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Low bone mineral density (BMD) and osteoporosis-related fractures constitute a considerable public health burden. Several studies have
demonstrated the association between diet and bone health. We performed a systematic review to provide an estimate of the association between
different dietary patterns defined through the use of a posteriori methods and fracture or low BMD risk. A literature search on PubMed, Web of
Science, and Scopus databases, up to March 2018, was performed to identify all eligible case-control, prospective, or cross-sectional studies involving
subjects of both sexes and any age. Random-effects models were used. Heterogeneity and publication bias were evaluated. Stratified analyses were
conducted on study characteristics. The meta-analysis includes 20 studies and identifies 3 prevalent dietary patterns: “Healthy,” “Milk/dairy,” and
“Meat/Western.” From the 10 studies on fracture, adherence to the "Healthy” pattern reduced the risk, particularly in older people (OR: 0.79; 95% Cl:
0.66,0.95; P=0.011) and in Eastern countries (OR: 0.64; 95% Cl: 0.43, 0.97; P = 0.037), whereas the risk increased with the “Meat/Western” pattern,
especially for older people (OR: 1.11;95% Cl: 1.04, 1.18, P= 0.001), in those with hip fractures (OR: 1.15; 95% Cl: 1.05, 1.25; P= 0.002), and in Western
countries (OR: 1.10; 95% Cl: 1.07, 1.14; P < 0.0001). Analyses on low BMD showed a reduced risk in the “Healthy” pattern, particularly for younger
people (OR: 0.62; 95% Cl: 044, 0.89; P = 0.009). The “Meat/Western” pattern increased low BMD risk, especially in older people (OR: 1.31; 95% Cl:
1.05, 1.64; P = 0.015). The “Milk/dairy” pattern resulted in the strongest reduction in low BMD risk; when stratifying, this effect remained significant
(e.g., older women—OR: 0.57; 95% Cl: 0.46, 0.70; P < 0.0001). Nutrition is an important modifiable factor affecting bone health. The “Healthy”and
“Milk/dairy” patterns are associated with a reduced risk of low BMD and fracture. In contrast, the “Western” pattern is inversely associated. Adv Nutr
2019;10:219-236.
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Introduction health care costs (3, 5). Osteoporotic fractures may result in

Osteoporosis is a systemic skeletal disorder, characterized
by low bone mineral density (BMD) and compromised
bone strength (1, 2). Low BMD and osteoporosis-related
fractures constitute an important socioeconomic and public
health burden (3, 4). The risk of low BMD and bone
fractures increases exponentially with age in both sexes and,
as a result of the expanding aging population, the burden
of osteoporotic fractures is expected to increase over the
next few decades with a consequent economic impact on
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significant disability, reduced quality of life, and increased
risk of institutionalization and mortality (6-9).

Many factors contribute to BMD and osteoporosis, such
as gender, physical inactivity, excessive alcohol consumption,
smoking, loss of estrogen, and nutritional factors mainly
related to adequate intakes of calcium and vitamin D (2).
Several epidemiologic studies have explored the association
of dietary habits on bone health, and the association of
individual foods and nutrients with fracture and low BMD
risk has been recently reviewed. A significant preventive
effect has been described for the adequate intake of milk and
dairy products (10, 11), fruits and vegetables (12), and dietary
protein, both animal and plant (13, 14).

Dietary patterns have been recently applied in nutritional
epidemiology to examine the relation between diet and
chronic diseases rather than focusing on individual foods and
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nutrients (15, 16). This strategy provides a closer representa-
tion of the actual conditions in which foods and nutrients are
consumed and permits the effect of overall dietary habits to
be evaluated. Dietary patterns have been defined by several
statistical methods, which can be distinguished as a priori
and a posteriori methods. A priori approaches define dietary
indices and scores (i.e., glycemic index, Mediterranean score)
on the basis of current nutritional knowledge of the healthy
or unhealthy effects of various dietary constituents and
identify a desirable pattern, the adherence to which could
maximize health benefit. Conversely, a posteriori methods
generate dietary patterns (i.e.,, Western, healthy, and dairy
patterns) on the basis of available dietary data directly
obtained from the studied population (15).

Dietary patterns extracted via a posteriori methods have
the major limit that results obtained may be sample specific
and influenced by subjective decisions. On the other hand,
the a priori approach can prove more advantageous only
if important dietary factors have been clearly defined to
affect the outcome under study (15, 17). However, in the
last few years, several epidemiologic studies have successfully
investigated the relation between fracture or low BMD
risk and different dietary patterns derived by a posteriori
methods. Although the association of the aforementioned
bone health outcomes with the Mediterranean score has
been recently reviewed and estimated (18), to the best
of our knowledge, there is no currently available meta-
analysis considering the effect of dietary patterns defined by
a posteriori methods on fracture and low BMD risk.

In this systematic review and meta-analysis, we selected
studies addressing the association between the different
dietary patterns defined through the use of a posteriori
methods and fracture or low BMD risk and evaluated them
to provide an estimate of the association.

Methods

In this study, the standard procedures for conducting and re-
porting meta-analysis according to MOOSE (Meta-analysis
Of Observational Studies in Epidemiology) guidelines and
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement were followed (19,
20).

Search strategy and data source

We carried out a comprehensive literature search, without
restrictions, up to March 2018 through the PubMed
(http://www.ncbi.nlm.nih.gov/pubmed/), Web of Science
(http://wokinfo.com/), and Scopus (https://www.scopus.
com/) databases to identify all the original articles on
the association between dietary patterns and BMD or
bone fracture. The following search medical subject
headings (MeSH) and key words were used: (“bone mineral
density” OR BMD OR fracture OR “bone mass density” OR
osteoporosis) AND (“dietary pattern” OR “eating pattern”
OR “food pattern” OR “dietary habit” OR “dietary score” OR
“dietary index” OR “nutrient pattern” OR “diet diversity”
OR “diet variety” OR “diet quality” OR “diet index” OR “diet
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score”). In addition, the reference lists of included articles
and recent relevant reviews were manually examined to
identify additional relevant publications.

Eligibility criteria

Articles were included if they met the following criteria: I)
evaluated the relation between dietary patterns derived by
a posteriori methods such as principal component analysis
(PCA), factor analysis (FA), principal component factor
analysis (PCFA), and cluster analysis and by reduced rank
regression (i.e., an integration of the a priori and the a
posteriori approaches) and BMD and fracture risk; 2) used
a case-control, prospective, or cross-sectional study design;
and 3) presented OR, RR, or HR estimates with 95% Cls.
If the same study was reported in several publications, we
selected the publication reporting the largest number of
individuals. For each potential included study, 2 investigators
independently carried out the selection, data abstraction, and
quality assessment. Disagreements were resolved by discus-
sion or in consultation with the third author. Although useful
for background information, reviews and meta-analyses were
excluded. No studies were excluded for weakness of design or
data quality.

Data extraction and quality assessment

From the selected studies, we extracted the following infor-
mation: first author’s last name, year of publication, country,
study design, sample size (when possible, number of cases
and controls; cohort size and incident cases), population
characteristics (gender, age), duration of follow-up for cohort
studies, fracture and BMD evaluation site, dietary assessment
and dietary pattern identification methods (FA, PCA, and
PCFA), characteristics of the dietary assessment method,
name given to the dietary patterns and their characteristics,
cutoft points of the different categories of adherence to the
dietary pattern (dichotomy, tertile, quartile, and quintile),
risk estimates with 95% Cls for the different categories of ad-
herence, P values for trend, and adjustment for confounding
factors. When multiple estimates were reported in an article,
we pulled out those that adjusted for the most confounding
factors. The study quality was assessed by a 9-star system,
based on the Newcastle-Ottawa Scale method (21); the full
score was 9 and a total score of >7 was used as the criterion
for a high-quality study. To avoid selection bias, no study was
excluded because of these quality criteria.

Statistical analysis

The overall effect-size statistic estimated was the average of
the logarithm of the observed OR (approximated to RR, when
necessary) associated with the highest compared with the
lowest level of adherence to the different dietary patterns. We
used a random-effects model to calculate the summary OR
and 95% CI. We restricted the analysis to the a posteriori
dietary patterns. Because the labeling of the patterns is
arbitrary and the dietary patterns are population specific,
we considered only those patterns sharing most foods with
similar factor loadings. For inclusion in the meta-analysis,

220z KelN 1.0 uo 1senb Aq Z/40625/61.2/2/0L/2101E/Se0uBAPE/W0d dNo dlWapeoe)/:sdjy Wolj papeojumoq


http://www.ncbi.nlm.nih.gov/pubmed/
http://wokinfo.com/
https://www.scopus.com/

the 3 most common dietary patterns having a similar
factor loading of principal components were identified in
8 studies (out of 10) considering as outcome the fracture
risk (22-31) and in 10 studies considering the low BMD
risk (32-41). The first pattern, named the “Healthy” dietary
pattern, was characterized by a high loading of vegetables
and fruits, poultry, fish, and whole grains. The selected
articles were labeled as “Healthy” (24, 28), “Prudent” (26,
33, 34), “Fruit-vegetables-dairy” (25), “Vegetable-fruit-soy”
(27), “Nutrient-dense” (29), “Vegetable” (30), “White-rice-
kimchi” (32), “Chinese-Western” (35), “Fruit-milk-whole
grains” (36), “Chinese traditional” (37), “Vegetables-soya
sauce” (38), “Traditional-Korean” (39), “Traditional” (40),
“Pattern 2” (31), and “Pattern 4” (41). The second pattern,
named the “Meat/Western” dietary pattern, had a high
loading of red meat, processed meat, animal fat, eggs, and
sweets. The included articles were labeled as “Western” (26,
33, 40), “Western/convenience” (24), “Refined/westernized”
(34), “Sweets-animal fat-low meat” (25), “Meat-dim-sum”
(27), “High-fat” (28), “Energy-dense” (29), “Meat” (30, 35),
“Meat-vegetable” (32), “Meat-alcohol-sugar” (38), “Eggs-
meat-flour” (36), “Western food” (37), “Fast food” (39),
“Pattern 3” (31), and “Pattern 17 (41). In addition, a
“Milk/dairy” dietary pattern, characterized by a high loading
of milk and dairy products, was identified in 7 articles, which
labeled it as “Milk-cereal-whole grain” (32), “Dairy-fish”
(34), “Fruit-milk-whole grains” (36), “Calcium food” (37),
“Dairy-fruit” (38), “Milk-cereal” (39), and “Dairy” (40).

The chi-square-based Cochran’s Q statistic and the I?
statistic were used to evaluate heterogeneity in results across
studies (42). The I* statistic yields results ranging from 0%
to 100% (I*> = 0-25%, no heterogeneity; I* = 25-50%,
moderate heterogeneity; I> = 50-75%, large heterogeneity;
and I> = 75-100%, extreme heterogeneity) (43). The results
of the meta-analysis may be biased if the probability of
publication is dependent on the study results. We used
the methods of Begg and Mazumdar (44) and Egger et al.
(45) to detect publication bias. Both methods tested for
funnel plot asymmetry, the former being based on the rank
correlation between the effect estimates and their sampling
variances and the latter on the intercept from regression of
standard normal deviates against precision. If a potential bias
was detected, we further conducted a sensitivity analysis to
assess the robustness of combined effect estimates, and the
possible influence of the bias, and to correct the bias. We also
conducted a sensitivity analysis to investigate the influence of
a single study on the overall risk estimate, by omitting 1 study
at a time. We considered the funnel plot to be asymmetric if
the intercept of Egger’s regression line deviated from 0, with a
P values <0.05. The statistical program ProMeta version 3.0
(Internovi) was used for the analyses.

Results

Study selection
From the primary literature search through the PubMed
(n = 134), Web of Science (n = 137), and Scopus

(n = 346) databases, and after removing duplicates (n = 212),
we identified 405 records for title and abstract revision
(Figure 1). Among these, 328 articles were excluded because
they did not investigate the association between dietary
patterns and the outcomes of interest. Seventy-seven articles
were subjected to full-text revision. Manual searching of
reference lists of both selected articles and recent relevant
reviews led to the identification of 5 additional items. Subse-
quently, 62 articles were excluded because they did not meet
the inclusion criteria as follows: 30 studies on dietary patterns
determined by a priori methods, 29 studies not reporting
the risk estimation, and 3 studies on adherence to nutrient
dietary patterns. Therefore, at the end of the selection
process, 20 studies were included for the identification of
the different dietary patterns in the systematic review and
meta-analysis (22-41). Ten studies considered the fracture
risk (22-31) and 10 studies the risk of low BMD (Figure 1)
(32-41).

Study characteristics and quality assessment
The general characteristics of the 10 studies evaluating
the association between adherence to different dietary
patterns with fracture risk are shown in Supplemental
Table 1. Three studies were conducted in China (23, 27,
28), 2 in the United States (26, 31), and 1 each in Italy (22),
Sweden (24), the Netherlands (25), Canada (29), and Japan
(30). One was a cross-sectional study (22), 8 were cohort
studies (23-27, 29-31), and 1 was a case-control study (28).
These studies were published between 2010 and 2017. Four
studies were conducted in women and men together (20,654
individuals) (22, 23, 25, 30), 4 studies were on women and
men separately (113,753 women and 65,161 men) (26-29),
and 2 studies were on women only (56,861) (24, 31). One
study was conducted in young women (aged 18-26 y) (31)
and reported data on all stress fractures, 1 study was on an
adult population (>18 y) (23), and the others were on older
subjects (>30y). Five studies considered hip fracture (10,012
cases) (24-28), 4 studies evaluated the number of fractures at
any site (2733 cases) (22, 23, 25, 30), and 1 study considered
all low-trauma clinical fractures excluding skull, face, hands,
and feet (29). The fractures were assessed by radiographic
imaging (22, 28, 31), questionnaire (23, 25, 26, 29), and
linkage with a registry/database (24, 27, 30). Eight studies
used an FFQ (67-170 items) (24-31), and 2 studies used a
24-h dietary recall (22, 23) to collect dietary information
and to define the food groups (27-38 groups). Eight of
the identified studies derived dietary patterns through an a
posteriori method (PCA, PCFA, and FA) (22-24, 26-30), and
2 used a method that integrated “a priori” and “a posteriori”
approaches (reduced rank regression) (25, 31). Five studies
reported the association of fracture risk with 2 different
dietary patterns (23, 25-27, 29), 1 study considered 3 dietary
patterns (30), 3 studies considered 4 dietary patterns (24, 28,
31), and 1 study considered 6 different dietary patterns (22).
Table 1 shows the general characteristics of studies
evaluating the association between adherence to different
dietary patterns with low BMD risk. Five studies were
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PubMed: 134
Web of Science: 137
Scopus: 346

(n=617)

Records identified through database searching

-

212 duplicates excluded

\ 4

(n = 405)

Records screened after duplicates removed

A 4

328 records excluded on the base of title
and abstract: reviews; pooled or meta-
analysis; commentary; molecular, in vitro,
and/or animal studies; case studies;
ecologic assessments; intervention studies

A\ 4

Records selected for inclusion
(n=77)

5 additional records identified through the
< reference lists of recent relevant reviews

and already selected articles

A 4

82 full-text articles retrieved
and assessed for inclusion

A 4

62 studies excluded:
= n = 30 dietary pattern determined "a priori"
= n =29 no risk estimation
= n = 3 nutrient pattern

A 4

(n =10 fracture risk)
(n =10 low BMD risk)

20 studies eligible for inclusion in the meta-analysis

FIGURE 1
density.

conducted in Korea (32, 36, 38-40), 2 in China (35, 37),and 1
each in Australia (33), Mexico (34), and Iran (41). Nine were
cross-sectional studies (32-39, 41) and 1 was a cohort study
(40). These studies were published between 2012 and 2017.
Five studies were conducted in women and men together
(11,086 individuals) (33-35, 37, 39), 1 study was on women
and men separately (1102 women and 716 men) (36), 3
studies were on women only (5359) (38, 40, 41) and 1 study
was on men only (1351) (32). Four studies were conducted in
young subjects (aged 10-25 y; 4456 subjects) (32, 35, 37, 39),
and the other studies were on older subjects (>20 y; 15,158
subjects) (33, 34, 36, 38, 39, 41). Three studies evaluated the
BMD in 1 site: calcaneus (35, 37) and whole body (33); 5
studies considered 2 sites: whole pelvis and lumbar spine
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Flow diagram of the systematic literature search on dietary patterns and bone fracture and low BMD risk. BMD, bone mineral

(36), femur and lumbar spine (38, 39, 41), and radius and tibia
(40); and 2 studies considered 3 sites: whole body, lumbar
spine, and whole body less head (32) and whole body, hip,
and lumbar spine (34). In 7 studies BMD was evaluated by
DXA (32-34, 36, 38, 39, 41), whereas in 3 studies BMD was
estimated measuring the speed of sound with an ultrasound
bone densitometer (35, 37, 40). Subjects were classified in the
low-BMD groups either on the basis of the z score in 3 studies
(32, 35, 39) or the T score in 6 studies (33, 34, 36-38, 40).
In 1 study, the low-BMD group included those subjects with
a BMD value below the median (41). To assess the dietary
habits and to derive the food groups (18-39) defining the
dietary patterns, 6 studies used an FFQ (103-168 items) (33—
35, 37, 40, 41), 2 studies used a 24-h dietary recall (32, 38),
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and 2 studies used a 3-d and 6-d food record, respectively
(36, 39). One study reported the association of low BMD risk
with 2 different dietary patterns (33), 4 studies considered 3
dietary patterns (32, 34, 35, 40), 4 studies considered 4 dietary
patterns (33-36), and 1 study considered 6 different dietary
patterns (41).

The Newcastle-Ottawa Scale score for each study is shown
in the Supplemental Table 1 and Table 1. The study-specific
range of quality score was from 6 to 9, the median was 7 (for
both low BMD and fracture) and means were 6.9 and 7.3 for
fracture and low BMD, respectively.

Meta-analysis on fracture risk

We identified 2 common dietary patterns that had similar
factor loadings of the principal components “Healthy” and
“Meat/Western,” respectively. Eight out of 10 articles in-
cluded in the systematic review were used for the overall risk
estimation (24-31). Two studies were excluded because the
first did not report the risk associated with dietary patterns
of interest (22), and the second reported 2 dietary patterns
that could not be clearly assumed to fall into either “Healthy”
or “Meat/Western” dietary patterns (23). The associations be-
tween the highest intake compared with the lowest intake cat-
egories of the “Healthy” and “Meat/Western” dietary patterns
with fracture risk are shown in Figure 2. The overall analysis
showed a reduction in fracture risk associated with the
“Healthy” pattern (OR: 0.79; 95% CI: 0.66, 0.93; P = 0.007),
whereas an increment of fracture risk was associated with
the “Meat/Western” pattern (OR: 1.11; 95% CI: 1.05, 1.17;
P < 0.001) (Table 2). Considering the “Healthy” pattern,
stratification according to the geographic area showed a
reduced fracture risk only in the Eastern countries (OR: 0.64;
95% CI: 0.43, 0.97; P = 0.037). The results did not essentially
change when the study by Nieves et al. (31) in young
female runners (aged 18-26 y) was excluded (Table 2). The
heterogeneity in the “Healthy” pattern analysis was extremely
high. Stratifying by gender, a stronger adherence to the
“Healthy” pattern reduced the fracture risk in both women
and men. The analysis performed by fracture site showed
a significant decrease in the hip fracture risk only, and this
preventive effect was preserved in the further fractionation
by gender, although without statistical significance (Table 2).
Considering the “Meat/Western” pattern, the analysis strat-
ified according to gender showed an increment in the
fracture risk in women only (Table 2). In addition, the
“Meat/Western” pattern was not significantly associated
with the fractures in any site other than hip, and further
fractionation by gender showed a significant result for
women only (Table 2). The analysis stratified according to
the geographic area showed an increased fracture risk in
the Western countries only (OR: 1.10; 95% CI: 1.07, 1.14;
P < 0.0001). The stratification by study design resulted in
a weaker association between the adherence to “Healthy”
and “Meat/Western” patterns and a significantly lower (OR:
0.82; 95% CI: 0.69, 0.98; P = 0.026) and higher (OR: 1.10;
95% CI: 1.06, 1.15; P < 0.0001) risk of fractures, respectively,
in the cohort studies. In contrast to the “Healthy” pattern,

the “Meat/Western” pattern results did not show any het-
erogeneity (Table 2). No evidence of publication bias could
be detected for risk in any case, as evidenced by both the
Egger and Begg tests (Table 2) and funnel plot asymmetry
(data not shown). Sensitivity analyses suggested that the
estimates were not substantially modified by any single study.
In particular, small changes were found in the risk estimates
after removal of the outlier studies by Zeng et al. (28) (OR:
0.82;95% CI: 0.69, 0.98; P = 0.026) and by Monma et al. (30)
(OR: 0.76; 95% CI: 0.64, 0.91; P = 0.003) on the “Healthy”
pattern. Moreover, the fracture risk estimates associated with
the “Meat/Western” pattern ranged from 1.09 (95% CI: 1.03,
1.15; P = 0.002) to 1.13 (95% CI: 1.06, 1.20; P < 0.001),
omitting the study by Warensjo-Lemming et al. (24) and by
Langsetmo et al. (29), respectively.

Meta-analysis on low BMD risk

We identified 3 common dietary patterns that were named
“Healthy,” “Meat/Western,” and “Milk/dairy”. The “Healthy”
and “Meat/Western” patterns were identified in all 10 articles
included in the systematic review (32-41), whereas the
“Milk/dairy” pattern was identified in only 7 studies (32,
34, 36-40). The associations between the highest intake
compared with the lowest intake categories of the “Healthy,”
“Meat/Western,” and “Milk/dairy” patterns with low BMD
risk are shown in Figure 3. When data from all the studies
were pooled together, a reduction in low BMD risk was
associated with the “Healthy” pattern (OR: 0.82; 95% CI:
0.69, 0.98; P = 0.028) with high heterogeneity (I* = 66.36%,
P < 0.0001) (Table 3). Stratifying the analysis by age, we
found that in younger subjects (<30 y) (32, 35, 37, 39) this
dietary pattern showed a preventive effect (OR: 0.62; 95%
CI: 0.44, 0.89; P = 0.009) (Table 3). On the contrary, the
overall analysis on the “Meat/Western” pattern showed an
increased risk of low BMD (OR: 1.22; 95% CI: 1.02, 1.45;
P =0.028), which was enhanced in older subjects (OR: 1.31;
95% CI: 1.05, 1.64; P = 0.015) and lost in younger individuals
(Table 3). In contrast, the “Milk/dairy” pattern was always
associated with a reduced low BMD risk, regardless of age
(Table 3). The age stratification decreased the heterogeneity
in the older subgroup for each dietary pattern. Due to the
small amount of data, only a few subgroup analyses could
be performed. For instance, regarding gender, the analysis
was performed only in women, and low BMD risk was not
associated with the “Healthy” or “Meat/Western” patterns,
whereas it was reduced by adherence to the “Milk/dairy”
pattern (Table 3). For the “Healthy” and “Meat/Western”
patterns we found no association between low BMD and
geographic area. “Milk/dairy” showed a reduced risk of
low BMD in Eastern countries (OR: 0.54; 95% CI: 0.47,
0.63; P < 0.0001). Stratifying the analysis according to the
BMD measurement site, an evident effect was observed only
in the whole body when considering both the “Healthy”
and “Meat/Western” patterns. Instead, in the case of the
“Milk/dairy” pattern the preventive effect was significant in
all strata groups considered (Table 3). In general, no evidence
of publication bias could be detected for risk, as evidenced
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A

Denova-Gutiérrez, 2016 (13)/Older/Both/Hip 0.86
Denova-Gutiérrez, 2016 (13)/Older/Both/Lumbar spine  0.69
Denova-Gutiérrez, 2016 (13)/Older/Both/Whole body 0.51
Mu, 2014 (16)/Younger/Both/Calcaneus 0.59

Park, 2012 (19)/Older/Women/Radius 0.63

Park, 2012 (19)/Older/Women/Tibia 0.56

Shin, 2013a (17)/Older/Women/Femur 0.80

Shin, 2013a (17)/Older/Women/Lumbar spine  0.47

Shin, 2013b (18)/Younger/Both/Femur 0.71

Shin, 2013b (18)/Younger/Both/Lumbar spine 0.36

Shin, 2014 (15)/Older/Men/Lumbar spine 0.38

Shin, 2014 (15)/Older/Women/Lumbar spine 0.45

Shin, 2017 (11)/Younger/Men/Whole body 0.36

Overall (random-effects model) 0.59

ES
Dai, 2014 (6)/Men/Hip 1.12
Dai, 2014 (6)/Women/Hip 1.24
Fung, 2015 (5)/Men/Hip 1.03
Fung, 2015 (5)/Women/Hip 1.05
Langsetmo, 2011 (8)/Men/Any site 1.06
Langsetmo, 2011 (8)/Women/Any site 1.01
Monma, 2010 (9)/Both/Any site 0.36
Nieves, 2010 (10)/Young women/Any site 1.06
Warensjo-Lemming, 2017 (3)/Women/Hip 1.22
Zeng, 2013 (7)/Men/Hip 4.50
Zeng, 2013 (7)/Women/Hip 1.72
de Jonge, 2017 (4)/Both/Any site 1.10
de Jonge, 2017 (4)/Both/Hip 1.10
Overall (random-effects model) 1.11
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FIGURE 2 Forest plots of the association between “Healthy” (A) and "Meat/Western” (B) dietary patterns and fracture risk. ES, effect size.

by both the Egger and Begg tests (Table 3) and funnel
plot asymmetry (data not shown). The sensitivity analyses,
carried out separately in younger and older individuals,
indicate that the estimates were in 2 cases substantially
modified by omitting a single study. In particular, excluding
the results by Park et al. (40), the preventive effect of the
“Healthy” dietary pattern on older people became significant
(OR: 0.81; 95% CI: 0.71, 0.93; P = 0.003), with low
heterogeneity (> = 21.62%, P = 0.244) and no evident
publication bias (Egger test: P = 0.787; Begg test: P = 0.531).
In addition, the low BMD estimates associated with the
“Meat/Western” dietary pattern ranged from 1.18 (95% CIL:
0.92,1.53; P=0.192) to 1.48 (95% CI: 1.23,1.79; P < 0.0001),
excluding the articles by Denova-Gutiérrez et al. (34) and
Shin etal. (38), respectively. No significant changes in the risk
estimates were found after removal of any single study in the
case of the “Milk/dairy” pattern in respect to low BMD.

Discussion

To the best of our knowledge, this is the first systematic
review and meta-analysis investigating the effect of dietary

230 Fabianietal.

patterns identified by a posteriori methods on low BMD
and fracture risk. In the 20 selected articles, we found
common combinations of different foods and identified 3
prevalent dietary patterns: “Healthy,” “Meat/Western,” and
“Milk/dairy.” The results indicate that both the “Healthy”
and “Milk/dairy” patterns are associated with a decreased
risk of low BMD, whereas the “Meat/Western” pattern
shows a significant positive association with low BMD risk.
Moreover, the “Healthy” pattern has a significant preventive
effect on fracture risk, whereas the “Meat/Western” pattern
significantly increases the fracture risk.

Similarly to our results, healthy dietary patterns are
associated with lower risk for all clinical cardiovascular end
points, except for stroke (46), and reduce cognitive decline
and the risk of dementia (47). In addition, the “Western”
dietary pattern is positively associated with an increment of
cancer risk in different sites (48-54).

In our meta-analysis, the “Meat/Western” pattern was
positively associated with increases of 22% and 11% in low
BMD and fracture risk, respectively. This pattern is charac-
terized by a high consumption of red meat, processed meat,
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A ES 95% ClI w

Denova-Gutiérrez, 2016 (13)/Older/Both/Hip 0.71 0.44/0.97 6.76% ——
Denova-Gutiérrez, 2016 (13)/Older/Both/Lumbar Spine 0.80 0.68/0.94 9.62% -
Denova-Gutiérrez, 2016 (13)/Older/Both/Whole body 0.83 0.63/1.07 8.42% —
Karamati, 2012 (20)/Older/Women/Femur 0.90 0.44/1.86 3.69% —
Karamati, 2012 (20)/Older/Women/Lumbar Spine 0.72 0.35/1.50 3.64% —a—]
Melaku, 2016 (12)/Older/Both/Whole body 0.52 0.33/0.83 5.99% ——
Mu, 2014 (16)/Younger/Both/Calcaneus 0.78 0.55/0.89 8.72% —
Park, 2012 (19)/Older/Women/Radius 1.46 1.00/2.13 6.97% ——
Park, 2012 (19)/Older/Women/Tibia 1.82 1.12/2.96 5.71% ——
Shin, 2013a (17)/Older/Women/Femur 0.79 0.51/1.21 6.32% —1—
Shin, 2013a (17)/Older/Women/Lumbar Spine 1.22 0.86/1.74 7.29% —
Shin, 2013b (18)/Younger/Both/Femur 0.86 0.35/2.14 2.68% ]
Shin, 2013b (18)/Younger/Both/Lumbar Spine 0.58 0.23/1.48 2.57% -
Shin, 2014 (15)/Older/Men/Lumbar Spine 0.62 0.35/1.10 4.85% —a—
Shin, 2014 (15)/Older/Women/Lumbar Spine 1.05 0.67/1.67 6.04% ——
Shin, 2017 (11)/Younger/Men/Whole body 0.68 0.30/1.53 3.13% =
Yang, 2016 (14)/Younger/Both/Calcaneus 0.42 0.29/0.56 7.59% ——
Overall (random-effects model) 0.82 0.69/0.98 100.00% -
02 1 2 5
B ES 95% ClI w
Denova-Gutiérrez, 2016 (13)/Older/Both/Hip 1.91 1.19/3.04 6.65% — .
Denova-Gutiérrez, 2016 (13)/Older/Both/Lumbar spine 1.61 1.06/2.45 7.36% ———
Denova-Gutiérrez, 2016 (13)/Older/Both/Whole body 1.74 1.10/2.76 B6.77% —
Karamati, 2012 (20)/Older/Women/Femur 1.84 0.87/3.88 3.85% L
Karamati, 2012 (20)/Older/Women/Lumbar spine 2.29 1.05/4.96 3.65% L
Melaku, 2016 (12)/Older/Both/Whole body 1.68 1.02/2.77 6.25% il
Mu, 2014 (16)/Younger/Both/Calcaneus 1.09 0.62/1.93 5.45% —a—
Park, 2012 (19)/Older/Women/Radius 1.46 1.02/2.10 8.24% ——
Park, 2012 (19)/Older/Women/Tibia 1.46 0.91/2.33 6.64% +——
Shin, 2013a (17) /Older/Women/Femur 0.89 0.60/1.31 7.78% ——
Shin, 2013a (17) /Older/Women/Lumbar spine 0.78 0.57/1.07 8.99% —|
Shin, 2013b (18)/Younger/Both/Femur 0.76 0.29/1.99 2.64% =
Shin, 2013b (18)/Younger/Both/Lumbar spine 0.81 0.31/2.10 2.66% =
Shin, 2014 (15)/Older/Men/Lumbar spine 0.65 0.36/1.18 5.18% —R—1
Shin, 2014 (15)/Older/Women/Lumbar spine 1.06 0.65/1.72 6.42% 4F7
Shin, 2017 (11)/Younger/Men/Whole body 0.75 0.30/1.84 2.90% =
Yang, 2016 (14)/Younger/Both/Calcaneus 1.07 0.76/1.50 8.58%
Overall (random-effects model) 1.22 1.02/1.45 100.00% -

0.2 1

C ES 95% CI w
Denova-Gutiérrez, 2016 (13)/Older/Both/Hip 0.86 0.67/1.12 12.30% 1
Denova-Gutiérrez, 2016 (13)/Older/Both/Lumbar spine 0.69 0.56/0.85 14.05% 3
Denova-Gutiérrez, 2016 (13)/Older/Both/Whole body 0.51 0.40/0.66 12.53%
Mu, 2014 (16)/Younger/Both/Calcaneus 0.59 0.41/0.87 8.68% 1—
Park, 2012 (19)/Older/Women/Radius 0.63 0.42/0.93 8.16% ——
Park, 2012 (19)/Older/Women/Tibia 0.56 0.35/0.90 6.59% ——

Shin, 2013a (17)/Older/Women/Femur 0.80 0.54/1.19 8.21% —-
Shin, 2013a (17)/Older/Women/Lumbar spine 0.47 0.34/0.65 10.12% —
Shin, 2013b (18)/Younger/Both/Femur 0.71 0.29/1.72 2.45% =
Shin, 2013b (18)/Younger/Both/Lumbar spine 0.36 0.14/0.93 2.20% —_—
Shin, 2014 (15)/Older/Men/Lumbar spine 0.38 0.22/0.67 5.24% ——
Shin, 2014 (15)/Older/Women/Lumbar spine 0.45 0.28/0.72 6.59% ——
Shin, 2017 (11)/Younger/Men/Whole body 0.36 0.16/0.81 2.88% —_—
Overall (random-effects model) 0.59 0.50/0.68 100.00% 1’

0.1 05 1 2

FIGURE 3 Forest plots of the association between “Healthy” (A), “Meat/Western” (B), and “Milk-dairy” (C) dietary patterns and low BMD
risk. BMD, bone mineral density; ES, effect size.
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TABLE 2 Stratified analysis of the bone fracture risk estimates associated with dietary patterns’

Combined risk estimate

Test of heterogeneity Publication bias, P

Dietary pattern? OR (95% Cl) P Q 2, % P Egger test Begg test
"Healthy”

All (n=13) 0.79 (0.66,0.93) 0.007 154.06 922 <0.0001 0.235 0.625
Eastern countries® (0= 5) 0.64 (0.43,0.97) 0.037 11.95 66.5 0.018 0.855 0327
Western countries (n = 8) 0.84 (0.69,1.02) 0.083 129.24 94.6 <0.0001 0481 0.805

Excluding subjects <30 y* (n=12) 0.79 (0.66,0.95) 0.011 153.06 928 <0.0001 0.267 0.784
Women (n = 6) 0.73 (0.55,0.96) 0.025 63.29 92.1 <0.0001 0.705 0.573
Men (n=4) 0.72 (0.54,0.96) 0.025 6.99 57.1 0.072 0.23 0497

Hip fractures (n = 8) 0.71(0.55,0.91) 0.007 65.61 89.3 <0.0001 0.773 0.216
Women (n=4) 0.70 (0.47,1.04) 0.075 5042 94.1 <0.0001 0.69 1.000
Men (n=3) 0.64 (040, 1.02) 0.062 6.03 66.8 0.046 046 0.117

Any site fractures (n = 5) 0.91(0.80, 1.04) 0.157 945 57.7 0.051 0.654 1.000

Cohort studies (n=11) 0.82 (0.69,0.98) 0.026 145.88 93.1 <0.0001 0.395 0.938
Older subjects >50y (n = 8) 0.88 (0.77,0.99) 0.038 19.09 633 0.008 0.126 0.621

“"Meat/Western”

All(n=13) 1.11 (1.05,1.17) <0.001 1745 312 0.133 0.753 0329
Eastern countries® (n = 5) 1.25(0.83,1.89) 0.279 10.11 60.4 0.039 0.865 0.624
Western countries (n = 8) 1.10(1.07,1.14) <0.0001 637 0.0 0.497 0.634 0.805

Excluding subjects <30 y* (n=12) 1.11(1.04,1.18) 0.001 1743 369 0.096 0.725 0.337
Women (n = 6) 1.13(1.01,1.26) 0.029 8.18 389 0.146 0.778 0.851
Men (n=4) 1.12(0.88,142) 0.365 4.57 344 0.206 0.054 0.174

Hip fractures (n = 8) 1.15(1.05, 1.25) 0.002 9.91 294 0.193 0.24 0.083
Women (n=4) 1.19(1.07,1.32) 0.002 3.59 164 0.309 0.729 0497
Men (n = 3) 1.22(0.80, 1.87) 0.359 446 552 0.107 0.077 0117

Any site fractures (n = 5) 1.06 (0.97,1.16) 0.176 558 283 0.233 0.148 0.327

Cohort studies (n=11) 1.10(1.06, 1.15) <0.0001 1091 8.34 0.365 0.392 0.586
Older subjects >50y (n = 8) 1.08 (1.00, 1.17) 0.044 1245 438 0.087 0.931 1.000

' The analysis was performed when >3 data were available. The risk estimates were calculated through the use of the random-effects model.

2The number of data included in the analysis is indicated in parentheses.

3The risk was calculated excluding the studies conducted in Italy (22), Sweden (24), the Netherlands (25), the United States (26, 31), and Canada (29).

“The data on young runners reported in the study by Nieves et al. (31) were excluded.

eggs, refined grains, and sweets. These foods are plausibly
the main cause of the observed adverse effect on bone
mineralization and fracture risk. Thus, strong adherence to
the “Western” diet involves a high intake of fat, protein,
refined carbohydrates, sodium, and phosphorus (55). A
high-fat diet can affect bone remineralization, reducing the
absorption of dietary calcium (56), and the resulting obesity
may play a role in decreasing osteoblast differentiation and
bone formation (57). Adequate protein intake is essential for
bone matrix formation and maintenance (58), and higher
intakes of proteins are associated with a reduced risk of
hip fracture (59). As animal proteins are rich in “sulfur
amino acids,” their metabolism contributes to endogenous
acid production, and the acidic load produced is neutralized
by calcium with bone resorption (60). The complex role of
protein in bone health probably depends on other dietary
factors and the presence of other nutrients in the diet (61).
Several studies reported a reduced risk of fractures associated
with a high intake of calcium and proteins (62, 63). Even
though the effect of dietary protein intake alone and with
supplemental calcium with or without vitamin D on bone
health is related to positive trends on BMD at most bone
sites, a recent meta-analysis reported insufficient evidence
supporting a protective effect for fractures (64). The concept
of calcium balance is more important than the amount of
calcium contained in a food, and a positive balance has
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been demonstrated to preserve bone health (56, 58). The
calciuria related to a high intake of sodium leads to increased
bone remodeling and bone loss (65). Moreover, the excessive
intake of inorganic phosphorus contained in food additives
may affect endocrine regulation of the calcium balance (55).

In our study, the “Healthy” pattern was associated
with a reduced risk of low BMD (-18%) and fractures
(-21%). Healthy dietary patterns are characterized by high
consumption of fruit and vegetables, which are rich in
the micronutrients necessary for bone health, including
potassium and magnesium, vitamin C, vitamin K, folate, and
carotenoids (54, 66). Potassium and magnesium contribute
to the acid-base balance in the body, preventing bone loss
(67, 68) and reducing osteoporotic fracture risk (69). As
a result of its many biological functions, vitamin C plays
an important role in bone health, suppressing osteoclast
activity and acting as a cofactor for osteoblast differentiation
and collagen formation (70, 71). Carotenoids and other
antioxidants reduce oxidative stress, preserving bone health
(72); vitamin K is involved in bone health and osteoporosis
prevention (73), whereas the risk of fractures associated with
hyperhomocysteinemia is indirectly affected by folate and
vitamin B-12 (74, 75). Healthy dietary patterns are also char-
acterized by high intake of fish and seafood, which are rich
in PUFAs, especially n-3 (w-3) fatty acids, which are known
to have an anti-inflammatory impact that benefits bone (76).
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TABLE 3 Stratified analysis of the low BMD risk estimates associated with dietary patterns’

Combined risk estimate Test of heterogeneity Publication bias, P
Dietary pattern? OR (95% CI) P Q 2, % P Egger test Begg test
"Healthy”

All(n=17) 0.82(0.69, 0.98) 0.028 47.6 66.4 <0.0001 0.897 0.742
DXA only? (n=13) 0.81(0.73,0.90) 0.0001 122 1.5 0431 0.561 0.329
Eastern countries* (n=11) 0.88 (0.66, 1.16) 0.367 42.5 76.5 <0.0001 0.845 0.938
Gender

Women (n=7) 1.14(0.90, 1.44) 0.281 10.2 40.9 0.119 0.348 0453

Both sexes (n = 8) 0.69 (0.57,0.82) <0.0001 15.7 55.5 0.028 0311 0.138
Bone site

Femur (n = 3) 0.82(0.58,1.16) 0.267 0.1 0.0 0.95 0.348 0.602

Lumbar spine (n = 6) 0.87(0.70, 1.07) 0.185 742 326 0.192 0.962 0.851

Whole body (n = 3) 0.70 (0.51,0.96) 0.026 3.01 335 0.222 0.574 0.602

Younger (n =5) 0.62 (0.44,0.89) 0.009 9.36 573 0.053 0918 0.624
Both sexes (n=4) 0.61(0.40,0.94) 0.023 9.34 67.9 0.025 0.893 0497

Excluding subjects <30y (n=12) 0.91(0.75, 1.09) 0.289 29 62 0.002 0.644 1.000
Gender

Women (n=7) 1.14(0.90, 1.44) 0.281 10.2 40.9 0.119 0.348 0453
Both sexes (n=4) 0.76 (0.66, 0.88) <0.001 347 135 0.325 0.232 0.042
Bone site
Lumbar spine (n = 5) 0.89(0.71,1.11) 0.293 6.76 40.8 0.149 0.794 1.000
"Meat/Western”

All(n=17) 1.22(1.02,1.45) 0.028 325 50.8 0.009 0.749 0.934
DXA only3 (n=13) 1.20(0.95, 1.53) 0.132 30 60 0.003 0.693 0.903
Eastern countries® (n=11) 1.00 (0.85,1.18) 0957 12.6 209 0.245 0.507 0.586
Gender

Women (n=7) 1.21(0.92,1.59) 0.181 14.7 59.2 0.023 0.069 0.099

Both sexes (n = 8) 138(1.12,1.71) 0.002 942 25.7 0.224 0.444 0.458
Bone site

Femur (n=3) 1.05 (0.65, 1.70) 0.829 3.21 377 0.201 0.761 0.602

Lumbar spine (n = 6) 1.07 (0.74,1.53) 0.733 14 64.2 0.016 0.619 0.851

Whole body (n = 3) 1.50(1.01,2.22) 0.042 2.8 28.7 0.246 0.045 0117

Younger (n=15) 1.00(0.77,1.29) 0.991 113 0.0 0.89 0.037 0.142
Both sexes (n = 4) 1.02 (0.78,1.34) 0.864 0.71 0.0 0.871 0.123 0.042

Excluding subjects <30y (n=12) 1.31(1.05, 1.64) 0.015 29 62.1 0.002 0.155 0337
Gender

Women (n=7) 1.21(0.92,1.59) 0.181 14.7 59.2 0.023 0.069 0.099
Both sexes (n = 4) 1.73(1.37,2.17) <0.0001 03 0.0 0.96 0.545 0497
Bone site
Lumbar spine (n = 5) 1.10(0.74, 1.64) 0.642 13.8 709 0.008 0453 0.624
“Milk/dairy”

All (n=13) 0.59(0.50, 0.68) <0.0001 22 453 0.038 0.113 0464
DXA only3 (n=10) 0.57 (0.47,0.70) <0.0001 218 586 0.01 0177 0.788
Eastern countries® (n = 10) 0.54(0.47,0.63) <0.0001 9.44 471 0.397 0.367 0421
Gender

Women (n=5) 0.57 (0.46, 0.70) <0.0001 54 259 0.249 0.851 1.000

Both sexes (n = 6) 0.64 (0.52,0.79) <0.0001 103 512 0.068 0574 0573
Bone site

Lumbar spine (n = 5) 0.50 (0.38, 0.66) <0.0001 8.48 528 0.076 0.057 0.624

Younger (n=4) 0.54 (0.40,0.72) <0.0001 2.24 0.0 0.525 0457 0497
Both sexes (n = 3) 0.57(0.41,0.79) <0.0001 117 0.0 0.557 0.752 0.602

Excluding subjects <30y (n=9) 0.60 (0.50,0.71) <0.0001 189 57.7 0.015 0.232 0.297
Gender

Women (n=5) 0.57 (0.46,0.70) <0.0001 54 259 0.249 0.851 1.000

Both sexes (n = 3) 0.67 (0.51,0.89) 0.005 827 75.8 0.016 0.995 0.602
Bone site

Lumbar spine (n = 4) 0.52(0.39, 0.69) <0.0001 7.58 60.4 0.056 0.069 0.174

! The analysis was performed when >3 data were available. The risk estimates were calculated through the use of the random-effects model. BMD, bone mineral density.
2The number of data included in the analysis is indicated in parentheses.

3The risk was calculated excluding the studies in which BMD was estimated by measuring the speed of sound by ultrasound bone densitometry (35, 37, 40).

4The risk was calculated excluding the studies conducted in Australia (33), Mexico (34), and Iran (41).

°The risk was calculated excluding the studies conducted in Mexico (34).
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Other characteristic components of a healthy dietary pattern
are poultry and whole grains. Indeed, substituting red meat
intake with poultry and fish is associated with a healthier
inflammatory biomarker profile (77, 78), which is relevant
as inflammation is associated with the overproduction of
various cytokines and leads to excessive bone degradation
and bone loss (79, 80). Moreover, a high consumption of
whole grains, providing beneficial nutrients for bone health
(81), is also related to lower inflammatory levels (78).

High adherence to the “Milk/dairy” pattern is positively
associated with a reduced (-41%) risk of low BMD. Dairy
products are rich in calcium and magnesium, both of which
play a structural role in bone health and are a relevant
source of proteins, vitamin D, vitamin B-12, riboflavin, zinc,
and potassium (10, 65, 82). Vitamin D not only stimulates
the absorption of calcium but is also related to BMD and
bone turnover. Vitamin D deficiency leads to mineralization
defects, osteoporosis, and fractures (83). Milk and dairy
products showed a significant inverse association with
bone turnover markers and a positive association with bone
mineralization. Moreover, fortified dairy products induce
more favorable changes and more beneficial effects on bone
metabolism than does calcium supplementation alone (10).

The main limitation of this meta-analysis is that di-
etary patterns, other than the 3 we discussed (“Healthy,”
“Meat/Western,” and “Milk/dairy”), could be related to
bone health. Moreover, other limitations are represented
by the difference in population, site, and method of
BMD measurement and covariates, resulting in hetero-
geneity. The high heterogeneity may be correlated to the
wide variability in dietary data collection and analysis,
in the identification of the dietary patterns, and in the
various and not uniformly adjusted confounding factors
used to estimate the risk. In particular, the identifica-
tion of dietary patterns is influenced by methodologic
issues, such as the classification of foods into groups,
the number of factors and the assessment method used
(FA and PCA are subjective techniques with opportunities
for variation at almost every step) (15). In our analysis,
heterogeneity is more evident in the results regarding
the “Meat/Western” pattern, probably due to the difficulty
in characterizing this pattern. Other limitations could be
linked to the fact that pooled findings were directly driven
by the included studies, which present their own weak-
nesses in study design. Hence, these aspects may have
affected the reproducibility of the associations between
dietary patterns and bone outcomes. In addition, risk
estimates were adjusted for different potential confounders.
Because dietary intakes vary greatly in relation to sex,
race/ethnicity, and societal factors, it has been necessary
to consider our findings in different geographic contexts.
We analyzed the impact of adherence to the “Healthy”
and “Meat/Western” pattern in Eastern and Western coun-
tries. No significant association was identified between the
identified dietary pattern and the geographic context for
low BMD risk. We found a significant preventive effect of
the “Healthy” pattern on fracture risk in Eastern countries
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(-37%). Notably, in Western countries, where the adherence
to the “Meat/Western” pattern is strongest, this pattern
significantly increased fracture risk (4+10%), whereas in
Eastern countries this association lost significance. To further
advance this field of research, and considering that all the
studies included in this meta-analysis were cross-sectional,
future studies are needed to determine the impact of dietary
patterns upon BMD loss. In addition, it will be important to
further investigate the association between dietary patterns
and bone health in different geographic contexts not yet
described.

In conclusion, a beneficial impact on bone health is
attributed to the “Healthy” and “Milk/dairy” patterns, which
emphasize the intake of fruit, vegetables, whole grains, poul-
try and fish, nuts and legumes, and low-fat dairy products
and avoid the consumption of soft drinks, fried foods, meat
and processed products, sweets and desserts, and refined
grains. In contrast, the unhealthy “Western” dietary pattern
is inversely associated with bone health. Overall, adherence
to a healthy dietary pattern consisting of the aforementioned
food groups can improve BMD and decrease fracture risk
(84). Nutrition is an important modifiable factor that affects
bone health (low BMD and fracture). Considering that most
of the osteoporotic fractures occur among women (85), and
the strongest impact of dietary patterns on fractures among
older women observed in our study, much emphasis should
be placed on the importance of a healthy dietary pattern in
this population. Public health efforts to adopt healthy dietary
patterns and to provide guidance for nutritional intervention
may reduce the burden and disability of low BMD and
osteoporotic fractures.

Acknowledgments

The authors’ responsibilities were as follows—RF: performed
the database searches, data extraction, and statistical analysis
and wrote part of the manuscript; GN and MC: performed
the database searches and data extraction and wrote part of
the manuscript; and all authors read and approved the final
manuscript.

References

1. NIH Consensus Development Panel on Osteoporosis Prevention,
Diagnosis, and Therapy. Osteoporosis prevention, diagnosis, and
therapy. JAMA 2001;285:785-95.

2. WHO Scientific Group on the Assessment of Osteoporosis at
Primary Health Care Level. Summary Meeting Report. [Internet].
Geneva: World Health Organization; 2007. Available from: www.who.
int/chp/topics/Osteoporosis.pdf.

3. National Institute of Arthritis and Musculoskeletal and Skin
Diseases. NIH Osteoporosis and Related Bone Diseases National
Resource Center. [Internet]. 2014. Available from: www.niams.nih.
gov/Health_Info/Bone/Osteoporosis/osteoporosis_ff.asp.

4. Sanchez-Riera L, Carnahan E, Vos T, Veerman L, Norman R,
Lim SS, Hoy D, Smith E, Wilson N, Nolla JM, et al. The global
burden attributable to low bone mineral density. Ann Rheum Dis
2014;73:1635-45.

5. Becker DJ, Kilgore ML, Morrisey MA. The societal burden of
osteoporosis. Curr Rheumatol Rep 2010;12:186-91.

220z KelN 1.0 uo 1senb Aq Z/40625/61.2/2/0L/2101E/Se0uBAPE/W0d dNo dlWapeoe)/:sdjy Wolj papeojumoq


http://www.who.int/chp/topics/Osteoporosis.pdf
http://www.niams.nih.gov/Health7Info/Bone/Osteoporosis/osteoporosis7ff.asp

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Johnell O, Kanis JA. An estimate of the worldwide prevalence

and disability associated with osteoporotic fractures. Osteoporos Int
2006517:1726-33.

. Richmond J, Aharonoff GB, Zuckerman JD, Koval KJ. Mortality risk

after hip fracture. ] Orthop Trauma 2003;17:53-6.

. Liem IS, Kammerlander C, Suhm N, Kates SL, Blauth M. Literature

review of outcome parameters used in studies of geriatric fracture
centers. Arch Orthop Trauma Surg 2014;134:181-7.

. Lips P, van Schoor NM. Quality of life in patients with osteoporosis.

Osteoporos Int 2005;16:447-55.

Rizzoli R. Dairy products, yogurts, and bone health. Am J Clin Nutr
2014;99:12565-628S.

van den Heuvel EGHM, Steijns JMJM. Dairy products and bone health:
how strong is the scientific evidence? Nutr Res Rev 2018;21:1-15.

Qiu R, Cao WT, Tian HY, He J, Chen GD, Chen YM. Greater intake of
fruit and vegetables is associated with greater bone mineral density and
lower osteoporosis risk in middle-aged and elderly adults. PLoS One
2017;12:e0168906.

Darling AL, Millward DJ, Torgerson DJ, Hewitt CE, Lanham-New SA.
Dietary protein and bone health: a systematic review and meta-analysis.
Am ] Clin Nutr 2009;90:1674-92.

Shams-White MM, Chung M, Fu Z, Insogna KL, Karlsen MC,
LeBoff MS, Shapses SA, Sackey ], Shi J, Wallace TC, et al. Animal
versus plant protein and adult bone health: a systematic review and
meta-analysis from the National Osteoporosis Foundation. PLoS One
2018;13:e0192459.

Hu FB. Dietary pattern analysis: a new direction in nutritional
epidemiology. Curr Opin Lipidol 2002;13:3-9.

Michels KB, Schulze MB. Can dietary patterns help us detect diet-
disease associations? Nutr Res Rev 2005;18:241-8.

Tucker K, Jacques P. Are dietary patterns useful for understanding the
role of diet in chronic disease? Am J Clin Nutr 2001;73:1-2.

Malmir H, Saneei P, Larijani B, Esmaillzadeh A. Adherence to
Mediterranean diet in relation to bone mineral density and risk of
fracture: a systematic review and meta analysis of observational studies.
Eur ] Nutr 2017 (Epub ahead of print).

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie
D, Moher D, Becker BJ, Sipe TA, Thacker SB. Meta-analysis of
observational studies in epidemiology: a proposal for reporting. Meta-
analysis of Observational Studies in Epidemiology (MOOSE) group.
JAMA 2000;283:2008-12.

Liberati A, Altman DG, Tetzlaff ], Mulrow C, Gotzsche PC, Ioannidis JP,
Clarke M, Devereaux PJ, Kleijnen J, Moher D. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that
evaluate healthcare interventions: explanation and elaboration. BMJ
2009;339:b2700.

Wells GA, Shea B, O’Connell D, Peterson ], Welch V, Losos M,
Tugwell P. The Newcastle-Ottawa Scale (NOS) for Assessing the
Quality of Non-randomised Studies in Meta-analyses. [Internet].
2015. [cited 2018 May 14]. Available from: http://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp.

Colica C, Mazza E, Ferro Y, Fava A, De Bonis D, Greco M, Foti DP,
Gulletta E, Romeo S, Pujia A, et al. Dietary patterns and fractures risk
in the elderly. Front Endocrinol 2017;8:344.

Melaku YA, Gill TK, Appleton SL, Taylor AW, Adams R, Shi Z.
Prospective associations of dietary and nutrient patterns with fracture
risk: a 20-year follow-up study. Nutrients 2017;9(11):1-19.

Warensjo Lemming E, Byberg L, Melhus H, Wolk A, Michaélsson K.
Long-term a posteriori dietary patterns and risk of hip fractures in a
cohort of women. Eur ] Epidemiol 2017;32:605-16.

de Jonge EA, Kiefte-de Jong JC, Hofman A, Uitterlinden AG,
Kieboom BC, Voortman T, Franco OH, Rivadeneira F. Dietary patterns
explaining differences in bone mineral density and hip structure
in the elderly: the Rotterdam Study. Am ] Clin Nutr 2017;105:
203-11.

Fung TT, Feskanich D. Dietary patterns and risk of hip fractures
in postmenopausal women and men over 50 years. Osteoporos Int
2015;26:1825-30.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Dai Z, Butler LM, van Dam RM, Ang LW, Yuan JM, Koh WP. Adherence
to a vegetable-fruit-soy dietary pattern or the Alternative Healthy Eating
Index is associated with lower hip fracture risk among Singapore
Chinese. ] Nutr 2014;144:511-8.

Zeng FF, Wu BH, Fan F, Xie HL, Xue WQ, Zhu HL, Chen YM.
Dietary patterns and the risk of hip fractures in elderly Chinese:
a matched case-control study. J Clin Endocrinol Metab 2013;98:
2347-55.

Langsetmo L, Hanley DA, Prior JC, Barr SI, 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 aged >50y: a population-based cohort study. Am ] Clin Nutr
2011;93:192-9.

Monma Y, Niu K, Iwasaki K, Tomita N, Nakaya N, Hozawa A, Kuriyama
S, Takayama S, Seki T, Takeda T, et al. Dietary patterns associated with
fall-related fracture in elderly Japanese: a population based prospective
study. BMC Geriatr 2010;10:30.

. Nieves JW, Melsop K, Curtis M, Kelsey JL, Bachrach LK, Greendale

G, Sowers MF, Sainani KL. Nutritional factors that influence change in
bone density and stress fracture risk among young female cross-country
runners. PM R 2010;2:740-50.

Shin S, Kim SH, Joung H, Park MJ. Milk-cereal and whole-grain
dietary patterns protect against low bone mineral density among male
adolescents and young adults. Eur J Clin Nutr 2017;71:1101-07.
Melaku YA, Gill TK, 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 ] Nutr 2016;116:1437-46.

Denova-Gutiérrez E, Clark P, Tucker KL, Mufioz-Aguirre P, Salmerén
J. Dietary patterns are associated with bone mineral density in an urban
Mexican adult population. Osteopor Int 2016;27:3033-40.

Yang Y, Hu XM, Chen TJ, Bai MJ. Rural-Urban differences of dietary
patterns, overweight, and bone mineral status in Chinese students.
Nutrients 2019;8(9):1-12.

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;69:442-8.

Mu M, Wang SF, Sheng J, Zhao Y, Wang GX, Liu KY, Hu CL, Tao
FB, Wang HL. Dietary patterns are associated with body mass index
and bone mineral density in Chinese freshmen. ] Am Coll Nutr
2014;33:120-8.

Shin S, Joung H. A dairy and fruit dietary pattern is associated with a
reduced likelihood of osteoporosis in Korean postmenopausal women.
Br ] Nutr 2013;110:1926-33.

Shin S, Hong K, Kang SW, 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.

Park SJ, Joo SE, Min H, Park JK, Kim Y, Kim SS, Ahn Y. Dietary patterns
and osteoporosis risk in postmenopausal korean women. Osong Public
Health Res Perspect 2012;3:199-205.

Karamati M, Jessri M, Shariati-Bafghi SE, Rashidkhani B. Dietary
patterns in relation to bone mineral density among menopausal Iranian
women. Calcif Tissue Int 2012;91:40-9.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002;21:1539-58.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003;327:557-60.

Begg CB, Mazumdar M. Operating characteristics of a rank correlation
test for publication bias. Biometrics 1994;50:1088-101.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315:629-34.
Rodriguez-Monforte M, Flores-Mateo G, Sanchez E. Dietary patterns
and CVD: a systematic review and meta-analysis of observational
studies. Br ] Nutr 2015;114:1341-59.

Van de Rest O, Berendsen AA, Haveman-Nies A, de Groot LC. Dietary
patterns, cognitive decline, and dementia: a systematic review. Adv Nutr
2015;6:154-68.

Dietary patterns and bone health 235

220z KelN 1.0 uo 1senb Aq Z/40625/61.2/2/0L/2101E/Se0uBAPE/W0d dNo dlWapeoe)/:sdjy Wolj papeojumoq


http://www.ohri.ca/programs/clinical7epidemiology/oxford.asp

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Brennan SF, Cantwell MM, Cardwell CR, Velentzis LS, Woodside JV.
Dietary patterns and breast cancer risk: a systematic review and meta-
analysis. Am J Clin Nutr 2010;91:1294-302.

Magalhaes B, Peleteiro B, Lunet N. Dietary patterns and colorectal
cancer: systematic review and meta-analysis. Eur J Cancer Prev
2012;21:15-23.

Feng YL, Shu L, Zheng PF, Zhang XY, Si CJ, Yu XL, Gao W, Zhang
L. Dietary patterns and colorectal cancer risk: a meta-analysis. Eur J
Cancer Prev 2017;26:201-11.

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;24:1450-8.

Liu X, Wang X, Lin S, Yuan J, Yu IT. Dietary patterns and oesophageal
squamous cell carcinoma: a systematic review and meta-analysis. Br J
Cancer 2014;110:2785-95.

Sun Y, Li Z, Li J, Li Z, Han J. A healthy dietary pattern reduces
lung cancer risk: a systematic review and meta-analysis. Nutrients
2016;8:134.

Fabiani R, Minelli L, Bertarelli G, Bacci S. A western dietary pattern
increases prostate cancer risk: a systematic review and meta-analysis.
Nutrients 2016;8:626.

Calvo MS, Moshfegh AJ, Tucker KL. Assessing the health impact of
phosphorus in the food supply: issues and considerations. Adv Nutr
2014;5:104-13.

Wohl GR, Loehrke L, Watkins BA, Zernicke RF. Effects of high-fat diet
on mature bone mineral content, structure, and mechanical properties.
Calcif Tissue Int 1998;63:74-9.

Cao JJ. Effects of obesity on bone metabolism. J Orthop Surg Res
2011;6:30.

Isaia G, D’Amelio P, Di Bella S, Tamone C. Protein intake: the impact
on calcium and bone homeostasis. ] Endocrinol Invest 2007;30:48-53.
Misra D, Berry SD, Broe KE, McLean RR, Cupples LA, Tucker KL, Kiel
DP, Hannan MT. Does dietary protein reduce hip fracture risk in elders?
The Framingham Osteoporosis Study. Osteoporos Int 2011;22:345-9.
Carnauba RA, Baptistella AB, Paschoal V, Hiibscher GH. Diet-induced
low-grade metabolic acidosis and clinical autcomes: a review. Nutrients
2017;9:538.

Calvez J, Poupin N, Chesneau C, Lassale C, Tome D. Protein intake,
calcium balance and health consequences. Eur J Clin Nutr 2012;66:281-
95.

Heaney RP, Layman DK. Amount and type of protein influences bone
health. Am J Clin Nutr 2008;87:1567S-70S.

Sahni S, Cupples LA, McLean RR, Tucker KL, Broe KE, Kiel DP, Hannan
MT. Protective effect of high protein and calcium intake on the risk
of hip fracture in the Framingham offspring cohort. ] Bone Miner Res
2010;25:2770-6.

Shams-White MM, Chung M, Du M, Fu Z, Insogna KL, Karlsen MC,
LeBoff MS, Shapses SA, Sackey J, Wallace TC, et al. Dietary protein and
bone health: a systematic review and meta-analysis from the National
Osteoporosis Foundation. Am J Clin Nutr 2017;105:1528-43.

Heaney RP. Role of dietary sodium in osteoporosis. ] Am Coll Nutr
2006;25:5271-6.

New SA. Intake of fruit and vegetables: implications for bone health.
Proc Nutr Soc 2003;62:889-99.

Rafferty K, Heaney RP. Nutrient effects on the calcium economy:
emphasizing the potassium controversy. ] Nutr 2008;138:5166-71.

236 Fabianietal.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Allgrove J. Physiology of calcium, phosphate and magnesium. Endocr
Dev 2009;16:8-31.

Hayhoe RPG, Lentjes MAH, Luben RN, Khaw KT, Welch AA. Dietary
magnesium and potassium intakes and circulating magnesium are
associated with heel bone ultrasound attenuation and osteoporotic
fracture risk in the EPIC-Norfolk cohort study. Am J Clin Nutr
2015;102:376-84.

Finck H, Hart A, Jennings A, Welch A. Is there a role for vitamin C
in preventing osteoporosis and fractures? A review of the potential
underlying mechanisms and current epidemiological evidence. Nutr
Res Rev 2014;27:268-83.

Gabbay KH, Bohren KM, Morello R, Bertin T, Liu J, Vogel P. Ascorbate
synthesis pathway: dual role of ascorbate in bone homeostasis. ] Biol
Chem 2010;285:19510-20.

Sheweita SA, Khoshhal KI. Calcium metabolism and oxidative stress in
bone fractures: role of antioxidants. Curr Drug Metab 2007;8:519-25.
Villa JKD, Diaz MAN, Pizziolo VR, Martino HSD. Effect of vitamin K
in bone metabolism and vascular calcification: a review of mechanisms
of action and evidences. Crit Rev Food Sci Nutr 2016;57:3959-70.

van Meurs JB, Dhonukshe-Rutten RA, Pluijm SM, van der Klift M,
de Jonge R, Lindemans J, de Groot LC, Hofman A, Witteman JC, van
Leeuwen JP, et al. Homocysteine levels and the risk of osteoporotic
fracture. N Engl ] Med 2004;350:2033-41.

Fratoni V, Brandi ML. B vitamins, homocysteine and bone health.
Nutrients 2015;7:2176-92.

Mangano KM, Sahni S, Kerstetter JE, Kenny AM, Hannan MT.
Polyunsaturated fatty acids and their relation with bone and muscle
health in adults. Curr Osteoporos Rep 2013;11:203-12.

Ley SH, Sun Q, Willett WC, Eliassen AH, Wu K, Pan A, Grodstein
F, Hu FB. Associations between red meat intake and biomarkers of
inflammation and glucose metabolism in women. Am ] Clin Nutr
2014;99:352-60.

Montonen J, Boeing H, Fritsche A, Schleicher E, Joost HG, Schulze MB,
Steffen A, Pischon T. Consumption of red meat and whole-grain bread
in relation to biomarkers of obesity, inflammation, glucose metabolism
and oxidative stress. Eur ] Nutr 2013;52:337-45.

Redlich K, Smolen JS. Inflammatory bone loss: pathogenesis and
therapeutic intervention. Nat Rev Drug Discov 2012;11:234-50.

Ding C, Parameswaran V, Udayan R, Burgess J, Jones G. Circulating
levels of inflammatory markers predict change in bone mineral density
and resorption in older adults: a longitudinal study. J Clin Endocrinol
Metab 2008;93:1952-8.

Ilich JZ, Kerstetter JE. Nutrition in bone health revisited: a story beyond
calcium. ] Am Coll Nutr 2000;19:715-37.

Peters BS, Martini LA. Nutritional aspects of the prevention and
treatment of osteoporosis. Arq Bras Endocrinol Metabol 2010;54:179—
85.

Lips P, van Schoor NM. The effect of vitamin D on bone and
osteoporosis. Best Pract Res Clin Endocrinol Metab 2011;25:
585-91.

Movassagh EZ, Vatanparast H. Current evidence on the association of
dietary patterns and bone health: a scoping review. Adv Nutr 2017;8:1-
16.

Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A, Tosteson
A. Incidence and economic burden of osteoporosis-related fractures in
the United States, 2005-2025. ] Bone Miner Res 2007;22:465-75.

220z KelN 1.0 uo 1senb Aq Z/40625/61.2/2/0L/2101E/Se0uBAPE/W0d dNo dlWapeoe)/:sdjy Wolj papeojumoq



