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Abstract
Summary This is the first study to examine the association of adherence to the dietary approaches to stop hypertension (DASH)
dietary pattern and osteoporosis risk in postmenopausal Iranian women. Findings suggest the inverse association of adherence to
the DASH dietary pattern and osteoporosis risk in postmenopausal Iranian women.
Introduction This study was aimed to examine the association of adherence to the dietary approaches to stop hypertension
(DASH) dietary pattern and osteoporosis risk in postmenopausal Iranian women, hypothesizing that higher adherence to this
pattern is associated with lower risk of postmenopausal osteoporosis.
Methods One hundred fifty-one postmenopausal Iranian women aged 50–85 years participated in this cross-sectional study.
Lumbar spine and femoral neck bone mineral densities (BMDs) were measured via dual-energy X-ray absorptiometry.
Postmenopausal osteoporosis was then defined using the WHO criteria as a BMD T-score of ≤ − 2.5 standard deviations. The
usual past-year dietary intakes were assessed by a valid and reliable 168-item food frequency questionnaire. The DASH score
was then calculated based on energy-adjusted intakes of eight major dietary components usually emphasized (i.e., fruits,
vegetables, nuts and legumes, low-fat dairy products, and whole grains) or minimized (i.e., sodium, sweets, and red or processed
meats) in the DASH diet. The higher the DASH score of a participant, the higher the adherence to the DASH dietary pattern.
Results After adjusting for several potential covariates in the multivariable-adjusted binary logistic regression analysis, partic-
ipants in the highest tertile of DASH score had lower risk of osteoporosis at lumbar spine than those in the lowest tertile (odds
ratio = 0.28; 95% confidence interval, 0.09–0.88; p = 0.029). However, no significant association was observed between adher-
ence to the DASH dietary pattern and risk of osteoporosis at femoral neck.
Conclusion Findings suggest the inverse association of adherence to the DASH dietary pattern and osteoporosis risk in post-
menopausal Iranian women.
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Introduction

Postmenopausal osteoporosis and associated fractures are
widely recognized as major public health problems world-
wide, contributing to considerable morbidity, mortality, and
health care cost as well as a substantial reduction in quality of
life [1–5]. With an alarming overall prevalence of 32%, oste-
oporosis is also considered as one of the most common dis-
eases in postmenopausal Iranian women [6]. Given the grow-
ing prevalence of this debilitating disease and the difficult
nature of its treatment [1, 3], finding novel strategies to main-
tain optimal bone density during the postmenopausal period is
thus an absolute necessity for osteoporosis prevention.
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Bone density is significantly influenced by an array
of genetic and environmental factors, with a host of
interactions among these factors [2, 7]. Among the en-
vironmental determinants of bone density, dietary fac-
tors have gained the most interest in the literature be-
cause they are more amenable to modification [2, 8].
However, the relationship between diet and bone density
is yet to be well understood [2, 8]. This could be large-
ly attributed to the fact that most research in this re-
spect have traditionally focused on the intakes of indi-
vidual nutrients or food groups [2, 8]. Although study-
ing individual nutrients or food groups could substan-
tially contribute to the understanding of underlying bio-
logical mechanisms of a disease, their effects might be
too small to detect and could be confounded by the
effects of dietary patterns [9, 10]. To address the inher-
ent limitations of this traditional approach, the dietary
pattern analysis has been widely suggested as an alter-
native method to comprehensively assess the diet-
disease associations [9, 10]. The holistic approach of
dietary pattern analysis is more applicable to clinical
and public health interventions than the traditional ap-
proach; appropriately accounts for potential antagonistic
and synergistic interactions that might occur among in-
dividual nutrients or food groups; and provides a unique
opportunity to better clarify the etiologic role of diet in
the pathogenesis of diseases such as osteoporosis [2,
8–10].

Among dietary patterns defined using the hypothesis-
driven or a priori approaches to dietary pattern analysis,
the dietary approaches to stop hypertension (DASH) di-
etary pattern is one of the most well-studied patterns that
higher adherence to which has been associated with not
only a lower risk of hypertension but also a reduced risk
of other health outcomes (e.g., cancer, heart disease,
stroke, and diabetes mellitus) [11–13]. Although the ma-
jor characteristics of DASH dietary pattern (i.e., higher
intakes of fruits, vegetables, nuts and legumes, low-fat
dairy products, and whole grains and lower intakes of
sodium, sweets, and red or processed meats) are also in
line with dietary recommendations to prevent osteoporo-
sis [11, 13], the only study so far to assess the potential
association of adherence to this healthy pattern and bone
density/osteoporosis risk has resulted in null findings
[14]. Despite its prominence, we are also unaware of
any previous studies on the relationship between adher-
ence to this dietary pattern and postmenopausal osteopo-
rosis risk. The present study was therefore aimed to ex-
amine the potential association of adherence to the
DASH dietary pattern and osteoporosis risk in a sample
of postmenopausal Iranian women, hypothesizing that
higher adherence to this pattern is associated with lower
risk of postmenopausal osteoporosis.

Methods

Study population and sampling

Figure 1 depicts the participant flow throughout the study.
From a total of 220 postmenopausal Iranian women aged
50–85 years visiting a community-based outpatient health
center for annual health check-ups in Tehran who were invited
to participate in the present cross-sectional study, 213 agreed
to do so (i.e., the participation rate was 96.8%) and were
consecutively enrolled. Menopause was defined as self-
reported amenorrhea for > 1 year. After excluding those who
had a diagnosed medical condition (n = 13) or were taking
medications capable of affecting bone health/nutritional status
(n = 29), those following a weight management diet (n = 11)
or with > 40% blank items on the food frequency question-
naire (FFQ; n = 6), and those with a daily energy intake out-
side the range of 800–4600 kcal (3347–19,246 kJ) (n = 3),
only 151 eligible participants (mean age 61.2 years) remained
for the current analysis. Notably, none of these participants
reported any history of alcohol intake.

Ethics

The protocol of this study was approved by the research ethics
committee of the National Nutrition and Food Technology
Research Institute (WHO Collaborating Center), Shahid
Beheshti University of Medical Sciences, Tehran, Iran (ethics
approval number P/25/47/5421). All procedures performed in
this study involving human participants were in accordance
with the ethical standards of the institutional and national re-
search committee and with the 1964 Helsinki declaration and
its later amendments. Written informed consents were obtain-
ed from all individual participants prior to their inclusion in
this study.

Measurements

Bone mineral density

Bone mineral density (BMD; g/cm2) at lumbar spine (L1–L4)
and left femoral neckwas measured by a trained technician via
dual-energy X-ray absorptiometry (DXA), which is the gold
standard technique for BMD measurement and osteoporosis
diagnosis [15]. Using the widely accepted WHO criteria for
osteoporosis diagnosis in postmenopausal women, osteoporo-
sis was then defined as a BMD T-score of ≤ − 2.5 standard
deviations (SDs) [15]. Although the densitometer (Hologic
Discovery W QDR Series, Hologic Inc., Bedford, MA,
USA) had been initially calibrated by the manufacturer, it
was systematically and automatically calibrated throughout
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the study using an automatic internal reference system.
Quality control measures were also carried out based on
guidelines for standard operating procedures. The coefficient
of variation for BMD measurements was 1%. All measure-
ments were conducted during winter to control for the season-
al variations in BMD.

Dietary intake

A valid and reliable semi-quantitative Willett-format FFQ
consisting of 168 food items commonly consumed by
Iranians [16, 17] was used for assessing the usual past-year
dietary intakes. Participants were initially asked to report their
consumption frequency of a given standard serving size of
each food item on a daily, weekly, or monthly basis. The daily
grams of intake for each food item were then calculated ac-
cording to the reported consumption frequency by using the
Iranian Manual for Household Measures, Cooking Yields
Factors, and Edible Portion of Foods [18]. Participants’ daily
energy and nutrient intakes were computed by entering their
daily grams of intake of each food item into the nutritionist
software version IV (First Databank Inc., San Bruno, CA,
USA), whose nutrient database was based on the USDA food
composition table modified for Iranian food items. All dietary
intakes were adjusted for daily energy intake using the

residual method described by Willett and Stampfer [19] and
then reported as daily intake/1000 kcal.

Among four major methods for constructing a composite
score to represent the adherence to the DASH diet, we chose
the one proposed by Fung et al. [20] as it is believed to better
capture the actual characteristics of this dietary pattern [21]
and also because it is the only method that considers the intake
of sweets (i.e., a food group which its consumption could
significantly affect BMD) [22]. According to this method
[20], the DASH score is calculated based on energy-adjusted
intakes of eight major dietary components usually emphasized
(i.e., fruits, vegetables, nuts and legumes, low-fat dairy prod-
ucts, and whole grains) or minimized (i.e., sodium, sweets,
and red or processed meats) in the DASH diet [11]. To do
so, participants were initially classified based on the energy-
adjusted quintile (Q) categories of their dietary intake of these
components. For fruits, vegetables, nuts and legumes, low-fat
dairy products, and whole grains, the scores of 1, 2, 3, 4, and 5
were then allocated to those in the Q1 (lowest), Q2, Q3, Q4,
and Q5 (highest), respectively. The exact opposite of this
scoring protocol was also used for sodium, sweets, and red
or processed meats. The scores of all eight components were
then summed up to construct a DASH score ranging theoret-
ically from 8 to 40 for each participant. The higher the DASH
score of a participant, the higher her adherence to the DASH
dietary pattern [20].

n

n

n

n

n
n

Fig. 1 Participant flow
throughout the study
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Other variables

Anthropometric characteristics were measured according to
the standard guidelines with participants standing in an up-
right position and wearing minimal clothing and no shoes
[23]. Weight was measured to the nearest 0.1 kg using a
SECA 881 digital floor scale (SECA Inc., Hamburg,
Germany). Height was measured to the nearest 0.001 m by a
SECA 214 portable stadiometer (SECA Inc., Hamburg,
Germany). Body mass index (BMI; kg/m2) was then estimat-
ed using the following standard formula: weight (kg)/height
(m2).

Physical activity was assessed using a valid and reliable
Persian version of the physical activity scale (PAS) [24],
which measures physical activity in 24 h of sports, work,
and leisure time on an average weekday [25]. The PAS is
comprised of nine different metabolic equivalent (MET) cat-
egories ranging from 0.9 (sleep/rest) to > 6 (high-intensity
physical activities) and generates a physical activity summary
score asMET-h/d [25]. It is notable that this simple self-report
instrument had been validated for evaluation of physical ac-
tivity in adult men and women against 4-day physical activity
diaries (i.e., the Spearman correlation coefficient between the
PAS and 4-day physical activity diaries was 0.74) [25].

Data on age (years), age at menarche (years), age at men-
opause (years), parity (n), duration of lactation (months), sun-
light exposure (< 1 h, ≥ 1 h), smoking (yes, no), supplement
intake (yes, no), and education (< 12 years, ≥ 12 years) were
obtained via general questionnaires.

In the present study, a well-trained nutritionist enrolled the
participants, assessed their eligibility for the study, adminis-
tered all questionnaires through face-to-face interviews, and
performed the anthropometric measurements on the same day
as the bone densitometry.

Statistical analysis

Participants were classified into three categories based on
tertiles of DASH score (n = 50 in T1 and T3, n = 51 in T2).
The chi-square or Fisher’s exact tests were used for compari-
son of all categorical variables among tertiles of DASH score,
as appropriate. For continuous variables, the normality as-
sumption was initially examined by the Shapiro-Wilk test,
and those with a non-normal distribution were normalized
by standard transformation techniques prior to any further
analysis. The one-way analysis of variance (ANOVA) was
then used for comparison of all continuous variables among
tertiles of DASH score. In case of any significant differences
among tertiles of DASH score, the one-way ANOVA was
followed by pairwise between group comparisons using the
Bonferroni post hoc test to adequately adjust for multiple
comparisons. Multivariable-adjusted means of BMD were

computed for and compared among tertiles of DASH score
using the one-way analysis of covariance (ANCOVA). The
odds ratios (ORs) and 95% confidence intervals (CIs) for
postmenopausal osteoporosis across tertiles of DASH score
were computed using the binary logistic regression analysis.
Three separate multivariable-adjusted models were used in
both one-way ANCOVA and binary logistic regression anal-
ysis. Model 1 was adjusted for age. Model 2 was adjusted for
age, BMI, physical activity, age at menarche, age at meno-
pause, parity, duration of lactation, and energy intake. Model
3 was adjusted for covariates in model 2 and for sunlight
exposure, smoking, supplement intake, and education.
Pairwise differences in the means of BMD between highest
(T3) and lowest (T1) tertiles of DASH score were examined
by the Bonferroni post hoc test. To evaluate the overall trend
of OR across increasing tertiles of DASH score, the catego-
rized DASH score was used as a continuous predictor in every
model.

The IBM SPSS Statistics version 21 (IBM Corp., Armonk,
NY, USA) was used to conduct all statistical analyses, con-
sidering a two-sided p value of < 0.050 as significant. Data
were presented as n (%), mean ± SD, and OR (95% CI).

Results

Table 1 shows the characteristics of study participants across
tertiles of DASH score. The DASH score ranged from 10 to
35 among study participants. The prevalence of osteoporosis
at lumbar spine and femoral neck was 30.5% and 15.9%,
respectively. Participants in the highest tertile of DASH score
were older and less likely to have osteoporosis at lumbar
spine, compared with those in the lowest tertile (both
p < 0.050). No other significant differences were found in
terms of characteristics of study participants across tertiles of
DASH score.

Table 2 demonstrates the dietary intakes of study partici-
pants across tertiles of DASH score. Compared with those in
the lowest tertile, participants in the highest tertile of DASH
score had higher intakes of fiber, vitamin A, β-carotene, vita-
min K, vitamin B1, vitamin B2, folate, vitamin C, calcium,
phosphorous, magnesium, copper, selenium, potassium,
fruits, vegetables, nuts and legumes, and low-fat dairy prod-
ucts and lower intakes of total fat, saturated fatty acid (SFA),
cholesterol, sodium, sweets, and red or processed meats (all
p < 0.050). There were no other significant differences in die-
tary intakes of study participants across tertiles of DASH
score.

The multivariable-adjusted means of BMD across tertiles
of DASH score are shown in Table 3. After controlling for
several potential covariates in the one-way ANCOVA (model
3), there were no significant differences in multivariable-
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adjusted means of lumbar spine or femoral neck BMD among
tertiles of DASH score.

Table 4 presents the ORs and 95% CIs for postmenopausal
osteoporosis across tertiles of DASH score. After adjusting for
several potential covariates in the multivariable-adjusted bina-
ry logistic regression analysis (model 3), participants in the
highest tertile of DASH score had lower risk of osteoporosis at
lumbar spine than those in the lowest tertile (OR = 0.28; 95%
CI, 0.09–0.88; p = 0.029). However, no significant association
was observed between adherence to the DASH dietary pattern
and risk of osteoporosis at femoral neck.

Discussion

To our knowledge, this is the first study on the association of
adherence to the DASH dietary pattern and postmenopausal
osteoporosis risk. The findings indicated that higher adher-
ence to the DASH pattern was associated with lower risk of
osteoporosis at lumbar spine in a sample of postmenopausal
Iranian women. However, there was no significant association
between the adherence to this dietary pattern and risk of oste-
oporosis at femoral neck. In brief, these results confirm the
study hypothesis that higher adherence to the DASH dietary
pattern is associated with lower risk of postmenopausal oste-
oporosis. As mentioned earlier, the major characteristics of
DASH die ta ry pa t t e rn a re in l ine wi th d ie t a ry

recommendations to prevent osteoporosis. If confirmed in
prospective studies of high methodological quality, the results
of this study thus implicate that this dietary pattern could be
promoted as a novel non-pharmacological strategy for main-
taining optimal bone density, especially during the postmen-
opausal period.

As far as we are aware, the only study so far to assess the
potential association of adherence to the DASH dietary pattern
with bone density/osteoporosis risk is the one conducted by
Monjardino et al., in which they failed to find any significant
associations with BMD at distal radius in a large cohort of
Portuguese adolescents [14]. In contrast, an inverse associa-
tion between adherence to the DASH dietary pattern and post-
menopausal osteoporosis risk at lumbar spine was observed in
the present study. Although there was a major difference in
terms of study population (i.e., postmenopausal women versus
adolescents) between the two studies, we believe that choos-
ing distal radius as the only BMD measurement site in the
Monjardino et al. study [14] could partially explain why they
were not able to find any significant associations between
adherence to the DASH dietary pattern and bone density.
Like femoral neck, distal radius is predominantly composed
of cortical bone which its surface area and rate of remodeling
is significantly lower than that of trabecular bone abundantly
found in lumbar spine [26, 27]. This particular characteristic
of distal radius and femoral neck makes them relatively less
sensitive than lumbar spine to environmental changes (e.g.,

Table 1 Characteristics of study
participants across tertiles of
DASH score

Characteristics All (N = 151) Tertiles of DASH score p

T1 (n = 50) T2 (n = 51) T3 (n = 50)

DASH score (range) 10–35 10–22 23–26 27–35

Lumbar spine BMD (g/cm2) 0.9 ± 0.1 0.8 ± 0.2 0.9 ± 0.1 0.8 ± 0.1 0.122

Osteoporosis at lumbar spine 46 (30.5) 22 (44.0) 11 (21.6) 13 (26.0) 0.035

Femoral neck BMD (g/cm2) 0.7 ± 0.1 0.7 ± 0.1 0.7 ± 0.1 0.7 ± 0.1 0.568

Osteoporosis at femoral neck 24 (15.9) 8 (16.0) 7 (13.7) 9 (18.0) 0.841

Age (years) 61.2 ± 8.2 59.2 ± 7.8 60.9 ± 8.4 63.3 ± 8.1 0.035

BMI (kg/m2) 27.5 ± 4.4 27.3 ± 4.8 27.5 ± 4.6 27.7 ± 3.6 0.801

Physical activity (MET-h/day) 42.6 ± 5.5 42.2 ± 4.5 43.4 ± 6.3 42.2 ± 5.6 0.523

Age at menarche (years) 13.6 ± 1.7 13.4 ± 1.5 13.5 ± 2.0 13.7 ± 1.8 0.688

Age at menopause (years) 49.2 ± 4.1 48.9 ± 3.7 49.5 ± 4.1 49.1 ± 4.5 0.804

Parity (n) 3.7 ± 1.9 3.9 ± 1.8 3.6 ± 1.8 3.7 ± 2.0 0.773

Duration of lactation (months) 36.3 ± 35.2 33.3 ± 32.0 31.6 ± 25.4 44.0 ± 45.0 0.858

Sunlight exposure (< 1 h) 107 (70.9) 37 (74.0) 36 (70.6) 34 (68.0) 0.803

Smoking (yes) 14 (9.3) 5 (10.0) 4 (7.8) 5 (10.0) 0.884

Supplement intake (yes) 115 (76.2) 37 (74.0) 41 (80.4) 37 (74.0) 0.684

Education (< 12 years) 59 (39.1) 22 (44.0) 20 (39.2) 17 (34.0) 0.591

DASH, the dietary approaches to stop hypertension; BMD, bone mineral density; BMI, body mass index; MET,
metabolic equivalent. Data are presented as n (%) or mean ± standard deviation. The chi-square or Fisher’s exact
tests were used for comparison of categorical variables, and the one-way analysis of variance was used for
comparison of continuous variables among tertiles of DASH score, as appropriate

2183Osteoporos Int (2020) 31:2179–2188



Table 2 Dietary intakes of study participants across tertiles of DASH score

Dietary intakes All (N = 151) Tertiles of DASH score p

T1 (n = 50) T2 (n = 51) T3 (n = 50)

DASH score (range) 10–35 10–22 23–26 27–35

Energy (Mcal/day) 2.3 ± 0.7 2.3 ± 0.7 2.3 ± 0.7 2.4 ± 0.8 0.650

Nutrients (daily intake/1000 kcal)

Carbohydrate (g) 175.4 ± 60.5 176.0 ± 59.1 177.5 ± 61.2 172.7 ± 62.2 0.612

Fiber (g) 14.7 ± 5.5 13.0 ± 4.7 15.0 ± 5.4 16.1 ± 6.0 < 0.001

Protein (g) 43.6 ± 14.5 43.7 ± 14.6 42.4 ± 12.5 44.6 ± 16.3 0.046

Total fat (g) 29.8 ± 11.0 31.8 ± 9.9 30.5 ± 10.3 27.3 ± 12.3 0.031

Saturated fatty acid (g) 8.6 ± 3.5 9.8 ± 3.3 8.7 ± 3.0 7.3 ± 3.8 < 0.001

Omega-3 fatty acid (g) 1.8 ± 1.1 1.8 ± 1.0 1.7 ± 1.0 2.0 ± 1.2 0.210

Omega-6 fatty acid (g) 5.9 ± 3.7 6.0 ± 3.0 6.4 ± 4.5 5.2 ± 3.5 0.497

Mono-unsaturated fatty acid (g) 9.0 ± 3.6 9.6 ± 3.5 8.9 ± 3.0 8.5 ± 4.3 0.362

Cholesterol (mg) 173.2 ± 79.8 200.8 ± 78.5 176.0 ± 65.3 142.6 ± 85.0 < 0.001

Vitamin A as RAE (mcg) 1256.4 ± 744.2 1061.9 ± 595.0 1320.1 ± 739.8 1385.9 ± 850.3 0.016

β-carotene (mcg) 822.7 ± 661.6 656.7 ± 525.6 828.7 ± 586.9 982.5 ± 811.3 0.020

Vitamin D (mcg) 1.1 ± 1.0 1.0 ± 1.1 1.1 ± 0.9 1.3 ± 1.0 0.093

Vitamin E (mg) 3.0 ± 1.9 3.0 ± 1.9 3.2 ± 2.0 2.9 ± 2.0 0.853

Vitamin K (mcg) 96.2 ± 54.7 84.6 ± 59.6 93.7 ± 51.3 110.5 ± 50.6 0.004

Vitamin B1 (mg) 1.0 ± 0.4 1.0 ± 0.4 1.0 ± 0.4 1.1 ± 0.4 0.002

Vitamin B2 (mg) 1.3 ± 0.4 1.3 ± 0.4 1.3 ± 0.4 1.4 ± 0.5 0.042

Vitamin B3 (mg) 10.0 ± 3.6 10.6 ± 3.9 10.1 ± 3.3 9.4 ± 3.7 0.278

Vitamin B6 (mg) 1.2 ± 0.4 1.1 ± 0.4 1.2 ± 0.4 1.2 ± 0.4 0.026

Folate (mcg) 226.6 ± 84.1 209.2 ± 87.0 230.8 ± 77.5 239.7 ± 86.2 0.001

Vitamin B12 (mcg) 2.4 ± 1.2 2.4 ± 1.2 2.2 ± 1.1 2.6 ± 1.4 0.122

Vitamin C (mg) 181.8 ± 80.2 162.8 ± 69.6 191.9 ± 80.2 190.7 ± 87.9 0.023

Calcium (mg) 757.8 ± 300.6 704.5 ± 278.8 767.8 ± 287.2 800.9 ± 331.3 0.032

Phosphorus (mg) 758.1 ± 269.5 722.5 ± 263.0 757.1 ± 248.1 794.7 ± 296.1 0.028

Magnesium (mg) 205.4 ± 68.9 192.2 ± 67.8 208.7 ± 66.7 215.3 ± 71.4 0.001

Zinc (mg) 5.5 ± 1.8 5.6 ± 1.9 5.4 ± 1.7 5.4 ± 2.0 0.941

Iron (mg) 13.6 ± 5.8 13.5 ± 5.8 13.8 ± 6.0 13.5 ± 5.8 0.622

Copper (mg) 0.9 ± 0.3 0.9 ± 0.3 0.9 ± 0.3 1.0 ± 0.3 < 0.001

Manganese (mg) 2.8 ± 1.1 2.8 ± 1.2 2.8 ± 1.1 2.8 ± 1.0 0.405

Selenium (mcg) 38.3 ± 20.4 35.0 ± 18.6 37.6 ± 17.8 42.4 ± 24.2 0.026

Fluoride (mg) 1.0 ± 0.8 0.9 ± 0.6 1.0 ± 0.8 1.1 ± 0.8 0.112

Potassium (g) 2.8 ± 1.0 2.6 ± 0.9 2.9 ± 0.9 3.0 ± 1.1 0.003

Sodium (g) 2.0 ± 1.2 2.4 ± 1.5 1.9 ± 1.0 1.6 ± 0.8 < 0.001

Food groups (daily intake/1000 kcal)

Sweets (g) 22.6 ± 52.0 37.4 ± 64.2 19.3 ± 40.5 11.1 ± 46.0 0.022

Red or processed meats (g) 22.8 ± 19.1 31.9 ± 19.5 23.1 ± 18.4 13.5 ± 14.8 < 0.001

Fruits (g) 455.3 ± 237.9 376.4 ± 170.4 494.5 ± 266.1 494.4 ± 250.0 0.001

Vegetables (g) 300.4 ± 160.0 270.4 ± 136.7 291.4 ± 155.5 339.6 ± 178.9 0.018

Nuts and legumes (g) 18.3 ± 13.6 11.8 ± 9.4 18.9 ± 12.1 24.1 ± 16.0 < 0.001

Low-fat dairy products (g) 276.3 ± 181.4 220.6 ± 176.4 281.0 ± 156.1 327.3 ± 197.4 0.002

Whole grains (g) 42.9 ± 37.7 41.7 ± 36.8 38.5 ± 35.4 48.5 ± 40.8 0.295

DASH, the dietary approaches to stop hypertension; RAE, retinol activity equivalent. Data are presented as mean ± standard deviation. The one-way
analysis of variance was used for comparison of all dietary intake variables among tertiles of DASH score
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dietary changes) over time [26–28] and therefore might justify
the lack of any significant associations between adherence to
the DASH dietary pattern and bone density/osteoporosis risk
at these two skeletal sites.

The inverse association of adherence to the DASH dietary
pattern and postmenopausal osteoporosis risk in our study is
supported by findings of a recent meta-analysis of 17 obser-
vational studies, in which higher adherence to a healthy die-
tary pattern with similar characteristics to those of DASH diet
(i.e., higher intakes of fruits, vegetables, whole grains, and
white meats) was found to be associated with an 18% reduc-
tion in risk of low BMD [2]. Our findings are also in line with
those reported in a recent scoping review of 49 human studies,
suggesting that higher adherence to a similar healthy dietary
pattern (i.e., characterized by emphasizing the intakes of
fruits, vegetables, nuts and legumes, low-fat dairy products,

whole grains, and white meat and minimizing the intakes of
sweets, red or processed meats, soft drinks, fried foods, and
refined grains) can improve bone density and decrease osteo-
porosis risk [8].

In an experimental study by Doyle and Cashman, feeding a
DASH-type diet to hypertensive rats for 8 weeks led to a 16–
33% reduction in markers of bone formation (i.e., serum
osteocalcin) and resorption (i.e., urinary pyridinoline and
deoxypyridinoline) compared with a control diet [29].
Similarly, in a randomized controlled trial (RCT) by Lin
et al., feeding DASH diets with three levels of sodium reduc-
tion to hypertensive adults for 30 days resulted in an 8–18%
decrease in serum levels of osteocalcin and cross-linked C-
terminal telopeptide of type-I collagen (i.e., a marker of bone
resorption) as well as a dose-dependent reduction of urinary
calcium [30]. The fall in urinary calcium by a DASH-type diet

Table 4 Postmenopausal osteoporosis risk across tertiles of DASH score (N = 151)

Tertiles of DASH score Osteoporosis

Lumbar spine Femoral neck

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

T1 (n = 50; reference) 1.0 1.0 1.0 1.0 1.0 1.0

T2 (n = 51) 0.29 (0.12–0.73) 0.23 (0.08–0.68) 0.21 (0.07–0.64) 0.62 (0.18–2.12) 0.60 (0.13–2.70) 0.51 (0.10–2.71)

T3 (n = 50) 0.32 (0.13–0.80) 0.28 (0.09–0.85) 0.28 (0.09–0.88) 0.68 (0.21–2.19) 0.75 (0.16–3.50) 1.21 (0.21–7.00)

p for trend 0.013 0.018 0.020 0.542 0.728 0.860

DASH, the dietary approaches to stop hypertension. Data are presented as odds ratio (ORs) (95% confidence interval (CIs)). ORs and 95% CIs for
postmenopausal osteoporosis across tertiles of DASH score were computed using the binary logistic regression models. Model 1 was adjusted for age.
Model 2 was adjusted for age, body mass index, physical activity, age at menarche, age at menopause, parity, duration of lactation, and energy intake.
Model 3 was adjusted for covariates in model 2 and for sunlight exposure, smoking, supplement intake, and education

Table 3 Multivariable-adjusted means of BMD across tertiles of DASH score (N = 151)

BMD (g/cm2) Tertiles of DASH score p Pairwise difference [T3-T1] p

T1 (n = 50) T2 (n = 51) T3 (n = 50)

Model 1

Lumbar spine 0.82 (0.78–0.86) 0.89 (0.85–0.93) 0.87 (0.83–0.91) 0.040 0.05 (− 0.02; 0.12) 0.268

Femoral neck 0.65 (0.63–0.68) 0.68 (0.66–0.71) 0.68 (0.65–0.71) 0.224 0.03 (− 0.02; 0.07) 0.514

Model 2

Lumbar spine 0.83 (0.79–0.87) 0.89 (0.86–0.93) 0.87 (0.83–0.90) 0.065 0.04 (− 0.03; 0.10) 0.514

Femoral neck 0.66 (0.63–0.68) 0.68 (0.66–0.71) 0.68 (0.65–0.70) 0.264 0.02 (− 0.02; 0.07) 0.643

Model 3

Lumbar spine 0.83 (0.79–0.87) 0.89 (0.86–0.93) 0.87 (0.83–0.90) 0.068 0.04 (− 0.03; 0.10) 0.594

Femoral neck 0.66 (0.63–0.68) 0.68 (0.66–0.71) 0.68 (0.65–0.70) 0.323 0.02 (− 0.03; 0.07) 0.921

BMD, bone mineral density; DASH, the dietary approaches to stop hypertension. Data are presented as mean (95% confidence interval). Multivariable-
adjusted means of BMDwere computed for and compared among tertiles of DASH score using the one-way analysis of covariancemodels.Model 1 was
adjusted for age. Model 2 was adjusted for age, body mass index, physical activity, age at menarche, age at menopause, parity, duration of lactation, and
energy intake. Model 3 was adjusted for covariates in model 2 and for sunlight exposure, smoking, supplement intake, and education. Pairwise
differences in the means of BMD between highest (T3) and lowest (T1) tertiles of DASH score were examined by the Bonferroni post hoc test
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was also reported in a 14-week RCT of hypertensive adult
women by Nowson et al. [31]. All these findings support the
results of the present study and indicate that higher adherence
to the DASH dietary pattern could lower the risk of osteopo-
rosis mainly by improving the markers of bone turnover and
calcium metabolism.

Although the exact mechanisms by which the DASH die-
tary pattern exerts its protective effects against osteoporosis
are unclear [13], the inverse relationship between adherence to
this pattern and postmenopausal osteoporosis risk in our study
could be largely explained by its major characteristics. The
DASH diet is characterized by higher intakes of food items
rich in potassium, magnesium, calcium, vitamin C, β-caro-
tene, vitamin K, protein, and fiber, all of which are of great
importance to bone health [11, 13]. In fact, a growing evi-
dence suggests that even in the context of adequate calcium
intake, a greater dietary alkali load resulting from higher in-
takes of potassium and magnesium (i.e., the major determi-
nants of alkali load in a diet) reduces bone calcium efflux via
suppression of osteoclasts and stimulation of osteoblasts and
thereby decreases osteoporosis risk [8, 13, 28, 32, 33]. In
addition, higher dietary intakes of potent antioxidants such
as vitamin C and β-carotene have been found to play pivotal
roles in combating the oxidative stress-induced bone loss (i.e.,
one of the major underlying mechanisms of postmenopausal
osteoporosis) [8, 34]. Furthermore, since inflammation is im-
plicated as a primary mediator of accelerated postmenopausal
bone loss [35], it is possible that greater intakes of nutrients
with significant antiinflammatory properties such as vitamin
C,β-carotene, magnesium, and fiber through adherence to the
DASH dietary pattern could lead to a decrease in postmeno-
pausal osteoporosis risk [36, 37]. Finally, calcium, magne-
sium, vitamin C, vitamin K, and protein are among the most
essential nutrients for bone formation and/or maintenance, and
thus, their abundance in the DASH diet could greatly contrib-
ute to the bone-protective properties of this dietary pattern [8,
13, 38–40].

Another major characteristic of DASH diet is its emphasis
on lowering the intakes of food items rich in sodium, total fat,
SFA, and cholesterol, all of which are detrimental to bone
health [11, 13]. In fact, a high sodium intake is widely known
to increase bone turnover and osteoporosis risk via elevation
of urinary calcium excretion [8, 13, 41]. In addition, existing
evidence indicates that high intakes of total fat and SFA can
have direct and indirect effects that may reduce intestinal cal-
cium absorption, increase bone resorption, and decrease bone
formation [8, 42, 43]. Furthermore, a high-cholesterol diet has
been shown to inhibit the differentiation and proliferation of
rat osteoblasts, thereby limiting bone formation and elevating
osteoporosis risk [44].

Even though every one of these mechanisms could be re-
sponsible for the inverse association of adherence to the
DASH dietary pattern and postmenopausal osteoporosis risk

in the present study, it is most likely that this pattern exerts a
protective effect against osteoporosis beyond that of individ-
ual nutrients. Thus, our findings could be more appropriately
explained by cumulative or synergistic effects of all bone-
beneficial characteristics of DASH diet mentioned above.

The results of this study should be interpreted with cau-
tion considering the following limitations. First, due to the
cross-sectional design of the study, causality cannot be in-
ferred between adherence to the DASH dietary pattern and
postmenopausal osteoporosis risk. Second, our findings
can only be generalized to postmenopausal women. Third,
the sample size was relatively small and thus might have
attenuated our ability to detect other potential significant
associations (e.g., between adherence to the DASH pattern
and risk of osteoporosis at femoral neck). Fourth, although
BMD measurements at femoral neck and lumbar spine by
DXA are of the most clinical significance to osteoporosis
diagnosis and management [15], measurement of BMD at
other important skeletal sites such as distal radius could
have also provided us with valuable information. Fifth,
even though our FFQ was a valid and reliable tool for die-
tary intake assessment of Iranians [16, 17], it is a well-
established fact that errors are associated with FFQ [45].
For instance, despite being in accordance with the recom-
mendations made in the validation studies of our FFQ [16,
17], the inclusion of FFQs with up to 40% blank items in
the present study might be considered as a potential source
of selection bias. Sixth, there is no clear consensus on how
to construct an ideal DASH score (i.e., which dietary com-
ponents to include, whether to consider food groups and/or
nutrients, and how to allocate a weight to each dietary com-
ponent). Seventh, although the analyses were adjusted for
the majority of known confounding variables, the possibil-
ity of residual confounding bias due to unknown or unmea-
sured covariates (e.g., genetic determinants of bone densi-
ty) [7] cannot be entirely ruled out.

In conclusion, findings of the present study suggest the in-
verse association of adherence to the DASH dietary pattern and
osteoporosis risk in postmenopausal Iranian women. It will be
interesting to see if our findings could be replicated by prospec-
tive studies of high methodological quality in different study
populations around the world and also to find out if adherence
to the DASH dietary pattern is associated with other markers of
bone health such as bone turnover or bone fractures.
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