
L/

m
in

/1
.7

3m
2 )

lu
m

ba
r 

hi
p

1/
10

 R
1/

3 
R

SM
B

R
SM

B
R

SM
B

R

1
74

A
ln

0.
67

0.
58

9
0.

29
5

0.
48

3
0.

59
15

.7
2.

41
12

.5
1.

36
3.

7
4.

74
21

5
35

2
9

3.
3

86
.3

2
89

A
ln

a 
ve

rte
br

a
0.

95
7

0.
66

6
0.

26
8

0.
46

9
1.

11
20

3.
78

12
.4

2.
4

4
6.

06
14

6
43

6
9.

1
3.

8
69

.6
3

71
A

ln
0.

75
7

0.
57

1
0.

24
6

0.
47

6
1.

14
15

.8
2.

84
14

1.
53

4.
4

5.
25

29
5

27
0

8.
8

2.
7

77
.2

4
79

R
is

a 
ve

rte
br

a
0.

79
2

0.
75

5
0.

33
2

0.
43

5
0.

84
13

.4
4.

41
 8

.4
2.

01
3.

9
4.

84
23

9
23

8
8.

5
3.

8
69

.5
5

73
A

ln
0.

66
3

0.
61

7
0.

23
2

0.
41

1
0.

79
16

.4
3.

13
11

.3
1.

57
4.

2
4.

34
19

5
34

1
9.

3
3.

5
72

.4
6

74
R

is
0.

64
2

0.
61

8
0.

28
6

0.
4

1.
21

20
.8

3.
52

12
.5

2
5.

7
5.

45
11

9
21

4
9.

2
3

47
.3

7
82

A
ln

a 
ve

rte
br

a
0.

84
4

0.
68

1
0.

22
0.

48
1.

17
16

.9
3.

99
10

.6
2.

04
3.

1
5.

54
24

1
32

8
10

.2
3.

2
64

.5
8

71
A

ln
0.

77
0.

74
5

0.
37

0.
62

3
1.

14
10

.9
4.

05
 8

.8
1.

82
4

5.
44

19
9

15
8

9.
9

3.
7

58
9

76
R

is
0.

62
0.

56
7

0.
26

4
0.

40
7

0.
72

17
.1

2.
45

12
.6

1.
34

4.
9

4.
7

10
7

31
1

9.
6

4.
3

76
.8

10
78

R
is

0.
62

1
0.

54
1

0.
20

5
0.

35
0.

77
19

.8
2.

94
14

.5
1.

78
5.

9
5.

41
22

3
49

1
9

3.
5

56
.1

11
74

R
is

0.
73

0.
63

2
0.

22
9

0.
42

7
0.

93
16

.5
3.

83
11

.4
1.

87
4

5.
29

20
4

29
3

9.
3

3.
6

49
.6

12
83

A
ln

0.
67

5
0.

69
5

0.
33

6
0.

52
1.

1
19

.9
4.

11
11

.1
2.

19
3.

6
6.

44
29

4
37

5
9.

3
3.

3
79

.7
13

69
R

is
0.

74
4

0.
55

5
0.

31
1

0.
48

3
0.

81
20

.1
2.

52
13

.7
1.

45
4.

1
5.

6
14

3
30

4
8.

8
3.

6
84

.2
14

83
A

ln
 

1.
11

3
0.

58
1

0.
22

8
0.

44
7

0.
86

17
.7

3.
69

13
.2

2.
01

5.
5

5.
13

22
7

33
0

9
4

50
.5

15
72

R
is

a 
ve

rte
br

a
0.

86
0.

63
7

0.
32

7
0.

50
9

0.
44

24
.1

2.
28

10
.3

1.
39

3.
4

4.
91

28
1

31
5

9.
1

2.
6

63
.8

Pa
tie

nt
s h

ad
 re

ce
iv

ed
 1

0 
ye

ar
s o

f c
on

tin
uo

us
ly

 o
ra

l a
le

nd
ro

na
te

 (A
ln

) i
n 

8 
pa

tie
nt

s a
nd

 ri
se

dr
on

at
e 

(R
is

) i
n 

7 
pa

tie
nt

s. 
 F

ou
r p

at
ie

nt
s h

ad
 su

ffe
re

d 
a 

ve
rte

br
al

 fr
ac

tu
re

 b
ef

or
e 

th
e 

st
ar

t o
f t

he
 

fir
st

 1
0-

ye
ar

 tr
ea

tm
en

t w
ith

 B
P 

(p
re

vi
ou

s 
fr

ac
tu

re
s)

.  
B

M
D

 a
t t

he
 lu

m
ba

r 
sp

in
e 

(L
1–

L4
, l

um
ba

r)
, t

ot
al

 h
ip

 (
hi

p)
, d

is
ta

l 1
/1

0 
an

d 
1/

3 
of

 th
e 

ra
di

us
 (

1/
10

R
, 1

/3
R

); 
hi

p 
st

ru
ct

ur
al

 a
na

ly
si

s 
(H

SA
) a

t t
he

 fe
m

or
al

 n
ec

k 
(F

N
), 

in
te

rtr
oc

ha
nt

er
 (I

T)
 a

nd
 fe

m
or

al
 sh

af
t (

FS
), 

Se
ct

io
n 

m
od

ul
us

 (S
M

) a
nd

 b
uc

kl
in

g 
ra

tio
 (B

R
); 

lim
bs

-m
us

cl
e 

vo
lu

m
e 

(L
ea

n,
 g

); 
se

ru
m

 to
ta

l a
lk

al
in

e 
ph

os
ph

a-
ta

se
 (A

LP
); 

se
ru

m
 ta

rtr
at

e-
re

si
st

an
t a

ci
d 

ph
os

ph
at

as
e-

5b
 (T

R
A

P-
5b

); 
se

ru
m

 c
al

ci
um

 (C
a)

; s
er

um
 p

ho
sp

ha
te

 (P
); 

es
tim

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
 (e

G
FR

)



K. Iba et al.232

reference range 2.5-4.5 mg/dl) levels were measured for 5 
years after the start of additional treatment.  Biochemical 
blood tests were performed to evaluate the adverse effects 
of bisphosphonate.  Estimated glomerular filtration rate 
(eGFR, mL/min/1.73m2) was calculated from the creatinine 
level for the assessment of renal function.  Before and after 
the start of the additional 5 year-treatment of BP, renal fail-
ure was diagnosed on the basis of an eGFR value less than 
35 mL/min/1.73m2.  BP was discontinued for the osteopo-
rosis patients with renal failure.  Limbs-muscle volume and 
HSA to capture bone structure in cross sections at the nar-
row femoral neck, intertrochanter and femoral shaft sites 
were measured by whole-body scan using the same machine 
as that for BMD measurement (Hologic Horizon-A, 
Marlborough, MA, USA), with the system software provid-
ing these values.  Section modulus (cm3) of HSA is an 
index of resistance to bending forces, and buckling ratio 
describes the stable configuration of thin-walled tubes sub-
jected to compressive loads.  Buckling ratio is presented 
only for the femoral neck and intertrochanter regions as this 
parameter is not important in the femoral shaft.  The occur-
rence of new vertebral fracture was evaluated from thoracic 
and lumbar roentgenogram findings.  In addition, we also 
investigated 5 patients who were only prescribed alfacal-
cidol (1.0 μg/day) or eldecalcitol (0.75 μg/day) during a 
3-year period having discontinued BP medication after 10 
years of continuous BP treatment.

Research ethics
All procedures followed were in accordance with the 

ethical standards of the responsible committee on human 
experimentation (institutional and national) and with the 
Helsinki Declaration of 1975, as revised in 2008.  Informed 
consent was obtained from the patients before enrollment in 
this study.  The study was approved by the Institutional 
Review Board (No. 332-3191).

Statistical analysis
The results are expressed as mean ± S.D.  Statistical 

analyses were performed using Paired t test for comparison 
between 10 and 15 years of treatments, and one-way 
repeated-measures ANOVA for evaluation of longitudinal 
changes.  A p value of less than 0.05 was considered signifi-
cant.  All analyses were performed using EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), 
a graphical user interface for R (The R Foundation for 
Statistical Computing, version 1.54).

Results
BMD values at the lumbar spine at 15 years of BP 

treatment were significantly increased in comparison with 
those at 10 years of the treatment (Table 2).  Section modu-
lus of HSA for the intertrochanter at 15 years was signifi-
cantly increased in comparison with that at 10 years (Table 
2).  BMD at the distal 1/10 of the radius showed a slight but 
significant decrease at 15 years (Table 2).  On the other 

Table 2.  Comparison between 10 and 15 years of bisphosphonate treatment.

10 years 15 years t test

Age (years) 75.5 ± 5.7 81.5 ± 5.7
BMD (g/cm2)       LS 0.761 ± 0.139 0.830 ± 0.196  0.0047*

Hip 0.630 ± 0.067 0.621 ± 0.065 0.2714
1/10 R 0.277 ± 0.050 0.262 ± 0.054   0.0057*
1/3 R 0.461 ± 0.064 0.455 ± 0.070 0.1685

HSA
   SM (cm3) FN 0.91 ± 0.23 0.93 ± 0.25 0.5585

IT 3.33 ± 0.72 3.52 ± 0.61   0.0220*
FS 1.78 ± 0.33 1.76 ± 0.33 0.3916

BR FN 17.67 ± 3.24 18.04 ± 3.37 0.5750
IT 11.82 ± 1.79 11.85 ± 1.64 0.8342

Lean (g) 5.28 ± 0.54 5.26 ± 0.57 0.8528
BTM

ALP (IU//l) 208.5 ± 59.4 197.7 ± 51.8 0.4052
TRAP-5b (mU/dL) 317.2 ± 85.5 341.1 ± 161.0 0.4797

Ca (mg/dl) 9.21 ± 0.43 9.25 ± 0.34 0.7753
P (mg/dl) 3.46 ± 0.46 3.54 ± 0.35 0.5348

BMD at the lumbar spine (LS) and section modulus (SM) of HAS of the intertrochanter (IT) at 15 years of treat-
ment were significantly higher than at 10 years.  BMD of the distal 1/10 of the radius (1/10 R) slightly 
decreased.  There were no significant differences in BMD at the total hip (Hip) and the distal 1/3 of the radius 
(1/3 R), other HSA measurements, limbs-muscle volume (Lean), or bone turnover markers (BTM; ALP, TRAP-
5b, Ca, P).  Statistical analyses were performed using Paired t test for comparison between 10 and 15 years of 
treatments.  A p value of less than 0.05 was significant*.
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hand, no significant changes were observed in BMD at total 
hip or the distal 1/3 of the radius, other HSA measurements, 
limb-muscle volume, or bone turnover markers over the 5 
years of the additional treatment (Table 2).  No subsequent 
fragility fractures or serious adverse events including AFFs 
and ONJ were observed over the five-year period of contin-
uous BP treatment.  The eGFR values in all patients at 15 
years were more than 45 mL/min/1.73 m2 (mean value, 65.0 
mL/min/1.73 m2; range, 45.7-84.8 mL/min/1.73 m2), which 
did not differ significantly from those at 10 years of the 
treatment (mean value, 67.0 mL/min/1.73 m2; range, 47.3-
86.3 mL/min/1.73 m2).  In terms of the longitudinal changes 
in BMD over the 5-year period, the BMD values at the lum-
bar spine were significantly increased from the initiation of 
the additional 5 years of BP treatment (Fig. 1).  On the 
other hand, there were no significantly longitudinal changes 
in those at the total hip or at the distal 1/10 and 1/3 of the 
radius (Fig. 1).

Regarding the same parameters in the five patients 
who discontinued BP treatment after 10 years of continuous 
treatment, we did not find any significant changes in BMD 
values, HSA or bone turnover markers over the 3 years after 
BP discontinuation (Table 3).

Discussion
Anti-resorptive agents are the mainstay of osteoporosis 

treatment because of their efficacy in increasing BMD and 
reducing osteoporotic fractures.  However, the benefits and 
risks of long-term therapy with anti-resorptive agents are 

controversial (Shane et al. 2014; Adams et al. 2018).  A 
number of studies have indicated an increase in AFF risk 
with the duration of BP treatment (Dell et al. 2012; Starr et 
al. 2018; Lo et al. 2019) as well as the clinically important 
benefits of a drug holiday with regard to significantly reduc-
ing AFF risk (Schilcher et al. 2011, 2015; Black et al. 

Fig. 1.  Changes in BMD over the 5 years from the 10- to 15-
year treatment with BP.

	 BMD at the lumbar spine (black circle) continuously and 
significantly increased over the 5 years (from 10- to 15-
year treatment with BP). Longitudinal changes during 
5-year period were evaluated by one-way repeated-mea-
sures ANOVA (p < 0.0001).  BMD values at the total hip 
(black square), the distal 1/10 (white triangle) and the 
distal 1/3 (black triangle) of the radius showed no signifi-
cant changes over the 5 years.

Table 3.  Changes of the parameters at 3 years after BP discontinuation in the patient who received 10-year BP 
treatment without additional continuation.

At discontinuation At 3 years after discontinuation t test

Age (years)   81 ± 6.5  86 ± 6.5
BMD (g/cm2)

LS 0.756 ± 0.111 0.770 ± 0.103 0.564
Hip 0.671 ± 0.079 0.667 ± 0.078 0.766

1/10 R 0.289 ± 0.052 0.275 ± 0.039 0.148
1/3 R 0.458 ± 0.038 0.460 ± 0.037 0.757

HSA
SM (cm3) FN 0.78 ± 0.04 0.83 ± 0.04 0.215

IT 3.19 ± 0.39 3.15 ± 0.51 0.832
FS   1.71 ± 0.13   1.70 ± 0.12   0.744

BR FN 15.36 ± 3.01 13.68 ± 1.11 0.269
IT 10.42 ± 2.1 10.42 ± 1.96 1.000

Lean (g) 6.08 ± 0.99 6.47 ± 1.47 0.180
BTM

ALP (IU/l) 255.2 ± 68.7 233.8 ± 40.2 0.557
TRAP-5b (mU/dL) 427.4 ± 116.4 293.4 ± 91.2 0.108

Ca (mg/dl) 9.12 ± 0.43 9.24 ± 0.36 0.493
P (mg/dl)   3.4 ± 0.66 3.54 ± 0.4 0.581

There were no significant changes of BMD at the lumbar spine (LS), total hip (Hip) and the distal 1/10 (1/10 R) 
and1/3 (1/3 R) of the radius; hip structure analysis (HSA); limbs-muscle volume (Lean); or bone turnover 
markers (BTM) over 3 years after BP discontinuation. n = 5
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2020).  On the other hand, several studies have indicated 
the benefits of long-term BP medication from more than 5 
years to more than 10 years for the treatment of the osteo-
porosis patients at high risk for fragility fractures beyond 
the rare incidence of AFF (Bone et al. 2004; Abrahamsen et 
al. 2016; Mahjoub et al. 2016; Qaseem et al. 2017; Wang et 
al. 2022).  In this study, after 10 years of alendronate or 
risedronate treatment, we further continued treatment with 
those medications for 5 years in 15 of 55 osteoporosis 
patients.  We found that BMD values at the lumbar spine 
were slightly but significantly increased over the 5 years of 
treatment, with no subsequent fractures or serious adverse 
events including AFFs and ONJ observed.  With regard to 
the risks and benefits of 10 years of treatment with alendro-
nate and risedronate, there is only limited evidence avail-
able (Black et al. 2006, 2012; Schwartz et al. 2010), and 
there are few reports on continuous BP treatment for more 
than 10 years.  In addition, such evidence is based on the 
studies in mostly Caucasian postmenopausal women (Black 
et al. 2006, 2012; Schwartz et al. 2010).  Furthermore, the 
previous study indicated that BPs with different dose regi-
mens and pharmacodynamic properties may result in differ-
ent risks and benefits in terms of the pharmacological treat-
ment of osteoporosis (Ebetino et al. 2011).  Despite a 
number of studies on the efficacy and risk of long-term 
treatment with BP, osteoporosis patients are administrated 
with a half-dose of alendronate and risedronate in Japan in 
comparison with the patients in the US and EU.  A preced-
ing pilot study in Japan indicates that 2.5 mg daily is as 
effective as a 10 mg dose in the US and EU in increasing 
the BMD at the lumbar spine, while bone turnover markers 
change more markedly and rapidly in the 10 mg group, and 
the incidence of adverse effects is higher in the 10 mg 
group.  A dose-range finding study indicated that the opti-
mal daily dose of alendronate is 5 mg for a Japanese popu-
lation (Shiraki et al. 1999).  This dose is half that used in 
Caucasians (10 mg/day).  There is little information avail-
able regarding these factors in Japanese osteoporosis 
patients.  We, therefore, believe that this study provides 
new information in terms of planning for the long-term 
treatment of Japanese postmenopausal osteoporosis patients 
over a period of 15 years, although it is the observational 
study in a small number of the patients.

The American Society for Bone and Mineral Research 
Task Force recommended a drug holiday after 5 years of 
oral BP or 3 years of intravenous BP.  Meanwhile, it sug-
gested the continuation of treatment for up to 10 years 
(oral) or 6 years (intravenous) with periodic evaluation and 
reassessment for the treatment of postmenopausal osteopo-
rosis in high-risk patients including older women, those 
with a low hip T-score (≤ –2.5) or high fracture risk score, 
those with previous major osteoporotic fracture, or those 
who experienced fracture on therapy (Adler et al. 2016).  In 
addition, the Task Force indicated that the risk of AFF, but 
not ONJ, clearly increases with BP therapy duration, but 
such rare events are outweighed by the reduction in the risk 

for vertebral fracture in high-risk patients (Adler et al. 
2016).  Furthermore, anabolic agents such as teriparatide 
and romosozumab, for which evidence exists regarding 
associated increases in bone mineral density and reduction 
in the risk of fragility fracture (Neer et al. 2001; Saag et al. 
2017; Hagino et al. 2021; Poutoglidou et al. 2022), should 
be used for the treatment of very high-risk osteoporosis 
patients (Orimo 2015), and there is the limitation in terms 
of administration period as 1 or 2 years, even in the case of 
sequential therapy after both anti-resorptive and anabolic 
agents.  Moreover, after long-term BP treatment, the role of 
switching to other effective treatments, such as denosumab, 
anabolic agents or other agents, remains controversial 
(Michalská et al. 2006; Bonnick et al. 2013; Bauer and 
Abrahamsen 2021).  Regarding those recommendations, 
when we continue a long-term pharmacological treatment 
in osteoporosis patients with T-score for –3.3 ≤ BMD ≤ 
–2.5, or with just one vertebral fracture likewise the patients 
in the current study; we have only a few choices, and usu-
ally need to use antiresorptive agents such as BP or deno-
sumab, because those patients need to treat with anti-osteo-
porotic drugs but do not have very high risk for subsequent 
fragility fractures.

Thus, considering long-term pharmacotherapy in real-
world, we think that there are some osteoporosis patients 
who might need to be continuously treated with BP for 
more than 5 or 10 years.  Especially, considering the treat-
ment of Japanese osteoporosis patients, we need to make 
therapeutic strategy for more than 10 years regarding the 
aged society in Japan.  Although there are few reports in 
terms of the effects of long-term BP treatment for a period 
of 15 years, we believe that the continuous use of alendro-
nate and risedronate for more than 10 years with careful re-
assessment each year might be an option for the treatment 
of Japanese postmenopausal osteoporosis patients.

In this study, we also investigated changes after dis-
continuation of alendronate or risedronate treatment in five 
patients who had received 10 years of continuous BP treat-
ment.  Previous long-term studies have produced inconsis-
tent findings, showing some loss of BP effect from 6 
months to 5 years following discontinuation, as well as 
maintenance of some benefits in BMD, bone turnover 
markers, and nonvertebral fracture risk in other studies 
(Ensrud et al. 2004; Watts et al. 2008; Schwartz et al. 2010; 
Saag et al. 2021).  The current study demonstrated no sig-
nificant changes in BMD values, HSA or bone metabolic 
markers over 3 years after alendronate and risedronate dis-
continuation, although the sample size was very small and 
the observation period was only 3 years.  These results 
might indicate the possibility that BMD values, HSA and 
bone turnover markers could be maintained for 3 years by 
treatment with only alfacalcidol or eldecalcitol.  In other 
words, a drug holiday for 3 years might be feasible after 
10-year continuous treatment with BP, although the addi-
tional alendronate and risedronate treatment increased the 
BMD values at the lumbar spine and section modulus of 
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HSA at the femoral intertrochanter.
For osteoporosis treatment in elderly patients, a previ-

ous study indicated that alendronate treatment reduces the 
risk of hip fracture with sustained safety (Axelsson et al. 
2017).  On the other hand, another study recommended 
close monitoring of kidney function in elderly patients due 
to the increased risk for acute kidney injury associated with 
BP use (Oda et al. 2022).  We carefully assessed the renal 
function on the basis of an eGFR value and did not find any 
patients who experienced renal failure over the 15 years of 
treatment.

In this study, we investigated changes in HSA, which 
is a structural model for capturing bone structure in cross-
section at the narrow femoral neck, intertrochanter and 
shaft sites to evaluate structural geometry and femoral 
strength (Beck 2007).  We showed that the section modulus 
of HSA, which is an index of resistance to bending forces, 
at the intertrochanter was significantly increased at 15 years 
of BP treatment in comparison with that at 10 years of the 
treatment.  We previously reported that the changing trends 
of the section modulus of HSA were different among the 
three sites.  Especially, the apparent decline in section mod-
ulus at intertrochanter occurred after 70-74 years (Takada et 
al. 2007).  In this study, 8 of 15 patients were younger than 
75-year old (Table 1).  Then, we speculate one of the rea-
sons why the modulus only at intertrochanter increased by 
the BP treatment.  In any case, these results suggested that 
the treatment with alendronate and risedronate for 5 years 
might increase femoral strength even after 10 years of con-
tinuous treatment with those agents.  We believe that these 
results might provide new insights regarding the effect of 
continuous long-term treatment with alendronate and rise-
dronate for more than 10 years, while the previously dem-
onstrated significant effects of treatment with those agents 
in terms of improvement in the proximal femoral geometry 
in Japanese postmenopausal osteoporosis patients were 
observed within 1 year (Takada et al. 2011).

Recently, a population-based registry study of 
extended bisphosphonate use, which was a retrospective 
and observational cohort study from 1995 to 2018 in the 
US, reported that the early-user cohort (1998-2004) had 
49.1% of patients on > 10 years of continuous BP therapy 
versus 34.6% in the later-user cohort (2005-2018) (Kline et 
al. 2023).  The study suggested that many patients at high-
risk for fracture have not continued BP medication due to 
lack of appropriate knowledge about the long-term benefits 
versus the very small risks.  It also indicated an important 
issue that some patients stopped earlier than 10 years, 
despite being at high-risk for fracture and legitimate candi-
dates for longer treatment (Kline et al. 2023).  As the cur-
rent observational study was based on the results of a small 
number of patients, further large-scale studies are needed to 
investigate real-world care concerning long-term BP treat-
ment in Japanese osteoporosis patients.

There were several limitations to this study.  First, the 
sample size of this study was small.  We, therefore, could 

not draw any conclusions regarding the risk of serious med-
ical adverse events including AFF and ONJ due to the 
15-year treatment with BP.  On the other hand, as a strong 
point in this study, we think that the same orthopaedic sur-
geon has continuously followed up all the osteoporosis 
patients during BP treatment for 15 years in the same out-
patient clinic of our hospital.  Second, we did not distin-
guish between the patients treated with alfacalcidol and 
eldecalcitol for data analysis.  Third, medical laboratories in 
Japan utilize the JSCC method for blood ALP catalytic con-
centration measurement.  However, the IFCC method is 
used worldwide for ALP catalytic concentration measure-
ment.  For global standardization, the JSCC method for 
ALP was switched to the IFCC method in medical laborato-
ries in Japan in April 2020.  Thus, the values for ALP in this 
study were calculated from the values measured using the 
IFCC method from April 2020.  Fourth, during the 5-year 
period, we did not evaluate whether the grade of lumbar 
spondylosis and hip osteoarthritis progressed or not.  Fifth, 
there was no control group for comparison between those 
with and without additional BP treatment in this study, 
although we showed changes of the same parameters in five 
patients who discontinued BP treatment after 10 years of 
continuous treatment.  Sixth, we cannot necessarily gener-
alize our findings because of a small sample size in the cur-
rent study.

Conclusion
We investigated the effects of an additional 5 years of 

treatment with oral alendronate and risedronate on 15 post-
menopausal osteoporosis patients who had already received 
10 years of continuous those treatment.  BMD at the lumbar 
spine and the section modulus of HSA for the intertrochan-
ter significantly increased at 15 years of the treatment in 
comparison with that at 10 years, without any subsequent 
fragility fractures or serious adverse events including AFF 
and ONJ.
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