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Abstract
Summary Daily consumption of 50 g of dried plum (equiva-
lent to 5–6 dried plums) for 6 months may be as effective as
100 g of dried plum in preventing bone loss in older,
osteopenic postmenopausal women. To some extent, these
results may be attributed to the inhibition of bone resorption
with the concurrent maintenance of bone formation.
Introduction The objective of our current study was to exam-
ine the possible dose-dependent effects of dried plum in
preventing bone loss in older osteopenic postmenopausal
women.
Methods Forty-eight osteopenic women (65–79 years old)
were randomly assigned into one of three treatment groups
for 6 months: (1) 50 g of dried plum; (2) 100 g of dried plum;
and (3) control. Total body, hip, and lumbar bone mineral
density (BMD) were evaluated at baseline and 6 months using

dual-energy X-ray absorptiometry. Blood biomarkers includ-
ing bone-specific alkaline phosphatase (BAP), tartrate-
resistant acid phosphatase (TRAP-5b), high-sensitivity C-re-
active protein (hs-CRP), insulin-like growth factor-1 (IGF-1),
and sclerostin were measured at baseline, 3 months, and
6 months. Osteoprotegerin (OPG), receptor activator of nucle-
ar factor kappa-B ligand (RANKL), calcium, phosphorous,
and vitamin D were measured at baseline and 6 months.
Results Both doses of dried plumwere able to prevent the loss
of total body BMD compared with that of the control group
(P<0.05). TRAP-5b, a marker of bone resorption, decreased
at 3 months and this was sustained at 6 months in both 50 and
100 g dried plum groups (P<0.01 and P<0.04, respectively).
Although there were no significant changes in BAP for either
of the dried plum groups, the BAP/TRAP-5b ratio was signif-
icantly (P< 0.05) greater at 6 months in both dried plum
groups whereas there were no changes in the control group.
Conclusions These results confirm the ability of dried plum to
prevent the loss of total body BMD in older osteopenic post-
menopausal women and suggest that a lower dose of dried
plum (i.e., 50 g) may be as effective as 100 g of dried plum
in preventing bone loss in older, osteopenic postmenopausal
women. This may be due, in part, to the ability of dried plums
to inhibit bone resorption. This clinical trial was registered at
ClinicalTrials.gov: NCT02325895.
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IGF-1 Insulin-like growth factor-1
hs-CRP High-sensitivity C-reactive protein
RANKL Receptor activator of nuclear factor

kappa-B ligand
OPG Osteoprotegerin
SOST Sclerosteosis gene
CRP C-reactive protein
P1NP Procollagen type 1N-terminal propeptide
CTX Collagen type 1 C-telopeptide

Introduction

The prevalence of age-related bone loss is greater in women
than in men [1, 2], and in 25 to 30% of aging women, this loss
results in major orthopedic problems [1]. In the United States
(U.S.) alone, a conservative estimate is that nearly half of all
women over the age of 50 years will suffer a fracture due to
osteoporosis, resulting in more than 1.5 million fractures per
year including painful and often debilitating hip fractures [3].
Over the past several decades, there have been significant
advances in our understanding of the etiology and pathophys-
iology of osteoporosis, as well as the development of pharma-
ceutical agents for its treatment [4, 5]. There are currently
numerous drug therapies aimed at reducing either bone loss
or increasing bone formation. Nonetheless, these drugs are
known to have negative side effects, high costs, and low com-
pliance and maximally can prevent the rate of fractures by
50% [4, 5]. Calcium and vitamin D supplementation has been
recommended as a safe, nutritional approach to help reduce
bone loss [6]; however, the U.S. Preventive Services Task
Force has stated that calcium and vitamin D supplementation
should not be used as a primary fracture prevention strategy
[7]. In addition to diet and other lifestyle factors such as phys-
ical activity, there is evidence to suggest that functional foods
can improve growth and development as well as reduce the
risk of chronic diseases such as osteoporosis [8].

Among the functional foods that have been shown to have
bone-protective effects, dried plum (Prunus domestica L.) is
uniquely able to prevent and reverse bone loss in rat models of
osteoporosis [9–12]. More relevantly, in a short-term clinical
study [13], we demonstrated that supplementation of 100 g/
day of dried plum over 3 months improved biomarkers of
bone formation in postmenopausal women. We also carried
out a 12-month study [14] in which postmenopausal women
were asked to consume 100 g of dried plum daily. That study
demonstrated the ability of dried plum to completely prevent
the loss of bone mineral density (BMD).

Several rodent studies have provided insight into the mech-
anisms by which dried plum exerts its bone-protective effects
[9–12, 15]. Age-related bone loss, including that which occurs
in postmenopausal women, may be partly associated with
decreased production of certain growth factors such as

insulin-like growth factor-1 (IGF-1). We and others have
shown that dried plum can increase IGF-1 levels in both
humans [10] and animal models [9, 11]. Another mechanism
by which dried plums prevent bone loss is via their strong
antioxidant properties [16]. For instance, using an aged mouse
model of osteoporosis, Rendina et al. [17] showed that dried
plum increased circulating levels of glutathione peroxidase
which is a strong enzymatic antioxidant. Another mechanism
bywhich dried plummay prevent bone loss is through its anti-
inflammatory properties. We [18] and other investigators [19]
have demonstrated the effectiveness of dried plum polyphenol
extract in reducing the production of proinflammatory mole-
cules such as cyclooxygenase-2. In an ex vivo part of a study
by Rendina et al. [20], the effectiveness of dried plum in
reducing tumor necrosis factor alpha in induced splenocytes
was shown. Altogether, although the exact mechanisms of
action by which dried plum exerts its effects on bone are still
unknown, research findings thus far indicate that dried plum
may modify bone formation [9, 10, 12, 17] and bone resorp-
tion [12, 14] through modulation of osteoblast and osteoclast
activities by increasing bone-specific alkaline phosphatase
(BAP) [12, 14], IGF-1 [9, 12, 14], and reducing serum
tartrate-resistant acid phosphatase-5b (TRAP-5b) [14],
sclerostin [21], receptor activator of nuclear factor kappa-B
ligand (RANKL), and osteoprotegerin (OPG) gene expression
[12] .

Aside from the paucity of literature addressing the mecha-
nisms of action by which dried plum prevents bone loss, clin-
ical studies are needed to demonstrate whether more reason-
able amounts of dried plum, e.g., 50 g of dried plum, can also
be effective in preventing bone loss. Hence, the present study
was designed to determine the extent to which this lower dose
of dried plum (50 g) prevents the loss of BMD and improves
bone biomarkers in older, osteopenic postmenopausal women.
We hypothesized that a 50 g dose of dried plum during calci-
um and vitamin D supplementation would prevent loss of
BMD equally to a 100 g dose and more effectively than a
calcium and vitamin D supplementation regimen alone.

Methods

Participants

A total of 84 postmenopausal women, 65–79 years of age,
not on hormone replacement therapy for at least 3 months
before the initiation of the study were recruited from the
greater San Diego, California area between August 2012
and September 2013. Recruitment took place in the com-
munity via flyers at local gyms, senior centers, markets,
and word of mouth. Women with osteoporosis (i.e., BMD
T-score at any site below 2.5 standard deviation of the
mean) were excluded from the study. Furthermore, subjects
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treated with any prescription medications known to alter
bone and calcium metabolism such as calcitonin,
bisphosphonates, raloxifene, and/or anabolic agents such
as parathyroid hormone, growth hormone, or steroids with-
in 3 months before the start of the study were excluded. In
addition, subjects with metabolic bone disease, renal dis-
ease, cancer, cardiovascular disease, diabetes mellitus, re-
spiratory disease, gastrointestinal disease, liver disease or
other chronic diseases, and heavy smokers (>20 cigarettes/
day) were excluded. Women who regularly consumed dried
plum or prune juice were not included in the study. A
complete medical history and a dietary vitamin D and
calcium questionnaire (SCQ2002) were obtained from the
subjects before initiating the treatments. The subjects were
advised to maintain their usual physical activity and diet
pattern throughout the duration of the study. This clinical
trial was registered at ClinicalTrials.gov: NCT02325895.

Study design

Of the 84 screened volunteers, 48 eligible osteopenic post-
menopausal women, whose BMD T-score were between −1
and −2.5, were randomly assigned to one of the three dietary
treatment groups for 6 months: 50 g/day of dried plum
(n=16), 100 g/day of dried plum (n=16), or 0 g/day of dried
plum (n=16; control group). The amount of dried plum was
based on the findings of our long-term clinical trial [13] which
indicated that the consumption of 100 g of dried plum per day
for 12 months significantly improved BMD of the ulna and
spine compared to a comparative control (75 g dried apple).
Due to the purported laxative properties of dried plum, the aim
of this study was to compare 50 to 100 g/day dried plum to find
out if a lower dose would also have a positive impact on BMD.
The composition of dried plum per 100 g obtained from Food
Processor version 7.50 (ESHA Research, Salem, OR) is as
follows: energy=239 kcal, protein=2.61 g, fat =0.52 g, total
fiber = 7.10 g, calcium=51 mg, phosphorus = 79 mg, total
carbohydrates=62.7 g. The study participants were asked to
gradually incorporate dried plum into their diets and to monitor
their compliance with a self-monitoring calendar. Briefly, par-
ticipants were given customized calendars and were asked to
record the days they missed consuming the study regimen.
They were also asked to return any unused portion of the study
regimen for compliance monitoring purposes. All participants
received 500 mg of calcium carbonate plus 10 μg (400 IU) of
vitamin D3 (cholecalciferol) daily.

Dietary and physical activity assessment
and anthropometric measurements

Amedical history questionnaire was obtained at the beginning
of the study. The subjects completed a three-day food record at
baseline, 3 months, and 6 months. Dietary 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 and ana-
lyzed based on energy expenditure/week using the CHAMPS
Physical Activity Questionnaire for Older Adults (Palo Alto,
CA, USA), which is designed to capture all physical activity
commonly completed by the age group studied.
Anthropometric data were collected at baseline and 6 months
and height and weight were used to calculate BMI (kg/m2).
Characteristics of study participants are displayed in Table 1.

Bone density assessments

Bone density was assessed at the beginning and at the end
of the treatment by dual-energy X-ray absorptiometry
(LUNAR Prodigy Advanced, GE Healthcare Lunar,
Madison, WI, USA) equipped with appropriate 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. The pre-
cision of this technique, presented as the coefficient of var-
iation (CV), was 0.65 % for the lumbar spine, 0.73 % for the
total hip, 0.85 % for forearm, and 0.55 % for total body
locations.

Serum bone marker measurements

Venous blood samples were obtained after an overnight
fast from each subject at baseline, 3 months, and 6 months
of the study for various analyses. Blood samples were
centrifuged at 1200 g for 15 min at 4 °C, and serum
samples were separated, divided into aliquots, and stored
at −80 °C until analyses. Changes in high-sensitivity C-
reactive protein (hs-CRP), IGF-1, BAP, TRAP-5b, and
sclerostin were analyzed at baseline, 3 months, and
6 months. Changes in 25-hydroxy vitamin D (25-OH vita-
min D), RANKL, calcium, phosphorous, and OPG level
were analyzed at baseline and 6 months. Serum total
RANKL, OPG, hs-CRP, and IGF-1 were measured using
ELISA kits from ALPCO Diagnostics (Salem, NH, USA).
Total BAP, TRAP-5b, 25-OH vitamin D, and sclerostin
levels were measured using ELISA kits from QUIDEL
Corporation (San Diego, CA, USA). Calcium and phos-
phorous were measured using Stanbio reagents (Stanbio
Laboratory, Boerne, TX).

Statistical analysis

Data were analyzed using analysis of variance methods with
PROC MIXED in PC SAS (Version 9.1, SAS Institute, Cary,
NC) analyzing the main and interaction effects of the two
factors, treatment (0, 50, or 100 g/day dried plum), and time
(baseline, 3 months, and 6 months). Since each subject was
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measured at baseline and various time intervals, repeated mea-
sures models were utilized. The mean changes in each time
point for the treatment groups were compared by analyzing
interaction effects of the two factors, treatment and time, using
the SLICE option in an LSMEANS statement. Data are re-
ported as least square mean± standard error (SE). Unless oth-
erwise indicated, P < 0.05 was regarded as statistically
significant.

Results

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

Forty-two women (13 on 0 g/day dried plum, 16 on 50 g/day
dried plum, and 13 on 100 g/day dried plum) completed the
study. The attrition rate was 18.75 % for 0 g/day, 0 % for 50 g/
day, and 18.75 % for 100 g/day (Fig. 1). As expected, baseline
characteristics were not significantly different for women who
completed the study (Table 1). Age, last menstrual period age,
height, body weight, and BMI were similar at baseline and
between the three treatment groups. The 42 participants who
remained in the study adhered to the regimens, as indicated by
a self-monitoring calendar provided to them on a monthly
basis. Overall, the dried plum treatment at both doses of 50
and 100 g/day was well accepted and considered to be palat-
able, as stated by the subjects. The compliance to the dried
plum regimens was on average 95 % for 50 g dried plum and
97 % for 100 g dried plum group. Analysis of the 3-day food

records indicated that the participants’ food intakes were not
significantly different from their corresponding baseline
values between the three treatment groups throughout the
study period (Table 2). Physical activity levels were assessed
at baseline and there were no significant differences in activity
levels between the treatment groups (Table 1). Additionally,
total calcium and vitamin D intake were evaluated at baseline
using calcium and vitamin D intake history questionnaire, and
similarly, there were no significant differences in calcium and
vitamin D intake between treatment groups (Table 1).
Glomerular filtration rate (GFR) was calculated using serum
creatinine level, age, race, and gender (National Kidney
Foundation) to evaluate kidney function. All participants had
GFR values over 60 mL/min/1.73 m2 indicating healthy kid-
ney function before and after the treatment.

Bone mineral density

Both 50 g/day dried plum and 100 g/day dried plum had bone-
protective effects as indicated by no net change from baseline
in total body BMD, whereas the control group continued to
lose bone (Fig. 2). Although the observed changes from base-
line for BMD of L1 to L4 were not significantly (P=0.08)
different than the control group, there was a strong positive
trend for increased spine BMD for both 50 g/day dried plum
and 100 g/day dried plum treatment groups. There were no
detectable differences in changes for the total hip and ulna
BMD among control, 50 g/day dried plum, or 100 g/day dried
plum groups.

Table 1 Characteristics of study
participants Measures 0 g dried plum 50 g dried plum 100 g dried plum

Baseline 6 months Baseline 6 months Baseline 6 months

Age (years) 71.0 ± 2.9 – 68.5 ± 4.3 – 70.4 ± 3.7 –

LMP age (years) 49.1 ± 6.6 – 49.3 ± 7.6 – 49.3 ± 7.7 –

Weight (kg) 65.0 ± 10.6 65.7 ± 9.6 64.5 ± 12.1 62.8 ± 11.6 65.5 ± 8.9 65.9 ± 9.6

Height (cm) 161.2 ± 7.0 – 161.7 ± 6.0 – 162.0 ± 7.2 –

BMI 25.0 ± 4.3 25.3 ± 4.7 24.8 ± 3.9 24.2 ± 3.8 24.9 ± 4.0 25.1 ± 3.6

PA (kcal/day) 763 ± 366.6 – 658 ± 455.2 – 715 ± 349.5 –

Vitamin D (μg) 6.34 ± 5.25 – 3.43± 3.176 – 5.55± 5.45 –

Total Ca (g) 1.33 ± 0.42 – 1.48± 0.81 – 1.33± 0.53 –

Supplement Ca
(g)

0.45 ± 0.45 – 0.63± 0.68 – 0.92± 0.29 –

Dietary Ca (g) 0.89 ± 0.40 – 0.84± 0.44 – 0.84± 0.44 –

Values are mean± standard deviations, n= 48. The CHAMP Physical Activity Questionnaire for older adults was
used to assess current physical activity pattern including leisure, occupational, and home activities. There were no
statistically significant differences observed between baseline values of three treatment groups and between
baseline and 6-months corresponding values

BMI body mass index, Ca calcium, LMP last menstrual period, PA physical activity
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Serum bone markers

Mean serum concentrations of biomarkers of bone
metabolism, BAP, TRAP-5b, sclerostin, IGF-1, and hs-CRP
(a marker of inflammation) are presented in Table 3. Both
50 g/day and 100 g/day dried plum consumption resulted in
a reduction in serum TRAP-5b levels, a marker of bone re-
sorption, at 3 months compared to baseline, and this was
sustained throughout the study (Table 3) while there were no
significant changes in serum TRAP-5b levels in the control
group (0 g/day dried plum). Mean IGF-1 levels decreased
significantly in the control group while they did not change
in dried plum groups over time (Table 3). Mean serum levels
of BAP, sclerostin, and hs-CRP were not significantly differ-
ent at any time point between groups or on a time-wise basis
(Table 3).

The changes of BAP/TRAP-5b ratio were not significantly
different in the control group but this ratio increased at
6 months in the 50 g/day (P=0.02) and 100 g/day (P=0.01)
dried plum groups (Table 3).

There were no significant differences in mean serum levels
of RANKL, OPG, 25-OH vitamin D, calcium, and phospho-
rous in 50 and 100 g dried plum groups during the 6-month
treatment period (Table 3). Similarly, no significant changes
were observed for the RANKL/OPG ratio.

Discussion

We previously showed that the daily consumption of 100 g of
dried plum (equivalent to 10 to 12 dried plums) prevented
bone loss in healthy, osteopenic postmenopausal women over
a period of 12 months [14]. Nonetheless, consuming this
amount on a daily basis may be an unrealistic expectation
for individuals aiming to improve their bone health. Hence,
the intent of the present study was to examine whether a lower
dose (i.e., 50 g) of dried plum would also exert similar
bone-protective effects in older osteopenic postmenopausal
women. As hypothesized, our results confirmed that
consuming 50 and 100 g of dried plum per day effectively
prevented the loss of BMD of the total body and L1–L4 in
postmenopausal women, albeit values were only statistically
significantly different from changes in the control group for
the total body. Although the exact mechanisms of action by
which dried plum prevents bone loss are still unknown,
previous research indicates that dried plum may modify
bone formation [9–11, 17] and bone resorption [12, 14]
through modulation of osteoblast and osteoclast activities. In
order to further understand the mechanisms of action by
which dried plum prevents bone loss in humans, the current
study evaluated its effects on several biomarkers indicative of
bone health. Our results showed that TRAP-5b, an enzyme
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Fig. 1 Flowchart of the study design and study participants
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involved in bone resorption [22–24], was reduced by both
doses of dried plum at 3 months and that these reduced
levels were maintained at 6 months. Another observation in
the present study was that the ratio of BAP/TRAP-5b was
significantly greater in both dried plum groups in comparison
with the control group. The reason for this observation is
likely that the levels of TRAP-5b were reduced and
maintained at 3 and 6 months, respectively, in both dried
plum groups while BAP levels remained constant in all
groups throughout the course of the study. These findings
suggest that dried plum may have prevented bone loss
through reductions in bone resorption. Simonavice et al. [25]

investigated the effects of daily consumption of 90 g dried
plum and res is tance t ra in ing on bone heal th in
postmenopausal breast cancer survivors (stages 0–III) and
also observed similar changes in serum TRAP-5b levels after
6 months. Contrary to the abovementioned findings, our initial
3-month clinical study examining dried plums and bone health
[13] demonstrated that dried plum consumption led to signif-
icantly improved serum levels of biochemical markers of bone
formation (i.e., IGF-1 and BAP), whereas there were no
changes in the control group or in serum (i.e., TRAP-5b)
and urinary (i.e., deoxypyridinoline and helical peptide) bio-
chemical markers of bone resorption. At the time of this study,

Table 2 Daily nutrient intake calculated from 3-day food record at baseline, 3 months, and 6 months supplemented with 0, 50, and 100 g of dried plum

Dried plum Control (0 g/day) 50 g/day 100 g/day

Daily intake Baseline 3 months 6 months Baseline 3 months 6 months Baseline 3 months 6 months

Macronutrients

Total Energy (Kcal) 2172 ± 87 1907 ± 68 2136 ± 77 1974 ± 64 1922 ± 58 2012 ± 59 1766 ± 70 2003 ± 66 1799 ± 63

Protein (g) 83.6 ± 3 73.0 ± 2 82.9 ± 2 67.7 ± 2 67.8 ± 2 72.5 ± 2 70.0 ± 3 72.7 ± 2 61.6 ± 2

Carbohydrate (g) 275 ± 10 260 ± 11 302 ± 15 238 ± 8 243 ± 7 237 ± 5 232 ± 9 245 ± 7 229 ± 10

Dietary Fiber (g) 26.1 ± 1 26.9 ± 1 22.9 ± 1 27.1 ± 1 28.9 ± 9 29.0 ± 9 24.0 ± 1 24 ± 1 27.3 ± 2

Fat (g) 76.2 ± 4.5 77.8 ± 2.2 78.0 ± 2.8 73.8 ± 3.5 79.6 ± 3.2 80.1 ± 47.76 72.1 ± 3.4 79.5 ± 4.7 72.3 ± 2.7

Saturated Fat (g) 22.2 ± 1.2 23.4 ± 1.2 24.1 ± 1.9 27.6 ± 1.5 24.4 ± 1.2 27.5 ± 1.6 21.4 ± 1.6 22.9 ± 1.1 21.6 ± 3.9

Mono Fat (g) 18.7 ± 1.8 16.0 ± 0.7 15.5 ± 0.6 19.5 ± 1.6 20.3 ± 2.0 17.1 ± 11.4 16.9 ± 1.1 17.1 ± 1.4 17.3 ± 1.3

Poly Fat (g) 9.8 ± 1.1 6.8 ± 0.4 7.4 ± 0.6 9.6 ± 0.9 10.1 ± 0.7 9.4 ± 0.9 7.7 ± 4.0.9 9.09 ± 0.7 8.1 ± 0.6

Trans Fat (g) 0.6 ± 0.1 1.2 ± 0.1 1.1 ± 0.1 0.8 ± 0.1 0.7 ± 0.1 1.1 ± 0.1 0.3 ± 0.1 0.5 ± 0.1 0.9 ± 0.1

Total Chol (mg)a 240.1 ± 23.77 236.8 ± 12.2 230.7 ± 10.9 204.0 ± 17.2 199.3 ± 13.1 218.3 ± 19.7 203.2 ± 9.7 207.6 ± 10.0 199.0 ± 8.0

Vitamins

Vitamin A (mg) 2.43 ± 0.23 2.32 ± 0.145 2.64 ± 0.14 2.58 ± 0.13 2.65 ± 0.13 3.00 ± 0.04 2.30 ± 0.20 2.31 ± 0.26 2.28 ± 578

Vitamin C (mg) 156 ± 5 111 ± 8 125 ± 10 157 ± 15 142 ± 17 117 ± 5 113 ± 9 124 ± 6 142 ± 7

Vitamin E (mg) 5.9 ± 0.3 5.4 ± 0.5 6.7 ± 0.5 4.6 ± 0.3 7.3 ± 1.2 6.8 ± 0.7 5.4 ± 0.6 6.0 ± 0.4 6.0 ± 0.5

Vitamin K (μg) 157.9 ± 7.6 153.8 ± 6.3 150.7 ± 10.1 151.1 ± 7.6 164.8 ± 15.0 199.1 ± 35.8 136.9 ± 12.6 144.4 ± 9.1 226.3 ± 13.9

Vitamin D (μg) 1.9 ± 0.9 2.5 ± 0.4 2.4 ± 0.3 1.9 ± 0.5 2.0 ± 0.2 1.6 ± 0.1 2.0 ± 0.1 1.6 ± 0.1 1.31 ± 0.5

Minerals (mg)

Calcium 750.8 ± 87 790.5 ± 47 765.2 ± 37 710.9 ± 58 744.3 ± 29 773.0 ± 29 784.4 ± 27 774.6 ± 26 769.8 ± 33

Magnesium 187.4 ± 13 180.8 ± 19 168.9 ± 19 196.4 ± 15 214.4 ± 14 174.6 ± 18 183.9 ± 19 194.0 ± 14 199.2 ± 11

Iron 15.5 ± 0.3 16.8 ± 1.2 13.0 ± 0.7 13.4 ± 0.8 15.7 ± 0.9 14.9 ± 0.6 10.3 ± 0.9 12.0 ± 0.9 10.7 ± 0.7

Phosphorus 767.0 ± 48 520 ± 26 665 ± 30 706 ± 49 622 ± 33 604 ± 24 615 ± 32 549 ± 17 561 ± 36

Values are mean ± SE, n= 16 in each group. Analyses do not include nutrients, calcium, and vitamin D from the supplements used by participants. There
were no statistical significant differences observed between baseline values of three treatment groups and between baseline, 3-month, and 6-month
corresponding values
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Fig. 2 Bone mineral density
(BMD) changes (ratio) from
baseline of total body, total hip, L1
to L4, and ulna after 6 months of
consumption of 0, 50, and 100 g
of dried plum. Bars represent
mean ± SE. * = different from 0 g
(control; P< 0.05)
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the results suggested that dried plum had positive effects on
bone formation without influencing bone resorption. Yet, with
the exception of TRAP-5b and the BAP/TRAP-5b ratio, all
measured biomarkers were not found to be altered by dried
plum consumption in the current study. The authors cannot
offer an explanation for this observation other than the fact
that blood biomarkers may not be fully indicative of what is
happening at the cellar level [26]. Hence, these biomarkers

should be interpreted with caution and greater value should
be placed on the resulting BMD values as they are more
clinically relevant.

Dried plums are rich in traditional nutrients including vita-
min K, potassium,magnesium, and boron, as well as bioactive
compounds including chlorogenic acid and neochlorogenic
acid, which are potent antioxidants [27]. These nutrients and
non-nutrients and their associated physiological functions are

Table 3 Effect of different doses
of dried plum on bone biomarkers Measures Dried Plum Baseline 3 months 6 months P value

BAP (U/L) 0 g 23.8 ± 1.91 21.6 ± 1.76 23.7 ± 1.96 NS

50 g 23.9 ± 2.01 24.6 ± 2.11 23.1 ± 1.8 NS

100 g 24.7 ± 2.27 23.7 ± 1.95 24.0 ± 2.98 NS

TRAP-5b (U/L) 0 g 3.85 ± 0.26 4.03± 0.26 3.77 ± 0.33 NS

50 g 4.19a ± 0.41 3.49b ± 0.3 3.44b ± 0.38 0.01

100 g 3.85a ± 0.37 3.41b ± 0.31 3.09b ± 0.33 0.04

BAP/TRAP-5b ratio 0 g 5.77 ± 0.51 6.30± 0.53 6.31 ± 0.50 NS

50 g 6.32 ± 0.53b 7.02 ± 0.78ab 7.7 ± 0.83a 0.02

100 g 6.30 ± 0.53 b 7.60 ± 1.01 ab 8.11 ± 1.16 a 0.01

hs-CRP (mg/L) 0 g 1.59 ± 0.19 1.51± 0.30 1.54 ± 0.21 NS

50 g 1.78 ± 0.42 1.75± 0.55 1.77 ± 0.70 NS

100 g 1.70 ± 0.35 1.75± 0.53 1.36 ± 0.58 NS

IGF-1 (ng/mL) 0 g 132a ± 9.68 112b ± 5.63 113b ± 9.1 0.02

50 g 129 ± 8.61 124 ± 9.62 122 ± 9.56 NS

100 g 128 ± 13.1 129 ± 14.3 128 ± 13.7 NS

Sclerostin (ng/mL) 0 g 0.74 ± 0.06 0.73± 0.09 0.76 ± 0.05 NS

50 g 0.68 ± 0.04 0.74± 0.09 0.75 ± 0.03 NS

100 g 0.65 ± 0.03 0.67± 0.03 0.66 ± 0.04 NS

RANKL (pmol/L) 0 g 8466 ± 2275 – 8345 ± 2323 NS

50 g 6438 ± 1668 – 6913 ± 1758 NS

100 g 6058 ± 1926 – 6195 ± 1817 NS

OPG (pmol/L) 0 g 8.15 ± 0.70 – 8.80 ± 1.09 NS

50 g 10.3 ± 1.70 – 8.90 ± 1.49 NS

100 g 7.85 ± 0.58 – 8.67 ± 1.15 NS

RANKL/OPG Ratio 0 g 1557 ± 574 – 1442 ± 597 NS

50 g 752 ± 223 – 914 ± 241 NS

100 g 972 ± 319 – 845 ± 238 NS

25-OH Vitamin D

(ng/mL)

0 g 55.5 ± 7.25 – 60.3 ± 6.91 NS

50 g 44.2 ± 4.62 – 51.7 ± 7.09 NS

100 g 48.5 ± 5.67 – 49.2 ± 6.67 NS

Calcium (mg/dL) 0 g 10.32 ± 0.36 – 10.18 ± 0.21 NS

50 g 10.23 ± 0.35 – 9.99 ± 0.21 NS

100 g 10.11 ± 0.36 – 9.90 ± 0.21 NS

Phosphorous (mg/dL) 0 g 6.87 ± 0.22 – 6.47 ± 0.08 NS

50 g 6.73 ± 0.21 – 6.57 ± 0.08 NS

100 g 6.70 ± 0.22 – 6.47 ± 0.08 NS

Values are mean ± SE. Means with the different letter are significantly different from each other, P < 0.05.
Baseline values are not different among the three groups

BAP bone-specific alkaline phosphatase, hs-CRP high-sensitivity C-reactive protein, IGF-I insulin-like growth
factor, OPG osteoprotegerin, RANKL receptor activator of nuclear factor kappa-B ligand, TRAP-5b tartrate-
resistant acid phosphatase-5b, NS means not significant
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known to be important for bone health [28] and are key rea-
sons that the bone-protective effects of dried plum have been
evaluated. It is not currently known which compounds in
dried plum are responsible for their bone-protective effects
or whether the whole food is required to provide the most
protection against bone loss. Although the current study was
not designed to evaluate this, based on the results of the pres-
ent study, it is suggested that the nutrients responsible for the
bone-protective effects of dried plum may hit a threshold at
50 g, since a dose-dependent effect was not observed
above this dose. This indicates that doses lower than 50 g/
day should be evaluated for their impact on bone health.

There are several possible limitations in the current study.
First, a 6-month intervention is not an ideal length of time to
see intervention-induced effects on bone density; therefore,
future studies should be longer in duration. Second, the
population was restricted to older, osteopenic postmenopausal
women, and limits extrapolation to other populations. Third, the
studywas not designed to evaluate the bone-protective effects of
specific bioactive compounds present in dried plum vs. the
whole food, and future studies should be designed to evaluate
this. Fourth, measurements of serum biomarkers were limited in
the current study and other serum biomarkers of bone formation
(e.g., procollagen type 1N-terminal propeptide [P1NP]) and
bone resorption (e.g., collagen type 1 C-telopeptide [CTX])
and urinary biomarkers (e.g., calcium, potassium, and phospho-
rus) were not assessed and should therefore be considered as a
limitation.

In conclusion, the results of the current study suggest that
daily consumption of 50 g of dried plum for 6 months may be
as effective as 100 g of dried plum in preventing bone loss in
older, osteopenic postmenopausal women. These findings may,
in part, be attributed to the inhibition of bone resorption as
noted by improvements in TRAP-5b, therefore allowing bone
formation to continue as indicated by an improvement in the
BAP/TRAP-5b ratio. Longer-term studies are necessary to con-
firm the findings of this study as bone studies of less than 1 year
are typically not considered optimal when measuring treatment
effects on BMD. Therefore, conducting a study 1 year in dura-
tion or longer with a larger sample size may result in significant
differences in sites such as the spine as well as greater improve-
ments in total body BMD. Overall, these findings are very
promising and further confirm the bone-protective effects of
dried plum in older, osteopenic postmenopausal women.
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