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ABSTRACT

Background and the purpose of the study: Adequate intake of fruits and vegetables could be
helpful to prevent major non-communicable diseases. Some nutrients abundant in fruits and
vegetables have been shown to affect bone health. In the present study effects of increasing
fruit and vegetable intake on bone metabolism in postmenopausal women with osteopenia was
evaluated.

Methods: In the present clinical trial 45 postmenopausal osteopenic women, between 50-60
years of age participated. Subjects were randomly assigned to intervention or control groups.
Subjects in the control group were asked to continue their own dietary patterns and make no
changes in their life style. To increase fruit and vegetable intake in the intervention group, they
were given 6 extra servings of fruits and vegetables daily. Serum osteocalcin and crosslaps were
measured at baseline and after 12 weeks of intervention. Twenty four hrs food recalls were used
to assess dietary intake at baseline, during and at the end of the study.

Results: Increasing fruit and vegetable intake for 12 weeks reduced serum osteocalcin by
15% and crosslaps by 4%. The reduction was not statistically significant after adjustment for
confounding factors. In 9 subjects of the intervention group, both markers of bone metabolism
were reduced by 24 %. Baseline serum levels of both bone markers were significantly higher
in these subjects.

Conclusion: Increasing fruitand vegetable intake may notreduce bone turnover in postmenopausal
osteopenic women, but it may be effective for those who are at higher risk of bone fracture

because of higher bone turnover.
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INTRODUCTION
Osteoporosis is a common chronic disease that affects
many people around the world, especially the aging
population. Osteoporotic fractures are a well known
health burden to health care resources because they are
a major cause of mortality and disability in the elderly
(1). Bone loss begins at the age of 35- 45 in both sexes
(2) but in women deficiency of esterogen at menopause
accelerates its rate (3). According to global speculations
prevalence of this disease will dramatically increase by
the year of 2050 (4), most likely not only due to the
aging population but also because of adverse changes in
life style and diet (5). Peak bone mass (PBM) of Iranian
population is similar to some other countries such as
Lebanon, but the rate of bone loss in Iranian elderly is
1.5 times higher (6). A study on 40- 60 years old women
in Tehran shows that 4.6% of postmenopausal women
have osteoporosis in femur and 23.1% have osteoporosis
in spine. Postmenopausal women compared to others
had lower bone mineral density (BMD) at all bone sites
(7). Currently higher intake of calcium and vitamin
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D (8) as well as some drugs such as hormones and
bisphosphonates (9) are prescribed widely to slow the
rate of bone loss and prevention of osteoporosis. Low
BMD or Osteopenia if left untreated, may progress to
osteoporosis and bone fractures.

Nutritional factors have an important role on the
bone health. Research on diet and bone metabolism
has focused primarily on calcium and vitamin D.
Less is known about other components of diet. Cross
sectional studies have shown that higher intakes of
fruits and vegetables and some micronutrients such as
potassium, magnesium, vitamin C and carotenoids have
significant correlation with higher BMD and lower risk
of osteoporosis (10). In clinical trials urinary calcium
excretion and bone resorption markers were lower in
those consuming more fruits and vegetables (11). A
plant based diet has a lower acid load, whereas animal
foods increase acidity (12). Dietary acid load may
have negative effect on bone health through increasing
urinary calcium excretion and bone resorption. Urinary
calcium excretion is lower when urine is more alkaline
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and higher when urine is more acidic (13). pH reduction
even in normal limit inhibits osteoblasts activity but
activates osteoclasts and increases bone resorption (14).
Animal studies has revealed that onion or mixture of
vegetables can significantly inhibit bone resorption
and thus increase bone mass in rats (15). Benefits of
increasing calcium through consuming more milk
and dairy products is only obvious in those with low
dietary calcium intake (16), and high intake of calcium
supplements is associated with increased risk of renal
stones (17). On the other hand there are many well
known negative side effects for hormone replacement
therapy such as increase in the risk of heart disease,
stroke and breast cancer (18). These findings prompted
us to perform the present study to evaluate the effect
of fruit and vegetables intake on bone metabolism in
postmenopausal osteopenic women.

MATERIALS AND METHODS

Study design and subject selection

The present study was a sequential matched randomized
clinical trial. Subjects in the present study were 1-10 year
post-menopause women aged 45- 60 years who had
referred to bone mineral densitometry center of Shariati
hospital in Tehran. Non smoking osteopenic women
(according to WHO criteria (19)) who had not taken any
medications or did not suffer from any condition that
likely to affect their bone metabolism were chosen.
Goals of the study were explained for all subjects and
each participant provided informed written consent.
Study protocol was approved and sponsored by
Endocrinology and Metabolism Research Center of
Tehran University of Medical Science.

Subjects were randomly assigned to intervention and
control groups. Age, menopausal age, history of dietary
supplements use and type of vitamins and minerals
supplements were asked at baseline. Physical activity
level was determined by asking daily activities and
according to physical activity guideline it was grouped as
very low, low, medium and very high (20). Participants
were asked to maintain their usual activity levels and
also supplement intakes during the entire study.

Dietary intervention

Subjects in both groups were instructed not to modify
their regular diet under any condition. Intervention
group were asked to consume six extra servings of fruits
and vegetables daily. The extra servings were about
400 gr of fruits and vegetables including 100 gr of
cucumber, 100 gr of tomato, 70 gr of red cabbage, 50 gr
of lettuce, 17 gr of prunes, 14 gr of dried apricots,
17 gr of dried figs and 22 gr of raisins, providing 249
keal energy, 5.64 gr protein, 82.7 mg calcium, 1242.5 mg
potassium, 70.6 mg magnesium and 57.7 mg vitamin
C. The gram of servings of fruits and vegetables was
determined according to USDA data bank (21). Fresh
vegetables in the amount of 4- 5 kilograms (considering
the amount that other members of family may eat)

were given to intervention group subjects weekly. The
definition of vegetables serving sizes was provided for
each of them using a colored food photo album (22).
The exact amount of fruits that each participant had to
eat daily was carefully weighed by a digital balance and
packed in plastic bags. The weekly amount considering
possible use of other members of family was given
to them at the beginning of each week. Subject of the
intervention group were instructed how to add these
extra fruits and vegetable to their regular diet. In order
to avoid putting on weight, they were recommended to
reduce their simple sugar and fat intake.

Measurements

BMD was assessed by dual-energy X-ray absorptiometry
(DEXA) at the lumbar spine (lumbar vertebrae 2-4) and
total hip (23). Each woman’s weight (while wearing
light clothing and no shoes) was recorded by using a
balance-beam scale to the nearest 0.5 kg. Height was
measured with a stadiometer to the nearest of 0.5 cm
(24). Body mass index (BMI) was calculated by the
following formula: [(weight (kg) / height (m 2 DIk

At the baseline and after 12 weeks intervention a blood
sample was collected after an overnight fasting for 12-
14 hrs and bone metabolism was assessed using two
markers, i.e., the serum marker of bone formation,
osteocalcin (OC), and serum marker of bone resorption,
crosslaps (CL). Both bone markers were measured
using ELISA method and Nordic Bioscience Diagnostic
(Denmark) kits.

Dietary assessment

Dietary intake was assessed using 7 days of 24 hrs food
recalls for each subject (2 recalls at baseline, 5 recalls
during the study and 2 recalls at the end). A trained
nutritionist asked each subjects to name all foods and
drinks who consumed during the previous 24 hrs and
assisted the respondent in estimating portion sizes. By
using the manual for household measures, cooking
yield factors and edible portion of foods, the amount
of consumed foods and drinks was converted to grams
(25). Food servings were computed according to USDA
data bank (23). The composition of dietary intakes was
analyzed using Iranian food composition table (26)
which is modified and complemented by valid reference
food composition tables (27).

Statistical analyses

Data were analyzed using Statistical Program for Social
Sciences (SPSS) (version 14). Student #-test was used to
compare means between two study groups and Paired
test was used to detect changes within each group.
Changes in dietary intake over time were evaluated
by repeated measure ANOVA after adjustment for
confounding factors. Statistical significance was defined
as P-value <0.05.

RESULTS
From 52 women enrolled the study, 45 (23 in intervention
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group and 22 in control group) completed the study.
Table 1 summarizes baseline characteristics of subjects.
No significant difference was observed between two
groups at the beginning of the study. Sixty six percent
of control group and fifty two percent of intervention
group had very low level of the activity. Thirty four
percent of controls and forty eight percent of intervention
group reported low activity. No statistically significant
difference was observed between two groups (p=0.21).
Participants were asked not to change their habitual
activity during the study. Forty six percent of controls
and sixty five percent of intervention group didn’t use
calcium and vitamin D supplements but fifty four percent
of controls and thirty five percent of intervention group
reported the use of calcium and vitamin D supplements.
There was no difference between two groups regarding
this factor (p=0.21). All participants maintained their
use of supplements during the study.

Reported intake of food groups over time and according
to study groups are shown in Table 2. Dietary intakes
of the study groups were similar at the baseline and no
significant difference was observed. During the study,
in addition to fruit and vegetables intake, two groups
were different in meat and substitutes intake. At the
end of the study only fruit and vegetables intake was
different between two groups.

Evaluation of dietary changes by repeated measure
ANOVA revealed that in the control group, the intake of
grain products (p=0.0001) and fats (p=0.0001) changed
during the study. In the intervention group the same
change was observed for fruits and vegetables (both
p=0.0001) as well as for grain products (p=0.0001),
meat and alternatives (p=0.04) and fats (p=0.0001).
Table 3 summarizes energy and nutrients intakes of two
study groups. As it shows energy and nutrients intake of
study groups were the same at the baseline. During the
study two groups were different in energy and protein
intake as well as potassium, magnesium and vitamin C.
Atthe end of the study, two groups were just different in
potassium, magnesium and vitamin C intake.
Means+SD of weight in intervention and control
group at baseline were 72.5£9.9 kg and 68.9+11.9 kg,
respectively. At the end of the study it was 72.9+10.5 kg
and 69.2+11.4 kg, respectively. No significant change in
weight was observed during the study.

Tables 4 and 5 summarize baseline levels of bone
metabolism markers and their changes during the
study. After the intervention serum OC level in
intervention group decreased about 15%. However
following adjustment for confounding factors including
unexpected changes in dietary intake, the observed
decrease was not statistically significant.

Serum CL levels had 4% decrease in intervention group.
In control group a small incensement was observed after
intervention but none of the changes were statistically
significant. After control for confounding factors the
changes remained not significant.

Besides of the mentioned findings, we evaluated those
participants in intervention group who had significant

reduction in both bone turnover markers at the end of
the study.

Nine subjects of the intervention group had significant
reduction in both bone turnover markers (24% for each).
We compared these subjects with 32 participants in two
groups who did not have reduction in both bone turnover
marker (4 participants had no change in bone turnover
markers and were eliminated from further analysis). No
significant difference in age and menopause age was
observed. In addition, energy, food groups and nutrients
intakes were not statistically different. The only observed
difference was in their baseline serum levels of bone
metabolism markers. Baseline serum levels of bone
turnover markers was 25+8.9 ng/ml for OC and 0.8+0.3
ng/ml for CL. Figures 1 and 2 show the baseline serum
level of bone metabolism markers in these 9 subjects in
comparison with other subjects of intervention group.
Baseline OC level in these 9 subjects was significantly
higher than the rest (p=0.03). These subjects also had
higher CL level at the baseline (p=0.05).

DISCUSSION
Results of this survey which was conducted on
postmenopausal women with osteopenia show that
increasing fruit and vegetables intake for 12 weeks can
not reduce bone metabolism turnover in these subjects
in comparison with controls.
There are not many clinical trials on the effects of
fruit and vegetable intake on bone turnover but cross
sectional and cohort studies have clearly shown the
relationship between intake of fruit and vegetable
and bone health. Magnesium, potassium, fruit and
vegetables intakes are significantly associated with
greater BMD in both men and women and among
men, with lower bone loss over four years (13).
Similar correlation has been reported for 40- 60 year
old women. They showed that women who consume
vegetables more than 9 times a week have higher
BMD compared to others with lower intakes (7). In
another study on rural population of Tehran higher
BMD were found at heels in women consuming more
than 1.5 servings of vegetables daily (28).
In the present study we added 6 extra servings of fruits
and vegetables to usual daily intake of intervention
group so their daily intake of fruits and vegetables
increased to 12 servings during the study. The extra
servings were about 400 grams of fruits and vegetables.
This amount was determined according to the previous
studies. In a cross sectional assessment of the present
study groups which has been published previously (29),
fruit and vegetable intake was significantly correlated
with OC (r=-0.4, p <0.001). Serum OC level in those
consuming more than 400 grams fruit and vegetables
daily was significantly lower than others (18+6.5 ng/ml
compared with 30+13.7 ng/ml, p < 0.05). Animal studies
have reported that the minimum effective dosage of fruits
and vegetables which inhibit bone resorption rate is about
6.2 g/ kg body weight (15).
Type of extra fruits and vegetables was chosen on



Effects of increasing fruit and vegetables intake on bone turnover

Table 1. Characteristics of subjects under study

33

Control Intervention group P-value
group (n=23)
(n=22)
Age (y) 55+3.7 55435 0.9
Duration of menopause (y) 5.6£3.7 6.743.2 0.2
Anthropometric Characteristics
Weight (kg) 68.9+11.9 72.5+9.9 0.7
BMI (ke/ m 2 ) 28.6+4.3 29.3+£3.9 0.4
Bone Mineral Density and Bone
Metabolism Markers
Total hip BMD (g/em 2 ) 0.88+0.09 0.91+0.08 0.1
Spine BMD (g/em 2 ) 1.0+0.06 0.99+0.09 0.6
Osteocalcin (ng/ml) 21.2+10.8 19.4+8.2 0.9
Crosslaps (ng/ml) 0.72+0.31 0.62+0.29 0.4
*Means+SDs
Table 2. Food groups intakes of participants according to the study groups*
Control Intervention group P-value
group (n=23)
(n=22)
Grain products (serving/day)
At baseline 6.5+1.5 7.1£1.2 0.3
During the study 5+1.3 5.4+1.4 0.4
At the end 7.4+4.2 7.5+3.3 0.9
Milk products (serving/day)
At baseline 2.1+1.6 2.1+1.3 0.9
During the study 2+0.9 2+0.1 0.9
At the end 1.7+0.9 1.9+1.0 0.6
Meat and alternatives (serving/day)
At baseline 2.2+1.2 2.1+1.2 0.9
During the study 2.4+0.1 3.3+0.1 0.007
At the end 2.6£1.5 2.3+1 0.4
Fruit (serving/day)
At baseline 2.6£1.8 2.3£1.6 0.4
During the study 3.4+1.2 6.4+1.4 0.00
At the end 32423 6.4£1.9 0.00
Vegatbles (serving/day)
At baseline 2.2+1.2 2.7x1.5 0.2
During the study 2.1+0.8 5.8+1.2 0.00
At the end 2423 5.742.4 0.00
Fats (serving/day)
At baseline 3.4+1.9 3.2+1.7 0.7
During the study 3.7+2.1 3£1.1 0.2
At the end 2.3+2 1.7+1.2 0.2
Sweets (serving/day)
At baseline 1.7+0.7 1.4+1.1 0.3
During the study 1.5+0.9 1+0.6 0.3
At the end 1.5+1.6 1.2+1 0.4

*Means+SDs
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Table 3. Energy and nutrients intakes of participants according to the study groups*
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Control Intervention group P-value
group (n=23)
(n=22)
Energy (kcal/day)
At baseline 14724306 1511+£337 0.7
During the study 1529+344 17794267 0.009
At the end 14724486 1691+£288 0.07
Protein (gram/day)
At baseline 49+15 49+13 0.9
During the study 51£12 62+11 0.004
At the end 47+15 54+12 0.1
Calcium (milligram/day)
At baseline 745+270 800+286 0.5
During the study 808+259 908+301 0.2
At the end 688+326 857+311 0.08
Potassium (milligram/day)
At baseline 2090+700 2029+643 0.8
During the study 2241£719 3418+770 0.00
At the end 2183+1115 3274+739 0.00
Magnesium (milligram/day)
At baseline 159+49 146+36 0.3
During the study 183£57 245+50 0.00
At the end 179+67 218455 0.04
Vitamin C (milligram/day)
At baseline 164+85 136+77 0.3
During the study 144+53 214490 0.003
At the end 132494 195+83 0.02
*Means+SDs

the base of studies on animals (15). These studies
showed that 25 food items can inhibit bone resorption.
Concerning Iranians’ dietary habits and availability of
fruits and vegetables throughout the year, 4 types of
vegetables including lettuce, red cabbage, cucumber and
tomato and also 4 types of fruits including dried apricot,
dried fig, raisins and prune were chosen. According
to these surveys, most foodstuffs which have been
reported to have bone inhibitory effects are distributed
among vegetables and the only fruits with significant
effects were prune and orange. In this study in addition
to prune which its effect on inhabitation of the bone loss
inhibition has been shown in postmenopausal women
(30), dried fig , dried apricot and raisins were chosen
because of their high potassium content. Potassium has
been shown to have an important role in bone health
(10, 31).

In a similar study it was shown that the Dietary
Approaches to Stop Hypertension (DASH) for 3
months reduces serum OC by 8-11% and C-teriminal
telopeptide of type 1 collagen (CTX) by 16-18% (both
P <0.001) in healthy men and women (18). Buclin et al
evaluated the effect of alkaline diet on bone metabolism
and urinary CTX marker in healthy young men and
reported 19% reduction of the marker in comparison
with acidic diet (17). In order to compare the results of

the present study with similar reported surveys attention
should be paid to two points, first the bone characteristics
of subjects under study and second the characteristics of
administered diet.

In both of the mentioned studies participants were a
sample of the healthy population and thus had different
bone metabolism compared with subjects of this study.
Menopause and bone loss affect levels of the bone
metabolism markers level. In postmenopausal women
following reduction in estrogen level bone resorption
and formation increases and higher levels of bone
turnover markers in serum and urine are detectable
(32). Some studies comparing bone turnover markers
in women revealed that those with the highest level of
bone metabolism markers have the least BMD (33).
Regarding these facts it seems that the intervention
period or the amount of effective fruits and vegetables
for these subjects may be different from healthy and
young subjects.

Potassium and magnesium intakes in two mentioned
reports were higher than this study. In Buclin’s study
the administered diet had high potassium content (6396
mg/d) (13) while DASH diet contained 4700 mg/d
potassium and 500 mg/d magnesium (11). Potassium
and magnesium intakes of the present study were lower
(3418 mg/d and 245 mg/d, respectively). However,
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Table 4. Serum OC levels before and after intervention according to the study groups (n=45) *

(Serum OC level (ng/l Before Intervention After intervention Changes P-value
(Control group (n=22 19.7+7.4 19.3+7.5 -0.4145.5 0.5
(Intervention group (n=22 19.9+8.4 16.9+£7.7 -3.1+4.5 0.7
p-value 0.9 0.3 0.2

*Means=SDs

Table 5. Serum CL levels before and after intervention according to the study groups (n=45) *
(Serum CL level (pg/l Before Intervention After intervention Changes P-value
(Control group (n=22 0.68+0.25 0.69+0.29 0.01+0.19 0.2
(Intervention group (n=23 0.61+0.3 0.56+0.23 -0.05+0.17 0.8
p-value 0.4 0.1 0.3

* Means+SDs

301

@ with reduction in both
markers of bone turnover
(n=9)

@ without reduction in both
markers of bone turnover
(n=32)

Serum OC level

Before the study

After th study

Figurel. OC serum levels in participants with reduction in both bone
markers compared to others without reduction in both markers*
* Means+SDs

intervention group consumed 12 servings of fruits and
vegetables daily which is higher than in DASH diet
(11). Other than fruits and vegetables, whole grains
and low fat dairy foods were sources of potassium
and nuts, seeds and legumes were good sources of
magnesium (11). Lower intakes of these nutrients
can somewhat explain differences in results of this
study. High intakes of potassium and magnesium
can help acid-base balance by neutralizing metabolic
acid produced by consumed proteins and amino acids
especially methionin and systein (12). In human with
normal kidney function, the acid-base balance depends
to the ability of kidneys to excrete excess acid and the
availability of a base for buffering (34). In the acute
phase potassium and sodium contained in the blood
fluid barrier are the first line of defense for buffering
metabolic acidosis, and thus they spare the bone tissue
(34). In the chronic state of metabolic acidosis, bone
crystals are dissolved to provide calcium, carbonate and
citrate for buffering (34). Much of the work to support
these observations has been carried out in adults or
animal models (35).

Dairy products and calcium intake in the intervention
group was also lower than those of the similar
studies. Lin et al reported intakes of 2.7 servings
of dairy products and 1250 mg calcium daily (11).
In Buclin’s study in addition to 1888 mg daily
calcium in experimental diet, subjects were given a

B with rection in both markers
of bone turnover (n=9)

B without reduction in both
markers of bone turnover
(n=32)

Serum CL level

Beforethestudy  After the study

Figure2. CL serum levels in participants with reduction in both bone
markers compared to others without reduction in both markers*
* Means+SDs

single oral dose of 1 gram calcium on the last day
of experiment. In this study intake of dairy products
was about 2 servings daily which is the least amount
recommended for people over 50 years old (36).
However, our participants consumed more dairy
products in comparison with subjects of other studies
on Iranian population. Serving of 1+0.7 daily dairy
products has been reported for 20-59 year old women
(37). Calcium intake of participants in intervention
group was 908 mg/d which is lower than 1200 mg/d
that is recommended for this age group but is higher
than 6314257 mg/d that was reported in 40-60 year
old women (7). Calcium is a key nutrient in bone
metabolism and studies have shown its short (38)
as well as long term (39) effects on bone health in
pre- and post-menopausal women. In these studies
calcium supplements significantly reduced bone
resorption or bone formation. It seems that adequate
intake of calcium is necessary to enhance possible
effects of fruits and vegetables. Low intake of
calcium could weaken the impact of increase in fruits
and vegetables.

As mentioned, the amount and type of fruits and
vegetables were chosen according to the previous
studies in rats (15) but adding extra servings of fruits
and vegetables could not significantly reduce bone
turnover markers in intervention group compared to
the control group. After 12 weeks of intervention
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OC level reduction was 15% which is higher than
the levels report by Lin et al but adjustment for
confounding factors made the reduction statistically
not significant. At the end of the study 4% change was
observed for CL in both groups. While the serum level
of CL decreased in intervention group, it increased in
the control group. In any event, although the changes
showed positive effects of extra fruits and vegetables
but statistical test could not confirm it.

In general clinical trials on humans have time
limitation and as a result long range effects can not be
detected. Studies on drugs such as bisphosphonates
and hormone substitutes have shown that at least 3- 9
months is required to observe significant changes in
bone metabolism so it is possible that a longer period
was required for this nutritional intervention. Although
basic results of the present study could not show the
effect of increasing fruit and vegetables intake on
bone turnover markers, subjects under study were
those who had shown significant reduction in both
turnover markers. After the intervention, in 9 subjects
of the intervention group, both markers of bone
metabolism were reduced by 24%. The reduction rate
was higher than those of the similar studies (10, 11).
Dietary intakes of these subjects were similar to others

in intervention group but their baseline serum levels
of both bone turnover markers were significantly
higher than others. Studies have shown that such
people with high bone turnover have better response
to treatment with bisphosphonates, calcitonin and
hormone replacement therapy (40,41). More research
in this field is required to clarify whether baseline
bone turnover should be considered as a confounding
factor in bone metabolism studies.

In conclusion, consuming 12 servings of fruits
and vegetables for 12 weeks did not reduce bone
metabolism markers in all participants in intervention
group but it had a significant effect on those with high
bone turnover. High bone turnover was correlated
with higher risk of bone fracture and as a result
reducing bone turnover can be an effective approach
in lowering the bone fragility. Increasing fruit and
vegetable intake may be complementary to what
is currently recommended to prevent bone fractures,
especially for those who have high bone turnover rate.
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