
Journal of Hygienic Engineering and Design

81

Original scientific paper
UDC 613.262:635.1/.6]:616.71-007.234-055.2

VEGETABLE CONSUMPTION AND 
BONE MINERAL DENSITY IN FEMALES

Zora Uzunoska1*, Tatjana Kalevska1, Viktorija Stamatovska1, 
Katerina Belichovska2, Daniela Belichovska3, Daniela Nikolovska Nedelkoska1, 

Tatjana Blazevskai1

1Faculty of Technology and Technical Sciences, University St. Kliment Ohridski - Bitola, 
Dimitar Vlahov bb, 1400 Veles, Republic of Macedonia

2Faculty of Agricultural Sciences and Food, “St. Cyril and Methodius” University 
in Skopje, Blvd. Aleksandar Makedonski bb, 1000 Skopje, Republic of Macedonia

3Faculty of Environmental Resources Management, MIT University, 
Blvd. Treta Makedonska Brigada bb, 1000 Skopje, Republic of Macedonia

*e-mail: zora_51@hotmail.com

Abstract 

Vegetables consisted of wide spectrum of nutrients 
are linked with lower bone turnover, especially bone 
resorption. For osteoporosis, the evidence from a com-
bination of observational, experimental, clinical, and 
intervention studies strongly suggest a positive link 
between vegetable consumption and indexes of bone 
health. Objective of our research was to investigate the 
impact of the frequency of vegetable consumption on 
bone mineral density (BMD) in females. 

BMD was measured in 210 females by DEXA den-
zitometar. For the manner of nutrition a questionnaire 
was used. The females were divided into 4 age groups, 
and 4 subgroups: those consuming vegetables on: daily 
bases; 3 - 5 times/week; 1 - 2 times/week; and non-con-
sumers. Data analysis was performed by statistical pro-
gram Statistica 7.1 for Windows and SPSS Statistics 17.0. 
The significance was determined by p < 0.05. 

0 - 49 and above 69 years old females, did not have sig-
nificant differences in BMD no matter of vegetable con-
sumption. 50 - 59 years and 60 - 69 years old females 
on everyday consumption had significantly higher 
BMD compared to 3 - 5 and 1 - 2 weekly consumers (p 
< 0.001). However BMD between 3 - 5 and 1 - 2 weekly 
consumers did not differ significantly. The highest in-
fluence on BMD/consumption/age ratio had every day  

consumption than 3 - 5 weekly consumption, while 
age had the weakest influence. Every day consumers, 
no matter of age, had a lower percentage of osteopo-
rosis and heavy forms of osteoporosis compared to no 
consumers (10.9% v. 50% and 17.2% v. 25%). Normal 
level of BMD was not identified in no consumers group. 

Everyday consumption of vegetables has significantly 
positive impact on BMD of 50 - 59 and 60 - 69 years old 
females, and it can be considered as a natural option 
for Osteoporosis prevention, as well as protection fac-
tor of critical BMD lowering to fracture threshold. How-
ever in 40 - 49 and above 69 years of age the frequency 
of vegetable consumption have no such influence.

Key words: Vegetables, Bone Mineral Density, 
Osteoporosis, Females, Prevention. 

1. Introduction

Consumption of vegetables is a significant part of a 
healthy diet, because they contain a wide spectrum 
of nutrients in small and large quantities, such as: min-
erals, vitamins, phytochemicals (flavonoids), antiox-
idants and fibers. Several studies suggest that a diet 
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rich in fruits and vegetables (FV) can: prevent bone 
mineral density (BMD) reduction, osteoporosis occur-
rence and its progression [1]; reduce a risk of coronary 
heart disease [2]; stroke [3]; obesity [4]; most type of 
cancer [5]; and cataract formation [6]. 

Osteoporosis is a progressive inflammation related sys-
temic-skeleton chronic disease, which is characterized 
by bone micro architecture disorder, low bone mineral 
mass and density, leading to bone fragility, disability 
and fracture diathesis. This nowadays civilization dis-
ease has a higher incidence in western European coun-
tries, in postmenopausal women (postmenopausal 
osteoporosis) and in elder population (senile osteo-
porosis) [7]. The number of over 100 million people 
worldwide, 22 million females and 5.5 million males in 
EU, suggests epidemic character of this disease [8]. 

Scientific evidence indicates that diet plays a signifi-
cant role in the multi factorial etiology of osteoporo-
sis beside genetics, BMD peak i.e. the maximum BMD 
which is reached at age of 30, sun exposure (maintain-
ing vitamin D levels), lifestyle and exercise [9]. Dietary 
approaches to stop hypertension (DASH) intervention 
study strongly suggest that a diet high in fruit and veg-
etables accompanied with sodium reduction signifi-
cantly improve markers of bone turnover and calcium 
metabolism in adults [10]. However, fruit and vegeta-
ble consumption is influenced by gender, age, income, 
education, family origin and socio demographic fac-
tors [11,12].

Population-based studies have also concluded that FV 
intake is associated with healthy bones and adequate 
bone mineral density [13,14]. Diet rich in vegetables 
and fruits is considered as beneficial factor for BMD 
and should be incorporated in public health policy 
recommendations [15]. The high potassium consump-
tion [16] and favorable sodium/potassium ratio which 
reduces dietary acidity [17] and consequently reduc-
es hypercalciuria [18], phytochemicals [19], and fibers 
[20] through vegetables consumption, accompanied 
with decreased sodium intake [21] are considered as 
possible factors responsible for the positive impact on 
bone mineral density. 

Based upon observational intervention and experi-
mental studies, investigations at molecular level, and 
clinical trials, there are proposed mechanisms trying to 
elucidate the manner of vegetable bioactive compo-
nents action in maintaining bone integrity. 

The acid-base hypothesis is supported by the findings 
of New et al., [22], who suggests that metabolic break-
down products from Western diets (high in grains/pro-
tein, low in fruit/vegetables) contribute to increased 
bone loss, due to bone calcium mobilization in order 
to balance the metabolic acidosis in the organism. It is 
believed that fruits and vegetables are rich in precur-
sors to bicarbonate ions which serve to buffer acids in 

the body, therefore inadequate bicarbonate ions con-
centration will initiate the body to mobilize alkaline 
calcium salts from the bone in order to neutralize acids 
consumed in the diet and those generated by metab-
olism. Increased consumption of fruits and vegetables 
reduces the net acid content of the diet and may pre-
serve calcium in bones which might otherwise be mo-
bilized to maintain pH homeostasis [23]. 

Mühlbauer et al., [24] used urinary excretion of [3H]-tet-
racycline following pre-labeling of rat bones to mea-
sure bone resorption in response to serial exposures to 
each food type comparing it with onion treated group 
as positive refference (because of onion’s strong effect 
to inhibit bone resorption). Half of the food items test-
ed showed bone turnover inhibitory capacity. 

A doubt about postulated acid-base mechanisms of 
plant food action and extra potassium benefit is raised 
by the finding of Mühlbauer et al., [25], who suggested 
that bone resorption suppression activity was not al-
tered after correcting for the alkaline load of a mixed 
plant diet with potassium citrate. A meta-analysis of 
human studies showed no relation between dietary 
acid load and osteoporotic bone disease as well [26], 
nor did potassium intake influenced calcium balance 
[27].

Flavonoids, found in a wide diversity of plant foods 
from fruits and vegetables, herbs and spices, essential 
oils, and beverages, have the most potential of dietary 
components for promotion of bone health beyond 
calcium and vitamin D. Flavonoids are phenolic sub-
stances isolated from a wide range of vascular plants, 
with over 8,000 individual compounds known. Many 
studies have suggested that flavonoids exhibit biolog-
ical activities, including antiallergenic, antiviral, antiin-
flammatory, and vasodilating actions. However, most 
interest has been devoted to the antioxidant activity 
of flavonoids, which is due to their ability to reduce 
free radical formation and scavenge free radicals thus 
protect against inflammation related chronic diseases 
such as osteoporosis [28]. Flavonoids as a class of phy-
tochemicals have been considered as bone loss pro-
tectors, likely related in part to their anti-inflammatory 
properties. 

In the light of recent studies, we are discovering, that 
apart from quenching oxygen radicals, more subtle 
mechanism exist by which natural compounds act 
through gene expression and cell signaling pathways 
to activate enzymes that eliminate the mediators of in-
flammation - oxygen radicals [29]. 

In a large observational study in Scotland, total flavo-
noid intake was positively associated with BMD and 
increase in BMD of the spine and hip. Flavonoids in 
the catechin family had the strongest association with 
bone [30]. The relationship between flavonoid intake 
and bone health was stronger than what has been re-
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ported previously for fruits and vegetables. Moreover, 
no single mechanism has been put forward for flavo-
noid actions on bone. 

Recent research has identified molecular targets in cell 
signaling pathways that affected bone. Some flavo-
noids appear to have bone anabolic activity, which has 
exciting implications beyond merely inhibiting bone 
resorption through suppressing osteoclast activation. 
Bioactive flavonoids are being assessed for properties 
beyond their chemical anti-oxidant capacity, including 
anti-inflammatory actions. Some have been reported 
to enhance bone formation and to inhibit bone re-
sorption through their action on cell signaling path-
ways that influence osteoblast and osteoclast differ-
entiation. Increased phytochemical intake may reduce 
bone loss associated with ageing, due to changed ra-
tio between proinflammatory cytokines such as Tumor 
Necrosis Factor (TNF), Interleukin (IL)-1 and IL-17 which 
are triggers of osteoclast activation; and suppressor 
cytokines IL-12, IL-18, IL-33 and Interferons (IFN) which 
are strong suppressors of osteoclast differentiation 
and inhibit bone loss, in favor of the latter ones [31]. 

In addition, Mühlbauer et al., [25, 32] threw more light 
on bone metabolism modulation of phytochemicals 
at molecular level. He concluded that bone resorp-
tion was reduced in animals fed particulary with veg-
etables/herbs/fruit, suggesting that bone resorption 
inhibiting properties (BRIPs) are due to pharmacolog-
ically-active phytochemicals rather than their base 
excess. Huang et al., [33], concluded that onion de-
creased the ovariectomy-induced osteopenia in young 
adult rats. Rutin was identified initially as the bioactive 
compound, but later it was reported that the likely bio-
active constituent in onion using bioactivity directed 
fractionation is Γ-L-glutamyl peptide [34]. Matheson 
et al., [35], confirmed the association between onion 
consumption and BMD in perimenopausal and post-
menopausal women. Other vegetables in the onion 
family, including garlic and leek, and members of the 
celeriac family, including cabbage, lettuce, and green 
beans, were also effective in suppressing bone resorp-
tion [19].

Several studies concluded that higher intakes of fruits 
and vegetables have been associated with improved 
BMD or bone mineral content in female population 
[14, 22 and 36]. It seems that the magnitude of flavo-
noid effect appears to depend on its source, context 
of exposure (pure compound vs. diet), route of expo-
sure, and age and sex of the target population. Fur-
ther observational, experimental, molecular, clinical, 
randomized, and intervention studies should bring us 
more clarified insights of the mechanisms by which 
bioactive FV substances manifest there positive effects 
on bone as well as which human population sex and 
age category have the highest benefit. However, the 
effects of various rich flavonoid vegetables intake in 

prospective long period follow up studies is hard to 
conduct in humans. 

Based upon all previously mentioned studies about 
the beneficial effect of vegetables and fruits on BMD 
and overall human health it is strongly suggested that 
FV should be a significant part of world public health 
policy and recommendations. Education of popula-
tion about the beneficial role of fruits and vegetables 
on human health should be priority of each country, 
especially because this type of food is considered as 
a potential natural answer of osteoporosis prevention 
and other chronic diseases. 

Considering that no evidence data exist about the im-
pact of nutrition on BMD, nor specific clinical trials con-
ducted about the association of vegetable consump-
tion and BMD of Macedonian population, the aim of 
this study was to investigate the link between the fre-
quency of vegetable consumption and BMD in female 
population of Republic of Macedonia, and possibly 
answer to the question whether frequent vegetable 
consumption, might be recommended for prevention 
of osteoporosis. 

2. Materials and Methods

BMD (in g/cm2 and t-score) at lumbar spine was mea-
sured by Dual Energy X-ray Absorpciometry (DEXA) 
denzitometar in 210 females. For the manner of nutri-
tion a questionnaire was used. The females were divid-
ed into 4 age groups (40 - 49; 50 - 59; 60 - 69; and > 69 
years old), and 4 subgroups: those consuming vegeta-
bles on daily bases; 3 - 5 times/week; 1 - 2 times/week; 
and no consumers (used as reference data). Data anal-
ysis was performed by statistical program Statistics 7.1 
for Windows and SPSS Statistics 17.0. Numerical data 
(age), were analyzed by descriptive statistics ((Mean; 
Std.Deviation; ± 95.00% CI; Minimum; Maximum). Data 
distribution was tested with Kolmogorov-Smirnov test; 
Lilliefors test; and Shapiro-Wilks test (p); BMD as de-
pendent phenomenon; and age and intensity of veg-
etable consumption as independent phenomena ratio 
was tested by Multiple Regression analysis (R). The sig-
nificance was determined by p < 0.05. 

3. Results and Discussion

3.1 BMD & vegetable consumption frequency 

Females categorized in 4 subgroups according to the 
frequency of vegetable consumption were analyzed in 
context of number/percentage (%) of females within 
a frequency subgroup who had normal level of BMD 
according to t-score values which are compatible with 
their age (t-score of 1 to -1); osteopenia (t-score of -1 to 
-2.5); osteoporosis (t-score lower than -2.5 to -3.5): and 
a heavy form of osteoporosis prone to spontaneous 
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fractures (lower than -3.5 to -5) presented in Table 1 
below. 

Everyday consumers had higher percentage of par-
ticipants with a normal level of BMD, compared to 3 
- 5 times/per week, 1 - 2 times/per week and no con-
sumers (26.6 v. 20 v. 19.5 v. none). Normal level of BMD 
was not present in the group of no consumers, but the 
number of participants was small. Everyday consumers 
had osteoporosis identified in lower percentage com-
pared to 3 - 5 times/week, 1 - 2 times/week and no con-
sumers (10.9 v. 16.7 v. 36.6 v. 25 respectively). Summa-
rizing the percentage of participants with osteoporosis 
and heavy form of osteoporosis, everyday consumers 
had much lower incidence of these disorders when 
compared to other three subgroups (28.1 v. 36.7 v. 53.7 
v. 75) which suggests that 1 - 2 times consumers and 
no consumers are highly prone to osteoporosis and its 
heavy form. 

These results are compatible with the finding of Qiu et 
al., [36] who suggested that greater Intake of fruit and 
vegetables is associated with greater BMD and lower 
osteoporosis risk. Høstmark et al., [37], reported an 
association between hip fractures and a low intake of 
vegetables and fruits.

The results related to investigated ratio between BMD 
in g/cm2 as dependent phenomenon and vegetable 
consummation frequency (every day, 3 - 5 times/week, 
1 - 2 times/week and no consumers) like independent 
phenomena are presented in Table 2. 

Medium significant correlation of the ratio investigat-
ed for R = 0.47 and p < 0.001 (p = 0.000) was detected. 
No consumer females were used as referent group. The 

highest influence to the ratio investigated did have ev-
eryday consumption, than 3-5 times/week consumption, 
while the weakest influence did have 1 - 2 times/week 
consumption (Beta - 0.56 v. 0.18 v. 0.06 respectively). 

Females on everyday vegetable consumption had 0.21 
g/cm2 (B = 0.21) in average, higher BMD compared to 
no consumers, which was significant difference - p < 
0.01 (p = 0.008). This result is compatible with the find-
ing of Ebrahimov et al., [38] who suggested that high 
consumption of vegetables positively affected bone 
mineral density in rural women in Iran, and daily intake 
of at least 1.5 servings of vegetables was recommend-
ed for osteoporosis prevention. 

However, our results showed that BMD among other 
subgroups of vegetable consumers less than everyday 
did not differ significantly. Namely, 3 - 5 times/week 
consumers had no significant BMD difference - p > 0.05 
(p = 0.38), i.e. in average they had 0.07 g/cm2 (B = 0.07) 
higher BMD compared to no consumers. No significant 
difference in BMD - p > 0.05 (p = 0.79) was detected be-
tween 1 - 2 times/week consumers and no consumers 
as well (B = 0.02). Høstmark et al., [37, 39] suggested 
that rare intake of fruits and vegetables might have a 
negative influence on the skeleton, but the mecha-
nisms involved are not clarified. 

Results of BMD and its correlation with vegetable con-
sumption frequency for each age group separately (40 
- 49, 50 - 59, 60 - 69 and above 69 years old) are pre-
sented in further tables bellow and they slightly differ 
from previously mentioned results, when BMD and its 
association with consumer frequency was analyzed for 
the whole investigated female group no matter of age.

Table 1. Level of BMD in relation with vegetable consumption frequency

Vegetable consumption 
frequency

Level of BMD 

Normal BMD Osteopenia Osteoporosis
Heavy form of 
Osteoporosis

Total 

n. %* n. % n. % n. % n. %

Everyday 17 26.6 29 45.3 7 10.9 11 17.2 64 100

3 - 5 times/week 12 20 26 43.3 10 16,7 12 20 60 100
1 - 2 times/week 16 19.5 22 26.8 30 36.6 14 17.1 82 100
No consumers / 1 25 2 50 1 25 4 100

* number and % of participants. 

Table 2. BMD and vegetable consumption frequency 

Vegetable consumption Beta Std.Err. of Beta B Std.Err. of B t (206) p-level

Intercept 0.84 0.08 10.99 0.000

Everyday 0.56 0.21 0.21 0.08 2.67 0.008

3 - 5 times/week 0.18 0.20 0.07 0.08 0.89 0.38

1 - 2 times/week 0.06 0.22 0.02 0.08 0.26 0.79
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3.2 Females at age of 40 - 49 

There was no significant difference for N = 5.99 and p 
> 0.05 (p = 0.11) between BMD in g/cm2 of everyday 
consumers and 3 - 5 times/week, as well as between 
1 - 2 times/week and no consumers (1.28 v. 1.11 v. 0.96 
v. 0.86 respectively) -Table 3. 

Multiple p values comparison did not show significant 
difference (p > 0.05) of BMD between everyday con-
sumers and other consumers subgroups (Table 4).

The results shown on Table 5 were related to the ratio 
between BMD in g/cm2 as dependent phenomenon 
and the vegetable consumption frequency subgroups 
(everyday, 3 - 5 times/week, 1 - 2 times/week and no 
consumers); and the age of females as independent 
phenomena. Strong not significant correlation, R = 
0.70 and p > 0.05 (p = 0.26) for this ratio was detected. 
A subgroup of no consumers was a referent category. 
Everyday consumption had the highest, but still insig-
nificant influence to this ratio (Beta = 0.70), 3 - 5 times/
week vegetable consumption (Beta = 0.57) showed 
weaker influence as well as the age (Beta = -0.33), 
while 1 - 2 times/week vegetable consumption had the 
weakest influence (Beta = 0.30). 

In condition when other parameters were not 
changed: everyday vegetable consumers had insig-
nificantly p > 0.05 (p = 0.15) higher BMD for 0.38 g/
cm2, (B = 0.38) compared to no consumers as well as 
3 - 5 times/week consumers had insignificantly - p > 
0.05 (p = 0.30) higher BMD for in average of 0.23 g/cm2 
(B = 0.23) compared to no consumers; Similar results 

were obtained from 1 - 2 times/week consumers who 
had insignificant 0.3 g/cm2 (B = 0.13) higher BMD com-
pared to no consumers; and each increasing of age for 
one year was followed by insignificant decrease - p > 
0.05 (p = 0.30) of BMD for 0.03 g/cm2 (B = -0.03). 

This group of females is in premenopausal period hav-
ing a regular menstrual period, thus they are still pro-
tected with estrogen, although estrogen level might 
be fluctuating. Estrogen plays crucial role in women’s 
bone health. BMD-mediated causal relationship be-
tween estrogen and fracture in women has been well 
established. Deficiency of estrogen leads to increased 
bone loss, lower bone mineral density (BMD), and in-
creased fracture risk [40]. In women with reduced bone 
density and/or an existing fracture, treatment with es-
trogen could reduce bone loss, and lower fracture risk 
[41]. The finding of Ho-Pham et al., [42] suggested that 
estradiol, but not testosterone, was a significant deter-
minant of bone mineral density in Asian women, but 
relative contributions of estradiol to the between-indi-
vidual variation in bone density was likely to be mod-
est for men. 

Therefore, we suppose that 40 - 49 years old females 
under physiological estrogen levels protection might 
have greater consumption of fruits and milk and dairy 
products, greater physical activity or may posses other 
factors which contribute to BMD maintenance. In sys-
tematic review of Hamidi et al., [43] bone health and its 
association with FV intake in women aged ≥ 45 years 
was investigated, but based on limited evidence, the 
benefits of FV on BMD remained unclear.

Table 3. Vegetables consumption frequency and BMD

Vegetable consumption frequency Code
Valid

N
Sum of
Ranks

Everyday 1 2 21.00
3-5 times/week 2 5 38.00
1-2 times/week 3 4 16.50
No consumers 4 1 2.50

Table 4. Multiple comparisons of p values 

Vegetable consumption frequency
{1}

R:10.50
{2}

R:7.60
{3}

R:4.13
{4}

R:2.50

Everyday {1} 1.00 0.25 0.42

3 - 5 times/week {2} 1.00 0.90 1.00
1 - 2 times/week {3} 0.25 0.90 1.00
No consumers {4} 0.42 1.00 1.00

Table 5. BMD / Age and vegetable consumption frequency

Beta
Std.Err.
of Beta

B
Std.Err.

of B
t(206) p-level

Intercept 2.07 1.10 1.88 0.10
Age -0.33 0.30 -0.03 0.02 -1.11 0.30

Everyday 0.70 0.43 0.38 0.23 1.62 0.15
3-5 times/week 0.57 0.51 0.23 0.21 1.11 0.30
1-2 times/week 0.30 0.50 0.13 0.21 0.60 0.57



Journal of Hygienic Engineering and Design

86

3.3 Females at age of 50 - 59 

Women are vulnerable to increased bone loss after 
menopause which starts after age of 50 approximate-
ly. Everyday consumption of vegetables at this female 
age group showed a positive effect on their BMD ac-
cording to the results obtained. 

Everyday vegetable consumers at age of 50 - 59 had 
significantly higher BMD (p < 0.001, p = 0.000) com-
pared to 3 - 5 times/week consumers and to 1 - 2 times/
week consumers. BMD expressed in g/cm2 for everyday 
consumers compared to other two vegetable con-
sumption subgroups was 1.09 v. 0.87. v. 0.85 respec-
tively. However, there was insignificant difference of 
BMD between 3 - 5 times/week consumers and 1 - 2 
times/week consumers (p > 0.05, p = 1.00). The results 
are presented in Table 6 bellow. 

The results shown on Table 7 bellow related to the ra-
tio between BMD in g/cm2 as dependent phenomenon 
and the vegetable consumption frequency subgroups 
(everyday, 3 - 5 times/week, 1 - 2 times/week and no 
consumers); and the age of females as independent 
phenomena are presented. Strong significant correla-
tion for this ratio is detected, R = 0.72 and p < 0.001 
(p = 0.000). Females, 1 - 2 times/week consumers were 
referent subgroup. The highest influence on this ratio 
did have everyday vegetable consumption (Beta = 
0.75), the weaker one had 3 - 5 times/week consump-
tion (Beta = 0.08), while age parameter had the weak-
est influence (Beta = - 0.05). 

In condition where other parameters were not changed: 
females who consume vegetables on everyday basis 
had 0.24 g/cm2 (B = 0.24) higher BMD compared to 1 
- 2 times/week consumers, which was significant differ-

ence (p < 0.001, p = 0.000); However, 3 - 5 times/week 
vegetable consumers had insignificantly (p > 0.05, p = 
0.42) higher BMD for 0.03 g/cm2 (B = 0.03) compared to 
1 - 2 times/week consumers; and with each age increas-
ing for one year, BMD was insignificantly decreased (p 
> 0.05, p=0.61) for 0.03 g/cm2 (B = -0.03). 

Our results for the beneficial effect of frequent vegeta-
ble consumption on BMD in postmenopausal women 
are confirmed by several studies [6, 10, 14, 16, and 44]. 
Different results were suggested by Liu et al., [45]. These 
authors suggested that a high frequency of vegetable 
intake could increase the prevalence of osteoporosis 
among some Chinese post-menopausal women. Their 
possible explanation why the frequency of vegetable 
intake was independently and significantly associated 
with osteoporosis was that dark green vegetables such 
as: collard greens, kale, spinach, mustard leaves, turnip 
leaves, cabbage, broccoli, potatoes, pulses, and soy-
beans are common dietary sources of calcium, but the 
calcium they contain has low bioavailability, on con-
trary of dairy products calcium which has high bioavail-
ability. Other kinds of vegetables, particularly those 
containing calcium oxalic acid, phytic and tannic acid, 
combine with the calcium in food and form insoluble 
calcium salt, so that the body cannot absorb calcium. 

3.4 Females at age of 60 - 69

For N = 13.10 and p < 0.01 (p = 0.001), there was a sig-
nificant difference of BMD in this age group of 60 - 69 
in relation to everyday, 3 - 5 times/week, 1 - 2 times/
week vegetable consumption frequency, i.e. the values 
of BMD in g/cm2 were 1.13 v. 0.88 v. 0.90 respectively 
(See Table 8 bellow).

Table 6. Multiple comparison of p values

Vegetable consumption frequency
{1}

R:49.79
{2}

R:26.95
{3}

R:22.13
 Everyday {1} 0.000 0.000

3-5 times/week {2} 0.000 1.00
1-2 times/week {3} 0.000 1.00

Table 7. BMD / Age & Vegetable Consumption Frequency

Beta
Std.Err.
of Beta

B
Std.Err.

of B
t(206) p-level

Intercept 0.99 0.27 3.63 0.0006
Age -0.05 0.09 -0.003 0.005 -0.52 0.61

Everyday 0.75 0.10 0.24 0.03 7.40 0.000
3 - 5 times/week 0.08 0.10 0.03 0.03 0.82 0.42

Table 8. BMD and vegetable consumption frequency

Vegetable consumption frequency Code
Valid

N
Sum of
Ranks

Everyday 1 18 651,50
3 - 5 times/week 2 9 182,50
1 - 2 times/week 3 24 492,00
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Females who have consumed vegetables on everyday 
basis had significantly higher BMD compared to 3 - 5 
times/week consumers (p < 0.05, p = 0.03) as well as 
compared to 1 - 2 times/week consumers (p < 0.01, p 
= 0.002). Interesting result was obtained when com-
paring the BMD of 3 - 5 times/week and 1 - 2 times/
week vegetable consumption subgroups, 1 - 2 times/
week consumers had insignificantly (p > 0.05, p = 1.00) 
higher BMD compared to 3 - 5 times/week consumers 
(Table 9 below). 

The results on Table 10 (bellow) are related to the ra-
tio between BMD in g/cm2 like dependent phenome-
non; and every day, 3 - 5 times/week, and 1 - 2 times/
week vegetable consumption frequency and the age 
of females, as independent phenomena. A moderately 
significant correlation was notified (R = 0.56 and p < 
0.001, p = 0.000). Vegetable consumers on 1 - 2 times/
week basis were referent category. The highest influ-
ence to this ratio had everyday vegetable consump-
tion (Beta = 0.54), 3 - 5 times/week consumption had 
a weaker influence (Beta = -0.035), while the weakest 
influence was manifested by age (Beta = 0.033). 

In condition of unchanged other parameters it was 
notified that: Females who consume vegetables on 
everyday basis had 0.23 g/cm2 (B = 0.23) higher BMD 
compared to 1 - 2 times/week consumers, which was 
significant difference (p < 0.001, p = 0.000); but females 
on 3 - 5 times/week consumption had insignificantly 
lower BMD (p > 0.05, p = 0.9) for 0.02 g/cm2 compared 
to 1 - 2 times/week consumers. 

Our results strongly suggest that vegetable intake on 
everyday bases is highly recommended for postmeno-
pausal women at age of 60 - 69. Lyn et al., [10] exam-
ined the effects of two dietary patterns of and three 
sodium levels on bone and calcium metabolism in 
a randomized feeding study on a total of 186 adults, 
aged 23 - 76 years. The authors suggested that DASH 
diet and reduced sodium intake significantly reduced 
bone turnover, which was sustained, may improved 
bone mineral status and ultimately reduced the risk 
of osteoporosis. This beneficial effect on bone health 
might have resulted from a variety of factors including 
higher calcium, potassium and magnesium intakes, its 
lower acidity and possibly fruit and vegetable-derived 
antioxidants and phytochemicals. For the elderly who 
have a higher risk of osteoporosis and often a change 
in taste acuity, the DASH diet rich in FV may be an ef-
fective alternative.

3.5 Females at age > од 69 

There was no significant difference in BMD of females 
69 years old in relation to vegetable consumption fre-
quency (N = 7.49 and p > 0.05, p = 0.06). BMD of every 
day vegetable consumers was in average (M) 0.93 g/
cm2,, compared to 3 - 5 times/week consumers (M = 
0.90 g/cm2)), compared to 1 - 2 times/week consumers 
(M = 0.82 g/cm2), and to no consumers (М = 0.83 g/
cm2) -Table 11.

Multiple comparisons of p values related to BMD of 
females who consumed vegetables on everyday basis, 

Table 9. Multiple comparisons of p values 

Vegetable consumption frequency
{1}

R:36.19
{2}

R:20.28
{3}

R:20.50
Everyday {1} 0.03 0.002

3 - 5 times/week {2} 0.03 1.00
1 - 2 times/week {3} 0.002 1.00

Table 10. BMD / Age & Vegetable consumption frequency

Beta
Std.Err.
of Beta

B
Std.Err.

of B
t(206) p-level

Intercept 0.75 0.57 1.32 0.19
Age 0.03 0.12 0.002 0.01 0.27 0.79

Everyday 0.54 0.13 0.23 0.06 4.19 0.000
3 - 5 times/week -0.03 0.13 -0.02 0.07 -0.27 0.79

Table 11. Vegetable consumption frequency & BMD

Vegetable consumption frequency Code
Valid

N
Sum of
Ranks

Everyday 1 24 1231.50
3 - 5 times/week 2 21 966.50
1 - 2 times/week 3 36 1290.50
No consumers 4 3 81.50
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3 - 5 times/week, 1 - 2 times/week and no consumers 
did not show significant difference (p > 0.05) - Table 12. 

The results presented in Table 13 are related to BMD 
(g/cm2) like dependent phenomenon; and vegetable 
consumption frequency (3 - 5 times/week, 1 - 2 times/
week and no consumers) and age, like independent 
phenomena. Moderately significant correlation was 
detected (for R = 0.36 and p < 0.05 p = 0.02). Females 
no consumers of vegetable were referent category. Ev-
eryday consumption of vegetables showed the highest 
influence on BMD (Beta = 0.36), 3 - 5times/week con-
sumption manifested weaker influence (Beta = 0.28), 
возраста (Beta = 0.10), but the weakest influence did 
have 1 - 2 times/week consumption (Beta = 0.03). 

In condition of unchangeable other parameters the re-
sults showed that: Females on everyday consumption 
had insignificantly (p > 0.05, p = 0.18) higher BMD of 
0.11 g/cm2 (B = 0.11) in average compared to no con-
sumers; 3 - 5 times/week vegetable consumers had 
0.09 g/cm2 (B = 0.09) higher BMD compared to no con-
sumers which was insignificant difference (p > 0.05, p 
= 0.28); and the difference of 0.009 g/cm2 (B = 0.009), 
higher BMD in 1 - 2 times/week consumers compared 
to no consumers was insignificant (p > 0.05, p = 0.91).

Our results in this age group of > 69 showed that veg-
etable consumption frequency had moderately signif-
icant correlation with BMD (for R = 0.36 and p < 0.05) 
which was weaker compared to results of 60 - 69 years 
old females (R = 0.56 and p < 0.001), and to 50 - 59 
years old females who had strong significant correla-
tion between vegetable consumption frequency and 
BMD (R = 0.72 and p < 0.001). However > 69 years old 
female group had higher correlation of BMD with veg-
etable frequency consumption than 40 - 49 years old 
females, where strong not significant correlation (R = 
0.70 and p > 0.05) was detected. 

Tuker et al., [46] found that potassium, magnesium and 
FV intakes were associated with greater BMD in elderly 

men and women. Qui et al., [36] performed a popula-
tion-based cross-sectional study with 2083 women and 
1006 men aged 40 - 75 years involved. Greater intake 
of FV was independently associated with a higher BMD 
and a lower presence of osteoporosis in middle-aged 
and elderly Chinese subjects with lower body mass in-
dex (BMI). Fruit tended to have more contribution to 
the favorable association than vegetables. 

4. Conclusions

- Based upon the results of this study, vegetable con-
sumption frequency significantly correlated with BMD 
in females, lower percentage of osteoporosis and low-
er percentage of heavy forms of osteoporosis (which 
can lead to fractures) when females were not cate-
gorized in age subgroups. There was no evidence of 
normal value of BMD in no consumers group, but the 
number of participants was small, thus further studies 
with higher number of females who do not consume 
vegetables should be performed. 

- The results were slightly different when females were 
divided in subgroups according to their age: 40 - 49; 50 
- 59; 60 - 69: and > 69 years old. Everyday consumption 
of vegetables had highly significant positive impact on 
BMD of 50 - 59 years old females, while in 60 - 69 and 
> 69 years old females it had moderately significant ef-
fect, thus it can be considered as a natural option for 
osteoporosis prevention, as well as protection factor 
of critical BMD lowering to fracture threshold. Howev-
er, in females aged 40 - 49 the frequency of vegetable 
consumption had no such influence on their BMD.

- Education of a wider population at any age about the 
dietary habits and the beneficial role of fruits and veg-
etables on bone mineral density and overall human 
health should be implemented in each country. Health 
policy strategies should include recommendation for 
frequent vegetable and fruit consumption as a remark-
able part of healthy nutrition. 

Table 12. Multiple comparisons of p values

Vegetable consumption 
frequency

{1}
R:51.31

{2}
R:46.02

{3}
R:35.85

{4}
R:27.17

 Everyday {1} 1.00 0.10 0.64
 3 - 5 times/wee {2} 1.00 0.77 1.00

 1 - 2 times/week {3} 0.10 0.77 1.00
 No consumers {4} 0.64 1.00 1.00

Table 13. BMD / Age and vegetable consumption frequency

Beta
Std.Err.
of Beta

B
Std.Err.

of B
t(206) p-level

Intercept 0.56 0.28 1.99 0.04
Age 0.10 0.11 0.003 0.003 0.96 0.34

Everyday 0.36 0.27 0.11 0.08 1.36 0.18
3 - 5 times/week 0.28 0.26 0.09 0.08 1.09 0.28
1 - 2 times/week 0.03 0.29 0.009 0.08 0.11 0.91



Journal of Hygienic Engineering and Design

89

5. References

[1]	 Lanham-New S. A. (2006). Fruit and vegetables: The 
unexpected natural answer to the question of osteoporosis 
prevention? Am. J. Clin. Nutr., 83, (6), pp.1254-1255. 

[2]	 Daucher L., Amouye P., Hercberg S., Dallongeville J. 
(2006). Fruit and vegetable consumption and risk of 
coronary heart disease: A meta-analysis of cohort studies. 
J. Nutr., 136, pp. 2588-2592. 

[3]	 Daucher L., Amouye P., Dallongeville J. (2005). Fruit and 
vegetable consumption and risk of stroke: A meta-analysis 
of cohort studies. Neurol., 65, pp.1193-1197. 

[4]	 Field A. E., Gillman M. W., Rosnr B., Rockett H. R., Colditz 
G. A. (2003). Association between fruit and vegetable 
intake and change in body mass index among a large 
sample of childrenand adolescents in the United States. 
Int. J. Obesity, 27, pp. 821-826. 

[5]	 Van Duyn M. A., Pivonka E. (2000). Overview of the 
health benefits of fruit and vegetable consumption for 
the dietetics professional: selected literature. J. Am. Diet. 
Assoc., 100, (12), pp.1511-1521.

[6]	 Christen W. G., Liu S., Schaumber D. A., Buring J. E. 
(2005). Fruit and vegetable intake and the risk of cataract 
in women. Am. J. Clin. Nutr., 81, (5), pp. 1417-1422. 

[7]	 Halling A., Persson G. R., Berglund J., Johansson O., 
Renvert S. (2005). Comparison between the Klemetti 
index and heel DXA BMD measurements in the diagnosis 
of reduced skeletal bone mineral density in the elderly. 
Osteoporos Int., 16, pp. 999-1003. 

[8]	 Hernlund E., Svedbom A., Ivergård M., Compston J., 
Cooper C., Stenmark J., McCloskey E. V., Jönsson B., Kanis 
J. A. (2013). Osteoporosis in the European Union: medical 
management, epidemiology and economic burden. Arch. 
Osteoporos, 8, (1-2), pp. 136. 

[9]	 Kanis J. A., McCloskey E. V.,  Johansson H., Cooper C., 
Rizzoli R., Reginster J. Y. (2013). European guidance 
for the diagnosis and management of osteoporosis in 
postmenopausal women. Osteoporosis International. 
24. (1), pp. 23-57. 

[10]	 Lin P. H., Ginty F., Appel L. J, Aickin M., Bohannon A., 
Garnero P., Barclay D., Svetkey L. P. (2003). The DASH diet 
and sodium reduction improve markers of bone turnover 
and calcium metabolism in adults. J. Nutr., 133, pp. 3130-
3136. 

[11]	 Wardle J., Permenter K., Waller J. (2000). Nutrition 
knowledge and food intake. Appet, 34, (3), pp. 269-275. 

[12]	 Riediger N. D., Mohammed H., Moghadasian M. H. 
(2008). Patterns of Fruit and Vegetable Consumption and 
the Influence of Sex, Age and Socio-Demographic Factors 
among Canadian Elderly. J. Am. Coll. Nutr., 27, (2), pp. 
306-313. 

[13]	 New S., Bolton-Smith C., Grubb D., Reid D. (1997). 
Nutritional influences on bone mineral density: A cross-
sectional study in premenopausal women. Am. J. Clin. 
Nutr., 65, pp.1831-1839. 

[14]	 Prynne C., Mishra G., O’Connell M., Muniz G., Laskey M. 
A., Yan L., Prentice A., Ginty F. (2006). Fruit and vegetable 
intakes and bone mineral status: A cross sectional study in 
5 age and sex cohorts. Am. J. Clin. Nutr., 83, pp. 1420-1428. 

[15]	 Ashwell M., Stone E., Mathers J., Barnes S., Compston J., 
Compston J., Francis R. M., Key T., Cashman K. D., Cooper 
C., Khaw K. T., Lanham-New S., Macdonald H., Prentice 
A., Shearer M., Stephen A. (2008). Nutrition and bone 
health projects funded by the UK Food Standards Agency: 
Have they helped to inform public health policy? Br. J. 
Nutr., 99, pp.198-205. 

[16]	 Zhu K., Devine A., Prince R. (2009). The effects of high 
potassium consumption on bone mineral density in a 
prospective cohort study of elderly postmenopausal 
women. Osteoporosis Int., 20, pp. 335-340. 

[17]	 New S., MacDonald H., Campbell M., Martin J., Garton 
M., Robins S., Reid D. (2004). Lower estimates of net 
endogenous non-carbonic acid production are positively 
associated with indexes of bone health in premenopausal 
and perimenopausal women. Am. J. Clin. Nutr., 79, 
pp.131-138. 

[18]	 Shi L., Libuda L., Schonau E., Frassetto L., Remer T. (2012). 
Long term higher urinary calcium excretion within the 
normal physiologic range predicts impaired bone status 
of the proximal radius in healthy children with higher 
potential renal acid load. Bone, 50, pp.1026-1031. 

[19]	 Weaver C., Alekel D., Ward W., Ronis M. (2012). Flavonoid 
intake and bone health. J. Nutr. Gerontol. Geriatr., 31, pp. 
239-253. 

[20]	 Wood A., McDonald H. (2013). Interaction of dietary 
patterns, systemic inflammation, and bone health. In: 
Burckhardt P., Dawson-Hughes B., Weaver C., (Eds.), 
Nutritional Influences on Bone Health. Springer, 
London, UK, pp.19-30. 

[21]	 Nordin B. E. C., Need A. G., Morris H. A., Horowitz M. 
(1993). The nature and significance of the relationship 
between urinary sodium and urinary calcium in women. 
J. Nutr., 123, pp.1615-1622. 

[22]	 New S. A. (2003). Intake of fruit and vegetables: 
Implications for bone health. Proc. Nutr. Soc., 62, pp. 889-
892. 

[23]	 New S. A. (2002). Nutrition society medal lecture: The role 
of the skeleton in acid-base homeostasis. Proc. Nutr. Soc., 
61, (2), pp. 151-164. 

[24]	 Mühlbauer R. C., Lozano A., Reinli A., Wetli H. (2003). 
Various selected vegetables, fruits, mushrooms, and red 
wine residue inhibit bone resorption in rats. J. Nutr., 133, 
pp. 3592-3597. 

[25]	 Mühlbauer R. C., Lozano A., Reinli A. (2002). Onion and 
a mixture of vegetables, salads, and herbs affect bone 
resorption in the rat by a mechanism independent of their 
base excess. J. Bone Miner. Res., 17, pp.1230-1236. 

[26]	 Fenton T. R., Tough S. C., Lyon A. W., Eliaziw M., Hanley 
D. A. (2011). Casual assessment of dietary acid load 
and bone disease: A systematic review & meta-analysis 
applying Hill’s epidemiological criteria for causality. Nutr. 
J., 10, pp. 41. 

[27]	 Rafferty K., Davies M. K., Heaney R. P. (2005). Potassium 
intake and the calcium economy. J. Am. Coll. Nutr., 24, 
pp.999 -106. 

[28]	 Pietta P. G. (2000). Flavonoids as antioxidants. J. Nat. 
Prod., 63, (7), pp. 1035-1042. 



Journal of Hygienic Engineering and Design

90

[29]	 Finley J. W., Kong A-N., Hintze K. J., Jeffery E .H., Ji L. L., 
Lei X. G. ( 2011). Antioxidants in foods: State of the science 
important to the food industry. J. Agric. Food Chem., 59, 
pp. 6837- 6846. 

[30]	 Hardcastle A. C., Aucott L., Reid D. M., Macdonald H. M. 
(2011). Associations between dietary flavonoid intakes 
and bone health in a Scottish population. J. Bone Miner. 
Res., 26, pp. 941-947. 

[31]	 Schett G. (2011). Effects of inflammatory and anti-
inflammatory cytokines on the bone. Eur. J. Clin. Investig., 
41, pp.1361-1366. 

[32]	 Mühlbauer R. (2006). Are vegetables, salads, herbs, 
mushrooms, fruits and red wine residue that inhibit bone 
resorption in the rat a promise of osteoporosis prevention? 
Curr. Nutr. Food Sci., 2, pp. 69-78. 

[33]	 Huang T., Muhlbauer R., Tang C., Chen H., Chang 
G. (2008). Onion decreases the ovariectomy-induced 
osteopenia in young adult rats. Bone, 42, pp.1154-1163. 

[34]	 Wetli H. A., Brenneisen R., Tschudi I., Langos M., Bigler 
P., Sprang T., Schürch S., Mühlbauer R. C. (2005). A 
Γ-glutamyl peptide isolated from onion (Allium cepa L.) by 
bioassay-guided fractionation inhibits resorption activity 
of osteoclasts. J. Agric. Food Chem., 53, pp. 3408-3414. 

[35]	 Matheson E. M., Mainous A. G. I., Carnemolla M. A. (2009). 
The association between onion consumption and bone 
density in perimenopausal and postmenopausal non-
hispanic white women 50 years and older. Menopause, 
16, pp. 756-759. 

[36]	 Qiu R., Cao W., Tian H., He J., Chen G., Chen Y. (2017). 
Greater Intake of Fruit and Vegetables Is Associated with 
Greater Bone Mineral Density and Lower Osteoporosis 
Risk in Middle-Aged and Elderly Adults. PLoS One, 12, (1): 
e0168906. 

[37]	 Høstmark A. T. (2003). Dietary ‘acid load’ and self 
reporrted prevalence of hip fractures: A population based, 
cross sectional study. Norwegian Epidemiology, 13, (1), 
pp. 193-198. 

[38]	 Ebrahimof S., Adibi H., Salehomom N., Hosseinni S., 
Larijani B. (2004). Fruit and Vegetable Intake and Bone 
Mineral Density in Residents of Villages Surrounding 
Tehran. Iranian J. Publ. Health, A supplementary issue 
on Osteoporosis, pp. 49 - 56. 

[39]	 Høstmark A., Søgaard A. J., Alvær K., Haakon E., Meyer H. 
E. (2011). The Oslo Health Study: A Dietary Index Estimating 
Frequent Intake of Soft Drinks and Rare Intake of Fruit and 
Vegetables Is Negatively Associated with Bone Mineral 
Density. Journal of Osteoporosis, Article ID 102686, pp. 7. 

[40]	 Ettinger B., Pressman A., Sklarin P., Bauer D. C., Cauley 
J. A., Cummings S. R. (1998). Associations between low 
levels of serum estradiol, bone density, and fractures 
among elderly women: The study of osteoporotic fractures. 
J. Clin. Endocrinol. Metab., 14, (7), pp. 2239-2243. 

[41]	 Barrett-Connor E., Stuenkel C. A. (2001). Hormone 
replacement therapy (HRT) - risks and benefits. Int. J. 
Epidemiol., 14, (3), pp. 423-426. 

[42]	 Ho-Pham L. T., Nguyen N. D.,  Nguyen T. V. (2013). 
Quantification of the relative contribution of estrogen 
to bone mineral density in men and women. BMC 
Musculoskelet. Disord., 14, pp. 366. 

[43]	 Hamidi M., Boucher B. A., Cheung A. M., Beyene J., Shah 
P. S. (2011). Fruit and vegetable intake and bone health 
in women aged 45 years and over: A systematic review. 
Osteoporos Int., 22, (6), pp.1681-1693.

[44]	 Macdonald H. M., New S. A., Golden M. H. N., Campbell 
M. K., Reid D. M. (2004). Nutritional associations with 
bone loss during the menopausal transition: Evidence 
for a beneficial effect of calcium, alcohol, and fruit and 
vegetable nutrients and of a detrimental effect of fatty 
acids. Am. J. Clin. Nutr., 79, pp.155-165. 

[45]	 Liu N., Zeng F., Zhang K., Tang Z. (2016). Community-
based cross-sectional study for relationship of frequency 
of vegetables intake and osteoporosis in a Chinese 
postmenopausal women sample. BMC Women’s Health 
16, pp. 28. 

[46]	 Tucker K. L., Hannan M. T., Chen H., Cupples L. A., Wilson 
P. W., Kiel D. P. (1999). Potassium, magnesium and fruit 
and vegetable intakes are associated with greater bone 
mineral density in elderly men and women. Am. J. Clin. 
Nutr., 69, pp. 727-736. 


