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Abstract: The aim of this systematic review was to assess the evidence on the relation between
dietary patterns, bone mineral density (BMD), and risk of fracture in different age groups. Medline
and Embase were searched for articles that identified dietary patterns and related these to BMD or
risk of fracture through May 2018. Multivariable adjusted odds ratios (ORs) and 95% confidence
intervals (95%CI) comparing the lowest and highest categories of dietary pattern were combined
by using a random effects meta-analysis. In total, 31 studies were selected for review, including
18 cohorts, 1 case-control, and 12 cross-sectional studies, in the meta-analysis of Prudent/healthy
and Western/unhealthy dietary pattern, BMD, and risk of fracture. There was evidence of a lower
risk of fracture when intakes in the highest categories were compared with the lowest categories of
Prudent/healthy dietary pattern (OR = 0.81; 95%CI: 0.69, 0.95; p = 0.01). In contrast, when intakes
in the highest categories were compared with the lowest categories of Western/unhealthy dietary
pattern, a greater risk of fracture (OR = 1.10; 95%CI: 1.02, 1.19; p = 0.01) was observed among men.
The present systematic review and meta-analysis provides evidence of an inverse association
between a Prudent/healthy dietary pattern and risk of low BMD and a positive relation between
Western/unhealthy dietary pattern and risk of low BMD.

Keywords: a posteriori; dietary patterns; bone mineral density; fracture risk; systematic review;
meta-analysis; children and adolescent; young adults; adults and elderly

1. Introduction

Osteoporosis has been defined as a chronic disease characterized by low bone mass and bone
tissue deterioration, with an increase in bone fragility and risk of osteoporotic fracture [1,2]. Due to its
prevalence and contribution to morbidity, osteoporosis has been considered an important public health
concern [3]. Osteoporotic fracture frequently results in disability, higher healthcare costs, and excess
mortality [3,4]. Globally, osteoporosis-related fractures affect approximately 33% of women and 20% of
men over the age of 50 years [5]. Low bone mineral density (BMD) has been considered to be a hallmark
of osteoporosis, as well as a predictor of osteoporotic fracture [6–8]. Thus, a better understanding of
the main prognostic factors of low BMD would have significant repercussions for public health.
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Several risk factors for low BMD, such as genetic, endocrine, mechanical, and lifestyle (e.g.,
smoking status, alcohol consumption, physical activity, and calcium and vitamin D status) factors,
have been established [9]. The evolution of low BMD to more serious conditions depends on how
these risk factors could be modified throughout life. Existing research shows the important role
of nutritional factors in the optimization of bone health [8]. Most attention has been given to the
importance of calcium and vitamin D [10,11]. However, evidence is growing for the influence of
other nutrients (sodium, magnesium, potassium, vitamin K, phosphorus, vitamin C, manganese,
zinc, copper, and others) on bone health [12–15]. Additionally, studies have focused on foods and
food groups [14–18], showing beneficial effects from fruits, vegetables, and whole grains as well as
dairy products.

Although the association between diet, low BMD (osteopenia/osteoporosis), and fracture risk
has been extensively evaluated, most studies considered only single factors, such as nutrients, foods,
or food groups. More recently, to capture the synergies and cumulative effects of the overall diet
and overcome problems of confounding by other factors of the diet, a dietary pattern analysis has
been used to assess these relationships [19,20]. In general, two different approaches to extract dietary
patterns have been defined: “a priori”, which concentrate on the construction of patterns or dietary
indexes based on previous knowledge of a “healthy or unhealthy diet”; and “a posteriori”, which use
exploratory statistical techniques (factor analysis, cluster analysis, or reduce rank regression analysis),
and the observed dietary data [19,21–23]. As diets differ globally with respect to food choice and
recommendations, we focus here on “a posteriori” methods because these statistical techniques could
help us to avoid heterogeneity, and identify studies [24–54] that have evaluated the association between
dietary patterns, BMD, bone mineral content (BMC), or fracture incidence. We conducted a systematic
review with the objective of examining the evidence on the relationship between dietary patterns,
BMD, BMC, and fracture risk and, when available, we analyzed this relation in different age groups.
Furthermore, we conducted a meta-analysis to provide quantitative estimates of this association.

2. Material and Methods

2.1. Types of Studies

We included observational studies (cohort, case-control, and cross-sectional), reported as full-text,
written in the English language, and published up to May 2018.

2.2. Types of Participants

Included studies focused on generally healthy people comparing BMD, BMC, or fracture with
dietary patterns. The main outcome measures in these studies were: (1) BMD (Total or Lumbar spine
or both); (2) BMC (Total); and (3) Risk of fracture. We define “healthy people” as those without a
previous osteoporosis or osteopenia diagnosis and without chronic diseases, cardiovascular conditions,
or autoimmune or inflammatory diseases (rheumatoid arthritis, osteoarthritis, fibromyalgia, multiple
sclerosis, systemic lupus erythematosus, diabetes, or asthma). We excluded studies when participants
had corticoid-steroid-induced or other secondary causes of osteoporosis.

Electronic strategic searches were designed with the following databases: MEDLINE by PubMed
(1974 to May 2018) and EMBASE via Ovid (1993 to May 2018). The strategic search followed the PICOS
framework, which acronym stands for: Population = open population; Intervention = dietary patterns;
Comparison = other dietary pattern; Outcome = bone mineral density/bone mineral content/fracture;
Study = observational (adapted to different digital libraries) with the limit: humans. Additionally,
we evaluated other systematic reviews following the PICOS criteria according to our inclusion
and exclusion criteria and considered the possibility of updating them. When we found different
results, included articles were analyzed, compared with the PICOS from our review, and included
in the evidence tables. We also reviewed the reference lists of all identified manuscripts for further
identification of possible studies.
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2.3. Data Collection and Analysis

2.3.1. Selection of Studies

Two reviewers independently screened titles and abstracts for all of the potentially relevant
studies, and coded them as ‘retrieve’ (eligible or potentially eligible/unclear) or ‘do not retrieve’.
Full-text study reports/publications were retrieved, and two reviewers screened them to identify
studies for inclusion, or recording reasons for exclusion of those ineligible. Any disagreements were
discussed and resolved and, if required, a third reviewer was consulted. Duplicates were excluded
and multiple reports of the same study were collated so that each study (analysis) was unique in the
review (Figure 1).
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2.3.2. Data Extraction and Management

One reviewer extracted study characteristics from included studies. A second reviewer
spot-checked characteristics for accuracy against the trial report. For each study, we describe:
methods (study design, study duration, details of any ‘run-in’ period, number of study centers and
location (country), study setting, and date of study); participants (sample size, mean age, age range,
sex, ethnicity, calcium and vitamin D intake (if available), and inclusion and exclusion criteria);
and interventions (types of dietary patterns).

2.3.3. Assessment of Potential Bias in Included Studies

Two reviewers independently assessed potential bias in each study using the Cochrane handbook
and the criteria outlined in the GRADEpro program [55,56]. Disagreements were discussed and
resolved and, if necessary, a third reviewer was consulted.
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2.3.4. Data Synthesis

We conducted a meta-analysis with available information from the identified studies with
appropriate data.

3. Results

3.1. Results of the Search and Study Selection

From the literature search through the Medline-PubMed and Ovid-Embase databases,
we identified and screened 3346 titles. Of these, we excluded 3256 because they did not conform
to the PICOS criteria. To assess discrepancies between the reviewers, a concordance analysis was
conducted; in general, “very good” strength of agreement was found (PubMed 0.85, p = 0.0001;
and Ovid-Embase 0.86, p = 0.0001). After the first screening, abstracts of 90 articles were reviewed and,
of these, a total of 68 papers were selected for full-text revision. Of the remaining 68 articles,
the following were excluded: 34 studies for duplicity, 6 articles because they did not use an
“a posteriori” method to assess the dietary patterns, 2 studies that focused on athletes, and 1 study that
focused on the same population. Thus, a total of 25 studies were eligible for analysis. Subsequently,
after a detailed review of the 25 articles, 18 new studies (including two related systematic reviews)
were identified, their full texts were retrieved for detailed evaluation, and an additional 6 studies
were included in the analysis. Finally, 31 studies were included in our systematic review (Figure 1).
Of these, 12 studies, based on “a posteriori” methods to derive dietary patterns, were considered
for the meta-analysis [27–29,34,36,39,42,44,49,50,52,53]. These 31 observational studies reported data
on 175,060 participants. Six studies included information on children and adolescents; 9 included
information on younger adults (<50 years); and 16 included information on older adults (≥50 years).
Twenty-nine studies reported BMD or BMC measures using dual-energy X-ray absorptiometry (DXA).
Only four studies reported fracture as an outcome and only in adults ≥50 years. For this clinical
outcome, the population followed was 123,193 participants.

3.2. Included Studies

The methodological characteristics of the 31 studies [24–54] incorporated into the present
analysis are reported in Tables 1 and 2. These articles were published between 2002 and 2018 and
included 18 cohort studies [24–26,30–33,39–47,52,53], 1 case-control study [54], and 12 cross-sectional
studies [27–29,34–38,47–51]. Ten studies were conducted in Asia [27–29,36,38,43,44,49,50,54], 10 in
Europe [24,25,31,37,39–41,45,46,52], 7 in North America [26,33–35,47,52,53], 3 in Australia [30,32,42],
and 1 in South America [48]. Data from two studies [39,40] were from the Rotterdam Study.
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Table 1. The main characteristics of the epidemiological studies on the association between bone mineral density or bone mineral content and dietary patterns defined
using the “a posteriori” approach.

Reference Location Number of
Subjects Age (years) Diet-Assessment

Method

Dietary Pattern
Derivation

Method
Pattern Name Factors Adjusted forin Analyses

(Multivariable) Main Result

Cohort studies, children and adolescents

van den
Hooven, et al.,

2015 [24]

The
Netherlands 2850 6 years FFQ 1

PCA 2-factor
analysis
(varimax
rotation)

“Potatoes, rice, and
vegetables”, “Refined

grains and
confectionary”, and
“Dairy and whole

grains” dietary patterns

Sex, ethnicity, birth weight Z-score,
adherence scores for the two-other

dietary patterns, total energy
intake, time interval between

dietary assessment and visit, age at
visit, height at visit, weight at visit,
and maternal BMI 3 at enrolment

Adherence to a “Dairy and whole
grains” pattern was positively

associated with BMD 4.
The other patterns were not associated

with BMD

Monjardino,
et al., 2015 [25] Portugal 1007 17 years FFQ Cluster analysis

“Healthier”, “Dairy
products”, “Fast food

and sweets”, and
“Lower intake” dietary

patterns

Height, weight, total energy intake,
and age at menarche (in girls)

Among girls, adherence to a “Lower
intake” pattern was negatively

associated with BMD, compared with
subjects with a “Healthier” pattern

Wosje, et al.,
2010 [26] USA 5 325 6.8–7.8 years 3-day food records RRR 6 Pattern 1 and pattern 2

(not labeled)

Race, sex, height, weight, energy
intake, calcium intake, physical
activity, and time spent viewing
television and playing outdoors

A pattern characterized by high
intakes of dark green vegetables,
deep-yellow vegetables, and low
intakes of processed meats, fried

chicken and fish, and fried potatoes
was associated with higher bone mass

Cross-sectional studies, children and adolescents

Mu, et al.,
2014 [27] China 1319 16–20 years FFQ

Factor analysis
(varimax
rotation)

Four dietary patterns
were identified:

“Western food pattern”,
“Animal protein

pattern”, “Calcium
food pattern”, and

“Chinese traditional
pattern”

Sex, physical activity, economic
status, passive smoking, calcium
supplements, body mass index

The findings suggested that there was
a positive association between a

“Chinese traditional” dietary pattern
and healthy BMD and that this same

association was observed between
“Calcium food pattern” and BMD. In

contrast, “Western pattern” was
negatively related with BMD;

however, the relationship was not
statistically significant

Shin, et al.,
2013 [28] Korea 196

14.2 years
(12–15
years)

6-day Food records
Factor analysis

(varimax
rotation)

Four different dietary
patterns were

identified: “Traditional
Korean” dietary

pattern, “Fast food”
dietary pattern, “Milk

and cereal” dietary
pattern, and “Snacks”

dietary pattern

Age, sex, BMI percentiles, weight
loss attempts, pubertal status, and

exercise

These results indicate that the intake
of milk and cereal is important for the

bone health of Korean adolescents,
whose diets are composed mainly of

grains and vegetables



Nutrients 2018, 10, 1922 6 of 29

Table 1. Cont.

Reference Location Number of
Subjects Age (years) Diet-Assessment

Method

Dietary Pattern
Derivation

Method
Pattern Name Factors Adjusted forin Analyses

(Multivariable) Main Result

Yang, et al.,
2016 [29] China 1590 11–17 years FFQ

PCA-factor
analysis(varimax

rotation)

“Chinese and western”,
“Westernization”, and

“Meat” dietary patterns

Sex, passive smoking, drinking,
calcium supplements, BMI, and

physical activity

Rural–urban disparity in dietary
patterns was found in this study, and

different dietary patterns were
associated with the risk of some

adverse outcomes
Cohort studies, young adults and adults

van den
Hooven, et al.,

2015 [30]
Australia 1024 20 years FFQ RRR Pattern 1 and pattern 2

(not labeled)

Sex, ethnicity, age at DXA 7, height
at DXA, fat mass plus lean mass at

DXA, household income,
cardiorespiratory fitness, screen
time, dietary misreporting, and

total energy intake

Subjects with adherence to a pattern 1
(characterized by: High intake of

low-fat dairy, whole grains, vegetables,
fish, fresh fruits and legumes, and a

low intake of refined grains, cakes and
cookies, fried potatoes, soft drinks,

confectionary, and chips had greater
levels of BMD.

Subjects with adherence to pattern 2
(represented by: High consumption of

red meat, poultry, processed meats,
steamed/grilled/canned fish, meat
dishes, and eggs; and low intake of

dairy products, fresh fruits, fruit
juices) had lower levels of BMD

Whittle, et al.,
2012 [31]

Northern
Ireland 489 20–25 years 7-day diet history

PCA-factor
analysis
(varimax
rotation)

“Healthy”,
“Traditional”, “Meats

and nuts” only for
women, “Refined” only

for men, and “Social”
dietary patterns

Age, BMI, smoking, physical
activity, father’s social class, and

energy intake

Women with higher scores of “Meats
and nuts” pattern had significantly

greater BMD.
Men with higher scores of “Refined”
pattern had significantly lower BMD.

The other patterns were not associated
significantly with BMD
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Table 1. Cont.

Reference Location Number of
Subjects Age (years) Diet-Assessment

Method

Dietary Pattern
Derivation

Method
Pattern Name Factors Adjusted forin Analyses

(Multivariable) Main Result

McNaughton,
et al., 2011 [32] Australia 525 18–65 years 4-day food diary

PCA-factor
analysis
(varimax
rotation)

Pattern 1, pattern 2,
pattern 3, pattern 4, and

pattern 5

Age, height, energy intake,
smoking, sport, walking,
education, calcium intake

A pattern high in processed cereals,
soft drinks, fried potatoes, sausages,
and processed meats, vegetable oils,

beer, and take-away foods was
inversely associated with BMD.

Subjects with high intake of chocolate,
confectionary, added sugar, fruit

drinks and cordials, high-fat dairy
milk and yoghurt, and unprocessed

cereals had lower levels of BMD.
A pattern represented by high intakes
of leafy vegetables, tomato and tomato

products, low-fat dairy milk and
yoghurt, fruit, cheese, eggs and egg

dishes, fish, sauces, gravies, and salad
dressings was associated with higher

levels of BMD.

Langsetmo,
et al., 2010 [33] Canada 6539 25–49 years FFQ

PCA-factor
analysis
(varimax
rotation)

“Nutrient-dense” and
“Energy-dense” dietary

patterns

Age, height, center, education,
smoking, alcohol consumption,
activity, sedentary time, milk
consumption, supplements
(vitamin D, calcium); and

antiresorptives, corticosteroids,
and recent (<5 years) menopause

The “Nutrient-dense” or
“Energy-dense” dietary patterns were
not associated significantly with BMD

Cross-sectional studies, young adults and adults

Denova-Gutiérrez,
et al., 2016 [34] Mexico 6915 20–80 years FFQ

PCA-factor
analysis
(varimax
rotation)

“Prudent”, “Refined
foods”, and “Dairy and
fish” dietary patterns

Age, gender, BMI, height,
multivitamin use, smoking status,

physical activity, and energy
intake. For women: estrogen use,

age of menarche, parity, and
menopause

Subjects in the highest quintile of the
“Prudent” pattern had lower odds of

having low BMD.
Subjects in the highest quintile of the
“Refined foods” pattern had higher

odds of having low BMD.
Subjects in the highest quintile of the
“Dairy and fish” pattern had lower

odds of having low BMD

Mangano, et al.,
2015 [35] USA 2758 29–86 years FFQ Cluster analysis

“Chicken”, “Fish”,
“Processed foods”,
“Red meat”, and

“Low-fat milk” dietary
patterns

Age, sex, estrogen status, BMI,
height, total energy intake, current

smoking status, alcohol intake,
calcium supplement use and

vitamin D
supplement use, and physical

activity

BMD was higher among subjects in
the “Low-fat milk” pattern, compared
with subjects in the “Processed foods”

and “Red meat” dietary patterns
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Table 1. Cont.

Reference Location Number of
Subjects Age (years) Diet-Assessment

Method

Dietary Pattern
Derivation

Method
Pattern Name Factors Adjusted forin Analyses

(Multivariable) Main Result

Shin, et al.,
2014 [36] Korea 1828 46 years 3-day food records

PCA-factor
analysis
(varimax
rotation)

“Rice and Kimchi”,
“Eggs, meat, and flour”,
“Fruit, milk, and whole
grains”, and “Fast food

and soda” dietary
patterns

Age, body size (weight and height
adjusted for weight residual),
energy intake, smoking status,
alcohol consumption, physical

activity, and, for women,
menopausal status

Subjects in the highest quartile of the
“Fruit, milk, and whole grains” pattern

presented lower odds of low BMD.
The other patterns were not associated

significantly with low BMD

Kontogianni,
et al., 2009 [37] Greece 220 48 years 3-day food records

PCA-factor
analysis
(varimax
rotation)

Pattern 1, pattern 2,
pattern 3, pattern 4,
pattern 5, pattern 6,
pattern 7, pattern 8,

pattern 9, and pattern
10 (not labeled)

BMI, smoking status, physical
activity level, and low energy

reporting

A pattern characterized by high
intakes of fish, olive oil, nuts, and

vegetables, and low consumption of
red meat and products and poultry,

was positively associated with BMD

Okubo, et al.,
2006 [38] Japan 291 40–55 years Diet history

questionnaire

PCA-factor
analysis
(varimax
rotation)

“Healthy”, “Japanese
traditional”, “Western”,

and “Beverages and
meats” dietary patterns

Age, BMI, grasping power, current
smoking, fracture history, the use
of HTR, age at menarche, parity,

and use of calcium and
multivitamin supplements

Subjects in the highest quintile of the
“Healthy” pattern had higher BMD.
Subjects in the highest quintile of the
“Western” pattern had lower BMD

Cohort studies, adults ≥50 years

de Jonge, et al.,
2017 [39] The Netherland 4028 ≥55 years FFQ RRR

“Fruit, vegetables, and
dairy” and “Sweets,
animal fat, and low

meat”

Age, sex, body weight, height,
vitamin D plasma concentrations,

the month of the vitamin D
measurement, the use of

lipid-lowering drugs, and dietary
calcium intake

A “fruit, vegetable, and dairy” pattern
was associated with higher BMD 3.

A “sweets, animal fat, and low meat”
pattern was not associated with

higher BMD

de Jonge, et al.,
2018 [40] The Netherland 5144 ≥55 years FFQ PCA (varimax

rotation)

“Traditional”, “Health
conscious”, and

“Processed” dietary
patterns

Age, sex, initial body weight and
height, total energy intake, and

adherence to the other two dietary
patterns.

A “Health” dietary pattern may have
benefits for BMD.

Adherence to a “Processed” pattern
may pose a risk for low BMD

Ward, et al.,
2016 [41]

United
Kingdom 1263 60–64 years 7-day food diary RRR

Only the first pattern;
the “Nutrient-dense”

pattern was
investigated

Height, weight, social class,
geographic region, physical

activity, smoking status,
supplement use, and time since

menopause

A pattern characterized by low fat
milk, fruit, low fat yoghurt, vegetables,

fish, and fish dishes was associated
with higher BMD

Melaku, et al.,
2016 [42] Australia 1182 ≥50 years Dietary questionnaire PCA (varimax

rotation)

“Prudent” and
“Western” dietary

patterns

Sex, age, socio-economic factors,
smoking status, alcohol intake,
marital status, income, health
literacy, job-related physical

activity, diabetes mellitus, a family
history of osteoporosis, body mass

index, and energy intake

Participants in the highest category of
the “Prudent” pattern had a lower

prevalence of low BMD.
Subjects in the highest category of the
“Western” pattern were more likely to

have low BMD
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Table 1. Cont.

Reference Location Number of
Subjects Age (years) Diet-Assessment

Method

Dietary Pattern
Derivation

Method
Pattern Name Factors Adjusted forin Analyses

(Multivariable) Main Result

Chen, et al.,
2015 [43] China 282 50–65 years FFQ PCA (varimax

rotation)

“Cereal grains” and
“Milk-root vegetables”

dietary patterns.

Age, years since menopause,
height, weight, systolic blood

pressure, waist–hip ratio, change
of weight since menopause, age of

menophania, educational
attainment, occupation, family

income, and physical activity level

Subjects with adherence to a
“Cereal grains” pattern had

lower BMD.
Subjects with adherence to a

“Milk-root vegetables” pattern had
higher hip BMD

Park, et al.,
2012 [44] Korea 1464 ≥50 years FFQ

PCA-factor
analysis
(varimax
rotation)

“Traditional”, “Dairy”,
and “Western” dietary

patterns

Age, residual area, exercise, and
passive smoking

Subjects with adherence to the
“Traditional” and “Western”

dietary patterns had a higher risk
of osteoporosis.

Subjects with adherence to a
“Dairy” pattern had a lower risk of

osteoporosis

Fairweather-Tait,
et al., 2011 [45]

United
Kingdom >2000 53 years FFQ PCA (varimax

rotation)

“Fruit and vegetable”,
“High alcohol”,

“Traditional English”,
“Dieting”, and “Low

meat” dietary patterns

Age, age squared, BMI, smoking,
and physical activity

Adherence to the “Traditional
English” pattern had a negative

effect on BMD.
No significant associations were

observed with the other four
dietary patterns.

Pedone, et al.,
2011 [46] Italy 434 65–94 years FFQ Cluster analysis

Dietary pattern 1 and
Dietary pattern 2 (not

labeled)

Age, BMI, physical activity,
creatinine clearance

Subjects of dietary pattern 2 were
less likely to have a lower BMD

compared with subjects in
pattern 1

Tucker, et al.,
2002 [47] USA 6 907 69–93 years FFQ Cluster analysis

“Meat, dairy, and
bread”, “Meat and

sweet baked products”,
“Sweet baked

products”, “Alcohol”,
“Candy”, and “Fruit,

vegetables, and cereal”
dietary patterns

BMI, height, age, energy intake,
physical activity score, smoking,

vitamin D supplement use,
calcium supplement use, season,

and estrogen use for women

Men and women in the “Candy”
pattern had significantly lower

BMD than in the “Fruit, vegetables,
and cereal” pattern. Men in the
“Fruit, vegetables, and cereal”

pattern had the greatest average of
BMD of all subjects

Cross-sectional studies, adults ≥50 years

De França, et al.,
2015 [48] Brazil 156 68 years 3-day food diary

PCA-factor
analysis
(varimax
rotation)

“Healthy”, “Red meat
and refined cereals”,

“Low-fat dairy”, “Sweet
foods, coffee, and tea”,
and “Western” dietary

patterns

Energy intake, calcium intake,
lean mass, height, and
postmenopausal time

The “sweet foods, coffee, and tea”
dietary pattern was inversely and
significantly associated with BMD.

The other patterns were not
associated significantly with BMD
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Table 1. Cont.

Reference Location Number of
Subjects Age (years) Diet-Assessment

Method

Dietary Pattern
Derivation

Method
Pattern Name Factors Adjusted forin Analyses

(Multivariable) Main Result

Shin, et al.,
2013 [49] Korea 3735 54 years 24-h dietary recall

PCA-factor
analysis
(varimax
rotation)

“Meat, alcohol, and
sugar”, “Vegetables and

soya sauce”, “White
rice, kimchi, and

seaweed” and “Dairy
and fruit” dietary

patterns

Age, BMI, energy intake,
parathyroid hormone, serum

25-hydroxyvitamin D, smoking,
alcohol intake, moderate physical
activity, supplement use, and oral

contraceptive use

Subjects in the highest quintile of
“White rice, kimchi, and seaweed”
pattern had a higher likelihood of

osteoporosis
Subjects in the highest quintile of
“Dairy and fruit” pattern had a
lower likelihood of osteoporosis

Karamati, et al.,
2012 [50] Iran 160 50–85 years FFQ

PCA-factor
analysis
(varimax
rotation)

Dietary pattern 1,
Dietary pattern 2, and

Dietary pattern 3
(not labeled)

Age, BMI, physical activity, age at
menarche, age at menopause,

parity, lactation, sunlight exposure,
smoking, education, fragility

fracture history, history of
hormone replacement therapy,

supplement intake, and
antiresorptive drug use

Subjects in the highest tertile of
pattern 1 (high intake of vegetables

and fruits, and low intake of
nonrefined cereals and refined
cereal) had significantly higher

BMD compared with those in the
lowest tertile

Hardcastle,
et al., 2011 [51]

United
Kingdom 3236 50–59 years FFQ

PCA-factor
analysis
(varimax
rotation)

“Healthy”, “Processed
foods”, “Bread and
butter”, “Fish and
chips”, and “Snack

food” dietary patterns

Weight, height, current smoking,
physical activity level, age, social
deprivation category, HRT8 use,

and menopausal status

Subjects with adherence to the
“Processed foods” and “Snack

food” dietary patterns had
lower BMD.

The other patterns were not
associated with BMD

1 FFQ, Food frequency questionnaire; 2 Principal component analysis; 3 BMI, body mass index; 4 BMD, Bone mineral density; 5 USA, United States of America; 6 RRR; Reduced Rank
Regression; 7 DXA, dual-energy X-ray absorptiometry; 8 HTR, hormone replacement therapy.
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Table 2. The main characteristics of the epidemiological studies on the association between risk of fracture and dietary patterns defined using the
“a posteriori” approach.

Reference Location Number of
Subjects

Age
(years)

Diet-Assessment
Method

Dietary Pattern
Derivation Method Pattern Name Factors Adjusted for in Analyses

(Multivariable) Main Result

Cohort studies, adults ≥50 years

de Jonge EAL,
et al., 2017 [39]

The
Netherlands 4028 ≥55 years FFQ 1 RRR 2

“Fruit, vegetables,
and dairy”, “Sweets,
animal fat, and low

meat”

Age, sex, body weight, height, vitamin D
plasma concentrations, the month of the

vitamin D measurement, the use of
lipid-lowering drugs, and dietary

calcium intake

Adherence to the fruit, vegetables, and
dairy pattern was associated with a lower
risk of fractures (HR 3 = 0.92; 95%CI: 0.89,
0.96) and hip fractures (HR = 0.81; 95% CI:

0.70, 0.93). In contrast, adherence to the
sweets, animal fat, and low meat pattern

was associated with higher hazards of
osteoporotic fractures (HR = 1.12; 95%CI:
1.07, 1.16) and hip fractures (HR = 1.14;

95%CI: 1.05, 1.23)

Fung TT, et al.,
2015 [52] USA 4 112,845 >50 years FFQ

PCA 5-factor
analysis

(varimax rotation)

“Prudent” and
“Western”

Adjusted for age, physical activity,
thiazide use, lasix use, oral

anti-inflammatory steroids, body mass
index (BMI 6), smoking, energy intake,

calcium supplement, multivitamin
supplement, and postmenopausal

hormone use in women. All covariates
were time-varying

No significant association was observed
with the “Prudent” or “Western” pattern

Langsetmo L,
et al., 2011 [53] Canada 5188 >50 years FFQ PCA-factor analysis

(varimax rotation)

“Nutrient-dense”
and

“Energy-dense”

Age, education, cigarette smoking,
alcohol, activity, daily milk consumption,

daily use of supplements, diagnosis of
osteoporosis, history of low-trauma

fracture after age 40 years, medication use,
and comorbidities

The nutrient-dense dietary pattern was
associated with a reduced risk of fracture
in women. A similar trend was observed

in men.
The energy-dense dietary pattern was

closer to the null in both women and men
Case-control studies, adults ≥50 years

Zeng F-F, et al.,
2013 [54] China 1162 >55 years FFQ PCA-factor analysis

(varimax rotation)

“Healthy”,
“Prudent”,

“Traditional”,
“High-fat”

BMI, education, household income, house
location, smoking, alcohol consumption,

tea drinking, physical activity, daily
energy intake, family history of fractures,

calcium supplement use, and
multivitamin use

Was associated with a 58% (95% CI: 0.27,
0.76) decreased risk of hip fracture for
participants whose scores were in the
highest tertile for the healthy dietary

pattern.
The “Prudent” pattern was associated

with decreased fracture risk (OR = 0.51;
95%CI: 0.28, 0.90).

Individuals in the highest tertile of the
“High-fat” pattern had a greater risk of

suffering a hip fracture (OR = 2.25; 95%CI:
1.38, 3.69), compared with individuals in

the lowest tertile
1 FFQ, Food frequency questionnaire; 2 RRR; Reduced rank regression; 3 HR, hazard ratio; 4 USA, United States of America; 5 PCA, Principal component analysis; 6 BMI, body mass index.
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3.3. Dietary Patterns Analysis for the Systematic Review

Twenty-three of the included studies derived dietary patterns with factor analysis methods,
including principal components [24,27–29,31–34,36–38,40,42–45,48–54]; 4 reported results for dietary
patterns defined by a cluster analysis (CA) [25,35,46,47]; and 4 used the reduced rank regression (RRR)
approach [26,30,39,41].

Most of the studies that identified dietary patterns with factor analysis methods showed a
significant association between BMD or BMC and one or two dietary patterns for all age groups
considered. For example, in children and adolescents, significant and beneficial dietary patterns
were primarily represented by high intakes of vegetables, fruits, low-fat milk and dairy products,
whole grains, fish, beans, and nuts [24,27–29] as well as nutrients, such as calcium, contained in
such foods [27]. These dietary patterns were labeled as “Dairy and whole grains” [24], “Calcium
foods” [27], and “Milk and cereal” [28]. One study [27] identified an adverse dietary pattern,
characterized by hamburgers and fried foods, pickles, snacks, cola beverages, coffee, and sugar, which
was named a “Western” pattern. Among younger adults, one cohort study [32] and four cross-sectional
studies [34,36–38] identified a positive association between BMD and dietary patterns distinguished
by a high intake of vegetables, fruits, low-fat milk, dairy products, fish, legumes, whole grains, nuts,
and olive oil [32,34,36–38]. These patterns were entitled: “Prudent” [34], “Dairy and fish” [34], “Fruit,
milk, and whole grains” [36], and “Healthy” [38]. Additionally, four studies (two cohort and two
cross-sectional studies) identified “Refined” [31,34] or “Western” [38] patterns, rich in red meat, fats,
sugar and sweets, soft drinks, eggs, refined grains or cereals, and processed meats, as related to
low BMD. Finally, in adults older than 50 years, four cohort studies [40,42–44] identified “Health
conscious” [40], “Prudent” [42], “Milk and root vegetables” [43], and “Dairy” [44] dietary patterns,
characterized by high intakes of fruits, vegetables, low-fat dairy, fish, legumes, high-fiber bread, water,
and poultry [40,42–44], which were associated with a lower risk of low BMD or osteoporosis; while
adherence to a “Western” [42,44], “Processed” [40], or “Refined cereal grains” [43] dietary pattern was
associated with a higher risk of low BMD or osteoporosis.

Four studies used RRR to derive dietary patterns [26,30,39,41]; one was conducted in children
and adolescents [26], another in young adults [30], and two in older adults [39,41]. In each of these,
two dietary patterns were extracted; one was mainly characterized by high intakes of refined grains
and cereals, red meats, processed meats, eggs, fats, sweetened beverages, and sweets. Only one
study [26] reported a negative association between the first dietary pattern and BMC. The other
three studies [30,39,41] did not find any significant association. Conversely, in all articles, a dietary
pattern that was mainly represented by low-fat milk, fruit, dairy products, vegetables, fish, legumes,
and whole grains was significantly related with greater BMD and/or BMC [26,30,39,41].

Four cohort studies derived a dietary pattern by means of a cluster analysis (CA) [25,35,46,47].
Of these, one was conducted in children and adolescents [25], one in young adults [35], and two in
adults older than 50 years [46,47]. In general, these showed that individuals consuming a “Healthy”
dietary pattern had higher BMD than those with an “Unhealthy” or a “Western” pattern. For example,
in older adults, a diet high in fruits, vegetables, and breakfast cereal and limited in less nutrient-dense
foods was associated with the highest BMD, particularly in men [47].

Only four studies, including three cohort studies [39,52,53] and one case-control study [54],
reported associations between dietary patterns and risk of fracture. They were conducted in men
and women over 50 years. One used RRR [39] and the others [52–54] employed factor analysis
methods to construct dietary patterns. One study using a factor analysis [53] did not find any
association between the “Prudent” or “Western” pattern and fracture risk among older men or women.
The remaining three studies [39,53,54] identified significant associations between favorable dietary
patterns (generally characterized by high intakes of vegetables, fruits, fish, lean poultry, legumes, nuts,
whole grains, and water and labeled “Healthy” or “Prudent”) were significantly associated with a lower
risk of fracture [39,53,54]. In contrast, the unfavorable dietary patterns [39,53,54] (rich in red meat,
processed meat, poultry with skin, animal organ meat, cooking oil, soft drinks, hamburgers, hotdog,
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ice cream, doughnuts, margarine, and butter, and labeled “Sweets, animal fat” [39], “Western” (53),
or “Energy-dense”), were associated with a higher risk of fracture [39,53,54].

3.4. Dietary Patterns for the Meta-Analysis

In total, 12 studies (4 cohort, 1 case-control, and 7 cross-sectional) were included in the meta-analysis
of “Prudent/Healthy” and “Western/Unhealthy” dietary patterns, BMD, and risk of fracture.

Of these, nine studies (three cross-sectional in children and adolescents, two cross-sectional in
younger adults, and five (two cohorts and two cross-sectional studies) in older adults), analyzed the
association between a “Prudent/Healthy” dietary pattern and BMD. Four studies (three cohort studies
and one case-control) evaluated the relation between risk of fracture and “Prudent/Healthy” dietary
pattern among older adults.

The association between “Prudent/Healthy” and “Western/Unhealthy” dietary patterns and
BMD or fracture was estimated using a random-effects meta-analysis with 95% CI.

3.5. Prudent/Healthy Dietary Pattern and BMD

In children and adolescents, a comparison of the highest to lowest category of the
“Prudent/Healthy” dietary pattern in cross-sectional studies [27–29] resulted in an inverse association
with low BMD (odds ratio (OR) = 0.49; 95% CI: 0.38, 0.63; p < 0.001). These studies showed no
evidence of heterogeneity (p = 0.35, I2 = 4%). In two cross-sectional studies in adults younger than
50 years, a comparison of intakes in the highest quintile or quartile with the lowest category of
the “Prudent/Healthy” dietary pattern [34,36] showed a significant reduction in risk of low BMD
(OR = 0.52; 95% CI: 0.34, 0.80; p <0.01), with no evidence of heterogeneity (p = 0.09, I2 = 58%).
In older adults, a comparison of the highest to the lowest category of the “Prudent/Healthy” dietary
pattern in cohort studies [42,44] showed a pooled RR for low BMD of 0.58 (95% CI: 0.43, 0.78;
p <0.001), with no evidence of heterogeneity (p = 0.54, I2 = 0%). A similar association was found
with cross-sectional studies [34,49,50], with a pooled OR of 0.61 (95% CI: 0.41, 0.89; p = 0.01), and no
evidence of heterogeneity (p = 0.48, I2 = 0%).

Prudent/Healthy Dietary Pattern and Risk of Fracture

Three cohort studies [39,52,53] examined a “Prudent” or “Healthy” dietary pattern with fracture
(Figure 2E). Among men, a lower risk of fracture was seen for those in the highest versus lowest
categories of intake (OR = 0.81; 95% CI: 0.69, 0.95; p = 0.01), with no evidence of heterogeneity (p = 0.72,
I2 = 0%). Among women, this relationship was not statistically significant (OR = 0.93; 95% CI: 0.78,
1.11; p = 0.44), and evidence of heterogeneity was detected (p = 0.01, I2 = 77%).

3.6. Western/Unhealthy Dietary Pattern and BMD

Of the nine studies [27–29,34,36,42,44,49,50] included in the meta-analysis of
“Western/Unhealthy” dietary pattern and BMD, three cross-sectional studies were in children
and adolescents [27–29], two cross-sectional studies [34,36] were in young adults, and five studies
(two cohort [42,44] and three cross-sectional [34,49,50]) were in older adults. Among older adults,
a comparison of the highest to the lowest intake category of the “Western/Unhealthy” dietary
pattern in cohort studies [42,44] showed a pooled RR for low BMD of 1.53 (95% CI: 1.14, 2.05;
p = 0.004), with no evidence of heterogeneity (p = 0.65, I2 = 0%). A similar association, which
approached significance, was found among cross-sectional studies (34,49,50), with a pooled OR of 1.93
(95% CI: 1.36, 2.75; p <0.001), and no evidence of heterogeneity (p = 0.59, I2 = 0%).
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Figure 2. The dietary patterns (DPs) that were included in the meta-analysis stratified by “Prudent or Western” dietary pattern and type of study: (A) The relation
between DP and BMD or BMC, children and adolescents; (B) The relation between DP and BMD or BMC, young adults >20 years <50 years; (C) The relation between
DP and BMD or BMC, adults >50 years; (D) The relation between DP and BMD or BMC, adults >50 years; (E) The relation between DP and risk of fracture stratified by
women or men. SE, standard error.
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Western/Unhealthy Dietary Pattern and Risk of Fracture

Three cohort studies [39,52,53] identified an association between a “Western” or an “Unhealthy”
dietary pattern and fracture (Figure 2E). Men with intakes in the highest versus lowest categories
showed a 10% higher fracture risk (OR = 1.10; 95% CI: 1.02, 1.19; p = 0.01), with no evidence of
heterogeneity (p = 0.90, I2 = 0%). For women, this association was similar (OR = 1.08; 95% CI: 1.00,
1.17; p = 0.06), with no evidence of heterogeneity (p = 0.94, I2 = 0%), but only approached significance.

3.7. Risk of Bias in the Studies Included in the Meta-Analysis

Two reviewers (L.M.-S. and E.D.-G.) independently assessed the risk of bias for each study
using the criteria outlined in the Cochrane Handbook for Systematic Review of Interventions [55].
Disagreements were solved by discussion or by involving a third author (P.C). We assessed the risk
of bias according to the following domains of observational studies: 1. Risk of bias; 2. Inconsistency;
3. Indirectness; 4. Imprecision; and 5. Other considerations (Publication bias, large effect, plausible
confounding, and dose–response gradient). We present the risk of bias analysis according to the
GRADEpro Guideline Development Tool (56) in Table 3.
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro).

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density
Certainty Assessment Summary of Findings
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro).

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density

Certainty Assessment Summary of Findings

№ of Participants
(Studies)

Follow-Up
Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Overall Certainty

of Evidence Summary of Findings

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR)

3105
(3 observational

studies)
not serious not serious not serious not serious none ⊕
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Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

MODERATE

The dietary pattern: “Prudent”
and “Western” dietary patterns.
The “Traditional”, “Dairy”, and

“Western” dietary patterns.
Dietary pattern 1 and Dietary

pattern 2 (not labeled)

Relation between “Western” DP and BMD in adults ≥50years (follow up: mean 2 years; assessed with: PCA (varimax rotation); PCA-factor analysis (varimax rotation); or Cluster
analysis)

3080
(3 observational

studies)
not serious not serious not serious not serious strong association ⊕⊕
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious serious a none 
⊕⃝⃝⃝ 

VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

MODERATE

The dietary pattern: “Prudent”
and “Western” dietary patterns.
The “Traditional”, “Dairy”, and

“Western” dietary patterns.
Dietary pattern 1 and Dietary

pattern 2 (not labeled)

Relation between “Prudent” DP and BMD in adults ≥50years (assessed with: PCA-factor analysis (varimax rotation))

3895
(2 observational

studies)
not serious not serious not serious not serious dose response

gradient e
⊕⊕
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious serious a none 
⊕⃝⃝⃝ 

VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

MODERATE

The dietary pattern: “Meat,
alcohol, and sugar”, “Vegetables

and soya sauce”, “White rice,
kimchi, and seaweed” and “Dairy

and fruit” dietary patterns.
Dietary pattern 1, Dietary pattern

2, and Dietary pattern 3 (not
labeled).

Relation between “Western” DP and BMD in adults ≥50years (assessed with: PCA-factor analysis (varimax rotation))

3895
(2 observational

studies)
not serious not serious not serious serious f dose response

gradient e
⊕
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious serious a none 
⊕⃝⃝⃝ 

VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

LOW

The dietary pattern: “Meat,
alcohol, and sugar”, “Vegetables

and soya sauce”, “White rice,
kimchi, and seaweed” and “Dairy

and fruit” dietary patterns.
Dietary pattern 1, Dietary pattern

2, and Dietary pattern 3 (not
labeled)

Relation between “Prudent” DP and risk of fracture in WOMEN (assessed with: RRR: Reduced rank regression; PCA-factor analysis (varimax rotation))

122,061
(3 observational

studies)
not serious serious g not serious serious h none
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
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Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

VERY LOW

The dietary patterns: Dietary
pattern 1 (“Fruit, vegetables, and
dairy”, “Sweets, animal fat, and

low meat”); Dietary pattern 2
(“Prudent or western”); and

Dietary pattern 3
(“Nutrient-dense” and

“Energy-dense”).

Relation between “Western” DP and risk of fracture in WOMEN (assessed with: RRR: Reduced rank regression; PCA-factor analysis (varimax rotation))

122,061
(3 observational

studies)
not serious not serious not serious not serious none ⊕
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

LOW

The dietary patterns: Dietary
pattern 1 (“Fruit, vegetables, and
dairy”, “Sweets, animal fat, and

low meat”); Dietary pattern 2
(“Prudent or western”); and

Dietary pattern 3
(“Nutrient-dense” and

“Energy-dense”).

Relation between “Prudent” DP and risk of fracture in MEN (assessed with: RRR: Reduced rank regression; PCA-factor analysis (varimax rotation))

122,061
(3 observational

studies)
not serious not serious not serious not serious none ⊕
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

LOW

The dietary patterns: Dietary
pattern 1 (“Fruit, vegetables, and
dairy”, “Sweets, animal fat, and

low meat”); Dietary pattern 2
(“Prudent or western”); and

Dietary pattern 3
(“Nutrient-dense” and

“Energy-dense”).

Relation between “Western” DP and risk of fracture in MEN (assessed with: RRR: Reduced rank regression; PCA-factor analysis (varimax rotation))

122,061
(3 observational

studies)
not serious not serious not serious not serious none ⊕
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious serious a none 
⊕⃝⃝⃝ 

VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

LOW

The dietary patterns: Dietary
pattern 1 (“Fruit, vegetables, and
dairy”, “Sweets, animal fat, and

low meat”); Dietary pattern 2
(“Prudent or western”); and

Dietary pattern 3
(“Nutrient-dense” and

“Energy-dense”).

CI: Confidence interval. Explanations: a The Western DP value odds ratio (OR) = 1.09 (95%IC 0.82–1.44); b In the article by Denova, et al., the analysis was done by categorizing the score in
quintiles, and there is a clear gradient along the scores, which even in the document are significant. Additionally, in the article by Shin, et al., the analysis is carried out with the score
divided into quartiles and a gradient is also observed along said quartiles, which are significant; c The Western DP value OR = 1.30 (95%IC 0.76–2.24); d In the article by Melaku, et al., the
scores are divided into tertiles. There is a gradient along the tertiles and the values are significant. In the article by Park, et al., the scores are divided into quintiles. There is a gradient along
the quintiles and the values are significant; e In the cases of Karamati et al. (score divided into tertiles) and Shin et al. (score divided into quintiles), a response gradient is observed along
the pattern. It was not always significant; f The Western DP value OR = 1.79 (95%IC 0.98–3.28); g The Heterogeneity value I2 = 77%; h The Prudent DP value OR = 0.93 (95%IC 0.78–1.11).

of Participants
(Studies)

Follow-Up
Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Overall Certainty

of Evidence Summary of Findings

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR)

3105
(3 observational

studies)
not serious not serious not serious not serious none ⊕
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

LOW

The dietary patterns: Four dietary patterns were identified: “Western
food pattern”, “Animal protein pattern”, “Calcium food pattern”, and

“Chinese traditional pattern”. Four different dietary patterns were
identified: the “Traditional Korean” dietary pattern, the “Fast food”

dietary pattern, “the Milk and cereal” dietary pattern, and the “Snacks”
dietary pattern. “Chinese and western”, “Westernization”, and “Meat”

dietary patterns
Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax rotation))

3105
(3 observational

studies)
not serious not serious not serious serious a none
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

VERY LOW

The dietary patterns: Four dietary patterns were identified: the
“Western food pattern”, the “Animal protein pattern”, the “Calcium
food pattern”, and the “Chinese traditional pattern”. Four different
dietary patterns were identified: the “Traditional Korean” dietary

pattern, the “Fast food” dietary pattern, the “Milk and cereal” dietary
pattern, and the “Snacks” dietary pattern. “Chinese and western”,

“Westernization”, and “Meat” dietary patterns
Relation between “Prudent” DP and BMD in young adults ≥20 years to <50years (assessed with: PCA-factor analysis (varimax rotation))

8743
(2 observational

studies)
not serious b not serious not serious not serious dose response

gradient
⊕⊕
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
Certainty of 

Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

MODERATE

The dietary pattern: Denova-Gutiérrez, et al., 2016: “Prudent”,
“Refined foods”, and “Dairy and fish” dietary patterns. Shin, et al.,
2014: “Rice and Kimchi”, “Eggs, meat, and flour”, “Fruit, milk, and

whole grains”, and “Fast food and soda” dietary patterns
Relation between “Western” DP and BMD in young adults ≥20 years to <50years (assessed with: PCA-factor analysis (varimax rotation))

8743
(2 observational

studies)
not serious not serious not serious serious c dose response

gradient b
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Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 
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⊕⃝⃝⃝ 
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The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

LOW

The dietary pattern: Denova-Gutiérrez, et al., 2016: “Prudent”,
“Refined foods”, and “Dairy and fish” dietary patterns. Shin, et al.,
2014: “Rice and Kimchi”, “Eggs, meat, and flour”, “Fruit, milk, and

whole grains”, and “Fast food and soda” dietary patterns
Relation between “Prudent” DP and BMD in adults ≥50years (follow up: mean 2 years; assessed with: PCA (varimax rotation); PCA-factor analysis (varimax rotation); or Cluster analysis)

3080
(3 observational

studies)
not serious not serious not serious not serious dose response
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Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

MODERATE

The dietary pattern: “Prudent” and “Western” dietary patterns. The
“Traditional”, “Dairy”, and “Western” dietary patterns. Dietary pattern

1 and Dietary pattern 2 (not labeled)
Relation between “Western” DP and BMD in adults ≥50years (follow up: mean 2 years; assessed with: PCA (varimax rotation); PCA-factor analysis (varimax rotation); or Cluster analysis)

3080
(3 observational

studies)
not serious not serious not serious not serious strong association ⊕⊕
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Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 
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serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
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3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
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The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

MODERATE

The dietary pattern: “Prudent” and “Western” dietary patterns. The
“Traditional”, “Dairy”, and “Western” dietary patterns. Dietary pattern

1 and Dietary pattern 2 (not labeled)
Relation between “Prudent” DP and BMD in adults ≥50years (assessed with: PCA-factor analysis (varimax rotation))

3895
(2 observational

studies)
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Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 
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studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

MODERATE

The dietary pattern: “Meat, alcohol, and sugar”, “Vegetables and soya
sauce”, “White rice, kimchi, and seaweed” and “Dairy and fruit”
dietary patterns. Dietary pattern 1, Dietary pattern 2, and Dietary

pattern 3 (not labeled).
Relation between “Western” DP and BMD in adults ≥50years (assessed with: PCA-factor analysis (varimax rotation))
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(2 observational
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Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

LOW

The dietary pattern: “Meat, alcohol, and sugar”, “Vegetables and soya
sauce”, “White rice, kimchi, and seaweed” and “Dairy and fruit”
dietary patterns. Dietary pattern 1, Dietary pattern 2, and Dietary

pattern 3 (not labeled)
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Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro).

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density

Certainty Assessment Summary of Findings

№ of Participants
(Studies)

Follow-Up
Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Overall Certainty

of Evidence Summary of Findings

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR)

3105
(3 observational

studies)
not serious not serious not serious not serious none ⊕

Nutrients 2018, 10, x FOR PEER REVIEW  27 of 36 

 

Table 3. The risk of bias analysis according to the Cochrane guideline to report the risk of bias analysis (using GRADEpro). 

Prudent Dietary Pattern or Western Dietary Pattern for Bone Mineral Density 

Certainty Assessment Summary of Findings 

№ of 
Participants 

(Studies) 
Follow-Up 

Risk of 
Bias 

Inconsistency Indirectness Imprecision 
Publication 

Bias 

Overall 
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Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious serious a none 
⊕⃝⃝⃝ 

VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

LOW

The dietary patterns: Four dietary
patterns were identified:

“Western food pattern”, “Animal
protein pattern”, “Calcium food

pattern”, and “Chinese
traditional pattern”. Four

different dietary patterns were
identified: the “Traditional

Korean” dietary pattern, the
“Fast food” dietary pattern, “the
Milk and cereal” dietary pattern,
and the “Snacks” dietary pattern.

“Chinese and western”,
“Westernization”, and “Meat”

dietary patterns

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax rotation))

3105
(3 observational

studies)
not serious not serious not serious serious a none
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Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious serious a none 
⊕⃝⃝⃝ 

VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

VERY LOW

The dietary patterns: Four dietary
patterns were identified: the
“Western food pattern”, the

“Animal protein pattern”, the
“Calcium food pattern”, and the

“Chinese traditional pattern”.
Four different dietary patterns

were identified: the “Traditional
Korean” dietary pattern, the

“Fast food” dietary pattern, the
“Milk and cereal” dietary pattern,
and the “Snacks” dietary pattern.

“Chinese and western”,
“Westernization”, and “Meat”

dietary patterns

Relation between “Prudent” DP and BMD in young adults ≥20 years to <50years (assessed with: PCA-factor analysis (varimax rotation))

8743
(2 observational

studies)
not serious b not serious not serious not serious dose response

gradient
⊕⊕
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Publication 

Bias 

Overall 
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Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

MODERATE

The dietary pattern:
Denova-Gutiérrez, et al., 2016:

“Prudent”, “Refined foods”, and
“Dairy and fish” dietary patterns.

Shin, et al., 2014: “Rice and
Kimchi”, “Eggs, meat, and flour”,
“Fruit, milk, and whole grains”,

and “Fast food and soda” dietary
patterns

Relation between “Western” DP and BMD in young adults ≥20 years to <50years (assessed with: PCA-factor analysis (varimax rotation))

8743
(2 observational

studies)
not serious not serious not serious serious c dose response

gradient b
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Overall 
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Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious not serious not serious serious a none 

⊕⃝⃝⃝ 
VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

LOW

The dietary pattern:
Denova-Gutiérrez, et al., 2016:

“Prudent”, “Refined foods”, and
“Dairy and fish” dietary patterns.

Shin, et al., 2014: “Rice and
Kimchi”, “Eggs, meat, and flour”,
“Fruit, milk, and whole grains”,

and “Fast food and soda” dietary
patterns

Relation between “Prudent” DP and BMD in adults ≥50years (follow up: mean 2 years; assessed with: PCA (varimax rotation); PCA-factor analysis (varimax rotation); or Cluster
analysis)

3080
(3 observational

studies)
not serious not serious not serious not serious dose response

gradient d
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Inconsistency Indirectness Imprecision 
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Overall 
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Evidence 
Summary of Findings 

Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious serious a none 
⊕⃝⃝⃝ 

VERY LOW 

The dietary patterns: Four dietary patterns were 
identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

MODERATE

The dietary pattern: “Prudent”
and “Western” dietary patterns.
The “Traditional”, “Dairy”, and

“Western” dietary patterns.
Dietary pattern 1 and Dietary

pattern 2 (not labeled)

Relation between “Western” DP and BMD in adults ≥50years (follow up: mean 2 years; assessed with: PCA (varimax rotation); PCA-factor analysis (varimax rotation); or Cluster
analysis)

3080
(3 observational

studies)
not serious not serious not serious not serious strong association ⊕⊕
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Relation between “Prudent” DP and BMD in Children and adolescents (assessed with: PCA-factor analysis (varimax rotation), Cluster analysis, and RRR) 

3105 
(3 

observational 
studies) 

not 
serious 

not serious not serious not serious none 
⊕⊕⃝⃝ 
LOW 

The dietary patterns: Four dietary patterns were 
identified: “Western food pattern”, “Animal protein 

pattern”, “Calcium food pattern”, and “Chinese 
traditional pattern”. Four different dietary patterns 
were identified: the “Traditional Korean” dietary 

pattern, the “Fast food” dietary pattern, “the Milk and 
cereal” dietary pattern, and the “Snacks” dietary 

pattern. “Chinese and western”, “Westernization”, 
and “Meat” dietary patterns 

Relation between “Western” DP and BMD in Children and adolescents (assessed with: Factor analysis (varimax rotation) and PCA-factor analysis (varimax 
rotation)) 

3105 
(3 
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studies) 
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⊕⃝⃝⃝ 
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identified: the “Western food pattern”, the “Animal 

protein pattern”, the “Calcium food pattern”, and the 
“Chinese traditional pattern”. Four different dietary 
patterns were identified: the “Traditional Korean” 
dietary pattern, the “Fast food” dietary pattern, the 
“Milk and cereal” dietary pattern, and the “Snacks” 

dietary pattern. “Chinese and western”, 
“Westernization”, and “Meat” dietary patterns 

MODERATE

The dietary pattern: “Prudent”
and “Western” dietary patterns.
The “Traditional”, “Dairy”, and

“Western” dietary patterns.
Dietary pattern 1 and Dietary

pattern 2 (not labeled)

Relation between “Prudent” DP and BMD in adults ≥50years (assessed with: PCA-factor analysis (varimax rotation))
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(2 observational

studies)
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4. Discussion

To our knowledge, this is the first systematic review and meta-analysis of dietary patterns, BMD,
and risk of fracture based on “a posteriori” derived dietary patterns. Our meta-analysis suggests that a
“Prudent/Healthy” dietary pattern may decrease the risk of low BMD among children and adolescents,
young adults, and older adults. Further, our results indicate that a “Western/Unhealthy” dietary
pattern may increase the risk of low BMD in adults older than 50 years. Among older men, the pooled
results of the cohort studies showed a significant association between “Prudent/Healthy” dietary
patterns and a reduced risk of fracture, while “Western/Unhealthy” patterns were related to a higher
risk of fracture. Among women, the associations between “Prudent/Healthy” or “Western/Unhealthy”
were in the expected direction, but did not achieve statistical significance.

Previous studies have established that relationships between diet (nutrients, foods, or food groups)
and low BMD or risk of fracture exist [11–18]. Nutrients, such as calcium, vitamin D, phosphorus,
potassium, magnesium, and vitamin K, as well as some food groups (i.e., fruit and vegetables) have
shown beneficial effects on bone health and lower risk of fracture [11–18,57,58], while foods such as
soft drinks (particularly colas) have been associated with low BMD and a greater risk of fracture [18,59].
Further, “a priori” dietary patterns, such as the Mediterranean diet, which is based on plant foods,
such as fruits, vegetables, whole grains, legumes, and nuts, fish, olive oil, and a reduced intake of red
meat and saturated fatty acids [60,61], has been positively associated with bone health.

Our analyses identified two consistent “a posteriori” types of dietary patterns: “Prudent/Healthy”
and “Western/Unhealthy”. These total dietary patterns may contribute to diverse biological
mechanisms that affect BMD and risk of fracture. In general, the “Prudent/Healthy” dietary pattern
was characterized by high intakes of fruits, vegetables, whole grains, legumes, nuts, fish, low-fat dairy
products, and low-fat milk, and low intakes of soft drinks, sugars, refined grains or cereals, red meat,
and processed meat. Previous systematic reviews [62–64], have reported that the consumption of fruit
and vegetables may reduce the risk of low BMD and fracture. Intake of fruits and vegetables, as well
as whole grains, increases intake of several important vitamins, minerals, and phytonutrients, which
may contribute to bone health through effects on acid-based balance [65], calcium metabolism [66],
antioxidant capacity, which suppresses osteoclast action [67], and bone matrix formation [68], and by
decreasing homocysteine concentration [69], among others.

Additional components of the “Prudent/Healthy” dietary pattern include fish and nuts. These
contain polyunsaturated fatty acids (particularly n-3 fatty acids), which have been associated with
anti-inflammatory properties that promote bone health [70]. Finally, dairy products and milk are an
important source of calcium, magnesium, vitamin D, and protein, which are needed for bone matrix
formation and preservation [71,72].

On the other hand, “Western/Unhealthy” dietary patterns tend to be characterized by red meat,
processed meat, soft drinks, refined grains or cereals, fast food, and sweets. These dietary components
contribute saturated fats, sodium, added sugars, and phosphorus [73,74], which have been linked
to a higher risk of low BMD and fracture incidence. A higher intake of these nutrients contributes
to imbalances that may decrease osteoblast differentiation and bone development [75], alter the
equilibrium of calcium [76], or contribute to acid load [77].

There are some methodological limitations to the interpretation of our results. First, most of the
studies included in our systematic review and meta-analysis were cross-sectional and do not allow for
possible changes in diet over time. Second, most of the “a posteriori” dietary patterns included in our
analysis were derived through factor analysis methods, which depend on subjective decisions during
analysis (definition and number of food groups entered, number of factors to retain) and may lead to
variation in pattern definition across studies [19–21,78–80]. In the studies we reviewed, food groups
and loading factors in the dietary patterns derived were not identical between studies. Although
this may result in a misclassification bias, the results across studies in the overall dietary patterns
identified were quite consistent. To reduce potential bias in the meta-analysis, we selected only those
dietary patterns that showed reasonably similar factor loadings for the most frequently consumed
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food groups. Such a methodology has been employed by other systematic reviews and meta-analyses
evaluating dietary patterns and different health outcomes [81–83]. Most studies included in the present
review and meta-analysis used food frequency questionnaires (FFQs), which often differ across studies.
Nonetheless, previous studies comparing dietary patterns derived from FFQs as well as from 24-h
dietary recalls or diet histories have found reasonable reproducibility [84–86]. Additionally, cultural,
racial, and ethnic consumption patterns and food choices differ across populations. Despite this,
we found similarities in the foods or food groups included in the different studies, as well as in the
dietary pattern definitions. Finally, other dietary patterns could be related to BMD or BMC and
fracture risk. In the present study, we only included the most commonly identified dietary patterns
(similar foods or food groups); thus, it is possible that other dietary patterns, and, also, dietary patterns
derived with different methods, such as an “a priori” score-based approach, could be associated with
BMD or BMC and fracture risk.

The studies also varied in the confounding variables used in the analysis. However, most
studies adjusted for the main documented risk factors for low BMD and risk of fracture, i.e., sex, age,
physical activity, multivitamin use, height, weight, passive or active smoking, and, in women, age at
menarche or menopausal status. Still, due to the observational nature of the included studies, residual
confounding cannot be ruled out.

The quality of assessed evidence (GRADEpro GDT) [56] ranged from “moderate” to “very low”,
based on the observational design of the studies included in the meta-analysis. Further issues included
identified limitations in study execution (explained withdrawals). In contrast, our study has several
strengths, including the lack of identification of serious risk of bias, low heterogeneity across studies
(<50%), and clear variability along the scores.

5. Conclusions

In summary, the present systematic review and meta-analysis provides evidence of an inverse
association between a “Prudent/Healthy” dietary pattern and risk of low BMD across all age
groups included. Conversely, a positive relation between “Western/Unhealthy” dietary pattern
and low BMD was found only in older adults. Further, the meta-analyses contribute evidence
that a “Prudent/Healthy” dietary pattern is protective against fracture risk among men, while a
“Western/Unhealthy” dietary pattern is associated with greater fracture incidence. These results
should encourage health professionals to emphasize the importance of consuming healthy diets that
include fruits, vegetables, whole grains, fish, legumes, nuts, low-fat dairy products, milk, and water,
while avoiding refined foods high in saturated fat and added sugars, for the prevention of low BMD
and fracture risk.

Author Contributions: Conceiving, designing, and coordinating the review: E.D.-G. and L.M.-S.; designing the
protocol, search strategies, and undertaking searches: L.M.-S. and E.D.-G.; screening search results and retrieved
papers against inclusion criteria: L.M.-S. and E.D.-G.; appraising the quality of papers: L.M.-S. and E.D.-G.;
extracting data from papers: E.D.-G., L.M.-S., and P.M.-A.; data management for the review and entering data into
RevMan: E.D.-G. and L.M.-S.; analysis and interpretation of data: E.D.-G. and L.M.-S.; analysis of risk of bias
into GRADEpro: L.M.-S. and E.D.-G.; providing a research perspective: E.D.-G. and K.L.T.; writing the review:
E.D.-G., L.M.-S., and P.M.-A.; providing general advice on the review: E.D.-G., L.M.-S., P.M.-A., K.L.T., and P.C.;
performing previous work that was the foundation of the current review: E.D.-G., L.M.-S., and K.L.T.

Funding: This research received no external funding.

Acknowledgments: We acknowledge the student Diana G. García (DGG) in the selection of the titles process.

Conflicts of Interest: None of the authors reported a conflict of interest related to the study.



Nutrients 2018, 10, 1922 25 of 29

References

1. Kanis, J.A.; Melton, L.J., 3rd; Christiansen, C.; Johnston, C.C.; Khaltaev, N. The diagnosis of osteoporosis.
J. Bone Miner. Res. 1994, 9, 1137–1141. [CrossRef] [PubMed]

2. Cummings, S.R.; Melton, L.J. Epidemiology and outcomes of osteoporotic fractures. Lancet 2002, 359,
1761–1767. [CrossRef]

3. Sambrook, P.; Cooper, C. Osteoporosis. Lancet 2006, 367, 2010–2018. [CrossRef]
4. Orsini, L.S.; Rousculp, M.D.; Long, S.R.; Wang, S. Health care utilization and expenditures in the United

States: A study of osteoporosis-related fractures. Osteoporos. Int. 2005, 16, 359–371. [CrossRef] [PubMed]
5. Johnell, O.; Kanis, J.A. An estimate of the worldwide prevalence and disability associated with osteoporotic

fractures. Osteoporos. Int. 2006, 17, 1726–1733. [CrossRef] [PubMed]
6. Hernlund, E.; Svedbom, A.; Ivergård, M.; Compston, J.; Cooper, C.; Stenmark, J.; McCloskey, E.V.; Jönsson, B.;

Kanis, J.A. Osteoporosis in the European Union: Medical management, epidemiology and economic burden.
A report prepared in collaboration with the International Osteoporosis Foundation (IOF) and the European
Federation of Pharmaceutical Industry Associations (EFPIA). Arch. Osteoporos. 2013, 8, 136. [CrossRef]
[PubMed]

7. Nguyen, N.D.; Center, J.R.; Eisman, J.A.; Nguyen, T.V. Bone loss, weight loss, and weight fluctuation predict
mortality risk in elderly men and women. J. Bone Miner. Res. 2007, 22, 1147–1154. [CrossRef]

8. NIH Consensus Development Panel on Osteoporosis Prevention, and Therapy. Osteoporosis prevention,
diagnosis, and therapy. JAMA 2001, 285, 785–795. [CrossRef]

9. McGuigan, F.E.; Murray, L.; Gallagher, H.; Davey-Smith, G.; Neville, C.E.; Van’t Hof, R.; Boreham, C.;
Ralston, S.H. Genetic and environmental determinants of peak bone mass in young men and women. J. Bone
Miner. Res. 2002, 17, 1273–1279. [CrossRef]

10. Dawson-Hughes, B.; Harris, S.S.; Krall, E.A.; Dallal, G.E. Effect of calcium and vitamin D supplementation
on bone density in men and women 65 years of age or older. N. Engl. J. Med. 1997, 337, 670–676. [CrossRef]

11. Jackson, R.D.; LaCroix, A.Z.; Gass, M.; Wallace, R.B.; Robbins, J.; Lewis, C.E.; Bassford, T.; Beresford, S.A.;
Black, H.R.; Blanchette, P.; et al. Calcium plus vitamin D supplementation and the risk of fractures. N. Engl.
J. Med. 2006, 354, 669–683. [CrossRef]

12. Cockayne, S.; Adamson, J.; Lanham-New, S.; Shearer, M.J.; Gilbody, S.; Torgerson, D.J. Vitamin K
and prevention of fractures: Systematic review and meta-analysis of randomized controlled trials.
Arch. Intern. Med. 2006, 166, 1256–1261. [CrossRef] [PubMed]

13. Booth, S.L.; Tucker, K.L.; Chen, H.; Hannan, M.T.; Gagnon, D.R.; Cupples, L.A.; Wilson, P.W.; Ordovas, J.;
Schaefer, E.J.; Dawson-Hughes, B.; et al. Dietary vitamin K intakes are associated with hip fracture but not
with bone mineral density in elderly men and women. Am. J. Clin. Nutr. 2000, 71, 1201–1208. [CrossRef]

14. Macdonald, H.M.; New, S.A.; Golden, M.H.; Campbell, M.K.; Reid, D.M. Nutritional associations with bone
loss during the menopausal transition: Evidence of a beneficial effect of calcium, alcohol, and fruit and
vegetables nutrient and of a detrimental effect of fatty acids. Am. J. Clin. Nutr. 2004, 79, 155–165. [CrossRef]
[PubMed]

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

16. New, S.A.; Robins, S.P.; Campbell, M.K.; Martin, J.C.; Garton, M.J.; Bolton-Smith, C.; Grubb, D.A.; Lee, S.J.;
Reid, D.M. Dietary influences on bone mass and bone metabolism: Further evidence of a positive link
between fruit and vegetable consumption and bone health? Am. J. Clin. Nutr. 2000, 71, 142–151. [CrossRef]

17. McTiernan, A.; Wactawski-Wende, J.; Wu, L.; Rodabough, R.J.; Watts, N.B.; Tylavsky, F.; Freeman, R.;
Hendrix, S.; Jackson, R.; Women’s Health Initiative Investigators. Low fat, increased fruit, vegetable,
and grain dietary pattern, fractures, and bone mineral density: The Women’s Health Initiative Dietary
Modification Trial. Am. J. Clin. Nutr. 2009, 89, 1864–1876.

18. Tucker, K.L.; Morita, K.; Qiao, N.; Hannan, M.T.; Cupples, L.A.; Kiel, D.P. Colas, but not other carbonated
beverages, are associated with low bone mineral density in older women: The Framingham Osteoporosis
Study. Am. J. Clin. Nutr. 2006, 84, 936–942. [CrossRef]

19. Hu, F.B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol. 2002, 13,
3–9. [CrossRef]

http://dx.doi.org/10.1002/jbmr.5650090802
http://www.ncbi.nlm.nih.gov/pubmed/7976495
http://dx.doi.org/10.1016/S0140-6736(02)08657-9
http://dx.doi.org/10.1016/S0140-6736(06)68891-0
http://dx.doi.org/10.1007/s00198-004-1694-2
http://www.ncbi.nlm.nih.gov/pubmed/15340799
http://dx.doi.org/10.1007/s00198-006-0172-4
http://www.ncbi.nlm.nih.gov/pubmed/16983459
http://dx.doi.org/10.1007/s11657-013-0136-1
http://www.ncbi.nlm.nih.gov/pubmed/24113837
http://dx.doi.org/10.1359/jbmr.070412
http://dx.doi.org/10.1001/jama.285.6.785
http://dx.doi.org/10.1359/jbmr.2002.17.7.1273
http://dx.doi.org/10.1056/NEJM199709043371003
http://dx.doi.org/10.1056/NEJMoa055218
http://dx.doi.org/10.1001/archinte.166.12.1256
http://www.ncbi.nlm.nih.gov/pubmed/16801507
http://dx.doi.org/10.1093/ajcn/71.5.1201
http://dx.doi.org/10.1093/ajcn/79.1.155
http://www.ncbi.nlm.nih.gov/pubmed/14684412
http://dx.doi.org/10.1093/ajcn/69.4.727
http://www.ncbi.nlm.nih.gov/pubmed/10197575
http://dx.doi.org/10.1093/ajcn/71.1.142
http://dx.doi.org/10.1093/ajcn/84.4.936
http://dx.doi.org/10.1097/00041433-200202000-00002


Nutrients 2018, 10, 1922 26 of 29

20. Jaques, P.F.; Tucker, K.L. Are dietary pattern useful for understanding the role of diet in chronic disease?
Am. J. Clin. Nutr. 2001, 73, 1–2. [CrossRef]

21. Jacobs, D.R.; Steffen, L.M. Nutrients, foods, and dietary patterns as exposure in research: A framework for
food synergy. Am. J. Clin. Nutr. 2003, 78 (Suppl. 3), 508S–513S. [CrossRef] [PubMed]

22. Tucker, K.L. Dietary patterns, approaches, and multicultural perspective. Appl. Physiol. Nutr. Metab. 2010,
35, 211–218. [CrossRef] [PubMed]

23. Denova-Gutiérrez, E.; Clark, P.; Muñoz-Aguirre, P.; Flores, M.; Talavera, J.O.; Chico-Barba, L.G.; Rivas, R.;
Ramírez, P.; Salmerón, J. Dietary patterns are associated with calcium and vitamin D intake in an adult
Mexican population. Nutr. Hosp. 2016, 33, 276. [CrossRef] [PubMed]

24. Van den Hooven, E.H.; Heppe, D.H.; Kiefte-de Jong, J.C.; Medina-Gomez, C.; Moll, H.A.; Hofman, A.;
Jaddoe, V.W.; Rivadeneira, F.; Franco, O.H. Infant dietary patterns and bone mass in childhood:
The Generation R Study. Osteoporos. Int. 2015, 26, 1595–1604. [CrossRef] [PubMed]

25. Monjardino, T.; Lucas, R.; Ramos, E.; Lopes, C.; Gaio, R.; Barros, H. Associations between a posteriori defined
dietary patterns and bone mineral density in adolescents. Eur. J. Nutr. 2015, 54, 273–282. [CrossRef]

26. Wosje, K.S.; Khoury, P.R.; Claytor, R.P.; Copeland, K.A.; Hornung, R.W.; Daniels, S.R.; Kalkwarf, H.J. Dietary
patterns associated with fat and bone mass in young children. Am. J. Clin. Nutr. 2010, 92, 294–303. [CrossRef]

27. Mu, M.; Wang, S.F.; Sheng, J.; Zhao, Y.; Wang, G.X.; Liu, K.Y.; Hu, C.L.; Tao, F.B.; Wang, H.L. Dietary patterns
are associated with body mass index and bone mineral density in Chinese Freshmen. J. Am. Coll. Nutr. 2014,
33, 120–128. [CrossRef]

28. Shin, S.; Hong, K.; Kang, S.W.; Joung, H. A milk and cereal dietary pattern is associated with a reduced
likelihood of having a low bone mineral density of the lumbar spine in Korean adolescents. Nutr. Res. 2013,
33, 59–66. [CrossRef]

29. Yang, Y.; Hu, X.M.; Chen, T.J.; Bai, M.J. Rural-Urban differences of dietary patterns, overweight, and bone
mineral status in Chinese students. Nutrients 2016, 8, 537. [CrossRef]

30. Van den Hooven, E.H.; Ambrosini, G.L.; Huang, R.C.; Mountain, J.; Straker, L.; Walsh, J.P.; Zhu, K.;
Oddy, W.H. Identification of a dietary pattern prospectively associated with bone mass in Australian
young adults. Am. J. Clin. Nutr. 2015, 102, 1035–1043. [CrossRef]

31. Whittle, C.R.; Woodside, J.V.; Cardwell, C.R.; McCourt, H.J.; Young, I.S.; Murray, L.J.; Boreham, C.A.;
Gallagher, A.M.; Neville, C.E.; McKinley, M.C. Dietary patterns and bone mineral status in young adults:
The Northern. Br. J. Nutr. 2012, 108, 1494–1504. [CrossRef] [PubMed]

32. McNaughton, S.A.; Wattanapenpaiboon, N.; Wark, J.D.; Nowson, C.A. An energy-dense, nutrient-poor
dietary pattern is inversely associated with bone health in women. J. Nutr. 2011, 141, 1516–1523. [CrossRef]
[PubMed]

33. Langsetmo, L.; Poliquin, S.; Hanley, D.A.; Prior, J.C.; Barr, S.; Anastassiades, T.; Towheed, T.; Goltzman, D.;
Kreiger, N.; CaMos Research Group. Dietary patterns in Canadian men and women ages 25 and older:
Relationship to demographics, body mass index, and bone mineral density. BMC Musculoskelet. Disord. 2010,
11, 20. [CrossRef] [PubMed]

34. Denova-Gutiérrez, E.; Clark, P.; Tucker, K.L.; Muñoz-Aguirre, P.; Salmerón, J. Dietary patterns are associated
with bone mineral density in an urban Mexican adult population. Osteoporos. Int. 2016, 27, 3033–3040.
[CrossRef] [PubMed]

35. Mangano, K.M.; Sahni, S.; Kiel, D.P.; Tucker, K.L.; Dufour, A.B.; Hannan, M.T. Bone mineral density and
protein-derived food clusters from the Framingham Offspring Study. J. Acad. Nutr. Diet. 2015, 115, 1605–1613.
[CrossRef] [PubMed]

36. Shin, S.; Sung, J.; Joung, H. A fruit, milk and whole grain dietary pattern is positively associated with bone
mineral density in Korean healthy adults. Eur. J. Clin. Nutr. 2015, 69, 442–448. [CrossRef] [PubMed]

37. Kontogianni, M.D.; Melistas, L.; Yannakoulia, M.; Malagaris, I.; Panagiotakos, D.B.; Yiannakouris, N.
Association between dietary patterns and indices of bone mass in a sample of Mediterranean women.
Nutrition 2009, 25, 165–171. [CrossRef] [PubMed]

38. Okubo, H.; Sasaki, S.; Horiguchi, H.; Oguma, E.; Miyamoto, K.; Hosoi, Y.; Kim, M.K.; Kayama, F. Dietary
patterns associated with bone mineral density in premenopausal Japanese farmwomen. Am. J. Clin. Nutr.
2006, 83, 1185–1192. [CrossRef]

http://dx.doi.org/10.1093/ajcn/73.1.1
http://dx.doi.org/10.1093/ajcn/78.3.508S
http://www.ncbi.nlm.nih.gov/pubmed/12936941
http://dx.doi.org/10.1139/H10-010
http://www.ncbi.nlm.nih.gov/pubmed/20383235
http://dx.doi.org/10.20960/nh.276
http://www.ncbi.nlm.nih.gov/pubmed/27513503
http://dx.doi.org/10.1007/s00198-015-3033-1
http://www.ncbi.nlm.nih.gov/pubmed/25792489
http://dx.doi.org/10.1007/s00394-014-0708-x
http://dx.doi.org/10.3945/ajcn.2009.28925
http://dx.doi.org/10.1080/07315724.2013.874897
http://dx.doi.org/10.1016/j.nutres.2012.11.003
http://dx.doi.org/10.3390/nu8090537
http://dx.doi.org/10.3945/ajcn.115.110502
http://dx.doi.org/10.1017/S0007114511006787
http://www.ncbi.nlm.nih.gov/pubmed/22214826
http://dx.doi.org/10.3945/jn.111.138271
http://www.ncbi.nlm.nih.gov/pubmed/21653576
http://dx.doi.org/10.1186/1471-2474-11-20
http://www.ncbi.nlm.nih.gov/pubmed/20109205
http://dx.doi.org/10.1007/s00198-016-3633-4
http://www.ncbi.nlm.nih.gov/pubmed/27198234
http://dx.doi.org/10.1016/j.jand.2015.04.001
http://www.ncbi.nlm.nih.gov/pubmed/26038297
http://dx.doi.org/10.1038/ejcn.2014.231
http://www.ncbi.nlm.nih.gov/pubmed/25351648
http://dx.doi.org/10.1016/j.nut.2008.07.019
http://www.ncbi.nlm.nih.gov/pubmed/18849146
http://dx.doi.org/10.1093/ajcn/83.5.1185


Nutrients 2018, 10, 1922 27 of 29

39. De Jonge, E.A.; Kiefte-de Jong, J.C.; Hofman, A.; Uitterlinden, A.G.; Kieboom, B.C.; Voortman, T.;
Franco, O.H.; Rivadeneira, F. Dietary patterns explaining differences in bone mineral density and hip
structure in the elderly: The Rotterdam Study. Am. J. Clin. Nutr. 2017, 105, 203–211. [CrossRef]

40. De Jonge, E.A.; Rivadeneira, F.; Erler, N.S.; Hofman, A.; Uitterlinden, A.G.; Franco, O.H.; Kiefte-de Jong, J.C.
Dietary patterns in an elderly population and their relation with bone mineral density: The Rotterdam Study.
Eur. J. Nutr. 2018, 57, 61–73. [CrossRef]

41. Ward, K.A.; Prentice, A.; Kuh, D.L.; Adams, J.E.; Ambrosini, G.L. Life course dietary patterns and bone
health in later life in a British birth cohort study. J. Bone Miner. Res. 2016, 31, 1167–1176. [CrossRef] [PubMed]

42. Melaku, Y.A.; Gill, T.K.; Adams, R.; Shi, Z. Association between dietary patterns and low bone mineral
density among adults aged 50 years and above: Findings from the North West Adelaide Health Study
(NWAHS). Br. J. Nutr. 2016, 116, 1437–1446. [CrossRef] [PubMed]

43. Chen, Y.; Xiang, J.; Wang, Z.; Xiao, Y.; Zhang, D.; Chen, X.; Li, H.; Liu, M.; Zhang, Q. Associations of bone
mineral density with lean mass, fat mass, and dietary patterns in postmenopausal Chinese women: A 2-year
prospective study. PLoS ONE 2015, 10, e0137097. [CrossRef] [PubMed]

44. Park, S.J.; Joo, S.E.; Min, H.; Park, J.K.; Kim, Y.; Kim, S.S.; Ahn, Y. Dietary patterns and osteoporosis risk in
posmenopausal Korean women. Osong Public Health Res. Perspect. 2012, 3, 199–205. [CrossRef] [PubMed]

45. Fairweather-Tait, S.J.; Skinner, J.; Guile, G.R.; Cassidy, A.; Spector, T.D.; MacGregor, A.J. Diet and bone
mineral density study in postmenopausal women from the twins UK registry shows a negative association
with a traditional English dietary pattern and a positive association with wine. Am. J. Clin. Nutr. 2011, 94,
1371–1375. [CrossRef] [PubMed]

46. Pedone, C.; Napoli, N.; Pozzilli, P.; Rossi, F.F.; Lauretani, F.; Bandinelli, S.; Ferrucci, L.; Antonelli-Incalzi, R.
Dietary pattern and bone density changes in elderly women: A Longitudinal Study. J. Am. Coll. Nutr. 2011,
30, 149–154. [CrossRef]

47. Tucker, K.L.; Chen, H.; Hannan, M.T.; Cupples, L.A.; Wilson, P.W.; Felson, D.; Kiel, D.P. Bone mineral density
and dietary patterns in older adults: The Framingham Osteoporosis Study. Am. J. Clin. Nutr. 2002, 76,
245–252. [CrossRef] [PubMed]

48. De França, N.A.; Camargo, M.B.; Lazaretti-Castro, M.; Peters, B.S.; Martini, L.A. Dietary patterns and bone
mineral density in Brazilian postmenopausal women with osteoporosis: A cross-sectional study. Eur. J.
Clin. Nutr. 2016, 70, 85–90. [CrossRef]

49. Shin, S.; Joung, H. A dairy and fruit dietary pattern is associated with a reduced likelihood of osteoporosis
in Korean postmenopausal women. Br. J. Nutr. 2013, 110, 1926–1933. [CrossRef]

50. Karamati, M.; Jessri, M.; Shariati-Bafghi, S.E.; Rashidkhani, B. Dietary patterns in relation to bone mineral
density among menopausal Iranian women. Calcif. Tissue Int. 2012, 91, 40–49. [CrossRef]

51. Hardcastle, A.C.; Aucott, L.; Fraser, W.D.; Reid, D.M.; Macdonald, H.M. Dietary patterns, bone resorption
and bone mineral density in early postmenopausal Scottish women. Eur. J. Clin. Nutr. 2011, 65, 378–385.
[CrossRef] [PubMed]

52. Fung, T.T.; Feskanich, D. Dietary patterns and risk of hip fractures in postmenopausal women and men over
50 years. Osteoporos. Int. 2015, 26, 1825–1830. [CrossRef]

53. Langsetmo, L.; Hanley, D.A.; Prior, J.C.; Barr, S.I.; Anastassiades, T.; Towheed, T.; Goltzman, D.; Morin, S.;
Poliquin, S.; Kreiger, N.; et al. Dietary patterns and incident low-trauma fractures in postmenopausal women
and men >50 y: A population-based cohort study. Am. J. Clin. Nutr. 2011, 93, 192–199. [CrossRef] [PubMed]

54. Zeng, F.F.; Wu, B.H.; Fan, F.; Xie, H.L.; Xue, W.Q.; Zhu, H.L.; Chen, Y.M. Dietary patterns and risk of hip
fractures in elderly Chinese: A matched case-control study. J. Clin. Endocrinol. Metab. 2013, 98, 2347–2355.
[CrossRef] [PubMed]

55. Higgins, J.P.; Green, S. (Eds.) Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 (updated
March 2011); The Cochrane Collaboration: London, UK, 2011.

56. GRADEpro Guideline Development Tool [Software]. McMaster University, 2015 (developed by Evidence
Prime, Inc.). Available online: https://gradepro.org/ (accessed on 19 July 2018).

57. Bischoff-Ferrari, H.A.; Dawson-Hughes, B.; Baron, J.A. Calcium intake and hip fracture risk in men and
women: A metaanalysis of prospective cohort studies and randomized controlled trials. Am. J. Clin. Nutr.
2007, 86, 1780–1790. [CrossRef] [PubMed]

58. Bischoff-Ferrari, H.A.; Willett, W.C.; Orav, E.J. A pooled analysis of vitamin D dose requirements for fracture
prevention. N. Engl. J. Med. 2012, 367, 40–49. [CrossRef] [PubMed]

http://dx.doi.org/10.3945/ajcn.116.139196
http://dx.doi.org/10.1007/s00394-016-1297-7
http://dx.doi.org/10.1002/jbmr.2798
http://www.ncbi.nlm.nih.gov/pubmed/26817442
http://dx.doi.org/10.1017/S0007114516003366
http://www.ncbi.nlm.nih.gov/pubmed/27669817
http://dx.doi.org/10.1371/journal.pone.0137097
http://www.ncbi.nlm.nih.gov/pubmed/26335921
http://dx.doi.org/10.1016/j.phrp.2012.10.005
http://www.ncbi.nlm.nih.gov/pubmed/24159515
http://dx.doi.org/10.3945/ajcn.111.019992
http://www.ncbi.nlm.nih.gov/pubmed/21940596
http://dx.doi.org/10.1080/07315724.2011.10719954
http://dx.doi.org/10.1093/ajcn/76.1.245
http://www.ncbi.nlm.nih.gov/pubmed/12081842
http://dx.doi.org/10.1038/ejcn.2015.27
http://dx.doi.org/10.1017/S0007114513001219
http://dx.doi.org/10.1007/s00223-012-9608-3
http://dx.doi.org/10.1038/ejcn.2010.264
http://www.ncbi.nlm.nih.gov/pubmed/21179049
http://dx.doi.org/10.1007/s00198-015-3081-6
http://dx.doi.org/10.3945/ajcn.110.002956
http://www.ncbi.nlm.nih.gov/pubmed/21068350
http://dx.doi.org/10.1210/jc.2013-1190
http://www.ncbi.nlm.nih.gov/pubmed/23585662
https://gradepro.org/
http://dx.doi.org/10.1093/ajcn/86.6.1780
http://www.ncbi.nlm.nih.gov/pubmed/18065599
http://dx.doi.org/10.1056/NEJMoa1109617
http://www.ncbi.nlm.nih.gov/pubmed/22762317


Nutrients 2018, 10, 1922 28 of 29

59. Fung, T.T.; Arasaratnam, M.H.; Grodstein, F.; Katz, J.N.; Rosner, B.; Willett, W.C.; Feskanich, D. Soda
consumption and risk of hip fractures in postmenopausal women in the Nurses’ Health Study. Am. J.
Clin. Nutr. 2014, 100, 953–958. [CrossRef]

60. Sofi, F.; Abbate, R.; Gensini, G.F.; Casini, A. Accruing evidence on benefits of adherence to the Mediterranean
diet on health: An updated systematic review and meta-analysis. Am. J. Clin. Nutr. 2010, 92, 1189–1196.
[CrossRef]

61. Romero Pérez, A.; Rivas-Velasco, A. Adherence to Mediterranean diet and bone health. Nutr. Hosp. 2014, 29,
989–996.

62. Hamidi, M.; Boucher, B.A.; Cheung, A.M.; Beyene, J.; Shah, P.S. Fruit and vegetable intake and bone health
in women aged 45 years and over: A systematic review. Osteoporos. Int. 2011, 22, 1681–1693. [CrossRef]

63. Levis, S.; Lagari, V.S. The role of diet in osteoporosis prevention and management. Curr. Osteoporos. Rep.
2012, 10, 296–302. [CrossRef] [PubMed]

64. Prentice, A.; Schoenmakers, I.; Laskey, M.A.; de Bono, S.; Ginty, F.; Goldberg, G.R. Nutrition and bone growth
and development. Proc. Nutr. Soc. 2006, 65, 348–360. [CrossRef] [PubMed]

65. New, S.A. Intake of fruit and vegetables: Implications for bone health. Proc. Nutr. Soc. 2003, 62, 889–899.
[CrossRef] [PubMed]

66. Allgrove, J. Physiology of calcium, phosphate and magnesium. Endocr. Dev. 2009, 16, 8–31. [PubMed]
67. Gabbay, K.H.; Bohren, K.M.; Morello, R.; Bertin, T.; Liu, J.; Vogel, P. Ascorbate synthesis pathway: Dual role

of ascorbate in bone homeostasis. J. Biol. Chem. 2010, 285, 19510–19520. [CrossRef] [PubMed]
68. Gundberg, C.M.; Lian, J.B.; Booth, S.L. Vitamin K-dependent carboxylation of osteocalcin: Friend or foe?

Adv. Nutr. 2012, 3, 149–157. [CrossRef] [PubMed]
69. Fratoni, V.; Brandi, M.L. B vitamins, homocysteine and bone health. Nutrients 2015, 7, 2176–2192. [CrossRef]
70. Mangano, K.M.; Sahni, S.; Kerstetter, J.E.; Kenny, A.M.; Hannan, M.T. Polyunsaturated fatty acids and their

relation with bone and muscle health in adults. Curr. Osteoporos. Rep. 2013, 11, 203–212. [CrossRef]
71. Isaia, G.; D’Amelio, P.; Di Bella, S.; Tamone, C. Protein intake: The impact on calcium and bone homeostasis.

J. Endocrinol. Investig. 2007, 30 (Suppl. 6), 48–53.
72. Vatanparast, H.; Bailey, D.A.; Baxter-Jones, A.D.; Whiting, S.J. The effects of dietary protein on bone mineral

mass in young adults may be modulated by adolescent calcium intake. J. Nutr. 2007, 137, 2674–2679.
[CrossRef]

73. Cordain, L.; Eaton, S.B.; Sebastian, A.; Mann, N.; Lindeber, S.; Watkins, B.A.; O’Keefe, J.H.; Brand-Miller, J.
Origins and evolution of the Western diet: Health implications for the 21st century. Am. J. Clin. Nutr. 2005,
18, 341–354. [CrossRef] [PubMed]

74. Calvo, M.S.; Moshfegh, A.J.; Tucker, K.L. Assessing the health impact of phosphorus in the food supply:
Issues and considerations. Adv. Nutr. 2014, 5, 104–213. [CrossRef] [PubMed]

75. Tian, L.; Yu, X. Fat, sugar and bone health: A complex relationship. Nutrients 2017, 9, 506. [CrossRef]
[PubMed]

76. Heaney, R.P. Role of dietary sodium in osteoporosis. J. Am. Coll. Nutr. 2006, 25 (Suppl. 3), 271S–276S.
[CrossRef] [PubMed]

77. Nicoll, R.; McLaren Howard, J. The acid-ash hypothesis revisited: A reassessment of the impact of dietary
acidity on bone. J. Bone Miner. Metab. 2014, 32, 469–475. [CrossRef] [PubMed]

78. Martinez, M.E.; Marshall, J.R.; Sechrest, L. Invited commentary: Factor analysis and the search for objectivity.
Am. J. Epidemiol. 1998, 148, 17–19. [CrossRef] [PubMed]

79. Slattery, M.L.; Boucher, K.M. The senior authors’ response: Factor analysis as a tool for evaluating eating
patterns. Am. J. Epidemiol. 1998, 148, 20–21. [CrossRef]

80. Newby, P.K.; Tucker, K.L. Empirically derived eating patterns using factor analysis or cluster analysis:
A review. Nutr. Rev. 2004, 62, 177–203. [CrossRef]

81. Mente, A.; de Koning, L.; Shannon, H.S.; Anand, S.S. A systematic review of the evidence supporting a causal
link between dietary factors and coronary heart disease. Arch. Intern. Med. 2009, 169, 659–669. [CrossRef]

82. Brennan, S.F.; Cantwell, M.M.; Cardwell, C.R.; Velentzis, L.S.; Woodside, J.V. Dietary patterns and breast
cancer risk: A systematic review and meta-analysis. Am. J. Clin. Nutr. 2010, 91, 1294–1302. [CrossRef]

83. Bertuccio, P.; Rosato, V.; Andreano, A.; Ferraroni, M.; Decarli, A.; Edefonti, V.; La Vecchia, C. Dietary patterns
and gastric cancer risk: A systematic review and meta-analysis. Ann. Oncol. 2013, 24, 1450–1458. [CrossRef]
[PubMed]

http://dx.doi.org/10.3945/ajcn.114.083352
http://dx.doi.org/10.3945/ajcn.2010.29673
http://dx.doi.org/10.1007/s00198-010-1510-0
http://dx.doi.org/10.1007/s11914-012-0119-y
http://www.ncbi.nlm.nih.gov/pubmed/23001895
http://dx.doi.org/10.1079/PNS2006519
http://www.ncbi.nlm.nih.gov/pubmed/17181901
http://dx.doi.org/10.1079/PNS2003352
http://www.ncbi.nlm.nih.gov/pubmed/15018489
http://www.ncbi.nlm.nih.gov/pubmed/19494658
http://dx.doi.org/10.1074/jbc.M110.110247
http://www.ncbi.nlm.nih.gov/pubmed/20410296
http://dx.doi.org/10.3945/an.112.001834
http://www.ncbi.nlm.nih.gov/pubmed/22516722
http://dx.doi.org/10.3390/nu7042176
http://dx.doi.org/10.1007/s11914-013-0149-0
http://dx.doi.org/10.1093/jn/137.12.2674
http://dx.doi.org/10.1093/ajcn.81.2.341
http://www.ncbi.nlm.nih.gov/pubmed/15699220
http://dx.doi.org/10.3945/an.113.004861
http://www.ncbi.nlm.nih.gov/pubmed/24425729
http://dx.doi.org/10.3390/nu9050506
http://www.ncbi.nlm.nih.gov/pubmed/28513571
http://dx.doi.org/10.1080/07315724.2006.10719577
http://www.ncbi.nlm.nih.gov/pubmed/16772639
http://dx.doi.org/10.1007/s00774-014-0571-0
http://www.ncbi.nlm.nih.gov/pubmed/24557632
http://dx.doi.org/10.1093/oxfordjournals.aje.a009552
http://www.ncbi.nlm.nih.gov/pubmed/9663398
http://dx.doi.org/10.1093/oxfordjournals.aje.a009553
http://dx.doi.org/10.1111/j.1753-4887.2004.tb00040.x
http://dx.doi.org/10.1001/archinternmed.2009.38
http://dx.doi.org/10.3945/ajcn.2009.28796
http://dx.doi.org/10.1093/annonc/mdt108
http://www.ncbi.nlm.nih.gov/pubmed/23524862


Nutrients 2018, 10, 1922 29 of 29

84. Hu, F.B.; Rimm, E.; Smith-Warner, S.A.; Feskanich, D.; Stampfer, M.J.; Ascherio, A.; Sampson, L.; Willett, W.C.
Reproducibility and validity of dietary patterns assessed with a food-frequency questionnaire. Am. J.
Clin. Nutr. 1999, 69, 243–249. [CrossRef] [PubMed]

85. Denova-Gutiérrez, E.; Tucker, K.L.; Salmerón, J.; Flores, M.; Barquera, S. Relative validity of a food frequency
questionnaire to identify dietary patterns in an adult Mexican population. Salud Publica Mex. 2016, 58,
608–616. [CrossRef] [PubMed]

86. Khani, B.R.; Ye, W.; Terry, P.; Wolk, A. Reproducibility and validity of major dietary patterns among Swedish
women assessed with a food-frequency questionnaire. J. Nutr. 2004, 134, 1541–1545. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/ajcn/69.2.243
http://www.ncbi.nlm.nih.gov/pubmed/9989687
http://dx.doi.org/10.21149/spm.v58i6.7842
http://www.ncbi.nlm.nih.gov/pubmed/28225937
http://dx.doi.org/10.1093/jn/134.6.1541
http://www.ncbi.nlm.nih.gov/pubmed/15173426
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Types of Studies 
	Types of Participants 
	Data Collection and Analysis 
	Selection of Studies 
	Data Extraction and Management 
	Assessment of Potential Bias in Included Studies 
	Data Synthesis 


	Results 
	Results of the Search and Study Selection 
	Included Studies 
	Dietary Patterns Analysis for the Systematic Review 
	Dietary Patterns for the Meta-Analysis 
	Prudent/Healthy Dietary Pattern and BMD 
	Western/Unhealthy Dietary Pattern and BMD 
	Risk of Bias in the Studies Included in the Meta-Analysis 

	Discussion 
	Conclusions 
	References

