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Abstract The association of dietary patterns and bone
health is not yet well known, and findings from the rare
previous studies conducted on this issue are contradictory.
We assessed the dietary patterns in relation to bone mineral
density (BMD) in a sample of menopausal Iranian women. In
this cross-sectional study, 160 menopausal women aged
50-85 were studied and their femoral neck and lumbar spine
BMDs were measured by dual-energy X-ray absorptiometry.
Dietary intakes were assessed with a validated 168-item food
frequency questionnaire, and dietary patterns were identified
by a principal component factor analysis method. Overall,
six dietary patterns emerged, two of which had a significant
association with BMD. After adjusting for potential con-
founders, women who had higher scores for the first (high in
high-fat dairy products, organ meats, red or processed meats
and nonrefined cereals) and the second (high in French fries,
mayonnaise, sweets and desserts and vegetable oils) dietary
patterns we identified were more likely to have BMD below
the median in the lumbar spine (odds ratio 2.29; 95 %
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confidence interval 1.05-4.96; p = 0.04) and the femoral
neck (odds ratio 2.83, 95 % confidence interval 1.31-6.09;
p < 0.01), respectively, compared to women with lower
scores. Dietary patterns abundant in foods with high content
of saturated fatty acids (similar to factor 1) or with low
density of nutrients (similar to factor 2) are detrimental to
bone health in menopausal Iranian women. These findings
highlight the importance of proper food selection for main-
taining bone health.

Keywords Bone mineral density - DEXA - Diet -
Dietary patterns - Epidemiology - Iran - Menopause -
Osteoporosis

Osteoporosis is a major public health concern in Western
societies, and its prevalence is currently on the rise in the
developing world [1]. In Iran, the prevalence of osteopo-
rosis among menopausal women is considerable, contrib-
uting to over 36,026 lost years of healthy life in 2001
according to the disability-adjusted life-years index [2, 3].
Given the high prevalence of this debilitating disease and
its associated complications (e.g., fractures) and health care
costs [4, 5], maintaining bone mineral density (BMD) in
the first place seems crucial. BMD is largely influenced by
genetic, endocrine, mechanical and nutritional factors [6],
with the latter category being of prime importance because
it can be changed [7].

Thus far, the most common approach to testing the
association between dietary intake and bone health has
been based on evaluating certain nutrients or foods. How-
ever, diets are composed of a variety of food items and
complex combinations of nutrients, and therefore, evalu-
ating certain nutrients or foods in isolation does not
account for cumulative intercorrelations and interactions
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among foods and nutrients [8, 9]. To address this limita-
tion, a “dietary pattern” approach (overall diet) has been
widely used to evaluate the diet—disease relationship
[10, 11]. By means of this multifactorial approach, interac-
tions among foods and nutrients and the effect of confounding
variables are controlled for [9, 12], and the etiologic role of
diets in disease pathogenesis can be better clarified [13].

Despite its prominence, the association of dietary pat-
terns and BMD is not yet well studied, and findings from
the rare studies conducted on this issue are contradictory.
Although some studies have revealed a negative associa-
tion between unhealthy dietary patterns (i.e., high in red
and processed meats, fats and sweets) and BMD [14-17],
or a positive relationship between healthy dietary patterns
(i.e., high fruit and vegetable intake) and BMD [14-16],
others have failed to show such associations [18, 19]. In
particular, no previous studies in the Middle East have
assessed the attributes of dietary patterns to bone health,
while the unique characteristics of the Middle Eastern diet
and the rapid nutrition transition taking place in this region
necessitates close investigation of this issue. Therefore, we
sought to assess the relationship between dietary patterns
and BMD in a sample of menopausal Iranian women.

Materials and Methods
Population and Sampling

In this cross-sectional study, 213 menopausal women (aged
50-85 years) who were admitted to a bone densitometry
center in Tehran, Iran, were consecutively enrolled for
participation in the present study (winter 2011). Meno-
pause was defined as lack of menstrual cycle during the
past 12 months. Of these women, 160 met the inclusion
criteria (mean age 60 %+ 8.4 years), which included not
following a specific diet (n = 11), lack of consumption of
alcohol or drugs that affect bone metabolism (n = 29) such
as glucocorticoids, antacids, diuretics, thyroxin, calcitonin,
and anticoagulants (except for antiresorptive medications)
and not having diagnosed endocrine (such as abnormal
menopause or diabetes), gastrointestinal, rheumatoid and
renal disorders (n = 13).

Protocols and procedures of this study were approved by
the ethics board of the National Nutrition and Food Tech-
nology Research Institute (WHO Collaborating Center),
Iran, and all participants provided written informed consent
after being informed of the purpose of this research.

Measurements

All questionnaires were administered through interviews,
and measurements were performed by a trained dietitian.

General questionnaires were used to collect participants’
sociodemographic, lifestyle and clinical information, includ-
ing age (years), education (less than a high school diploma,
high school diploma or more), parity (), smoking (yes, no),
age at menarche (years), history of hormone replacement
therapy (yes, no), fragility fracture history (yes, no), supple-
ment intake (including calcium, vitamin D, multivitamins,
minerals, glucoseamines, omega-3 fatty acids, phytoestro-
gens) (yes, no), and antiresorptive drug use, including bis-
phosphonates and selective estrogen receptor modulators (yes,
no).

Weight and height were measured while participants
were wearing lightweight clothing and no shoes. Weight
was measured with digital scales (Seca 881, Germany) and
was recorded to the nearest 0.1 kg. Height was measured
with a stadiometer (Seca 214 portable stadiometer) and was
recorded to the nearest 0.1 cm. Body mass index (BMI)
was then calculated by dividing weight (kg) by the square
of height (m).

A trained technician used a Hologic bone densitometer
(Hologic Discovery W QDR Series, Hologic Inc., Bedford,
MA, USA) to perform dual-energy X-ray absorptiometry to
measure the BMD of the left femoral neck and lumbar
spine (L1-L4) (g/cm?). The Hologic QDR densitometer
was initially calibrated by the manufacturer, and it was
calibrated continuously and automatically throughout the
study using an automatic internal reference system. Quality
control measures were performed automatically according
to the guidelines for standard operating procedures. The
coefficient of variation of the BMD was 1 %.

Dietary Assessment

Participants’ dietary intake during the past year was
assessed with a valid and reliable semiquantitative food
frequency questionnaire (FFQ) [20]. The FFQ consisted of
168 food items with standard serving sizes, and participants
were asked to specify their frequency of consumption for
each food item on a daily, weekly, monthly or yearly basis.
These reported intakes were then converted to daily fre-
quencies, and a manual for household measures [21] was
used to convert intake frequencies to daily grams of food
intake. Energy and nutrient content of foods were then
calculated with the USDA food composition table included
in the Nutritionist 4 software (First Databank; Hearst,
San Bruno, CA, USA). We refrained from using the Iranian
food composition table because it is incomplete and con-
tains information on a limited number of raw food items
[22]. However for some traditional Iranian food items that
are not included in Nutritionist 4 (e.g., traditional breads
and some dairy products such as Kashk), the Iranian food
composition table was used [22].
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In addition, relative accuracy of reported energy intakes
was assessed dividing the energy intake by basal metabolic
rate in order to control its confounding effect in the anal-
yses. Basal metabolic rate was calculated from partici-
pants’ sex, age, weight and height by the Schofield
equation [23]. Energy intake/basal metabolic rate values of
<1.35 indicated underreporting, 1.35-2.39 normal report-
ing and >2.4 overreporting of energy intake [24]. Final
analyses were conducted only on participants who com-
pleted >60 % of FFQ items (n = 154).

Physical Activity Assessment

Physical activity was measured by multiplying metabolic
equivalent (MET) derived from a valid self-reported
physical activity questionnaire by hour and day (METehed)
[25]. Physical activity measures derived from this ques-
tionnaire were categorized into nine groups ranging from
sleep/rest (MET 0.9) to vigorous physical activity
(MET > 6). This questionnaire has been previously used
among Tehranian adult women and has yielded consistent
results [26].

Statistical Analysis

All analyses were performed by SPSS software, version 16
(SPSS, Chicago, IL), and a p-value of <0.05 was consid-
ered significant. To reduce the complexity of data, the
initial 168 food items were categorized into 25 predefined
food groups according to similarity of their nutrient profiles
(e.g., low-fat or high-fat dairy products, refined or nonre-
fined cereals). Culinary usage was also taken into account
for grouping together some food items (e.g., tea and cof-
fee). In addition, some food items were considered as
individual food groups as a result of their unique nutrient
content (e.g., eggs) or because they represented a distinct
dietary pattern (e.g., French fries).

Principal component factor analysis with varimax rota-
tion was then administered to identify optimal uncorrelated
dietary patterns (factors) and to yield a simple matrix with
improved interpretability. Eigenvalues of ten factors was
>1, and the Scree plot identified six distinct dietary factors
to be retained in the present research. We chose to keep six
factors to simplify further analyses. Factor scores for each
participant and each dietary pattern were calculated by
adding the intake from each of the food groups weighted by
factor loading [27]. Factor loading is the correlation coef-
ficient between individual food groups and each of the
dietary patterns.

Factor scores were then categorized into first (reference)
and second category according to the median. BMD values
for femoral neck and lumbar spine were also categorized
into below and above the median (reference). Multiple
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logistic regression analysis was then used to calculate
adjusted odds ratios (ORs) and 95 % confidence intervals
(CIs) for the risk of having BMD below the median in
relation to identified dietary patterns in three separate
models. In model 1, the effects of age and BMI were
adjusted for as potential confounders, and in model 2, the
effect of physical activity and parity were also controlled.
In the third model, we adjusted model 2 for smoking, edu-
cation, fragility fracture history, history of hormone replace-
ment therapy, supplement intake, antiresorptive drug use, age
at menarche and relative accuracy of energy reporting.

For comparing categorical variables among different
dietary patterns or BMD categories, we used Fisher’s exact
test or the chi-square test, as appropriate. To evaluate the
continuous variables, the Kolmogorov—Smirnov test was
initially used to assess the normality assumption, and the
independent sample #-test and Mann—Whitney U-test were
used for comparison, where appropriate.

Results

Table 1 presents participants’ characteristics in relation to
different categories of BMD. The mean BMDs for lumbar
spine and femoral neck among menopausal women were
0.87 4+ 0.17 and 0.67 & 0.11 g/cm?, respectively. Signifi-
cant differences were observed for age, BMI, physical
activity and parity among the categories of femoral neck
and lumbar spine BMDs (p < 0.05). Table 2 presents the
six dietary patterns that emerged, the food groups included
in each pattern and their factor loadings. Large absolute
factor loadings indicate strong association between dietary
patterns and food groups, whereas the plus and minus signs
refer to the direction of the relationship. The first dietary
pattern that emerged was characterized by high consump-
tion of high-fat dairy products, organ meats, red or pro-
cessed meats and nonrefined cereals. The second dietary
pattern was abundant in French fries, mayonnaise, sweets
and desserts, and vegetable oils. The third dietary pattern
had high intakes of hydrogenated fats, pickles, eggs and
soft drinks, while the fourth dietary pattern was associated
with high intakes of vegetables, low-fat dairy products,
fruits and fruit juices, legumes and fish, and low intakes of
salt. The significant characteristic of the fifth dietary pat-
tern was its high condiment and potatoes and its low
refined cereals content. The sixth dietary pattern was
characterized by high consumption of snacks, tea and
coffee, poultry and nuts. These six dietary patterns
explained 48.27 % of total variance in dietary intakes.
The characteristics of participants in different score
categories (below and above the median) for each of the six
derived dietary patterns are shown in Table 3. We observed
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Table 1 Characteristics of participants according to different categories of BMD

Characteristic

Total participants

Femoral neck BMD

Lumbar spine BMD

Above median

Below median

Above median

Below median

n=154 n=71 n=77 n=77 n=77
Age (years) 60.0 £+ 8.4 58.1£72 63.8 £ 8.6* 59.1£79 62.8 + 8.5%
BMI (kg/m?) 275+ 43 28.6 £ 4.8 26.4 + 3.6 285+ 4.3 26.5 £+ 4.2%
Physical activity (METehed) 427 £ 5.6 41.5 +£49 43.9 £ 6.0* 420 £52 434 £59
Age at menarche (years) 13.6 £ 1.7 134+ 19 13.8 £ 1.6 135+ 1.8 13.7 £ 1.7
Parity (n) 37+19 34+19 4.0 £ 1.9%* 35+ 1.8 39+20
Smoking 14 (9.1) 10 (13.0) 4(5.2) 6 (7.8) 8 (10.4)
Education (high school diploma or more) 94 (61.0) 52 (67.5) 42 (54.5) 50 (64.9) 44 (57.1)
Fragility fracture history 8(5.2) 2 (2.6) 6 (7.8) 339 5 (6.5)
History of HRT 7(4.5) 4(5.2) 3 (3.9 3 (3.9 4(5.2)
Supplement intake 117 (76.0) 58 (75.3) 59 (76.6) 56 (72.7) 61 (79.2)
Antiresorptive drug use 27 (17.5) 13 (16.9) 14 (18.2) 10 (13.0) 17 (22.1)
Underreporting of energy intake® 26 (16.9) 17 (22.1) 9 (11.7) 15 (19.5) 11 (14.3)
Normal reporting of energy intake® 100 (64.9) 47 (61.0) 53 (68.8) 49 (63.6) 51 (66.2)
Overreporting of energy intake® 28 (18.2) 13 (16.9) 15 (19.5) 13 (16.9) 15 (19.5)

Data are presented as mean =+ standard deviation or n (%). BMD values were categorized according to the median. Independent sample #-test or
Mann—Whitney U-test were used for comparison of continuous variables between BMD categories, and chi-square test or Fisher’s exact test were

used for comparison of categorical variables

BMD bone mineral density, BMI body mass index, MET metabolic equivalent, HRT hormone replacement therapy

*p <0.01, ** p <0.05
? Energy intake/basal metabolic rate <1.35
" 1.35 < energy intake/basal metabolic rate <2.4

¢ Energy intake/basal metabolic rate >2.4

significant difference in age, BMI, parity, femoral neck
BMD, education, supplement intake and relative accuracy
of energy reporting between the different categories of
dietary patterns (p < 0.05). Table 4 presents the adjusted
ORs and 95 % ClIs for the risk of having BMD below the
median in femoral neck and lumbar spine in relation to
dietary patterns. After adjusting for several potential con-
founders (model 3), those in the second category of the first
dietary pattern scores had significantly higher probability
of having lumbar spine BMD below the median value,
compared to those in the first category (OR 2.29, 95 %
CI 1.05-4.96; p = 0.04). Participants in the second cate-
gory had a significantly higher risk of having BMD below
the median in femoral neck after adjustment for age and
BMI in model 1 (OR 2.05, 95 % CI 1.03—4.07; p = 0.04),
although this relationship was not statistically significant in
the second and third models. In addition, those in the
second category of the second dietary pattern scores were
significantly at higher risk of having BMD below the
median in femoral neck in model 3, compared to those in
the first category (OR 2.83, 95 % CI 1.31-6.09; p < 0.01).
No significant association was observed between other
dietary patterns and femoral neck or lumbar spine BMD
values.

Discussion

To our knowledge, this is the first study in the Middle East
region to evaluate the association between dietary patterns
and BMD. Findings suggest that menopausal women in the
upper category of the first (high consumption of high-fat
dairy products, organ meats, red or processed meats
and nonrefined cereals) and second (abundant in French
fries, mayonnaise, sweets and desserts, and vegetable oils)
dietary pattern scores had a higher risk of having BMD
below the median in the lumbar spine and femoral neck
regions, respectively, compared to those in the lower
categories.

In this research, the mean BMD values at the femoral
neck and lumbar spine were 0.67 and 0.87 g/cm?, respec-
tively, which are lower than those reported by Akhbari in
Tehran in 2007 (0.97 g/cm” at the femoral neck and 1.25 g/cm”
at the lumbar spine, respectively) [28]. However, these
differences may be partly due to the older age of women in
our study (50-85 years) compared to Akhbari’s research
(2040 years). This assumption is further confirmed by the
fact that the prevalence of osteoporosis in the present
research (15.6 % at femoral neck and 31.2 % at lumbar
spine) was comparable to those reported among Tehranian
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Table 2 Food groups used in the factor analysis and factor loadings for each of the identified dietary patterns *

Food group Food items Dietary pattern
1 2 3 4 5 6
High-fat dairy products High-fat milk, high-fat yogurt, cream cheese, cream, 0.79 - - - - -
dairy fat, ice cream, others
Organ meats Heart, kidney, liver, tongue, brain, offal, rennet 0.74 - - - - -
Red or processed meats Beef and veal, lamb, minced meat, sausage, 0.49 - 0.39 - - -
deli meat, hamburger
Nonrefined cereals Dark breads (e.g., barbari, sangak, taftun), 0.43 — — — — —
bran breads, others
French fries French fries - 0.70 0.33 - - -
Mayonnaise Mayonnaise - 0.69 - - - -
Sweets and desserts Cookies, cakes, muffins, pies, chocolates, honey, — 0.56 — — — —
jam, sugar cubes, sugar, candies, sweet Tahini, others
Vegetable oils Vegetable oils - 0.42 - 0.37 - -
Hydrogenated fats Hydrogenated vegetable oils, solid fats - - 0.77 - - -
(animal origin), animal butter, margarine
Pickles Pickles, sauerkraut - - 0.64 - - -
Eggs Eggs 0.40 - 0.43 - - -
Soft drinks Soft drinks - - 0.35 - - -
Vegetables Cauliflower, carrot, tomato and its products, - - - 0.70 - -
spinach, lettuce, cucumber, eggplant, onion, greens,
green bean, green pea, squash, mushroom, pepper,
corn, garlic, turnip, others
Low-fat dairy products Low-fat milk, skim milk, low-fat yogurt, cheese, —0.32 - - 0.54 - -
Kashk, yogurt drink, others
Fruits and fruit juices Melon, watermelon, honeydew melon, plums, - - - 0.53 - -
prunes, apples, cherries, sour cherries, peaches,
nectarine, pear, fig, date, grapes, kiwi, pomegranate,
strawberry, banana, persimmon, berry, pineapple,
oranges, dried fruits, all juices, others
Legumes Lentils, split pea, beans, chick pea, fava bean, soy, - 0.47 - 0.50 - -
others
Salt Salt - - 0.39 —0.44 0.37 -
Fish All fish types - -030 - 0.39 - -
Condiments Turmeric, pepper, others - - - - 0.74 -
Potatoes Potatoes - - - - 0.61 -
Refined cereals Lavash bread, baguette bread, rice, pasta, others - 0.32 - - —0.61 -
Snacks Biscuits, corn puffs, crackers, potato chips, others - - - - - 0.69
Tea and coffee Tea and coffee - - - - - 0.65
Poultry Chicken - - - - - 0.44
Nuts Almonds, peanut, walnut, pistachio, - - - - - 0.35
hazelnut, seeds, others
Explained variance (%) 13.74 8.93 7.22 6.86 6.04 5.50

# Factor loadings of <0.3 have been removed to simplify the table

women aged 60-69 years (17 % in total hip and 38 % in
lumbar spine) [29] .

Our findings of significant associations between dietary
patterns with BMD are in line with those of the previous
studies; the first dietary pattern in this research replicates
those of the study of Tucker et al. [15] (high consumption
of meat, dairy and bread) and the study of Kontogianni

@ Springer

et al. [18] (high intake of meat, dairy, cereals and olive oil),
although the particular dietary patterns in these studies
were not associated with BMD. The relationship we
observed between lower BMD and the first dietary pattern
in the present study might be due to the higher consump-
tion of foods rich in saturated fatty acids and with higher
omega 6/omega 3 ratios in this dietary pattern. This
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Table 4 Risk of having below-median BMD at the femoral neck and lumbar spine in relation to identified dietary patterns (n = 154)

Dietary pattern Lumbar spine BMD below the median

Femoral neck BMD below the median

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
First dietary pattern
Category 1 (Ref) 1 1 1 1 1 1
Category 2 1.89 (0.95-3.77)  1.76 (0.87-3.58)  2.29 (1.05-4.96)  2.05 (1.03-4.07)  1.97 (0.96-4.02)  1.84 (0.87-3.88)
p-value 0.07 0.12 0.04 0.04 0.06 0.11
Second dietary pattern
Category 1 (Ref) 1 1 1 1 1 1
Category 2 0.77 (0.39-1.52)  0.74 (0.36-1.49)  0.73 (0.35-1.54)  2.28 (1.16-4.47) 243 (1.19-497)  2.83 (1.31-6.09)
p-value 0.45 0.39 0.41 0.02 0.02 <0.01
Third dietary pattern
Category 1 (Ref) 1 1 1 1 1 1
Category 2 0.73 (0.37-1.46)  0.74 (0.37-1.50)  0.67 (0.33-1.44)  0.82 (0.41-1.60)  0.73 (0.36-1.49)  0.75 (0.36-1.56)
p-value 0.38 0.41 0.32 0.55 0.39 0.44
Fourth dietary pattern
Category 1 (Ref) 1 1 1 1 1 1
Category 2 0.62 (0.31-1.22)  0.69 (0.34-1.38)  0.72 (0.35-1.50)  0.89 (0.46-1.73)  0.88 (0.44-1.76)  0.90 (0.44-1.86)
p-value 0.16 0.29 0.39 0.73 0.72 0.78
Fifth dietary pattern
Category 1 (Ref) 1 1 1 1 1 1
Category 2 0.62 (0.31-1.24)  0.72 (0.35-1.49)  0.68 (0.31-1.46)  0.74 (0.37-1.45)  0.74 (0.36-1.52)  0.76 (0.35-1.63)
p-value 0.18 0.38 0.32 0.38 0.41 0.48
Sixth dietary pattern
Category 1 (Ref) 1 1 1 1 1 1
Category 2 0.84 (0.43-1.66)  0.83 (0.41-1.67)  0.82 (0.39-1.73)  1.09 (0.56-2.13) 1.20 (0.60-2.41) 1.01 (0.49-2.10)
p-value 0.62 0.60 0.60 0.80 0.60 0.98

Data are presented as adjusted odds ratios and 95 % confidence intervals. BMD values and dietary pattern scores were categorized according to
the median. Model 1 was adjusted for age and body mass index; model 2 for confounders in model 1 as well as for physical activity and parity;
and model 3 for confounders in model 2 as well as smoking, education, fragility fracture history, history of HRT, supplement intake, antire-
sorptive drug use, age at menarche and relative accuracy of energy reporting

BMD bone mineral density, HRT hormone replacement therapy

assumption is supported by an inverse association of sat-
urated fatty acids with BMD observed in the NHANES III
study [30]. In addition, total fat intake has shown a positive
relationship with bone fragility and a negative association
with BMD in women [31-33]. The ratio of linoleic acid/
a-linolenic acid has also shown a negative association with
BMD in both men and women [34]. Several mechanisms
justify the effect of dietary fats on bone health, among
which alterations in calcium absorption, prostaglandin
synthesis, osteoblasts formation and oxidation of lipids
play major roles [35-38]. These findings highlight the
potential important role of dietary fats in bone health,
especially among women.

Moreover, evidence suggests that the release of alkaline
salts from bone for maintaining acid—base balance may
cause osteoporosis in the long term [39]. Therefore, the
association we observed between the first dietary pattern
and BMD below the median value might also stem from
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higher dietary acid load as a result of higher intakes of
acid-forming foods, such as meat and nonrefined cereals,
than of alkali-forming foods, such as fruits and vegetables
in this dietary pattern, which could potentially dissolve
bone minerals and facilitate bone resorption [40, 41]. In
addition, mild and chronic acidosis resulting from this
dietary pattern could inhibit osteoblast function and
increase osteoclast activity, and in consequence limit bone
formation and decrease its density [42].

The second dietary pattern in our study resembled one of
those in the study of Hardcastle et al. [16], the one the
authors named the “snack food pattern.” In our study, this
pattern was associated with lower BMD in menopausal
women. In addition, dietary patterns similar to the second
pattern in the present study have been previously associ-
ated with lower BMD in both premenopausal and meno-
pausal women [14, 15, 17]. This could be justified by the
high consumption of foods with higher ratios of omega
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6/omega 3 and also with low density of essential nutrients
for bone health such as protein, calcium, phosphorous,
potassium, magnesium, vitamin C and K in this dietary
pattern. These nutrients play key roles in the formation and
maintenance of bone structure and its metabolic reactions
and processes, and they induce several benefits for bone
health [43—48]. The effect of protein intake on bone health
is complicated by other foods that are consumed concur-
rently with proteins [49]. However, low protein intakes
compromise bone quality [50-52], and different studies
strongly support the positive association between protein
intakes and BMD, especially among menopausal women
[43, 53-57]. Generally, these findings show that replacing
foods that are beneficial to bone health with those associ-
ated with lower BMD (similar to our second pattern) could
be detrimental to BMD.

Although several studies have shown the potential
benefits of fruits and vegetables to BMD and bone mineral
content in adults [14-16, 44-46, 58-62], such an associa-
tion has not been confirmed among menopausal women
[15, 18, 19, 45, 63]. This was also confirmed in the present
study, in which no significant association was found
between the fourth dietary pattern (characterized by high
intake of vegetables, low-fat dairy products, fruits and fruit
juices, and fish, as well as a low intake of salt) and the
femoral neck and lumbar spine BMD of menopausal
women. This dietary pattern was to some extent similar to
the “healthy dietary patterns” that emerged in the studies
of Okubo et al. [14] and Hardcastle et al. studies [16],
which were associated with higher BMD in premenopausal
and menopausal women, respectively. In contrast, Tucker
et al. failed to show any significant association between a
dietary pattern rich in fruits, vegetables and cereals and
BMD in elderly women [15]. This finding has also been
confirmed in other similar studies [18, 19]. Generally, the
potential mechanism suggested for the association of
higher BMD and diets rich in fruits and vegetables is the
lower dietary acid load in these dietary patterns, or for-
mation of a positive calcium balance due to higher intake
of particular nutrients in these foods, including magnesium
and potassium [64]. However, high intake of acid-forming
foods such as legumes and cheese in the fourth dietary
pattern of our study might have increased renal acid load,
neutralized the beneficial alkali-forming effects of fruit and
vegetables and altered the acid-base balance [65-67], and
hence have prevented observation of a positive relationship
between the fourth dietary pattern and BMD in menopausal
women in our study. In addition, the high variability in
nutrient content of fruits and vegetables consumed in this
study suggest that the different effect of these nutrients on
BMD might have resulted in an overall insignificant
association. Lack of significant associations between other
dietary patterns in this study and BMD values could be

attributed to omission or displacement of key food groups
by less nutrient-dense foods in those dietary patterns, or
categorization of some food groups with different effects in
one dietary pattern or lower consumption of these food
groups among menopausal women of this study.

This study has several strengths; first, to our knowledge,
this is the first study to evaluate the association of Middle
Eastern diet with BMD among menopausal women.
Moreover, the similarity of some of the dietary patterns in
the present study with those identified in previous research
facilitated comparisons of results between the studies. In
addition, considering all the demographic and lifestyle
confounders and adjusting all analyses for these factors
reduced the probability of residual confounding bias. The
fourth strength of this research was the high participation
rate (>90 %), which reduces the probability of selection
bias.

However, several limitations are also inherent in the
present study. As a pilot hypothesis-generating study with a
cross-sectional design, no causal relationship can be
inferred between the dietary patterns we identified and
BMD. In addition, because participants were recruited
exclusively from a bone densitometry center in the capital
city of Iran, Tehran, our sample might not represent post-
menopausal women in general in Iran. However, our par-
ticipants were from different socioeconomic backgrounds
and different geographical areas, with 20.8 % residing in
northern parts of Tehran (the most affluent), 24.0 % living
in the east, 18.8 % in the west, 23.4 % in the center
(middle class), and 13.0 % in the southern districts of
Tehran (the most disadvantaged). Therefore, it is likely that
findings from this study could be generalized to postmen-
opausal women living in Tehran.

Although FFQ is a standard instrument for collecting
data on diet, estimates derived from this tool are not free of
errors, and therefore, identification of dietary patterns
based on the FFQs in the present study is another limita-
tion. The third limitation is related to the subjective and
arbitrary decisions that researchers make during factor
analysis, which could to some extent affect the results or
interpretation of the findings [68]. Dietary pattern analysis
is also criticized because of the dependence of derived
factors on the population under study so that significant
differences are observed between dietary patterns of indi-
viduals from different races, geographic location and cul-
ture. Therefore, the validity and reliability of our findings
need to be confirmed in other populations.

In conclusion, findings from this study show that dietary
patterns characterized by high consumption of high-fat
dairy products, organ meats, processed or red meats, and
nonrefined cereals or high consumption of French fries,
mayonnaise, sweets and desserts, and vegetable oils are
associated with lower femoral neck or lumbar spine BMD
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among menopausal Iranian women. Overall, these findings
highlight the importance of following an appropriate die-
tary pattern for maintaining bone health.
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