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Abstract

Background The inflammatory potential of diets is associated with several diseases and can affect bone health. We aimed
to systematically review and pool the current evidence on the association of DII with bone health in observational studies.
Methods We searched PubMed and NLM Gateway (for Medline), Web of Science, Scopus and EMBASE up to December
16, 2020 for studies that examined the relationship between DII score and bone mineral density (BMD) or fracture. All
observational studies were included in this meta-analysis. Heterogeneity between studies was evaluated using Cochran
Q-statistic and 12 statistics. Random effect meta-analysis method was used to pool the effect size. Stratified meta-analysis
according to the type of study (cohort/ non-cohort) was performed to assess the relationship of DII with BMD and fracture.
Results In total, 13 articles were included in the present systematic review, including five cohorts, five cross-sectional, and
three case-control studies. The total sample size of these studies was 211,938 individuals aged 5 to 85 years. According to
random-effect meta-analysis, DII was associated with increased odds of fracture in non-cohort studies (pooled OR=1.42,
95%CI: 1.17, 1.67), but this association was not statistically significant in cohort studies (pooled OR=1.03, 95%CI: 0.97,
1.09). Moreover, only in non-cohort studies, the mean of BMD in subjects in the highest DII category was significantly lower
than those in the lowest DII category (SMD: -9.59, 95%CI: -10.84,-8.33).

Conclusions Our findings showed that high score of DII can have devastating effects on bone health. Further longitudinal
studies are necessary to confirm these findings among more diverse populations.
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acterized by bone mass reduction and alteration of bone
architecture, which is the main risk factor of bone fragility
and fracture [1]. The increasing prevalence of osteoporosis
is a major concern of public health worldwide because of
the increase in life expectancy and old age population [2].
It has been estimated that the number of people suffering
from osteoporosis are more than 200 million in the world.
According to the recent International Osteoporosis Founda-
tion (IOF) report, 1 in 2 women over the age of 50 years and
1 in 5 men will experience osteoporotic fractures in their
lifetime [3]. Osteoporosis and its related fracture impose a
growing economic burden on affected individuals and the
healthcare system [4].

Numerous risk factors including genetic and environ-
mental susceptibility factors have been proposed to increase
osteoporosis and fracture risk. Dietary pattern and nutrients
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intake are the modifiable non-pharmacologic risk factors
that improve bone health [5].

Chronic low grade of inflammation in the body is associ-
ated with increased risk of disorders including obesity [6],
cancer [7], diabetes and metabolic syndrome [8], as well as
poor bone health and age-related sarcopenia [9]. Dietary
inflammatory index (DII) is a literature-based scoring sys-
tem that determines the potential inflammatory status of an
individual’s diet based on the pro-and anti-inflammatory
status of many specific foods and nutrients in the diet. A
higher DII score represents a more pro-inflammatory diet,
while a lower DII score indicates a more anti-inflammatory
diet [10]. The first time, DII scores were introduced to the
medical literature by Cavicchina [11] and colleges and then
updated by Shivappa in 2017 [10]. In the generation of DII
score, more than 1900 relevant articles published in the
peer-reviewed journals were assessed to find the positive
or negative association of nutrients and foods with specific
inflammatory markers such as CRP [12], TNF-alpha [13],
IL-1beta, IL-4, IL-6 and IL-10 [10, 14].

Although some previous studies reported an inverse
association of high DII with lower BMD or increasedd frac-
ture risk, other studies showed no association. In addition,
there is inconsistency regarding the relationship between
DII score and bone health status between men and women.
Resent umbrella review confirmed that although several sys-
tematic review and meta-analysis studies have been assessed
the relationship between DII and health outcomes [15], none
of them evaluated the association of DII with bone health
outcomes. Therefore, the current study conducted for sys-
tematically reviewing the evidence and a meta-analysis to
pool the findings.

Methods
Search strategy

To identify the eligible studies for this systematic review,
relevant studies were selected through searching Web of
Science, PubMed and NLM Gateway (for Medline), Sco-
pus, and before December 16, 2020. We used the following
keywords in this review: (“dietary inflammatory index” OR
“pro-inflammatory diet” OR “anti-inflammatory diet” OR
“pro-inflammatory dietary pattern” OR ““anti-inflammatory
dietary pattern” or “Inflammatory potential of diet”) AND
(“osteoporosis” or “bone mineral density” or “BMD” or
“bone mass” or “osteopenia” or “fracture risk” or “frac-
ture”). The search had no restriction on publication date or
language. In addition, the reference lists of relevant pub-
lications were reviewed to avoid missing any published
data. The study protocol was registered in the interna-
tional prospective register of systematic reviews database
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[http://www.crd.york.ac.uk/ PROSPERO, registration no:
2018CRD42018104324].

Inclusion and exclusion criteria

The present study was conducted based on the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) protocol [16]. All observational studies that
investigated the association between DII and bone health
status, including BMD and fracture were eligible for inclu-
sion. Studies that reported correlation coefficient, odds
ratio (OR), hazard ratio (HR), standardized mean differ-
ence (SMD), along with 95% confidence interval (CI) for
the association of DII with BMD changes or fracture were
included in our meta-analysis. We excluded letters, com-
ments, narrative reviews, and studies on nonhumans, and
duplicated studies. The details of the study selection process
are shown in Fig. 1.

Data extraction

Two reviewers independently assessed the titles, abstracts
and full texts of articles retrieved from the systematic
searches. All articles that clearly did not meet the inclusion
criteria were rejected. The selected articles were analyzed
by reading the full text, and the eligible ones were then
identified. In all refinement steps if there was disagreement
between the two reviewers during the study selection pro-
cess, the issue was resolved through discussion or in consul-
tation with a third reviewer.

Data were extracted using a checklist, which was included
the following information: first author, country, mean age,
gender, sample size, study population, type of study, dura-
tion of follow up (for cohort studies), the tool for assessing
DII, unit of comparison of DII (categorical/continuous),
bone health status (BMD/fracture) and methods of measure-
ment, relevant effect size (OR, HR, Beta coefficient, Pearson
correlation and SMD), and adjusted confounders. If a study
reported both outcomes (BMD and fracture), it was consid-
ered as two separated studies in the meta-analysis.

Assessment of study quality

The quality of studies was assessed using the Newcastle-
Ottawa Quality Assessment Scale designed for cohort, case-
control, or cross-sectional studies [17]. This scale consists
of three portions of the selection, comparability, and out-
comes/exposures, and studies earned maximum nine points.
According to this scale, nine stars can be allocated to each
study. In the present study, the publications with Newcastle-
Ottawa scale > 7 were considered high quality.
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Statistical analysis

Heterogeneity between studies was assessed using Chi-
square-based Q test and I” statistics. Due to severe heteroge-
neity between studies, random effect meta-analysis proposed
by Der-Simonian and Laird was used to pool the effect size.
OR and HR with their 95% CI were used as effect size for
the association of DII with fracture. Association of DII with
BMD was presented as SMD with 95% CI. Publication bias
was evaluated using Egger’s tests, and the results of Egg-
er’s test were statistically significant at P < 0.1. Stratified
meta-analysis according to the type of study (cohort/ non-
cohort), sex, and definition of DII (categorical/ continuous)
was performed to assess the association of DII with BMD
and fracture. Sensitivity analysis was performed to assess the
effect of removing any of the studies or group of studies on
the pooled estimate. All the Analyses were conducted using

the statistical software STATA 11.0 (Stata Corp., College
Station, TX, USA) for the meta-analysis.

Results
Findings from the systematic review

A flow diagram for the process of studies selection is pre-
sented in Fig. 1. Out of 611 articles in the initial search,
after excluding 215 articles for duplication, 396 articles were
screened by title and abstracts. Of these, finally, 13 articles
fulfilled our inclusion criteria, including five cohorts, five
cross-sectional, and three case-control studies in the present
systematic review. These studies included 211,938 individu-
als with the age range of 5 to 85 years. The selected articles
were published between 2016 and 2019. The duration of
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cohort studies to investigate the association of DII and frac-
ture varied from 7.9 to 11.4 years, while this duration for DII
and BMD varied 5 months to 10 years. Out of these studies,
five studies were conducted in the USA, two in Korea, two
in China, one in Australia, one in Brazil, one in Spain, and
one in Iran. Eight studies were performed on both males and
females, and four studies on females. Four studies reported
results for the association of DII score with fracture, three
studies for BMD, and one study provided data for the asso-
ciation of DII with both fracture and BMD. In addition,
three studies mentioned other markers of bone health sta-
tus, including knee osteoarthritis, QUS of the right calcare-
ous, and cortical bone peripheral. In most studies, BMD was
measured by X-ray absorptiometry (DXA), except in one
study in which BD was measured by QUS. The fracture was
assessed in the hip, lower arm, wrist, spine, non-vertebral,
and total.

Regarding the studied population, two studies have been
conducted on postmenopausal women, four studies on
healthy adults, one study on healthy adolescents, two stud-
ies on older adults, one study on subjects at risk of osteo-
arthritis, and 1 study on lactating women. The score of DII
was assessed by food frequency questionnaire (FFQ) with
different number items, including 48-item FFQ to 168-items
FFQ in eight studies. Three studies used 24-hour recall, and
two studies used 72- hours recall questionnaire to calculate
the DII score. In all included studies, DII was categorized as
tertile, quartile, and quintile. However, in five studies, DII
was considered as continuous value.

Finding from meta-analysis

As noted above, four cohort studies were regarding the asso-
ciation of DII and fracture. Orchard et al., measured risk of
fracture in total, hip and lower arm and Kim et al., study that
measured risk of total fracture in females and in both gender
were considered as three and two separate studies, respec-
tively. In Verones et al., study the association of fracture
were assessed with DII as per 1SD and as comparison Q5to
QI of DII in males, females and both gender. Therefore, the
results of this study were included in the meta-analysis as six
separate studies. Cervo et al., the study evaluated the risk of
fracture in two bone sites in males and females. Finally, 15
studies were included in systematic review. The total sample
size of included studies was 174,882 subjects in cohort stud-
ies and 22,687 subjects in non-cohort studies. However, the
association between DII and risk of fracture was not statis-
tically significant in the cohort (pooled OR=1.03, 95%CI:
0.97-1.09, 12=75.5, P<0.001), in non-cohort studies, DII
was associated with an increased risk of fracture (pooled
OR=1.42,95%ClI: 1.17-1.67,1,=55.9, P=0.04). The analysis
of DII score as a categorical variable also showed that indi-
viduals with the highest score of DII were 53% more prone
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to experience fracture than subjects who had the lowest DII
score (Tables 1, 2, 3 and 4).

The results of the Egger test for association of DII with
fracture show that publication bias does not exist (coeffi-
cient: 0.96; P = 0.25), and the funnel plot was symmetric.

Moreover, according to random-effect meta-analysis, the
mean of BMD in subjects in the highest DII category was
significantly lower than those in the lowest DII category
(SMD: -9.59, 95%CI: -10.84,-8.33) in non-cohort studies.
In cohort studies this association was not statistically sig-
nificant (SMD: 0.141, 95%CI: -0.08, 0.36).

Quality assessment

The quality assessment of included studies was performed
by two independent reviewers using Newcastle—Ottawa
Scale (NOS). Any discrepancy between reviewers was
resolved by a third reviewer. The qualitative assessment
results showed that six studies had a high quality, and the
remains had a moderate quality. Also, no low quality studies
were observed.

Sensitivity analysis

Sensitivity analysis showed that excluding any individual
studies could not significantly change the pooled estimate
of DII association with fracture and BMD.

Discussion

The results of our study revealed that DII was associated
with bone health outcomes (fracture and BMD). The risk
of fracture was significantly higher in individuals who had
the most pro-inflammatory diet (highest DII score) in com-
parison with those with an anti-inflammatory diet (lowest
DII score). Moreover, the mean of BMD in subjects in the
highest DII category was significantly lower than those in
the lowest DII category. Dietary intake is one of the main
environmental determinants of the inflammatory status of
the body. DII is the literature-derived tool, which is gener-
ated by the association of nutrients and inflammatory mark-
ers, including pro- and anti-inflammatory foods.

By evaluating the other indexes of healthy dietary
patterns such as Mediterranean diet, DASH, or HEI
by using the pro-and anti-inflammatory categories of
foods in DII, it is revealed that individuals with low DII
score more probably consume healthy dietary patterns
with more anti-inflammatory and antioxidant nutrients
[29-31]. In evaluating of DII score, foods including
red or processed meat, French fries, hydrogenated fats,
which are known as unhealthy foods, are considered in
pro-inflammatory group. Moreover, healthy foods such
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as fruits, vegetables and fish oils are categories as anti-
inflammatory foods [32]. In considering single nutrients
or foods individually, the results of a National survey
on the Korean population showed that fat consumption
(pro- inflammatory item) was an independent predictor
of osteoporosis [33]. In another study, a low chance of
having low BMD was observed in adolescents with high
consumption of milk and cereals in their dietary pattern
[34]. In other studies, low dietary intake of folate, total
fibers, vitamin B6, potassium, vitamin A and foods such
as milk and cereals were correlated with high likelihood
of having low BMD [35, 36].

Other studies have reported that better adherence to
the Mediterranean diet was associated with a lower risk
of bone fracture [37]. Similar results were found regard-
ing DASH and HEI with decreasing the risk of fracture
[38].

There is a growing body of literature reporting posi-
tive correlation between pro-inflammatory foods such
as red or processed meat, butter, and saturated fats or
oils with the increased blood circulation of inflamma-
tory markers including C-reactive proteins (CRP), TNF-
alpha, E-selectin, soluble vascular cell adhesions mol-
ecules [39, 40]. It is well established that rheumatoid
arthritis [41] and cystic fibrosis as chronic inflamma-
tory diseases negatively affect bone health status [42].
In addition, as we know, low grade inflammation in
the body potentially increases the risk of chronic disor-
ders such as diabetes, insulin resistance, cancer, meta-
bolic syndrome, asthma, cardiovascular disease, and
also osteoporosis which is the main risk factor of bone
fracture [43]. Consistent with this hypothesis, previous
studies have shown that serum level of TNF-gamma is
positively and the neutrophil/lymphocyte ratio (NLR)
is negatively correlated with BMD [44]. Inflammatory
cytokines such as TNF-alpha, CRP, increase the activity
of osteoclasts. In addition, systematic inflammation in
the body may elevate the osteoclast activities by endors-
ing ligand-RANK release [45]. As we know, calcium
and vitamin D are the main dietary factors that influ-
ence the health status of bones. It was demonstrated that
increased inflammation in the intestinal decreases the
absorption of calcium and phosphorous by up regulat-
ing the synthesis of 1,25(OH)2D and suppressing the
expression of vitamin D receptors [46].

To the best of our knowledge, this study was the first
meta-analysis that assessed the relationship between DII
score and bone health outcomes, including low BMD
and fracture risk. This study has some limitations. In this
review, we included all types of studies and analysis sepa-
rately as cohort and non-cohort studies. The first limitation
of this review measured the low BMD and risk of fracture
in the different bone sites in included studies.

Conclusions

Our findings showed that high score of DII can have dev-
astating effects on bone health. Further longitudinal stud-
ies are necessary to confirm these findings among more
diverse populations. This knowledge could have implica-
tions for dietary advice provided to those at risk of osteo-
penia or osteoporosis. Further research is warranted to
confirm these findings among more diverse populations.
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Table 4 Meta-analysis of
dietary inflammatory index and
fracture

Impairment Number of Sample size
study

Pooled Effect size Model

% (95% CI)

Heterogeneity assessment

% Q test P-value

Fracture in Cohort studies

Overall 15 174882 1.03 Random 75.5 57.19 <0.001
(0.97-1.09)

By sex

Male 5 59876 0.97 Random 65.4 11.57 0.021
(0.85-1.09)

Female 8 115005 1.02 Random 79.7 34.49 <0.001
(0.95-1.09)

Both sex 2 163494 1.29 Random - - -
(1.10-1.49)

Definition of DII

Categorical 9 173784 1.06 Random 71.5 28.03 <0.001
(0.97-1.15)

Continuous 6 4746 1.006 Random 80.6 25.73 <0.001
(0.92- 1.09)

Fracture in non-Cohort studies

Overall 7 22687 1.42 Random 55.9 13.60 0.04
(1.17-1.67)

By sex

Male 1 269 4.30 Random - - -—--
(0.3-48.25)

Female 1 781 2.08 Random -—-- -—-- -—--
(1.21- 2.95)

Both sex 5 22687 1.33 Random 52.5 8.41 0.03
(1.12-1.56)

Definition of DII

Categorical 6 20418 1.53 Random 55.1 11.14 0.07
(1.20- 1.86)

Continuous 1 2269 1.18 Random -—-- ---- -—--
(0.96-1.40)
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