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Abstract
Aside from existing drug therapies, certain lifestyle and nutritional factors are known to reduce the risk of osteoporosis. Among the nutri-
tional factors, dried plum or prunes (Prunus domestica L.) is the most effective fruit in both preventing and reversing bone loss. The objec-
tive of the present study was to examine the extent to which dried plum reverses bone loss in osteopenic postmenopausal women. We
recruited 236 women, 1–10 years postmenopausal, not on hormone replacement therapy or any other prescribed medication known to
influence bone metabolism. Qualified participants (n 160) were randomly assigned to one of the two treatment groups: dried plum
(100 g/d) or dried apple (comparative control). Participants received 500mg Ca plus 400 IU (10mg) vitamin D daily. Bone mineral density
(BMD) of lumbar spine, forearm, hip and whole body was assessed at baseline and at the end of the study using dual-energy X-ray absorp-
tiometry. Blood samples were collected at baseline, 3, 6 and 12 months to assess bone biomarkers. Physical activity recall and 1-week FFQ
were obtained at baseline, 3, 6 and 12 months to examine physical activity and dietary confounders as potential covariates. Dried plum
significantly increased BMD of ulna and spine in comparison with dried apple. In comparison with corresponding baseline values,
only dried plum significantly decreased serum levels of bone turnover markers including bone-specific alkaline phosphatase and
tartrate-resistant acid phosphatase-5b. The findings of the present study confirmed the ability of dried plum in improving BMD in postme-
nopausal women in part due to suppressing the rate of bone turnover.
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Osteoporosis is a major public health problem in postmeno-
pausal women. In the USA alone, eight million women have
osteoporosis that results in more than one million fractures

per year in women who are 45 years and older(1). The cost
of treating osteoporosis and its fractures has been estimated
to be over $19 billion/year. Although there are a number of
agents available for the treatment and/or prevention of osteo-

porosis, some patients have contraindications to using them or
prefer alternative therapies including dietary supplements and
functional foods(2). Studies have consistently shown that a
higher fruit and vegetable intake has positive effects on

bone mineral density (BMD)(3–7). Muhlbauer et al.(8) exam-
ined the effects of a number of fruits and vegetables on
bone resorption by assessing the urinary excretion of 3H
released from bone, and showed that dried plum(8) among

fruits and onion among vegetables were the most effective
functional foods with bone-modulating effects. To our knowl-
edge, Muhlbauer et al.(8) were the first group who showed

that prunes (dried plums) have the ability to prevent osteo-
porosis by inhibiting bone resorption. To follow up on Muhl-
bauer’s findings, our laboratory conducted several animal
studies and a 3-month clinical trial. The results of these studies

showed that dried plum has positive effects on bone indices.
The results from animal studies indicated that dried plum
not only prevents(9) but more importantly reverses bone loss
in two separate models of low bone mass(10–12). Our initial

animal study(13) indicated that dried plum prevented the ovari-
ectomy-induced BMD reduction in the femur and lumbar
vertebra. In another study, rats were ovariectomised and
allowed to lose bone before the initiation of treatment to
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mimic established osteoporosis. Dried plum intake as low as
5% (w/w) restored BMD to the level of intact rats(10). More
importantly, dried plum reversed the loss of trabecular archi-
tectural properties such as trabecular number, connectivity
density and trabecular separation, which to our knowledge
is unique to dried plums in comparison with soya or
its isoflavones(14), flaxseed(15,16), apples(17), blueberries and
strawberries (BH Arjmandi, unpublished results). According
to Lane et al.(18), once trabecular bone is lost, it would be dif-
ficult to restore it. The efficacy of dried plum in the reversal of
bone loss in rat models of established osteoporosis(9,11,12)

exceeds many of the agents with bone-forming ability such
as growth hormone and insulin growth factor(19). In addition
to the animal studies, the findings of our short-term clinical
trial indicated that the consumption of dried plum (100 g/d)
by postmenopausal women significantly improved markers
of bone turnover(17). Our observations of serum bone markers
after 3 months of dried plum consumption support the notion
that dried plum significantly improves bone mass in a longer
treatment period. Although the effects of dried plum on
bone biomarkers are promising, a longer-term study with
BMD assessments is needed to confirm the bone-protective
effects of dried plum in postmenopausal women. Hence, we
conducted a 1-year comparative control randomised study to
examine the effects of daily consumption of 100 g dried
plum on BMD in osteopenic postmenopausal women who
were not on hormone replacement therapy or any other
agents known to significantly influence bone metabolism.

Experimental methods

Subjects

A total of 236 women, 1–10 years postmenopausal, not on
hormone replacement therapy for at least 3 months before
the initiation of the study were recruited. Women whose
BMD t-score at any site fell below 2·5 SD of the mean were
excluded from the study. Furthermore, subjects treated with

calcitonin, bisphosphonates, raloxifene and/or anabolic
agents such as parathyroid hormone and growth hormone,
or steroids within 3 months before the start of the study
were excluded. In addition, subjects with metabolic bone dis-
ease, renal disease, cancer, CVD, diabetes mellitus, respiratory
disease, gastrointestinal disease, liver disease or other chronic
diseases, heavy smoking (more than twenty cigarettes/d) and
current use of any prescription medications known to alter
bone and Ca metabolism were excluded. Women who regu-
larly consumed dried plum or prune juice were not included
in the study. The study was conducted according to the guide-
lines laid down in the Declaration of Helsinki, and all pro-
cedures involving human subjects were approved by
the Institutional Review Board at the Florida State University
(Tallahassee, FL, USA). Written informed consent was
obtained from all subjects. A complete medical and nutritional
history was obtained from the subjects before initiating the
treatments. The subjects were advised to maintain their
usual physical activity and diet pattern.

Study design

Of the 236 screened volunteers, 160 eligible postmenopausal
women were randomly assigned to one of the two dietary
treatment groups: dried plum (100 g) or dried apple (75 g).
The amount of dried apple was chosen based on comparable
amount of energy, carbohydrates, fat and fibre, which would
be obtained from 100 g dried plum (Table 1)(17). The amount
of dried plum was based on the findings of our short-term
clinical trial(17), which indicated that the consumption of
100 g dried plum per d for 90 d significantly modulated bone
markers in postmenopausal women. Because of the known
laxative properties of dried plum, the study participants
were asked to gradually incorporate dried plum into their
diets. The subjects were asked to return any unused dried
fruit as part of monitoring compliance. All participants
received 500mg Ca plus 400 IU (10mg) vitamin D daily.

Table 1. Nutrient concentration of dried apple and dried plum obtained by both calculation and
actual analyses

Dried apple (per 75 g) Dried plum (per 100 g)

Calculated* Actual† Calculated* Actual†

Energy (kJ) 1004·83 916·90 1000·64 921·09
Fat (g) 0·43 0·37 0·52 0·23
Total carbohydrates (g) 58·5 70·5 62·7 63·4
Fibre (g) 6 NA 7·10 NA
Protein (g) 1·5 0·83 2·61 2·24
Ca (mg) 11·25 15·0 51·0 30·0
P (mg) 14·2 30·6 79 50·0
Fe (mg) 1·05 – – –
Vitamin A (mg) 9 – – –
Vitamin C (mg) 2·25 – – –

NA, not assessed.
*Results obtained from Food Processor version 7.50 (ESHA Research, Salem, OR, USA).
†Gross energy analysed by bomb calorimetry (Parr 1261 Calorimeter; Parr Instrument Company, Moline, IL,

USA), crude protein by the Association of Official Analytical Chemists Kjeldahl method, fat by diethyl ether
extraction, and Ca and P content by atomic absorption spectrophotometry (Perkin-Elmer Atomic Absorption
Spectrophotometer, model 5100PC; Perkin-Elmer, Norwalk, CT, USA).
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Dietary and physical activity assessment and
anthropometric measurements

Medical and nutritional histories were obtained at the begin-
ning of the study. The subjects completed a 7 d FFQ via inter-
view at baseline, 3, 6 and 12 months. Nutrient analysis was
performed using food analysis software (Food Processor ver-
sion 7.50; ESHA Research, Salem, OR, USA). Similarly, physical
activity patterns were assessed at baseline, 3, 6 and 12 months.
The Five-City Project Physical Activity Recall was used to
assess current physical activity, sleep and activity patterns(20).
Anthropometric data were also collected at baseline, 3, 6

and 12 months, and height and weight were used to calculate
BMI (kg/m2).

Bone density assessments

Bone density was assessed at the beginning and at the end of
the treatment by dual-energy X-ray absorptiometry (GE
Healthcare Lunar, Madison, WI, USA) equipped with appropri-
ate software for whole-body, lumbar spine, hip and forearm
BMD. Densitometer stability was evaluated by performance
of phantom scans on the dates of all data acquisition.

Assessed for eligibility (n 236)

Excluded (n 76)
Not meeting inclusion criteria (n 70)
Other reasons (n 6)

Continued intervention (n 60)
Discontinued intervention (n 5)
Non-compliant

Discontinued intervention (n 16)

Non-compliant, GI issues, gallbladder
disease, HRT treatment

Continued intervention (n 64)
Discontinued intervention (n 4) 
Non-compliant

Analysed (n 45)

Excluded from analysis (n 0)

1-year analysis

Continued intervention (n 55)
Discontinued intervention (n 10)
Non-compliant

6-month follow-up

Continued intervention (n 65)
Discontinued intervention (n 10)
Non-compliant, health related, personal

3-month follow-up

Discontinued intervention (n 15)

Non-compliant, GI issues,
headache, personal

Dried apple

Analysed (n 55)

Excluded from analysis (n 0)

1-year analysis

6-month follow-up

3-month follow-up

Dried plum

Allocation

Enrolment (n 160)

Fig. 1. Flow chart of the study design and subject participation. GI, gastrointestinal; HRT, hormone replacement therapy.
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Bone marker measurements

Venous blood samples were obtained after an overnight fast
from each subject at baseline, 3, 6 and 12 months of the
study for various analyses. Blood samples were centrifuged
at 3500g for 15min at 48C, and serum samples were separated,
divided into aliquots and stored at 2808C until analyses.
Bone-specific alkaline phosphatase (BALP) and osteocalcin
(OC), markers of bone turnover, were measured using com-
mercially available ELISA kits (Quidel Biosystems, Mountain
View, CA, USA). Tartrate-resistant acid phosphatase-5b
(TRAP5b), a marker of bone resorption in blood, was
measured using ELISA kits (Quidel Biosystems). In order to
determine the potential anti-inflammatory role of dried plum
in modulating bone metabolism, serum C-reactive protein
(CRP) was assessed using the SIRRUS clinical chemistry analy-
ser (Stanbio Laboratory, Boerne, TX, USA) at baseline, 3, 6 and
12 months.

Statistical analyses

Data were analysed using ANOVA methods with PROC MIXED
in PC SAS (version 9.1; SAS Institute, Cary, NC, USA), analysing
the main and interaction effects of the two factors: treatment
(dried apple or dried plum) and time (baseline or after
treatment). Since each subject was measured at baseline and
at various time intervals, repeated-measures model was
utilised. The mean changes in each time point for the dried
plum and dried apple treatment groups were compared by
analysing the interaction effects of the two factors, treatment
and time, using the SLICE option in an LSMEANS (least-
squares means) statement. Data are reported as least-squares
means with their standard errors; unless otherwise indicated,
P,0·05 was regarded as statistically significant.

Results

Baseline characteristics, anthropometric measurements,
dietary intake and physical activity assessments

Of the 236 women, 100 (fifty-five on dried plum and forty-five
on dried apple) completed the study. The attrition rates
were not significantly different between the two treatment
groups (37·5%; Fig. 1). Baseline characteristic data were
not significantly different for women who completed the
study (Table 2).
Age, years since menopause, body weight and BMI were

similar at baseline between the treatment groups. The 100 par-
ticipants who remained in the study adhered to the regimens,
as indicated by a self-monitoring checklist provided to them
on a monthly basis and by assessing a 7 d FFQ. Overall, the
dried fruit regimens were well accepted and considered to
be palatable, as stated by the subjects. The compliance to
the dried fruit regimens was on average 82% in each group.
Analysis of the 7 d FFQ indicated that the participant’s food
intakes were not significantly different from their correspond-
ing baseline values between the two treatment groups
throughout the study period (Table 3). T

a
b
le

2
.
C
h
a
ra
ct
e
ri
st
ic
s
o
f
th
e
st
u
d
y
p
a
rt
ic
ip
a
n
ts
*

(M
e
a
n
va

lu
e
s
a
n
d
st
a
n
d
a
rd

d
e
vi
a
tio

n
s)

D
ri
e
d
a
p
p
le

(n
4
5
)

D
ri
e
d
p
lu
m

(n
5
5
)

B
a
se

lin
e

3
m
o
n
th
s

6
m
o
n
th
s

1
2
m
o
n
th
s

B
a
se

lin
e

3
m
o
n
th
s

6
m
o
n
th
s

1
2
m
o
n
th
s

M
e
a
su

re
s

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

A
g
e
(y
e
a
rs
)

5
5
·6

5
·0

–
–

–
5
7
·5

4
·0

–
–

–
T
im

e
si
n
ce

m
e
n
o
p
a
u
se

(y
e
a
rs
)

6
·0
9

4
·0
0

–
–

–
6
·1
2

3
·4
5

–
–

–
W
e
ig
h
t
(k
g
)

6
8
·3

1
2
·0

6
9
·4

1
3
·1

6
7
·6

1
1
·7

6
6
·8

1
2
·3

6
6
·3

1
2
·2

6
7
·7

1
2
·6

6
6
·2

1
1
·4

6
6
·8

1
3
·2

H
e
ig
h
t
(c
m
)

1
6
5
·9

5
·3

–
–

1
6
5
·8

5
·2

1
6
3
·1

5
·4

–
–

1
6
3
·1

5
·5

B
M
I
(k
g
/m

2
)

2
4
·8

4
·1

–
–

2
4
·2

4
·0

2
4
·9

4
·6

–
–

2
5
·2

4
·8

t-
sc
o
re

lu
m
b
a
r
ve

rt
e
b
ra
e
(L

1
–
L
4
)

2
0
·8

0
·8

–
–

–
2
1
·2

0
·9

–
–

–
P
A
(k
J/
d
)

3
8
4
7
·1

2
1
9
·6

4
0
0
8
·2

2
3
8
·9

3
7
4
9
·7

2
2
0
·9

3
4
7
0
·2

2
5
3
·1

3
3
2
6
·6

1
6
1
·9

3
4
5
6
·4

1
4
9
·7

3
4
3
6
·3

1
8
2
·4

3
5
6
1
·0

2
3
6
·8

P
A
,
p
h
ys

ic
a
la

ct
iv
ity
.

*
T
h
e
F
iv
e
-C

ity
P
ro
je
ct

P
h
ys
ic
a
l
A
ct
iv
ity

R
e
ca

ll
w
a
s
u
se

d
to

a
ss
e
ss

cu
rr
e
n
t
P
A
,
sl
e
e
p
a
n
d
a
ct
iv
ity

p
a
tt
e
rn

in
cl
u
d
in
g
le
is
u
re
,
o
cc
u
p
a
tio

n
a
l
a
n
d
h
o
m
e
a
ct
iv
iti
e
s.

T
h
e
re

w
e
re

n
o
st
a
tis
tic
a
l
si
g
n
ifi
ca

n
t
d
iff
e
re
n
ce

s
o
b
se

rv
e
d
b
e
tw
e
e
n
th
e

b
a
se

lin
e
va

lu
e
s
o
f
th
e
tw
o
tr
e
a
tm

e
n
t
g
ro
u
p
s,

a
n
d
b
e
tw
e
e
n
th
e
b
a
se

lin
e
va

lu
e
s
a
n
d
co

rr
e
sp

o
n
d
in
g
va

lu
e
s
a
t
3
,
6
a
n
d
1
2
m
o
n
th
s.

S. Hooshmand et al.926

B
ri
ti
sh

Jo
ur
na
l
o
f
N
ut
ri
ti
o
n

.
$+

#!$4787�9C$"
� �((%D,��+

+
+

 64"
5C�7:8 $C:�6$C8 �/1�477C8DD,� ��� 

 �� �����$#����0)#������4(���,
�,

 ��D)5 86(�($�(�8��4"

5C�7:8��$C8�(8C"
D�$9�)D8��4*4�!45!8�4(� �((%D,��+

+
+

 64"
5C�7:8 $C:�6$C8�(8C"

D  ��((%D,��7$� $C:��� �����2������	
�������3



T
a
b
le

3
.
D
a
ily

n
u
tr
ie
n
t
in
ta
ke

ca
lc
u
la
te
d
fr
o
m

a
7
d
F
F
Q

o
f
w
o
m
e
n
a
t
b
a
se

lin
e
,
3
,
6
a
n
d
1
2
m
o
n
th
s
su

p
p
le
m
e
n
ta
tio

n
w
ith

1
0
0
g
d
ri
e
d
p
lu
m

o
r
7
5
g
d
ri
e
d
a
p
p
le

d
a
ily
*

(M
e
a
n
va

lu
e
s
a
n
d
st
a
n
d
a
rd

d
e
vi
a
tio

n
s)

D
ri
e
d
a
p
p
le

(n
4
5
)

D
ri
e
d
p
lu
m

(n
5
5
)

B
a
se

lin
e

3
m
o
n
th
s

6
m
o
n
th
s

1
2
m
o
n
th
s

B
a
se

lin
e

3
m
o
n
th
s

6
m
o
n
th
s

1
2
m
o
n
th
s

D
a
ily

in
ta
ke

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

T
o
ta
le

n
e
rg
y
(k
J)

7
0
3
3

2
3
4

7
3
1
4

3
0
5

7
1
4
6

3
3
9

7
5
5
7

2
6
7

6
8
8
7

2
8
8

7
4
9
8

2
5
5

7
6
7
4

3
5
5

7
7
3
3

3
2
2

M
a
cr
o
n
u
tr
ie
n
ts

P
ro
te
in

(g
)

7
2
·5

3
·0

6
6
·7

2
·7

6
7
·2

3
·5

7
3
·6

2
·8

6
7
·0

2
·7

7
2
·8

2
·8

6
8
·8

2
·6

7
2
·5

3
·2

C
a
rb
o
h
yd

ra
te

(g
)

2
1
2

8
2
3
6

1
0

2
2
7

9
2
3
1

9
2
0
5

1
0

2
3
3

9
2
5
6

1
7

2
3
3

1
0

D
ie
ta
ry

fib
re

(g
)

2
1
·2

1
·2

2
4
·5

1
·1

2
2
·7

1
·2

2
5
·0

1
·4

2
1
·2

1
·1

2
4
·4

1
·3

2
6
·6

1
·8

2
6
·2

1
·7

T
o
ta
lf
a
t
(g
)

6
1
·1

3
·2

6
0
·9

4
·8

6
0
·9

4
·6

6
7
·1

3
·9

6
2
·3

3
·1

6
3
·8

3
·1

6
0
·5

2
·7

7
0
·7

4
·6

S
a
tu
ra
te
d
fa
t
(g
)

1
8
·8

1
·0

2
0
·6

2
·5

1
9
·8

1
·7

2
1
·0

1
·2

1
9
·2

1
·3

1
9
·7

1
·1

1
9
·2

1
·0

2
1
·7

1
·4

M
o
n
o
u
n
sa

tu
ra
te
d
fa
t
(g
)

2
1
·4

1
·5

1
9
·4

1
·4

2
0
·6

1
·8

2
2
·8

1
·8

2
1
·8

1
·2

2
1
·3

1
·2

2
0
·5

1
·1

2
3
·4

1
·8

P
o
ly
u
n
sa

tu
ra
te
d
fa
t
(g
)

1
1
·6

0
·9

1
1
·0

0
·8

1
1
·1

0
·9

1
2
·7

1
·1

1
1
·6

0
·6

1
1
·7

0
·7

1
1
·2

0
·7

1
3
·9

1
·1

T
ra
n
s-
fa
t
(g
)

0
·5

0
·1

0
·4

0
·1

0
·4

0
·1

0
·8

0
·1

0
·4

0
·1

0
·8

0
·2

0
·7

0
·1

0
·8

0
·2

T
o
ta
lc

h
o
le
st
e
ro
l
(m

g
)

1
9
6
·5

1
4
·5

1
9
5
·9

1
5
·8

2
2
7
·2

1
8
·0

2
2
1
·4

1
4
·0

2
0
2
·5

1
2
·5

2
2
4
·8

1
3
·3

2
2
3
·9

1
2
·3

2
4
9
·1

1
7
·4

V
ita

m
in
s

A
(m

g
R
A
E
)

3
4
9
4

2
6
5

2
7
9
3

2
9
0

2
7
6
6

2
9
0

3
4
0
6

4
1
0

3
2
4
6

2
7
9

3
4
9
2

3
0
0

3
0
7
1

2
4
7

3
9
1
6

4
2
7

C
(m

g
)

1
0
7

8
9
3

8
8
2

8
9
3

7
9
3

8
9
5

1
1

9
8

1
2

9
9

6
8

D
(m

g
)

2
·5
7

0
·2
7

2
·6
7

0
·2
7

2
·5
2

0
·2
5

2
·6
5

0
·3
0

2
·4
2

0
·3
0

2
·5
0

0
·2
7

2
·4
0

0
·2
5

2
·5
7

0
·2
5

E
(m

g
)

3
7
5
8

3
3
5
·5

4
4
9
6

3
3
5
·5

4
0
2
6

4
0
2

5
0
3
3

5
3
6

5
7
7
1

1
2
0
8

4
9
6
6

4
6
9

4
8
3
2

4
0
2

5
9
7
3

8
7
2

K
(m

g
)

1
1
5
·6

1
1
·6

1
6
8
·0

1
6
·8

1
3
5
·0

2
7
·3

1
7
4
·5

3
0
·5

2
0
9
·2

2
1
·6

1
7
0
·4

1
7
·3

1
7
8
·0

1
6
·6

1
9
8
·4

2
1
·8

M
in
e
ra
ls

(m
g
)

C
a

8
0
8

4
7

8
9
6

5
2

8
0
6

5
7

8
6
1

5
4

9
2
7

1
4
2

7
7
9

6
2

7
6
2

4
2

8
8
5

6
3

F
e

1
4
·7

1
·2

1
4
·4

0
·9

1
3
·5

0
·7

1
4
·9

0
·9

1
6
·8

2
·5

1
5
·0

1
·0

1
5
·0

0
·9

1
5
·7

1
·2

M
g

2
4
5

1
0

2
8
8

1
2

2
6
3

1
6

3
0
1

1
7

2
9
6

1
3

2
8
5

1
4

3
1
0

1
9

3
2
1

2
1

P
9
9
7

4
2

1
1
7
2

5
3

1
0
4
8

6
3

1
1
5
5

4
9

1
1
2
0

5
0

1
0
7
9

5
1

1
0
8
7

4
4

1
1
6
1

6
4

K
2
6
6
1

9
7

2
8
1
0

1
1
5

2
6
4
3

1
2
9

2
9
1
6

1
2
1

2
9
5
7

1
3
1

2
6
8
7

1
4
4

3
0
3
0

1
4
7

3
0
2
5

1
4
9

Z
n

7
·1

0
·3

8
·2

0
·4

7
·4

0
·4

8
·6

0
·4

1
0
·1

2
·0

7
·5

0
·3

8
·2

0
·5

8
·1

0
·4

R
A
E
,
re
tin

o
la

ct
iv
ity

e
q
u
iv
a
le
n
ts
.

*
A
n
a
ly
se

s
d
o
n
o
t
in
cl
u
d
e
n
u
tr
ie
n
ts
,
C
a
a
n
d
vi
ta
m
in

D
fr
o
m

th
e
su

p
p
le
m
e
n
ts

u
se

d
b
y
th
e
p
a
rt
ic
ip
a
n
ts
.
T
h
e
re

w
e
re

n
o
st
a
tis
tic
a
lly

si
g
n
ifi
ca

n
t
d
iff
e
re
n
ce

s
o
b
se

rv
e
d
b
e
tw
e
e
n
th
e
b
a
se

lin
e
va

lu
e
s
o
f
th
e
tw
o
tr
e
a
tm

e
n
t
g
ro
u
p
s,

a
n
d

b
e
tw
e
e
n
th
e
b
a
se

lin
e
va

lu
e
s
a
n
d
co

rr
e
sp

o
n
d
in
g
va

lu
e
s
a
t
3
,
6
a
n
d
1
2
m
o
n
th
s.

Dried plum reverses bone loss 927

B
ri
ti
sh

Jo
ur
na
l
o
f
N
ut
ri
ti
o
n

.
$+

#!$4787�9C$"
� �((%D,��+

+
+

 64"
5C�7:8 $C:�6$C8 �/1�477C8DD,� ��� 

 �� �����$#����0)#������4(���,
�,

 ��D)5 86(�($�(�8��4"

5C�7:8��$C8�(8C"
D�$9�)D8��4*4�!45!8�4(� �((%D,��+

+
+

 64"
5C�7:8 $C:�6$C8�(8C"

D  ��((%D,��7$� $C:��� �����2������	
�������3



Physical activity levels were assessed at baseline, 3, 6 and 12
months, and as expected, there were no significant differences
in their activity levels throughout the study (Table 2).

Bone mineral density

Both dried fruit regimens had bone-protective effects as
indicated by positive changes from baseline in ulna, spine,
femoral neck, total hip and whole-body BMD (Fig. 2). Dried
plum had more pronounced effects on BMD of the ulna and
spine, as the increases were significantly different between
the two treatments.

Serum parameters of relevance to bone metabolism

Dried plum consumption resulted in a time-dependent
reduction in serum BALP levels of postmenopausal women
at 3-, 6- and 12-month time intervals, and this reduction
became significant at 12 months compared with baseline
(Table 4). In the dried apple group, serum BALP levels
increased significantly in the first 6 months of the study and
decreased at 12 months. BALP levels were significantly
lower in the dried plum group at 6 months compared with
the dried apple group.
OC, a marker of bone turnover, decreased in a

time-dependent manner in the dried plum group, while it
increased in the dried apple group over time and this increase
reached a significant level at 6 months (Table 4). Serum OC
levels were significantly lower in the dried plum group
compared with the dried apple group at 3- and 12-month
time points.
TRAP5b, a specific marker of bone resorption, decreased

significantly in the dried plum group at 3 months and stayed
at the same level at the 6- and 12-month time points
(Table 4). TRAP5b did not change signficantly in the dried
apple group; however, it increased at the 12-month time point.
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Serum CRP, a marker of inflammation, decreased in the
dried plum treatment group after 3 months and remained
the same thereafter. On the other hand, CRP levels were the
same after 3 months in the dried apple group and decreased
thereafter. Serum CRP levels were significantly lower in the
dried plum group compared with the dried apple group at
3 months (Table 4).

Discussion

In a recent review(21), we summarised the prior evidence of
bone-protective effects of dried plum and speculated the
mechanisms of action. Earlier findings strongly suggest that
dried plum has a potent effect on bone in terms of both pre-
vention and reversal as is evident by higher bone densities,
mineral contents, percentage trabecular bone area and ten-
dency to reduce marrow space in the long bone of
rats(9–13). The findings of the present study confirmed the abil-
ity of dried plum in improving BMD in postmenopausal
women. Postmenopausal women in this age range are prone
to accelerated bone loss. Women potentially lose up to 50%
of their trabecular bone and 30% of their cortical bone after
reaching peak bone mass in which half of it occurs during
the first 10 years from the onset of menopause(22). To our
knowledge, the present study is the first to clearly indicate
that postmenopausal women benefit from consuming dried
plum in terms of BMD.
As expected, both groups started with similar baseline

characteristics including age, time since menopause, weight,
height, BMI and lumbar t-score, indicative of complete
randomisation. Although the women on both regimens
consumed 1004 kJ/d more energy (albeit not significantly
different from baseline energy consumption in both regi-
mens), neither their weight nor their BMI was significantly
affected. This may be due to the high fibre contents of the
dried fruits. Other investigators have reported lack of weight
gain despite higher energy intakes associated with higher
fibre content, such as flaxseed(23–25). These findings are also
in accordance with our earlier findings(17,24), in which
women did not gain weight by consuming similar regimens
for 3 months.
The present data indicate that postmenopausal women on

both dried plum and dried apple regimens did not lose
bone. However, the gain in BMD for ulna and spine was
significantly higher in the dried plum group than in the dried
apple group. These findings suggest that dried plum is particu-
larly effective in reducing the risk of fracture in ulna and spine
as indicated by higher BMD in these sites. These results sup-
port the findings that, in general, consumption of fruits and
vegetables is beneficial to bone health(3,5–7). However, the
majority of studies that have linked fruit and vegetable con-
sumption to better bone health speculated that the beneficial
effects of fruits and vegetables on bone were due to a shift
in the acid–base balance(6). Nonetheless, more recent studies
have suggested that the beneficial effects of fruit and veg-
etable consumption on bone may be due to their contents
such as vitamin C, vitamin K, K and phytochemicals. The pre-
sent study does not address the osteoprotective mechanism of

dried plums. Dried plums are rich in phenolic compounds
such as neochlorogenic acid and chlorogenic acid, which act
as antioxidants(26,27). Antioxidants that scavenge potentially
damaging free radicals have been shown to prevent bone
loss(28,29). Dried plums also contain higher amounts of
boron than most fruits. Boron has been shown to modulate
bone and Ca metabolism(30), and play an important role in
preserving BMD(31).
In addition, dried plums contain high amounts of vitamin

K(32). Vitamin K influences bone health by improving Ca bal-
ance(33) and is also a cofactor needed for g-carboxylation of
OC. g-Carboxylated OC promotes normal bone mineralisation
by regulating the growth of hydroxyapatite crystals(34). How-
ever, it should be emphasised that the bone-protective effects
of fruits and vegetables including dried plum should not be
solely attributed to any one of their components, and con-
sumption of whole fruits and vegetables should be promoted.
From a mechanistic point of view, we measured both mar-

kers of bone formation and bone resorption. In earlier studies,
BALP and OC were considered to be markers of bone for-
mation; however, more recent studies(34–37) have suggested
that both are considered as markers of bone turnover rather
than bone formation. Therefore, our overall findings suggest
that dried plum improves bone mass by slowing down the
rate of bone turnover. Nonetheless, it should be noted that
in order for dried plum to have bone reversal effects, it must
suppress the rate of bone resorption more so than the rate
of bone formation. Although this is speculative, in order to
examine this notion, one must use bone biopsies to assess
static and dynamic histomorphometry. Particularly, quantitat-
ive histomorphometry is necessary to assess the effects of
dried plum on the appearance of the cellular components,
the presence or absence of woven bone and marrow fibrosis.
Another explanation for the bone reversal property of dried
plum may be through the suppression of chronic inflam-
mation, as dried plum was able to significantly lower serum
CRP level after 3 months and reached a plateau thereafter.
CRP is known to be linked to a number of chronic diseases
including osteoporosis(37–40). Therefore, the efficacy of dried
plum in lowering serum CRP levels may have far greater impli-
cations than just influencing bone turnover. The present study
suggests that the longer-term consumption of dried plums
increases BMD in postmenopausal women, in part, due to
suppressing the rate of bone turnover and perhaps through
lowering CRP levels.
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