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Abstract 

Background: Osteoporosis is a major public health problem. Dietary inflammatory preference and body mass index 
(BMI) are emerging factors that tends to affect bone health. There is limited evidence regarding the joint influence of 
BMI and dietary status on the bone health. This study aimed to investigate the relationship between dietary inflam-
matory index (DII) and bone health among adults under different levels of BMI utilizing the National Health and Nutri-
tion Examination Survey (NHANES).

Methods: Data were collected from 2005–2010, 2013–2014 to 2017–2018 in NHANES. In total, 10,521 participants 
who aged ≥ 20 years and had complete data for dietary intake interview, bone mineral density (BMD) and bone min-
eral content (BMC) were included. DII was performed to evaluate the dietary inflammatory potential based on dietary 
intake interview. We evaluated bone health by femoral neck BMD and BMC measured by dual energy X-ray absorpti-
ometry. Weighted multivariable linear regression and BMI-stratified subgroup analysis were performed.

Results: The average DII score for 10,521 participants was 1.24 ± 0.04, mean femoral neck BMD was 0.82 ± 0.00 g/
cm2 and mean BMC was 4.37 ± 0.01 g. In the fully adjusted model, there was a negative correlation between DII with 
BMD (β = − 0.016, P < 0.001) and BMC (β = − 0.011, P < 0.001) in the most anti-inflammatory diet. Using BMI-stratified 
subgroup analysis, this correlation became more evident in both the overweight (BMD: β = − 0.024, P < 0.001; BMC: 
β = − 0.058, P = 0.042) and obese groups (BMD: β = − 0.015, P = 0.049; BMC: β = − 0.009, P = 0.042), while this cor-
relation was opposite in DII tertile 2 (middle DII score) in the underweight group (BMD: β = 0.047, P = 0.038; BMC: 
β = 0.274, P = 0.010).

Conclusion: Relationship between higher consumption of pro-inflammatory and increased risk of lower BMD and 
BMC was only existed in overweight and obese participants.

Keywords: BMI, Dietary inflammatory index, Joint influence, Bone health, National Health and Nutrition Examination 
Survey

Introduction
Osteoporosis is one of the most common public health 
problems worldwide, characterized by bone loss, degen-
eration of bone tissue, and destruction of bone micro-
architecture, resulting in a higher risk of fractures and 
a significant financial burden [1, 2]. It was reported that 
in the United States, one-third of adult females and one-
fifth adult males will experience osteoporotic fracture [3]. 
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The prevalence of osteoporosis is continuing to increase 
with the global population ageing.

A growing of evidence has reported that inflammation 
is connected to bone health [4, 5]. Several clinical stud-
ies revealed that there was inverse relationship between 
bone mineral density (BMD) and inflammatory markers, 
including C-reactive protein [6] and neutrophil lympho-
cyte ratio [7]. Additionally, the important role of nuclear 
factor kappa B (NF-kB) in the progressive process of 
bone has been verified in NFkB1 and NFkB2 knockout 
mice [8]. The role of other pro-inflammatory cytokines in 
bone loss has also been demonstrated using a number of 
experiments in vitro [9–12].

The intake of pro-inflammatory diet may play an 
important role in bone heath. A number of recent sys-
tematic reviews and meta-analyses reported that die-
tary behaviors involving higher consumption of vitamin 
C, vitamin D, calcium, zinc and n-3 polyunsaturated 
fatty acid were linked with low incidence of bone loss 
[13–15]. Instead of focused on specific nutrients or die-
tary patterns, dietary inflammatory index (DII), a liter-
ature-based scoring algorithm based on the effort of 45 
different food components on inflammatory biomarkers, 
was focused on quantitating the overall inflammatory 
potential of individual diets [16]. A higher DII score was 
independently linked with obese, malnutrition–inflam-
mation status and cardiovascular disease [17–19].

There is still controversy whether higher body mass 
index (BMI) is a risk or protective factor for bone 
heath. A systematic review and meta-analysis reported 
that obese and overweight patients were found to have 
lower risk of vertebral fractures [20]. However, a popu-
lation-based prospective study based on 60,393 women 
indicated that obesity was a risk factor for fracture in 
postmenopausal women [21, 22]. Therefore, determin-
ing the joint influence of dietary inflammatory potential 
and BMI on the bone health might provide information 
for the prevention and treatment of osteoporosis. In this 
study, the data of 10,521 participants were extracted from 
NHANES to determine the association between diet-
related inflammation and bone health, especially based 
on the BMI-stratified subgroup analysis.

Materials and methods
Study population
All data in this study were obtained from the National 
Health and Nutrition Examination Survey (NHANES). 
NHANES is a widespread and continuing cross-sectional 
program and conducted to assess individuals’ health and 
nutrition status in the United States by collecting inter-
views, physical examinations and laboratory tests. All 
participants provided written informed consent. All data 

in this study are publicly accessible at http:// www. cdc. 
gov/ nchs/ nhanes/.

This study was based on data from 2005–2006, 2007–
2008, 2009–2010, 2013–2014 to 2017–2018 in NHANES. 
As shown in Fig.  1, a total of 50,463 participants were 
involved. Of these participants, 39942 were excluded 
based on the exclusion of individuals age < 20 years old 
(n = 2110), missing dietary information (n = 3063), miss-
ing bone health indicators (n = 10,200) and missing 
baseline condition (n = 5570). 10,521 participants were 
enrolled in the final analysis.

Exposure variable
Dietary inflammatory index (DII), a literature-based 
scoring algorithm based on the effort of 45 different food 
components on inflammatory biomarkers, has been con-
structed to quantitate the overall inflammatory potential 
of individual diets [16]. 24-h dietary recalls were utilized 
to calculate individual dietary intakes, which have been 
examined by the Nutrition Methodology Working Group 
[23]. To ensure precise food recall and alleviate the 

Fig. 1 Study flowchart. NHANES, National Health and Nutrition 
Examination Survey
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respondent burden, eligibility criteria included subjects 
who had both two valid 24-h dietary recalls.

A total of 28 food parameters were utilized to calcu-
late the DII score, including carbohydrates, protein, total 
fat, alcohol, fibre, cholesterol, saturated fat, monoun-
saturated fatty acid (MUFA), polyunsaturated fatty acids 
(PUFA), n-3 fatty acids, n-6 fatty acids, niacin, vitamin 
A, thiamin (vitamin B1), riboflavin (vitamin B2), vitamin 
B6, vitamin B12, vitamin C, vitamin D, vitamin E, Fe, Mg, 
zinc, selenium, folic acid, beta-carotene, caffeine and 
energy. Previous study showed that using 28 components 
did not influence the DII predictive capacity [24]. Details 
of the DII scoring algorithm have been described previ-
ously [19]. First, global daily mean intake was adopted to 
calculate every participant’s Z score. Next, every individ-
ual Z score was converted to a central percentile. Finally, 
the overall inflammatory effort score was utilized to mul-
tiply every central percentile and then summed to gain 
each participant’s DII score. Higher positive DII scores 
represented more pro-inflammatory diets, while more 
negative DII scores consistent with more anti-inflamma-
tory diet.

Outcome variable
The outcome of interest was bone health, which was esti-
mated by femoral neck BMD and bone mineral content 
(BMC). In this study, the femoral neck BMD and BMC 
were employed to analyzed due to its highest predic-
tive value for hip fracture, and the hip is the site of high 
clinical relevance [25]. In addition, femoral neck has been 
verified the preferred measurement site for dual energy 
X-ray absorptiometry measurements [26, 27]. The Hol-
ogic QDR-4500A fan-beam densitometer was utilized to 
acquire femoral neck BMD and BMC.

Study covariates
Baseline variables in this study included age (years), 
gender, race/ethnicity, income, BMI (kg/m2), drinking, 
smoking, physical activity (PA), serum calcium (mmol/L), 
serum phosphorus (mmol/L), arthritis, hypertension, 
diabetes, cardiovascular disease and chronic kidney dis-
ease (CKD). All detailed measurement processes of vari-
ables in this study are publicly accessible at http:// www. 
cdc. gov/ nchs/ nhanes/.

Races/ethnicities were classified as five groups: Mexi-
can American, non-Hispanic Black, non-Hispanic White, 
other Hispanic and other race. The poverty income ratio 
(PIR) was utilized to assess income status. PIR < 1 was 
defined as poor, 1–3 as near-poor and ≥ 3 as not poor. 
BMI was categorized into four groups. BMI < 18.5 was 
considered as underweight, 18.5–24.9 as normal weight, 
25–29.9 as overweight, and ≥ 30 as obese [28]. Partici-
pants whose dietary alcohol intake was more than 0  g 

were defined as alcohol consumers. Individuals who 
self-reported former or current smoking-cigarette 
were defined as smokers. PA was evaluated by weekly 
total metabolic equivalent task (MET). PA < 600 MET-
mins/week was defined as low, 600-1200MET-mins/
week as medium and ≥ 1200 MET-mins/week as high 
[29]. Cardiovascular disease included coronary heart 
disease, congestive heart failure, heart attack, stroke 
and angina. We used the Chronic Kidney Disease 
Epidemiology Collaboration formulate to assess glo-
merular filtration rate (eGFR) and CKD was defined 
as eGFR < 60  ml/min/1.73   m2 or urine albumin creati-
nine ratio (UACR) > 30  mg/g [30]. Diabetes was defined 
as self-reported diabetes, the use of diabetes medica-
tion or insulin, glycohemoglobin > 6.5%, fasting glu-
cose ≥ 7.0  mmol/l, random blood glucose ≥ 11.1  mmol/l 
or 2-h oral glucose tolerance test blood glucose 
(mmol/l) ≥ 11.1 [31]. Hypertension was defined as sys-
tolic blood pressure ≥ 140 mmHg and/or diastolic blood 
pressure ≥ 90 mmHg based on the average of three meas-
urements of all subjects’ blood pressure [32].

Statistical analysis
All statistical analyses were performed following Centers 
for Disease Control and Prevention (CDC) guidelines. A 
suitable sample weight was utilized to calculate all statis-
tical analyses in order that the data corresponded to the 
non-institutionalized civilian population. Continuous 
variables were expressed as the mean ± standard devia-
tion (SD), whereas categorical variables were expressed 
as counts (percentages). One-way ANOVA test (for nor-
mally distributed continuous variables), Kruskal–Wal-
lis H-test (for non-normally distributed continuous 
variables) and Chi-square test (for categorical variables) 
were utilized to measure differences among DII tertiles. 
Weighted multivariable linear regression analysis and 
smooth curve fittings were set up to estimate the associa-
tion between DII with BMD and BMC. To further exam-
ine the covariable effect on this correlation, we employed 
Model 1 (unadjusted), Model 2 (age, gender and race/
ethnicity were adjusted), and Model 3 (all covariates in 
Table 1 were adjusted). Considering BMI on bone health 
[33, 34], we employed the further subgroup analyses by 
BMI categories. P < 0.05 with effective confidence interval 
(CI) was of statistical significance. All analyses were con-
structed with R version 4.0.4 (http:// www.R- proje ct. org, 
The R foundation).

Results
Baseline characteristics of participants
Table  1 displays the basic information characteristics 
based on DII tertiles. As described in Fig.  1, a total of 
10,521 participants aged more than 20 years participated 
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in this study, of whom 51.24% were males, with an aver-
age age of 49.38 ± 0.31 years. The average DII was 1.24 
± 0.04, ranging from − 5.281 (most anti-inflammatory) 
to 5.795 (most pro-inflammatory). The overall DII score 
were divided into three groups (tertile 1 = − 5.281 to 
0.605, tertile 2 = 0.605–2.424, tertile 3 = 2.424–5.795). 
Participants in tertile 3 (more pro-inflammatory diet) 
presented a lower level of serum calcium, femoral neck 

BMD and femoral neck BMC. They were more likely to 
be younger, female, non-Hispanic black, near poor or 
poor, obese, smokers, low PA, and non-alcohol con-
sumers compared with other tertiles (P < 0.05). Further-
more, participants in tertile 3 (highest DII score) had a 
higher incidence of arthritis, hypertension and CKD 
than those in the tertile 1 and 2 (P < 0.05). No significant 
differences were uncovered among the DII tertiles in 

Table 1 Baseline characteristics of participants

DII Dietary inflammatory index, SD standard deviation, BMD Bone mineral density, BMC Bone mineral content, BMI Body mass index, CKD Chronic kidney disease

Overall Dietary inflammatory index

Tertile 1 ≥ − 5.281 
to ≤ 0.605

Tertile 2 > 0.605 to 
≤ 2.424

Tertile 3 > 2.424 to 
≤ 5.795

P-value

N 10,521 3508 3508 3505

DII, mean (SD) 1.24 (0.04)  − 0.85 (0.03) 1.54 (0.01) 3.32 (0.02)  < 0.001

Age, years, mean (SD) 49.38 (0.31) 50.41 (0.44) 48.91 (0.41) 48.68 (0.40) 0.001

Serum calcium, mmol/L, mean (SD) 2.36 (0.00) 2.37 (0.00) 2.36 (0.00) 2.3 6(0.00)  < 0.001

Serum phosphorus, mmol/L, mean (SD) 1.21 (0.00) 1.21 (0.00) 1.21 (0.00) 1.21 (0.00) 0.87

Femoral neck BMD, g/cm2, mean (SD) 0.82 (0.00) 0.83 (0.00) 0.83 (0.00) 0.81 (0.00)  < 0.001

Femoral neck BMC, g, mean (SD) 4.37 (0.01) 4.49 (0.02) 4.40 (0.02) 4.19 (0.02)  < 0.001

Gender, n (%)  < 0.001

Female 4953 (48.76%) 1260 (37.57%) 1615 (47.80%) 2067 (62.67%)

Male 5568 (51.24%) 2248 (62.43%) 1893 (52.20%) 1417 (37.33%)

Race/ethnicity, n(%)  < 0.001

Mexican American 1604 (6.51%) 575 (6.80%) 542 (6.63%) 483 (6.07%)

Non-hispanic black 1864 (8.48%) 483 (6.06%) 593 (8.22%) 785 (11.54%)

Non-hispanic white 5479 (75.42%) 1912 (77.91%) 1830 (74.89%) 1725 (73.09%)

Other hispanic 863 (4.11%) 274 (3.86%) 295 (4.34%) 293 (4.17%)

Other race—including Multi-racial 711 (5.47%) 264 (5.36%) 248 (5.92%) 198 (5.13%)

Income, n (%)  < 0.001

Poor 1742 (10.14%) 471 (7.86%) 521 (8.90%) 744 (14.08%)

Near poor 4148 (31.73%) 1221 (26.92%) 1418 (32.39%) 1503 (36.59%)

Not poor 4631 (58.13%) 1816 (65.21%) 1569 (58.71%) 1237 (49.33%)

BMI, kg/m2, n (%) 0.004

Underweight 144 (1.37%) 42 (1.41%) 44 (1.32%) 58 (1.39%)

Normal 3160 (30.42%) 1110 (32.51%) 1045 (29.58%) 999 (28.89%)

Overweight 3876 (36.31%) 1333 (36.41%) 1318 (38.12%) 1218 (34.30%)

obese 3485 (31.9%) 1065 (29.66%) 1145 (30.98%) 1267 (35.42%)

Smoking, n (%) 4968 (46.21%) 1583(43.86%) 1667 (45.70%) 1711 (49.60%) 0.001

Drinking, n (%) 3327 (35.92%) 1373 (43.41%) 1173 (38.13%) 773 (24.88%)  < 0.001

Physical activity, n (%)  < 0.001

Low 2880 (27.92%) 820 (23.43%) 989 (29.88%) 1063 (30.94%)

Medium 1704 (16.23%) 568 (15.69%) 571 (16.45%) 563 (16.64%)

High 5937 (55.86%) 2120 (60.88%) 1948 (53.67%) 1858 (52.42%)

Comorbid disease
Arthritis, n (%) 2899 (26.85%) 942 (26.78%) 932 (24.95%) 1017 (28.87%) 0.03

Hypertension, n (%) 4408 (37.18%) 1407 (35.53%) 1443 (36.43%) 1545 (39.74%) 0.02

Cardiovascular disease, n (%) 1035 (7.8%) 298 (6.95%) 347 (7.85%) 386 (8.68%) 0.16

Diabetes, n (%) 2597 (19.91%) 841 (19.02%) 847 (19.81%) 905 (21.12%) 0.2

CKD, n (%) 1642 (12.39%) 487 (10.39%) 524 (12.12%) 631 (15.06%)  < 0.001
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serum phosphorus, cardiovascular disease and diabetes 
(P > 0.05).

Dietary inflammation and bone health
Weighted multivariable liner regression was utilized to 
elucidate the relationship between DII and bone health 
among US adults (Tables 2 and 3). Our results revealed 
a negative association between DII and BMD (Model 3, 
β = − 0.004, 95% Cl − 0.005, − 0.002, P < 0.001) and BMC 
(Model 3, β = − 0.026, 95% Cl − 0.036, − 0.016, P < 0.001). 
This negative correlation between DII with femoral 
BMD and BMC became stronger after DII was grouped 
as tertiles. The effect size was − 0.016 for BMD in the 
most pro-inflammatory diet (tertile 3) (95% Cl − 0.024, 
− 0.008, P < 0.001) and − 0.111 for BMC in tertile 3 (95% 
Cl − 0.157, − 0.066, P < 0.001) in the fully adjusted model.

BMI-stratified subgroup analysis
Subgroup analyses based on different BMI groups were 
employed to distinctly evaluate the joint influence of BMI 
and dietary status on the bone health. (Tables 4 and 5). 
Subgroup analysis revealed that higher DII was correlated 

with a significantly higher risk of lower BMD in the over-
weight (Model 3, β = − 0.005, 95% Cl − 0.007, − 0.02, 
P = 0.002) and obese groups (Model 3, β = − 0.005, 95% 
Cl − 0.008, − 0.002, P = 0.005). Furthermore, after DII 
was grouped as tertiles, this negative association between 
DII and BMD became more evident, whose effect size 
was -0.024 for the most pro-inflammatory diet in the 
overweight group (Model 3, β = − 0.024, 95% CI − 0.036, 
− 0.011, P < 0.001), and − 0.015 for tertile 3 in the obese 
group (Model 3, β = − 0.015,95% CI − 0.030, − 0.000, 
P = 0.049) compared with the most anti-inflammatory 
diet (tertile 1). Consistent with the association between 
DII and BMD, higher DII was also correlated with an 
increased risk of lower BMC in the overweight (Model 
3, β = − 0.034, 95% Cl − 0.050, − 0.017, P < 0.001) and 
obese groups (Model 3, β = − 0.030, 95% Cl − 0.049, 
− 0.011, P = 0.003). After DII was divided into ter-
tiles, this negative association remained, whose effect 
size was -0.058 for tertile 3 (Model3, β = − 0.058, 95% 
CI − 0.113, − 0.004, P = 0.042) and -0.09 for tertile 3 
(Model3, β = − 0.09, 95% CI − 0.177, − 0.003, P = 0.042) 
in relation to tertile 1 (the most anti-inflammatory diet). 

Table 2 Association between dietary inflammatory index (DII) and bone mineral density (BMD) among adults

Model 1: no adjustment

Model 2: adjusted for age, gender and race/ethnicity

Model 3: adjusted for age, gender, race/ethnicity, serum calcium, serum phosphorus, income, BMI, smoking, drinking, physical activity, arthritis, hypertension, 
cardiovascular disease, diabetes, CKD

DII Dietary inflammatory index, BMI Body mass index, CKD Chronic kidney disease, Cl Confidence interval

Model 1 Model 2 Model 3

β (95% Cl) P-value β (95% Cl) P-value β (95% Cl) P-value

DII continuous  − 0.003 (− 0.005, − 0.001) 0.003  − 0.002 (− 0.004, 0.000) 0.019  − 0.004 (− 0.005, − 0.002)  < 0.001

DII tertile

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2  − 0.001 (− 0.010, 0.009) 0.887  − 0.002 (− 0.009, 0.006) 0.671  − 0.004 (− 0.011, 0.003) 0.231

 Tertile 3  − 0.017 (− 0.026, − 0.007)  < 0.001  − 0.011 (− 0.019, − 0.003) 0.009  − 0.016 (− 0.024, − 0.008)  < 0.001

Table 3 Association between dietary inflammatory index (DII) and bone mineral content (BMC) among adults

Model 1: no adjustment

Model 2: adjusted for age, gender and race/ethnicity

Model 3: adjusted for age, gender, race/ethnicity, serum calcium, serum phosphorus, income, BMI, smoking, drinking, physical activity, arthritis, hypertension, 
cardiovascular disease, diabetes, CKD

DII Dietary inflammatory index, BMI Body mass index, CKD Chronic kidney disease, Cl Confidence interval

Model 1 Model 2 Model 3

β (95% Cl) P-value β (95% Cl) P-value β (95% Cl) P-value

DII continuous  − 0.063 (− 0.075, − 0.050)  < 0.001  − 0.019 (− 0.029, − 0.009)  < 0.001  − 0.026 (− 0.036, − 0.016)  < 0.001

DII tertile

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2  − 0.089 (− 0.146, − 0.032) 0.003  − 0.018 (− 0.058, 0.022) 0.369  − 0.03 (− 0.069, 0.009) 0.125

 Tertile 3  − 0.295 (− 0.352, − 0.239)  < 0.001  − 0.093 (− 0.140, − 0.046)  < 0.001  − 0.111 (− 0.157, − 0.066)  < 0.001
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Interestingly, a statistically significant positive correlation 
between DII and bone health was existed in DII tertile 
2 (middle DII score) in the underweight group (BMD, 
model 3, β = 0.047, 95% CI 0.003, 0.090, P = 0.038; BMC, 
model 3, β = 0.274, 95% CI 0.073, 0.475, P = 0.010). To 
make it clear, smooth curve fittings used to characterize 
the joint influence of BMI and dietary status on the bone 
health are showed in Figs. 2 and 3.

Discussion
To our knowledge, this is the first study that assesses the 
relationship between DII and bone health under different 
levels of BMI. In this cross-sectional study that incorpo-
rated 10,521 US adults (age ≥ 20), we demonstrated that 
a pro-inflammatory diet was correlated with an increased 
risk of lower BMD and BMC only in the overweight and 
obese participants, while this correlation was opposite 

in DII tertile 2 (middle DII score) in the underweight 
group. Previous findings on DII and osteoporosis omit-
ted the joint influence of BMI and dietary status on the 
bone health [35–38]. This gap seemed to be filled in the 
present study.

This is a large-scale cross-sectional study evaluating 
an association between dietary inflammatory potential 
and bone health among US adults. Emerging evidence 
has revealed that dietary intake plays an important role 
in bone health [39, 40]. A meta-analysis revealed that 
people who adhered to the Mediterranean dietary pat-
tern with a high consumption of fruits, vegetables, nuts, 
fish and legumes and a low consumption of meats and 
sugars was linked with a small but important increase in 
BMD [39]. Another meta-analysis reported that healthy 
dietary patterns, high in vegetables, fruit, whole grains 
and long-chain n-3 fats and low in sugar-sweetened bev-
erages, fruit juices, red and processed meat, was linked 

Table 4 Subgroup analysis of association between dietary inflammatory index (DII) and bone mineral density (BMD) by BMI groups 
among adults

Model 1: no adjustment

Model 2: adjusted for age, gender and race/ethnicity

Model 3: adjusted for age, gender, race/ethnicity, serum calcium, serum phosphorus, income, smoking, drinking, physical activity, arthritis, hypertension, 
cardiovascular disease, diabetes, CKD

DII Dietary inflammatory index, BMI Body mass index, CKD chronic kidney disease, Cl Confidence interval

Model 1 Model 2 Model 3

β (95% Cl) P-value β (95%Cl) P-value β (95% Cl) P-value

Underweight

DII continuous 0.001 (− 0.012,0.014) 0.859  − 0.001 (− 0.009, 0.007) 0.760 0.001 (− 0.006, 0.008) 0.792

DII tertile

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2 0.06 (− 0.008,0.128) 0.081 0.041 (− 0.010, 0.093) 0.105 0.047 (0.003, 0.090) 0.038

 Tertile 3  − 0.022 (− 0.081,0.037) 0.447  − 0.023 (− 0.077, 0.030) 0.362  − 0.017 (− 0.060, 0.026) 0.415

Normal weight

DII continuous  − 0.001 (− 0.005,0.003) 0.713  − 0.002 (− 0.005, 0.001) 0.152  − 0.001 (− 0.005, 0.002) 0.369

DII tertile

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2 0.013 (− 0.004,0.030) 0.124 0.005 (− 0.008, 0.018) 0.465 0.007 (− 0.006, 0.020) 0.298

 Tertile 3  − 0.009 (− 0.028,0.010) 0.364  − 0.013 (− 0.027, 0.002) 0.099  − 0.009 (− 0.024, 0.007) 0.262

Overweight

DII continuous  − 0.007 (− 0.010, − 0.004)  < 0.001  − 0.005 (− 0.007, − 0.002)  < 0.001  − 0.005 (− 0.007, − 0.002) 0.002

DII tertile

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2  − 0.011 (− 0.024, 0.001) 0.080  − 0.009 (− 0.021, 0.002) 0.109  − 0.009 (− 0.021, 0.002) 0.111

 Tertile 3  − 0.035 (− 0.051, − 0.020)  < 0.001  − 0.025 (− 0.037, − 0.013)  < 0.001  − 0.024 (− 0.036, − 0.011)  < 0.001

Obese

DII continuous  − 0.006 (− 0.010, − 0.003)  < 0.001  − 0.006 (− 0.009, − 0.002) 0.002  − 0.005 (− 0.008, − 0.002) 0.005

DII tertile

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2  − 0.009 (− 0.025, 0.007) 0.250  − 0.01 (− 0.022, 0.003) 0.129  − 0.009 (− 0.021, 0.004) 0.161

 Tertile 3  − 0.02 (− 0.035, − 0.005) 0.012  − 0.017 (− 0.033, − 0.002) 0.027  − 0.015 (− 0.030, 0.000) 0.049
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with decreased risk of fracture [40]. It was validated that 
excessive consumption of tea, alcohol and coffee increase 
the risk of decreased BMD and vitamin C, vitamin D, and 
calcium can be utilized to prevent low BMD [13]. How-
ever, in this study, participants with higher intake of anti-
inflammatory diet had higher alcohol intake, which may 
be consistent with the amount of alcohol intake. A review 
noted that individuals with consumption of up to one or 
two standard drinks of alcohol per day were associated 
with higher femur neck BMD, but opposite while up to 
three standard drinks of alcohol per day compared to 
individuals with no alcohol consumption [41].

The findings of the BMI-stratified subgroup analysis 
revealed that the negative correlation between higher DII 
with increased risk of lower BMD and BMC only existed 
in the overweight and obese US adults, while this cor-
relation was opposite in DII tertile 2 (middle DII score) 
in the underweight group. Previous studies have proved 

that high BMI has a positive effect on BMD in both men 
and women [42, 43]. The controversies between BMI 
and BMD are gender-specific, age-specific and different 
skeletal sites. A recent cohort study based on 285,643 
Korean adults confirmed that low BMI was a trigger for 
all fractures and obesity was a trigger factor for proximal 
humerus fracture, but it is a protective factor for wrist 
fracture [44]. Further, a meta-analysis reflected that low 
BMI was a risk for vertebral fracture in men, but not in 
women [45]. Additionally, a retrospective study indicated 
that the relationship between the body weight and BMD 
was statistically significant only in obese population in 
elder groups in both genders [43]. However, the research 
about high BMI being a protective factor for fracture has 
been challenged [46]. A population-based prospective 
study based on 60,393 women indicated that obesity was 
a risk factor for fracture in postmenopausal women [21, 
47]. Similarly, in the present study, the overweight and 

Table 5 Subgroup analysis of association between Dietary Inflammatory index (DII) and bone mineral content (BMC)by BMI groups 
among adults

Model 1: no adjustment

Model 2: adjusted for age, gender and race/ethnicity

Model 3: adjusted for age, gender, race/ethnicity, serum calcium, serum phosphorus, income, smoking, drinking, physical activity, arthritis, hypertension, 
cardiovascular disease, diabetes, CKD

DII Dietary inflammatory index, BMI Body mass index, CKD Chronic kidney disease, Cl Confidence interval

Model 1 Model 2 Model 3

β (95% Cl) P-value β (95% Cl) P-value β (95% Cl) P-value

Underweight

DII continuous 0.005 (− 0.069,0.079) 0.889  − 0.007 (− 0.047, 0.032) 0.702 0.002 (− 0.035, 0.038) 0.944

DII tertile

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2 0.396 (0.066,0.727) 0.021 0.252 (0.020, 0.484) 0.035 0.274 (0.073, 0.475) 0.010

 Tertile 3  − 0.129 (− 0.444,0.185) 0.399  − 0.134 (− 0.376, 0.108) 0.252  − 0.107 (− 0.332, 0.118) 0.334

Normal weight

DII continuous  − 0.039 (− 0.064, − 0.013) 0.003  − 0.02 (− 0.037, − 0.002) 0.026  − 0.013 (− 0.031, 0.004) 0.133

DII tertile

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2  − 0.013 (− 0.116, 0.089) 0.800 0.009 (− 0.064, 0.082) 0.815 0.026 (− 0.047, 0.098) 0.478

 Tertile 3  − 0.215 (− 0.331, − 0.099)  < 0.001  − 0.1 (− 0.182, − 0.018) 0.017  − 0.07 (− 0.154, 0.014) 0.101

Overweight

DII continuous  − 0.09 (− 0.111, − 0.069)  < 0.001  − 0.037 (− 0.052, − 0.021)  < 0.001  − 0.034 (− 0.050, − 0.017)  < 0.001

DII tertile

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2  − 0.148 (− 0.240, − 0.055) 0.002  − 0.066 (− 0.139, 0.006) 0.071  − 0.064 (− 0.138, 0.009) 0.083

 Tertile 3  − 0.418 (− 0.517, − 0.318)  < 0.001  − 0.181 (− 0.255, − 0.108)  < 0.001  − 0.058 (− 0.113, − 0.004) 0.042

Obese

DII continuous  − 0.088 (− 0.108, − 0.067)  < 0.001  − 0.035 (− 0.055, − 0.016)  < 0.001  − 0.03 (− 0.049, − 0.011) 0.003

DII tertile

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2  − 0.152 (− 0.243, − 0.060) 0.001  − 0.049 (− 0.116, 0.017) 0.144  − 0.039 (− 0.105, 0.026) 0.236

 Tertile 3  − 0.333 (− 0.428, − 0.238)  < 0.001  − 0.112 (− 0.202, − 0.021) 0.016  − 0.09 (− 0.177, − 0.003) 0.042
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obese participants with higher pro-inflammatory diet 
had an increased risk of lower BMD and BMC. The rea-
son could be that inflammation is related to BMI. Previ-
ous study reported that the neutrophil/lymphocyte and 
platelet/lymphocyte ratio and systemic immune-inflam-
matory index were significantly affected by BMI status 
[47]. With respect to underweight participants, there 
are commonly combined with malnutrition and dietary 
improvement, such as mild pro-inflammatory diet, may 
promote bone resorption. A prospective study of 26,318 
participants revealed that risk of hip fracture in under-
weight participants was 45% lower for every 25  g/day 
protein (a pro-inflammatory food parameter) consumed 
[48].

Accumulating studies have reported that bone health 
has a close association with pro-inflammatory cytokines, 
including interleukin (IL)-1, tumor necrosis factor-alpha 
(TNF-α), IL-6, or interferon-gamma. IL-6 was essen-
tial for triggering osteoclast differentiation and activa-
tion [10]. IL-1 was also a trigger for bone resorption, 
accelerating bone loss in idiopathic and postmenopausal 
osteoporosis [9, 11]. TNF-α stimulated the inflamma-
tory mediator nitric oxide, promoting osteoblast apop-
tosis [12]. Moreover, chronic inflammation maintained 
by diet was also a trigger for osteoporosis. On the other 
hand, anti-inflammatory nutrition was found to cor-
relate with bone health. A meta-analysis showed that 
zinc supplementation/intake may help to improve the 

Fig. 2 The association between DII and BMD stratified by BMI. Age, gender, race/ethnicity, serum calcium, serum phosphorus, income, smoking, 
drinking, physical activity, arthritis, hypertension, cardiovascular disease, diabetes and CKD were adjusted. Solid lines hazard correlation coefficient, 
shaded area 95% confidence interval. DII Dietary inflammatory index, BMI Body mass index, CKD Chronic kidney disease, BMD Bone mineral density
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levels of serum osteocalcin, serum alkaline phosphatase 
and femoral neck BMD [14]. As for n-3 polyunsaturated 
fatty acid (PUFA), an anti-inflammatory food parameter, 
a systematic review and meta-analysis reported that n-3 
PUFA might exert a beneficial effect on bone health [15] 
by inhibiting oxidative stress [4], down-regulating peroxi-
some proliferator-activated receptor gamma and enhanc-
ing osteoblastic activity [49]. Another meta-analysis 
summarized that vitamin C intake decreased the risk of 
bone mineral density loss [50].

This study has some limitations. Firstly, the cross-
sectional study was designed to examine the correla-
tion between DII and bone health instead of the causal 
references. Secondly, dietary habit recall related bias is 

inevitable although the NHANES design utilized sam-
pling weight and multiple-pass method to ensure precise 
of dietary intake and subjects who had both two valid 
24-h dietary recalls were included in this study. Thirdly, 
further studies about whether the negative association 
between DII and bone heath is suitable for young peo-
ple or different national groups should be performed. 
Fourthly, more clinical information including the use 
of drugs should be subsumed to assess this association. 
Finally, we did not assess the level of fat mass and lean 
soft tissue in this study. Lean soft tissue is an important 
determinant of bone health and BMI is not capable of 
differentiating between fat mass and lean soft tissue. Fur-
ther studies including the level of fat mass and lean soft 

Fig. 3 The association between DII and BMC stratified by BMI. Age, gender, race/ethnicity, serum calcium, serum phosphorus, income, smoking, 
drinking, physical activity, arthritis, hypertension, cardiovascular disease, diabetes and CKD were adjusted. Solid lines hazard correlation coefficient, 
shaded area 95% confidence interval. DII Dietary inflammatory index, BMI Body mass index, CKD Chronic kidney disease, BMC Bone mineral content
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tissue would provide a better understanding of the rela-
tion between DII and bone health.

Conclusion
In this cross-sectional study with 10,521 US adults, 
higher intake of pro-inflammatory diet was correlated 
with an increased risk of lower BMD and BMC only in 
overweight and obese participants, while this correla-
tion was opposite in DII tertile 2 (middle DII score) in 
the underweight group. Further studies for validating 
the causal references between DII and bone health are 
warranted.

Acknowledgements
We would like to thank the NHANES participants and staff for their contribu-
tions. Thanks to Zhang Jing (Shanghai Tongren Hospital) for his work on the 
NHANES database. His outstanding work, nhanesR package and webpage, 
makes it easier for us to explore NHANES database.

Author contributions
Conceptualization, GZ and YW; methodology, GZ and YW; software, GZ and ZJ; 
formal analysis, GZ and ZJ; data collection, GZ, JL, ZJ and XC; writing-original 
draft preparation, GZ; writing-review and editing, YW and JW; supervision, 
YW and JW; All authors have read and agreed to the published version of the 
manuscript.

Funding
This study was supported by the TCM Specialist Zhang Qi’s Academic Experi-
ence Heritage Studio (E43712).

Availability of data and materials
This data are publicly available at NHANES website (http:// www. cdc. gov/ nchs/ 
nhanes).

Declarations

Ethical approval and consent to participate
The studies involving human participants were reviewed and approved 
by National Center for Health Statistics Research. Ethics Review Board. The 
patients/participants provided their written informed consent to participate 
in this study.

Consent for publication
No applicable.

Competing interests
The authors have declared no conflict of interest.

Author details
1 Guang’anmen Hospital, China Academy of Chinese Medical Sciences, 
Beijing 100053, China. 2 Second Affiliated Hospital, Guangzhou University 
of Chinese Medicine (Guangdong Provincial Hospital of Chinese Medicine), 
Guangzhou 510120, China. 3 First Affiliated Hospital, Guangzhou University 
of Chinese Medicine, Guangzhou 510080, China. 

Received: 10 November 2022   Accepted: 28 December 2022

References
 1. Klibanski A, Adams-Campbell L, Bassford T, Blair SN, Boden SD, Dickersin 

K, Gifford DR, Glasse L, Goldring SR, Hruska K, Johnson SR. Osteoporosis 
prevention, diagnosis, and therapy. JAMA. 2001;285(6):785–95.

 2. Johnell O, Kanis JA. An estimate of the worldwide prevalence and disabil-
ity associated with osteoporotic fractures. Osteoporos Int: J Established 
Res Cooperation Between Eur Found Osteoporos Natl Osteoporos Found 
USA. 2006;17(12):1726–33.

 3. Wright NC, Looker AC, Saag KG, Curtis JR, Delzell ES, Randall S, Dawson-
Hughes B. The recent prevalence of osteoporosis and low bone mass 
in the United States based on bone mineral density at the femoral 
neck or lumbar spine. J Bone Miner Res: Off J Am Soc Bone Min Res. 
2014;29(11):2520–6.

 4. Ilich JZ, Kelly OJ, Kim Y, Spicer MT. Low-grade chronic inflammation 
perpetuated by modern diet as a promoter of obesity and osteoporosis. 
Arh Hig Rada Toksikol. 2014;65(2):139–48.

 5. Nie YZ, Yan ZQ, Yin H, Shan LH, Wang JH, Wu QH. Osteosarcopenic obesity 
and its components-osteoporosis, sarcopenia, and obesity-are associated 
with blood cell count-derived inflammation indices in older Chinese peo-
ple. BMC Geriatr. 2022;22(1):532.

 6. Kim M, Kim H, Sohn C. Relationship between vitamin K status, bone 
mineral density, and hs-CRP in young Korean women. Nurs Res Pract. 
2010;4(6):507–14.

 7. Öztürk ZA, Yesil Y, Kuyumcu ME, Bilici M, Öztürk N, Yeşil NK, Özkaya M, 
Kısacık B, Kepekçi Y, Arıoğul S. Inverse relationship between neutrophil 
lymphocyte ratio (NLR) and bone mineral density (BMD) in elderly peo-
ple. Arch Gerontol Geriatr. 2013;57(1):81–5.

 8. Iotsova V, Caamaño J, Loy J, Yang Y, Lewin A, Bravo R. Osteopetrosis in 
mice lacking NF-kappaB1 and NF-kappaB2. Nat Med. 1997;3(11):1285–9.

 9. Pacifici R, Rifas L, McCracken R, Vered I, McMurtry C, Avioli LV, Peck 
WA. Ovarian steroid treatment blocks a postmenopausal increase 
in blood monocyte interleukin 1 release. Proc Natl Acad Sci USA. 
1989;86(7):2398–402.

 10. Manolagas SC. Birth and death of bone cells: basic regulatory mecha-
nisms and implications for the pathogenesis and treatment of osteopo-
rosis. Endocr Rev. 2000;21(2):115–37.

 11. Wei S, Kitaura H, Zhou P, Ross FP, Teitelbaum SL. IL-1 mediates TNF-
induced osteoclastogenesis. J Clin Investig. 2005;115(2):282–90.

 12. Armour KJ, Armour KE, van’t Hof RJ, Reid DM, Wei XQ, Liew FY, Ralston SH. 
Activation of the inducible nitric oxide synthase pathway contributes to 
inflammation-induced osteoporosis by suppressing bone formation and 
causing osteoblast apoptosis. Arthr Rheum. 2001;44(12):2790–6.

 13. Feng W, Wang X, Huang D, Lu A. Role of diet in osteoporosis incidence: 
umbrella review of meta-analyses of prospective observational studies. 
Crit Rev Food Sci Nutr. 2021. https:// doi. org/ 10. 1080/ 10408 398. 2021. 
19893 74.

 14. Ceylan MN, Akdas S, Yazihan N. Is zinc an important trace element on 
bone-related diseases and complications? a meta-analysis and systematic 
review from serum level, dietary intake, and supplementation aspects. 
Biol Trace Elem Res. 2021;199(2):535–49.

 15. Dou Y, Wang Y, Chen Z, Yu X, Ma D. Effect of n-3 polyunsaturated fatty 
acid on bone health: a systematic review and meta-analysis of rand-
omized controlled trials. Food Sci Nutr. 2022;10(1):145–54.

 16. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and 
developing a literature-derived, population-based dietary inflammatory 
index. Public Health Nutr. 2014;17(8):1689–96.

 17. Alipoor E, Karimbeiki R, Shivappa N, Yaseri M, Hebert JR, Hosseinzadeh-
Attar MJ. Dietary inflammatory index and parameters of diet quality in 
normal weight and obese patients undergoing hemodialysis. Nutrition 
(Burbank, Los Angeles County, Calif ). 2019;61:32–7.

 18. Li J, Lee DH, Hu J, Tabung FK, Li Y, Bhupathiraju SN, Rimm EB, Rexrode KM, 
Manson JE, Willett WC, et al. Dietary inflammatory potential and risk of 
cardiovascular disease among MenB and women in the U.S. J Am Coll 
Cardiol. 2020;76(19):2181–93.

 19. Zeng G, Lin J, He Y, Yuan C, Wu Y, Lin Q. Diet-related inflammation is 
associated with malnutrition-inflammation markers in maintenance 
hemodialysis patients: results of a cross-sectional study in china using 
dietary inflammatory index. Int J Gener Med. 2022;15:3639–50.

 20. An Y, Li JN, Wang Y, Tian W, Li N. Association of overweight and obesity 
with vertebral fractures: a systematic review and meta-analysis. Miner 
Endocrinol 2021.

 21. Prieto-Alhambra D, Premaor MO, Fina Avilés F, Hermosilla E, Martinez-
Laguna D, Carbonell-Abella C, Nogués X, Compston JE, Díez-Pérez A. 
The association between fracture and obesity is site-dependent: a 

http://www.cdc.gov/nchs/nhanes
http://www.cdc.gov/nchs/nhanes
https://doi.org/10.1080/10408398.2021.1989374
https://doi.org/10.1080/10408398.2021.1989374


Page 11 of 11Zeng et al. Journal of Orthopaedic Surgery and Research            (2023) 18:1  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

population-based study in postmenopausal women. J Bone Min Res: Off 
J Am Soc Bone Min Res. 2012;27(2):294–300.

 22. Compston JE, Watts NB, Chapurlat R, Cooper C, Boonen S, Greenspan S, 
Pfeilschifter J, Silverman S, Diez-Perez A, Lindsay R, et al. Obesity is not 
protective against fracture in postmenopausal women: GLOW. Am J Med. 
2011;124(11):1043–50.

 23. Plan and operation of the Third National Health and Nutrition Examina-
tion Survey, 1988–94. Series 1: programs and collection procedures. 
Vital and health statistics Ser 1, Programs and collection procedures 
1994(32):1–407.

 24. Liu N, Feng Y, Li J, Ma X, Ma F. Relationship between the dietary inflamma-
tory index and kidney stone prevalence. World J Urol. 2022;40(6):1545–52.

 25. Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of 
bone mineral density predict occurrence of osteoporotic fractures. BMJ 
(Clin Res Ed). 1996;312(7041):1254–9.

 26. Sözen T, Özışık L, Başaran N. An overview and management of osteoporo-
sis. Eur J Rheumatol. 2017;4(1):46–56.

 27. Moilanen A, Kopra J, Kröger H, Sund R, Rikkonen T, Sirola J. Characteris-
tics of long-term femoral neck bone loss in Postmenopausal women: 
a 25-year follow-up. J Bone Min Res: Off J Am Soc Bone Min Res. 
2022;37(2):173–8.

 28. Liu N, Ma F, Feng Y, Ma X. The association between the dietary inflam-
matory index and thyroid function in U.S. adult males. Nutrients. 
2021;13(10):3330.

 29. Huang BH, Duncan MJ, Cistulli PA, Nassar N, Hamer M, Stamatakis E. Sleep 
and physical activity in relation to all-cause, cardiovascular disease and 
cancer mortality risk. Br J Sports Med. 2022;56(13):718–24.

 30. Kidney Disease: Improving Global Outcomes (KDIGO) Blood Pressure 
Work Group. KDIGO 2021 clinical practice guideline for the management 
of glomerular diseases. Kidney Int. 2021;100(4s):S1–276.

 31. Qin Z, Zhao J, Li J, Yang Q, Geng J, Liao R, Su B. Low lean mass is associ-
ated with lower urinary tract symptoms in US men from the 2005–2006 
national health and nutrition examination survey dataset. Aging. 
2021;13(17):21421–34.

 32. Elliott WJ. Systemic hypertension. Curr Probl Cardiol. 2007;32(4):201–59.
 33. Ensrud KE, Vo TN, Burghardt AJ, Schousboe JT, Cauley JA, Taylor BC, 

Hoffman AR, Orwoll ES, Lane NE, Langsetmo L. Weight loss in men in 
late life and bone strength and microarchitecture: a prospective study. 
Osteoporos Int: J Established Res Coop Between Eur Found Osteoporos 
Natl Osteoporos Found USA. 2018;29(7):1549–58.

 34. Liu TT, Li XD, Wang WZ, Zhang JG, Yang DZ. Efficacy of weight adjusted 
bone mineral content in osteoporosis diagnosis in Chinese female popu-
lation. Chin Med J. 2019;132(7):772–81.

 35. Chen Y, Chen FH, Chen YQ, Zhang Q. Higher modified dietary inflamma-
tory index is associated with increased risk of osteoporosis in US adults: 
data from NHANES. Front Nutr. 2022;9:891995.

 36. Rivera-Paredez B, Quezada-Sánchez AD, Robles-Rivera K, Hidalgo-Bravo 
A, Denova-Gutiérrez E, León-Reyes G, Flores YN, Salmerón J, Velázquez-
Cruz R. Dietary inflammatory index and bone mineral density in Mexican 
population. Osteoporos Int: J Established Res Coop Between Eur Found 
Osteoporos Natl Osteoporos Found USA. 2022;33(9):1969–79.

 37. Zhao S, Gao W, Li J, Sun M, Fang J, Tong L, He Y, Wang Y, Zhang Y, Xu 
Y, et al. Dietary inflammatory index and osteoporosis: the National 
Health and Nutrition Examination Survey, 2017–2018. Endocrine. 
2022;78(3):587–96.

 38. Mazidi M, Shivappa N, Wirth MD, Hebert JR, Vatanparast H, Kengne 
AP. The association between dietary inflammatory properties and 
bone mineral density and risk of fracture in US adults. Eur J Clin Nutr. 
2017;71(11):1273–7.

 39. Noori M, Jayedi A, Khan TA, Moradi S, Shab-Bidar S. Mediterranean dietary 
pattern and bone mineral density: a systematic review and dose-
response meta-analysis of observational studies. Eur J Clin Nutr. 2022. 
https:// doi. org/ 10. 1038/ s41430- 022- 01093-7.

 40. Panahande B, Sadeghi A, Parohan M. Alternative healthy eating index 
and risk of hip fracture: aB systematic review and dose-response meta-
analysis. J Human Nutr Diet: Off J Br Diet Assoc. 2019;32(1):98–107.

 41. Godos J, Giampieri F, Chisari E, Micek A, Paladino N, Forbes-HernГЎndez 
TY, Quiles JL, Battino M, La Vignera S, Musumeci G, et al. Alcohol 
consumption, bone mineral density, and risk of osteoporotic frac-
tures: a dose-response meta-analysis. Int J Environ Res Pub Health. 
2022;19(3):1515.

 42. Song J, Zhang R, Lv L, Liang J, Wang W, Liu R, Dang X. The relationship 
between body mass index and bone mineral density: a mendelian rand-
omization study. Calcif Tissue Int. 2020;107(5):440–5.

 43. Cherukuri L, Kinninger A, Birudaraju D, Lakshmanan S, Li D, Flores F, Mao 
SS, Budoff MJ. Effect of body mass index on bone mineral density is age-
specific. Nutr Metab Cardiovasc Dis. 2021;31(6):1767–73.

 44. Yi SW, Bae JH, Kim YM, Won YJ, Kim SH. Relationship between body mass 
index and fracture risk at different skeletal sites: a nationwide cohort 
study. Arch Osteoporos. 2022;17(1):99.

 45. Kaze AD, Rosen HN, Paik JM. A meta-analysis of the association between 
body mass index and risk of vertebral fracture. Osteoporos Int: J Estab-
lished Res Coop Between Eur Found Osteoporos Natl Osteoporos Found 
USA. 2018;29(1):31–9.

 46. Premaor MO, Pilbrow L, Tonkin C, Parker RA, Compston J. Obesity and 
fractures in postmenopausal women. J Bone Min Res: Off J Am Soc Bone 
Min Res. 2010;25(2):292–7.

 47. Furuncuoğlu Y, Tulgar S, Dogan AN, Cakar S, Tulgar YK, Cakiroglu B. How 
obesity affects the neutrophil/lymphocyte and platelet/lymphocyte ratio, 
systemic immune-inflammatory index and platelet indices: a retrospec-
tive study. Eur Rev Med Pharmacol Sci. 2016;20(7):1300–6.

 48. Webster J, Greenwood DC, Cade JE. Foods, nutrients and hip fracture 
risk: a prospective study of middle-aged women. Clin Nutr (Edinb, Scotl). 
2022;41(12):2825–32.

 49. Abshirini M, Ilesanmi-Oyelere BL, Kruger MC. Potential modulatory 
mechanisms of action by long-chain polyunsaturated fatty acids on bone 
cell and chondrocyte metabolism. Prog Lipid Res. 2021;83:101113.

 50. Zeng LF, Luo MH, Liang GH, Yang WY, Xiao X, Wei X, Yu J, Guo D, Chen HY, 
Pan JK, et al. Can dietary intake of vitamin C-oriented foods reduce the 
risk of osteoporosis, fracture, and BMD loss? systematic review with meta-
analyses of recent Studies. Front Endocrinol. 2019;10:844.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1038/s41430-022-01093-7

	Relationship between diet-related inflammation and bone health under different levels of body mass index
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study population
	Exposure variable
	Outcome variable
	Study covariates
	Statistical analysis

	Results
	Baseline characteristics of participants
	Dietary inflammation and bone health
	BMI-stratified subgroup analysis

	Discussion
	Conclusion
	Acknowledgements
	References


