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A B S T R A C T

Objective: Osteoporosis is an inflammatory disease that causes a large disease burden worldwide. Dietary
inflammation index (DII), a comprehensive assessment index that reflects the pro-inflammatory/anti-
inflammatory level of diet was related to multiple inflammatory diseases. This study aimed to explore the as-
sociation between DII and all-cause mortality in patients with osteoporosis or osteopenia.
Methods: In this retrospective cohort study, data of patients aged ≥ 45 years diagnosed as osteopenia or osteo-
porosis and had complete dietary intake information were extracted from the National Health and Nutrition
Examination Survey (NHANES 2007–2010, 2013–2014, 2017–2018). Dietary intake information was obtained
from 24-h dietary recall interviews and was used to calculate the DII score. Weighted univariate and multivariate
Cox proportional hazard models were utilized to explore the association between DII and all-cause mortality in
patients with osteoporosis or osteopenia, with hazard ratios (HRs) and 95 % confidence intervals (CIs). Subgroup
analyses based on different age, gender and complications were further assessed this association.
Results: A total of 5,381 patients were included. Until December 31, 2019, 1,286 all-cause deaths occurred. After
adjusting all covariates, high DII was associated with the high odds of all-cause mortality among patients with
osteoporosis or osteopenia (HR=1.28, 95 %CI: 1.10–1.48), especially in the male (HR=1.38, 95 %CI: 1.06–1.78),
aged < 65 years (HR=1.49, 95 %CI: 1.09–2.02), and without the history the cardiovascular disease (HR=1.30,
95 %CI: 1.03–1.65), diabetes mellitus (HR=1.27, 95 %CI: 1.06–1.52) and chronic kidney disease (HR=1.28, 95
%CI: 1.03–1.58).
Conclusion: A pro-inflammatory diet may have an adverse effect on the prognosis of osteoporosis patients.

1. Introduction

Osteoporosis, a systemic bone disorder, is featured by osteopenia and
skeletal fragility (Anam and Insogna, 2021; Gregson et al., 2022; Reid
and Billington, 2022). By report, osteoporosis enhances the risk of
fragility fractures, capable of causing increased risk of all-cause, car-
diovascular disease (CVD) and cancer mortality (Lorentzon et al., 2019;
Wooltorton, 2006). An estimated 10.2 million middle-aged and older
American suffer from osteoporosis in 2010 and the cases will reach 13.5
million by 2030 (Carlson et al., 2019; Wright et al., 2014). Osteoporosis
affects people’s daily life and quality of life and the health costs caused

by the condition prevention and treatment also put pressure on socio-
economic development. It is essential to detect the preclinical manifes-
tations of osteoporosis as early as possible and to conduct the
intervention.

Osteoporosis is a bone metabolic disorder involving systemic in-
flammatory activation and higher inflammation level was a risk factor
for fracture (Livshits and Kalinkovich, 2022). Dysfunctional inflamma-
tion level in vivomay lead to increase bone resorption and suppress bone
formation (Loi et al., 2016). Over the past few decades, the relationship
between dietary intake and the inflammation has received attention,
and good nutritional status may help decrease the inflammation of the
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body (Eckart et al., 2020; Wieringa and Thurnham, 2023). Studies re-
ported that the intake of several dietary nutrients, such as magnesium,
iron and calcium, are beneficial for maintaining bone health (Rondanelli
et al., 2021; Tuomi et al., 1991; Varenna et al., 2007). Evidence have
shown the relationship between overall dietary patterns, rather than just
individual nutrients, and chronic diseases (Cavicchia et al., 2009; Shi-
vappa et al., 2014a). Dietary inflammatory index (DII) included 45 types
of food parameter was a quantitative method to assess the level of di-
etary inflammation emerged as time and conditions required, which can
reflect the whole diet of an individual from the most anti-inflammatory
to the most pro-inflammatory (Cao et al., 2023). Previous studies found
that DII was associated with the risk or prognosis of several diseases
(Garcia-Arellano et al., 2019; Zhang et al., 2022). Garcia-Arellano A
et al. (Garcia-Arellano et al., 2019) reported that compared with the
lowest category of DII, highest DII was significantly associated with an
increase of 23 % in all-cause mortality. Zhang et al. (Zhang et al., 2022)
shown that DII was associated with the risk of all-cause, cancer and CVD
mortality in a linear manner. Dietary intervention might be a promising
method in the prevention and treatment of most non-communicable
diseases. However, the association between DII and all-cause mortality
in osteoporosis patients with low bone mass remains unclear.

Herein, we explored the association between DII and all-cause
mortality in patients with osteopenia or osteoporosis. This study
aimed to lay a theoretical foundation for improving the prognosis of
osteopenia or osteoporosis patient from the perspective of eating habits.

2. Methods

2.1. Study design and participates

Data of this study were extracted from the National Health and
Nutrition Examination Survey (NHANES) (2007–2018). NHANES was a
cross-sectional study conducted by National Centers for Health Statistics
(NCHS) and aim to assessment the overall health and nutritional status
of non-institutional population in the United States. The NHANES survey
used complex, multistage, probability sampling methods based on broad
population distributions. NHANES was a publicly available dataset and
was approved by the NCHS Ethics Review Board, and all participants
provided written informed consent. According to the Ethics Review
Board of The Second Affiliated Hospital and Yuying Children’s Hospital
of Wenzhou Medical University, retrospective cohort studies have been
exempted from the ethical review.

In present study, 13,869 subjects aged ≥ 45 years old were extracted
from the NHAES database 2007–2010, 2013–2014 and 2017–2018. Of
these 13,869 subjects, 5,699 subjects had the diagnostic information of
osteopenia or osteoporosis and with complete dietary intake data. 304
subjects missing DII assessment information and 14 subjects missing
survival information were excluded from the study. Finally, 5,381
eligible patients were included for analysis of the association between
DII and all-cause mortality risk in osteopenia or osteoporosis patients.

2.2. Outcome

In present study, all-cause mortality in osteoporosis or osteopenia
patients was designed as the exposure variable including caused by
malignant tumor, CVD, respiratory disease, Alzheimer’s disease, dia-
betes, nephropathy-related diseases, accidental death, and other causes
(Li et al., 2023). All-cause mortality derived from the records of the
National Death Index (NDI) before 31 December 2019, which were
linked with NHANES data.

2.3. Dietary intake and DII assessment

Dietary intake information was obtained from 24-h dietary recall
interview. The interview was conducted through face-to-face commu-
nication of professional technicians at the Mobile Test Center. Each

participant was asked to recall the type and amount of food, drink and
dietary supplements consumed in the 24 h preceding the interviews
from midnight to midnight. Then, the intake of each food component
was estimated from the United States Department of Agriculture (USDA)
Survey Nutrient Database (Zhang et al., 2022). DII were calculated using
the average nutrient intake on the first day of the 24-h dietary recall
information according to the protocol published by N. Shivappa et al.
(Shivappa et al., 2014a). Twenty-eight food parameters in NHANES
including carbohydrates, protein, total fat, alcohol, fiber, cholesterol,
saturated fat, monounsaturated fatty acids (MUFAs), polyunsaturated
fatty acids (PUFAs), niacin, vitamin A, B6, B12, C, D and E, thiamin,
riboflavin, ferrum, magnesium, zinc, selenium, folic acid, β-carotene,
caffeine, energy, n-3 fatty acids and n-6 fatty acids were calculated the
DII score. The predictive ability based on less than 30 food parameters
for DII calculated was reported in the previous studies (Shivappa et al.,
2014b). In simple terms, the Z score was calculated by comparing the
average and standard deviation of common dietary nutrients with the
individual dietary intake assessed by 24-h dietary review method. Z
score was converted to a percentile value, then the percentile value was
doubled, and ‘1′ was subtracted for centralization (from − 1 to + 1,
centered on 0). Definitively, the value was multiplied by the inflam-
mation effect score of the corresponding food nutrient presented in the
previous literature to calculate each nutrient’s DII score. The DII of all
food nutrients were added to obtain each individual overall DII scores.

DII calculation formula (Jandari et al., 2023):

Z score = [(daily mean intake

− global daily mean intake) / standard deviation ].

Z score1 = Z score → (converted to a percentile score) × 2 − 1.

DII =
∑

Z score1

× the inflammatory effect score of each dietary nutrient.

As an objective tool to assess the body’s overall dietary inflammatory
potential, a higher DII indicated a more pro-inflammatory diet, while a
lower DII score suggested an anti-inflammatory effect of diet. DII score
was categorized into tertiles in present study.

2.4. Osteopenia and osteoporosis assessment

The study participants’ bone mineral density (BMD) (g/cm2) of
femoral neck, trochanteric, intertrochanteric and total femoral areas
were examined by dual-energy x-ray absorptiometry (DXA). According
to the World Health Organization (WHO), we classify the bone health
status into low BMD (osteopenia)/osteoporosis/normal. BMD at the
femoral neck equal to or less than 2.5 standard deviations below the
mean for a young person of the same sex was diagnostic of osteoporosis.
Low BMDwas reported as a T-score< 1.0 and> -2.5, while osteoporosis
is defined as T-score ≤ -2.5. T-score was calculated using the formula: T-
score = BMD respondent –mean BMD reference group) /SD reference group
(1994).

2.5. Potential covariates

The potential covariates included age, gender, race, education level,
marital status, smoking, drinking, body mass index (BMI) and poverty-
to-income ratio (PIR). Age, gender, race and marital status were ob-
tained from self-reported demographic information. Race included
Mexican American, other Hispanic, Non-Hispanic White, Non-Hispanic
Black and Multi-Racial. Education level was assessed by the question
“What is the highest grade or level of school you have completed or the
highest degree you have received?” (less than 9th grade/9-11th grade,
high school grad/GED or equivalent and some college or AA degree/
college graduate or above) (Patel et al., 2019). “Smoking: cigarette use’
questionnaire” was used to assess the smoking status. Never smoker was
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defined as smoking less than 100 cigarettes in their whole life. Current
smoker was classified as smoking less than 100 cigarettes in s/he whole
life and still smoking when s/he answered this questionnaire. Former
smoker was defined as smoking at least 100 cigarettes in their life, and
had quit smoking when s/he answered this questionnaire (Shen et al.,
2021). Drinking status was assessed by the question “Had at least 12
alcohol drinks?” (yes/or) (Gay et al., 2018). BMI was based on clinic-
measured weight and height (kg/m2) (Peterson et al., 2016).

Fracture, arthritis, hypertension, diabetes, dyslipidemia, CVD,
chronic kidney disease (CKD) and cancer were defined by laboratory
tests, self-reported and medication history. Hypertension was defined as
systolic blood pressure (SBP) ≥ 130 mmHg, diastolic blood pressure
(DBP) ≥ 80 mmHg, self-reported high blood pressure or taking blood
pressure medication (Li and Shang, 2021). Diabetes was defined as total
cholesterol (TC) ≥ 200 mg/dL (5.2 mmol/L), triglyceride (TG) ≥ 150
mg/dL (1.7 mmol/L), low-density lipoprotein cholesterol (LDL-C) ≥

130 mg/dL (3.4 mmol/L), high-density lipoprotein cholesterol (HDL-C)
≤ 40 mg/dL (1.0 mmol/L), self-reported hypercholesterolemia or
receiving cholesterol-lowering therapy (Flack and Adekola, 2020). CVD
was assessed by the question “Ever told you had angina, heart failure,
heart attack, coronary heart disease, stroke or congestive heart failure?”
(Gay et al., 2018). Equations to estimate glomerular filtration rate
(eGFR)< 60ml/min/1.73 m2 was defined as CKD. The eGFR calculation
formula: eGFR=141 * min (Scr/k,1) α * max (Scr/k,1)1.029 * 0.993 age
*1.108 (if female) *1.159 (if black), k is 0.7 for females and 0.9 for
males, α is − 0.329 for females and − 0.411 for males, min indicates then
minimum of Scr/k or 1, and max indicates the maximum of Scr/k or 1
(Levey et al., 2009). The history of cancer was assessed by the question
“Ever told you had cancer or malignancy?” (Seo and Strauss, 2020). The
family history of osteoporosis was assessed by the question “Has a doctor
or any other health professional ever told your blood relatives including
living and decreased that they had osteoporosis or brittle bones?”(Tang
et al., 2022). The history of fracture was assessed by the question “Has a
doctor ever told you or your blood relatives that you/s/he had broken or
fractured hip?”(Xiao et al., 2022). The history of arthritis was assessed
by the question “Has a doctor ever told you or your blood relatives that
you/s/he had arthritis?”(Sule and Fontaine, 2018). Physical activity was
expressed as the metabolic equivalent task (MET) and calculated as
follows: physical activity (met⋅min/week) = recommended
MET×exercise time for corresponding activities (min/day) × the num-
ber of exercise days per week (day) (Mendes et al., 2018).

2.6. Statistical analysis

Continuous data were expressed as mean and standard error (S.E.),
and the weighted t-test was used for comparison between groups. Cat-
egorical data were described by case number and percentage [N (%)],
and comparisons between groups used the weighted χ2 test. Multivariate
imputation by chained equations (MICE) was used to missing data
imputation. Sensitivity analysis was performed before and after missing
data imputation (Table S1). Weighted univariable and multivariable cox
proportional hazard models were used to explore the association be-
tween DII and all-cause mortality in osteoporosis or osteopenia patients,
with hazard ratios (HRs) and 95 % confidence intervals (CIs). Model 1
was a crude model. Model 2 was adjustment for age, gender, race, ed-
ucation level, marital status, smoking, drinking, physical activity, frac-
ture history, arthritis, hypertension, diabetes, CVD, cancer, regularity of
menstruation, BMI, CKD, white blood cell (WBC), uric acid and
glucocorticoid.

SDMVPSU, SDMVSTRA and WTMEC2TR were weighted for the final
sample size using the proc surveyfreq in SAS software. P-value < 0.05
was considered statistically significant. All statistical analyses were
performed by SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Characteristics of study population

The flow chart of population screening was shown in Fig. 1. After the
screening, total 5,699 patients diagnosed as osteopenia or osteoporosis
were screened. Among them, 304 patients missing DII assessment in-
formation and 14 patients missing the survival data were excluded.
Finally, 5,381 patients were included, with the mean age of 63.19 (0.21)
years old. US NHANES documented 1,286 deaths over a mean follow-up
of 92.12 months. The characteristics of study patients were shown in
Table 1. The proportion of patients with high DII (≥1.78) in all-cause
mortality group was higher than that in survival group (39.43 % vs.
31.55 %). Differences were found in age, race, the level of education,
physical activity, WBC, marital status, AST, uric acid, BMI and DII,
smoking, drinking, the history of fracture, arthritis, hypertension, dia-
betes, CVD, cancer and CKD, whether menstruation regular, the use of
bone resorption inhibitors and glucocorticoid between two groups
(P<0.05).

3.2. Association between DII and all-cause mortality

Table 2 shows the association between DII and all-cause mortality in
osteoporosis or osteopenia patients. After adjustment for age, gender,
race, education level, marital status, smoking, drinking, physical activ-
ity, fracture history, arthritis, hypertension, diabetes, CVD, cancer,
regularity of menstruation, BMI, CKD,WBC, uric acid and glucocorticoid
in model II, compared with low DII score group, all-cause mortality was
increased, respectively, by 15 % and 28 % at the DII score of 0.30–1.78
(HR=1.15, 95 %CI: 0.96–1.37) and ≥ 1.78 (HR=1.28, 95 %CI:
1.10–1.48).

Using restricted cubic splines (RCS), a non-linear relationship be-
tween DII and the all-cause mortality of osteoporosis or osteopenia pa-
tients was explored, as exhibited in Fig. 2. The RCS curves suggested that
the nonlinear association between DII and the all-cause mortality risk
was not significant (P for nonlinear = 0.779).

3.3. Association between DII and all-cause mortality stratified by different
age, gender, and history of CVD, hypertension, diabetes and CKD

The subgroup analyses in Table 3 suggested that the association of
DII and all-cause mortality was consistent and reliable after being
stratified by age, gender, hypertension, diabetes, CVD and CKD. All
adjusted model II suggested that, compared with the low DII score
(<0.30), high DII group (≥1.78) was still associated with the high risk of
all-cause mortality in patients with osteoporosis or osteopenia, espe-
cially among patients with male (HR=1.38, 95 %CI: 1.06–1.78), aged <

60 years (HR=1.49, 95 %CI: 1.09–2.02) and without the history of CVD
(HR=1.30, 95 %CI: 1.03–1.65), diabetes (HR=1.27, 95 %CI: 1.06–1.52)
and CKD (HR=1.28, 95 %CI: 1.03–1.58) (all P<0.05). While, no sig-
nificant association between DII and all-cause mortality was observed in
female, aged ≥ 60 years old, and with the history of CVD, diabetes and
CKD (all P>0.05). Moreover, we found no interaction effect between DII
and each subgroup (all P>0.05) (Table 4).

4. Discussion

This study provided evidence that DII was related to the all-cause
mortality in a representative sample of U.S. osteoporosis or osteopenia
patients based on the NHANES database. After adjustment for potential
confounders, high DII (≥1.78) was associated with higher risk of all-
cause mortality among osteoporosis or osteopenia patients, especially
among patients with male, aged < 60 years, without the history of CVD,
diabetes and CKD.

Osteoporosis can be viewed as a systemic inflammatory status and
inflammation is the driving pathophysiological process in multiple
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chronic diseases (Singh et al., 2019). Chronic inflammation was char-
acterized by the continuous presence of pro-inflammatory cytokines
through increased blood flow during tissue injury due to histamine
release from damaged mast cells (Keibel et al., 2009). Human and ani-
mal studies suggested that pro-inflammatory cytokines are major me-
diators of accelerated bone loss, including interleukin-1, tumor necrosis
factor-alpha and interleukin-6 (Mundy, 2007). Several researches re-
ported that inflammation-mediated osteoporosis and low bone mass
increase the all-cause and cause-specific mortality in the general adult
population (Domiciano et al., 2016; Mussolino and Armenian, 2007).
Michael et al. (Mussolino and Armenian, 2007) found that compared
with the highest quartile of BMD, subjects in the lowest quartile of BMD
in total femur increased 53% all-cause mortality in U.S. population aged
50 years and older. Diogo et al. (Domiciano et al., 2016) reported that
participants at the lowest quartile of BMD in total hip displayed a 110 %
increase in all-cause mortality, as compared with those participants at
the highest quartile in Brazil population aged over 65 years old. Iden-
tifying modifiable factors contributing to osteoporosis and good health
management of osteoporosis are important to improve the prognosis of
prognosis.

The direct role of whole diet and various dietary components on
inflammation has confirmed by previous studies (Barbaresko et al.,
2013; Bordoni et al., 2017; Santos et al., 2013). However, there was no
tool that could take the whole diet into account and evaluate its in-
flammatory potential until 2009. Researchers of public health from
University of South Carolina have proposed a dietary tool called the DII
that puts individuals into a continuum from maximally pro-
inflammatory to maximally anti-inflammatory diet and further
improved this quantitative assessment tool in 2014 (Cavicchia et al.,
2009). There is a significant relationship between DII score and the pro-
inflammatory effects of the dietary and vice versa, therefore suggesting
that the anti-inflammatory effects are stronger the higher the DII score
(Park et al., 2018). DII has been shown to be related to various chronic
inflammation-related health outcomes including cancer incidence, all-

cause and specific-cause mortality (Shivappa et al., 2016). Several
studies mainly from Australia, Europe, Japan and America have shown
an increased risk of CVD-related mortality associated with a pro-
inflammatory diet (Gao et al., 2023; Ji et al., 2020). For instance, a
large NHANES study focused on the general population in U.S. reported
that all-cause and CVD-related mortality are linked to high DII scores,
independently (Gao et al., 2023). Moreover, as of 2018, the association
between a highest quartiles of DII scores (pro-inflammatory diet) and
all-cause mortality seemed robust in two large Spanish cohorts, which
also has been consistent with present study (Correa-Rodríguez et al.,
2018; Flores et al., 2019). In our study, we found that DII score at highest
quartiles has increased 28 % all-cause mortality among osteoporosis.
Although fewer studies about dietary management in osteoporosis
focused on DII, previous studies urged us to connect dietary intervention
with DII in osteoporosis. Consumption of fresh fruits and vegetables may
be beneficial for decreasing the levels of inflammation, while con-
sumption red meat has been shown to be increase the inflammation
(Almeida-de-Souza et al., 2018). Several dietary nutrients have been
related to play a major role in the development of osteoporosis. Ensuring
the adequate dietary calcium, vitamin D and protein intake, performing
regular physical activity and giving up harmful life habits, such as
excessive smoking and drinking may help to improve bone quality
(Tucker, 2009).

In the subgroup analysis, we found that highest DII scores was
associated with the high all-cause mortality among male, aged less than
65 years and without the history of CVD, diabetes and CKD. Osteopo-
rosis in male was a common bone metabolism related disease but often
overlooked disorder. Most male generally have stronger bones than fe-
male and have less bone loss during their whole lifetime. Male often
fracture less than female, while they have a higher rate mortality of
fracture (Vilaca et al., 2022). A prospective cohort from the Dubbo
Osteoporosis Epidemiology Study focused on the female and male aged
more than 60 years reported that there were 952 low-trauma fractures
followed by 461 deaths (48.4 %), and in men, 343 fractures were

Fig. 1. The flow chart of population screening.
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Table 1
Distribution of included characteristics of U.S. adults over 45 years old between
2007–2010, 2013–2014 and 2017–2018, National Health and Nutrition Exam-
ination Survey (n = 5,381).

Variables Total (n
= 5381)

Alive (n
= 4095)

Death (n
= 1286)

P

Age, years, Mean (S.E) 63.19
(0.21)

61.94
(0.22)

68.73
(0.48)

0<.001

Gender, n (%) 0.075
Male 2469

(42.42)
1783
(41.69)

686
(45.62)

Female 2912
(57.58)

2312
(58.31)

600
(54.38)

Race/Ethnicity-Recode, n (%) 0.009
Mexican American 723

(4.96)
583
(5.06)

140
(4.50)

Other Hispanic 513
(3.97)

425
(4.30)

88 (2.49)

Non-Hispanic White 2930
(78.46)

2103
(77.97)

827
(80.65)

Non-Hispanic Black 673
(5.51)

494
(5.13)

179
(7.23)

Other Race-Including Multi-
Racial

542
(7.09)

490
(7.54)

52 (5.13)

Education level, n (%) 0<.001
Less than 9th Grade/9-11th
Grade (Includes 12th grade
with no diploma)

1479
(16.66)

1044
(14.53)

435
(26.09)

High school grad/GED or
equivalent；

1298
(25.35)

948
(24.58)

350
(28.76)

Some college or AA degree/
college graduate or above

2604
(57.98)

2103
(60.89)

501
(45.15)

PIR, n (%) 0.233
0–1 840

(9.22)
631
(8.87)

209
(10.79)

≥1 4025
(82.82)

3047
(83.05)

978
(81.81)

Unknown 516
(7.96)

417
(8.08)

99 (7.40)

Marital status, n (%) 0<.001
Married 3027

(61.68)
2400
(64.11)

627
(50.97)

Widowed 874
(13.05)

515
(9.96)

359
(26.72)

Divorced 826
(15.15)

670
(15.95)

156
(11.65)

Separated 154
(1.82)

121
(1.80)

33 (1.90)

Never married 334
(5.47)

255
(5.24)

79 (6.48)

Living with partner 166
(2.83)

134
(2.95)

32 (2.28)

Smoking, n (%) 0<.001
Never smoker 2717

(52.37)
2202
(54.99)

515
(40.81)

Former smoker 1733
(31.28)

1235
(30.01)

498
(36.89)

Current smoker 931
(16.34)

658
(14.99)

273
(22.31)

Drinking, n (%) 0<.001
No 1832

(28.27)
1374
(26.92)

458
(34.26)

Yes 3549
(71.73)

2721
(73.08)

828
(65.74)

Physical activity, met⋅min/
week, n (%)

0<.001

<750 1091
(20.61)

837
(20.71)

254
(20.19)

≥750 2479
(51.77)

2021
(54.88)

458
(38.06)

Unknown 1811
(27.62)

1237
(24.41)

574
(41.75)

Fracture history, n (%) 0.030
No 4558

(82.89)
3509
(83.55)

1049
(79.97)

Yes 823
(17.11)

586
(16.45)

237
(20.03)

Table 1 (continued )

Variables Total (n
= 5381)

Alive (n
= 4095)

Death (n
= 1286)

P

Arthritis, n (%) 0.004
No 3051

(57.57)
2398
(58.81)

653
(52.12)

Yes 2330
(42.43)

1697
(41.19)

633
(47.88)

Hypertension, n (%) 0<.001
No 1326

(30.48)
1121
(33.13)

205
(18.79)

Yes 4055
(69.52)

2974
(66.87)

1081
(81.21)

Diabetes, n (%) 0<.001
No 4061

(81.59)
3186
(83.46)

875
(73.36)

Yes 1320
(18.41)

909
(16.54)

411
(26.64)

CVD, n (%) 0<.001
No 3907

(77.02)
3166
(80.63)

741
(61.07)

Yes 1474
(22.98)

929
(19.37)

545
(38.93)

Dyslipidemia, n (%) 0.716
No 926

(17.35)
694
(17.25)

232
(17.82)

Yes 4455
(82.65)

3401
(82.75)

1054
(82.18)

Cancer, n (%) 0<.001
No 4421

(80.54)
3457
(82.05)

964
(73.86)

Yes 960
(19.46)

638
(17.95)

322
(26.14)

CKD, n (%) 0<.001
No 4127

(82.41)
3357
(86.06)

770
(66.32)

Yes 1254
(17.59)

738
(13.94)

516
(33.68)

WBC, 1000 cells/uL, Mean (S.
E)

6.99
(0.05)

6.94
(0.05)

7.20
(0.08)

0.007

ALT, U/L, Mean (S.E) 23.29
(0.30)

23.29
(0.28)

23.30
(0.90)

0.989

AST, U/L, Mean (S.E) 25.20
(0.30)

24.49
(0.23)

28.33
(1.18)

0.002

Uric acid, mg/dL, Mean (S.E) 5.34
(0.03)

5.27
(0.03)

5.63
(0.04)

0<.001

Regularity of menstruation, n
(%)

0.037

No 5210
(95.20)

3945
(94.76)

1265
(97.13)

Yes 171
(4.80)

150
(5.24)

21 (2.87)

BMI, kg/m2, n (%) 0<.001
0–25 1947

(36.97)
1418
(35.70)

529
(42.58)

≥25 3434
(63.03)

2677
(64.30)

757
(57.42)

Bone resorption inhibitors, n
(%)

0.004

No 5119
(95.16)

3915
(95.63)

1204
(93.06)

Yes 262
(4.84)

180
(4.37)

82 (6.94)

Glucocorticoid, n (%) 0.014
No 4933

(91.52)
3777
(92.01)

1156
(89.33)

Yes 448
(8.48)

318
(7.99)

130
(10.67)

Follow-up, Mean (S.E) 92.12
(2.58)

92.62
(2.83)

89.90
(3.01)

0.394

DII, n (%) 0<.001
<0.30 1522

(32.99)
1203
(34.37)

319
(26.88)

0.30–1.78 1783
(34.00)

1371
(34.07)

412
(33.68)

≥1.78 2076
(33.01)

1521
(31.55)

555
(39.43)
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followed by 197 deaths (57.4 %) without 10 years (Bliuc et al., 2009).
Lifestyle changes, adequate calcium, vitamin D intake and moderate
physical activity to reduce inflammation are beneficial to management
of bone health in male. The prevalence of osteoporosis is increasing with
the aging population. As a silent disease, which no clinical manifesta-
tions until a facture occurs, the condition of osteoporosis is often under-
diagnosed. Therefore, early lifestyle can predict the risk of future oste-
oporosis and a healthy diet and lifestyle in youth and middle age are the
best means to maintain good bone mineral density. The poor quality of
diet often occurred during the transition stage of adolescence and young
adulthood (Winpenny et al., 2017). More and more evidence shown that
fruit and vegetables can meditation the body’s acid-base balance
thereby protecting the bone health. The major harmful factors to bone
health including an excessive intake of alcohol, sodium and caffeine
have been reported in previous study (Cashman, 2007). Any diet and
lifestyle that was considered to be anti-inflammatory in young adult-
hood and middle age may have beneficial effects on bone health and
reduce the risk of osteoporosis in the later life. CVD, CKD and diabetes
were the result of the accumulation of chronic inflammatory processes
in the body and are commonly associated with osteoporosis (Libby,
2012). There was a clinical consensus that an unhealthy diet could

increase the level of inflammation in the body, at least in part. Low DII
scores, that was, healthy diet habits, may be beneficial to prevent the
occurrence of chronic inflammatory disease events of CVD, CKD and
diabetes, thereby reducing the incidence of osteoporosis.

The strengths of present study include novel finding of association
between DII as an assessment tool for inflammatory in vivo and all-cause
mortality in osteoporosis with large sample size and reliable mortality
status. In addition, we accounted for complex survey design in statistical
analysis, which was representative of the non-institutionalized civilian
population in the US. Several limitations need caution in interpreting

S.E: standard error; PIR: poverty income ratio; met: metabolic equivalent; CVD:
cardiovascular disease; CKD: chronic kidney stones; WBC: white blood cell; BMI:
body mass index; ALT: alanine aminotransferase; AST: aspartate aminotrans-
ferase; DII: dietary inflammation index; P: P-values (come from Chi-Squared test
and t-test).

Table 2
The association between DII score and all-cause mortality in patients with
osteoporosis or osteopenia in NHANES 2007–2010, 2013–2014 and 2017–2018.

Variables Model I Model II

HR (95 %CI) P HR (95 %CI) P

DII
1: <0.30 Ref Ref
2: 0.30–1.78 1.23 (1.04–1.45) 0.015 1.15 (0.96–1.37) 0.138
3: ≥1.78 1.56 (1.34–1.80) <0.001 1.28 (1.10–1.48) 0.001

Ref: reference; HR: hazard ratio; CI: confidence interval.
NHANES: National Health and Nutrition Examination Surveys; DII: dietary
inflammation index.
Model I: crude model;
Model II: adjustment for age, gender, race, education level, marital status,
smoking, drinking, physical activity, fracture history, arthritis, hypertension,
diabetes, CVD, cancer, regularity of menstruation, BMI, CKD, WBC, uric acid and
glucocorticoid.

Fig. 2. Restricted cubic splines curve of DII and all-cause mortality of osteo-
porosis or osteopenia patients.

Table 3
Association between DII and all-cause mortality in osteoporosis or osteopenia
patients stratified by age, gender, history of CVD, CKD, diabetes and hyperten-
sion in NHANES 2007–2010, 2013–2014 and 2017–2018.

Variables Model II

HR (95 %CI) P HR (95 %CI) P

Gender Male (n = 2469) Female (n = 2912)
DII
<0.30 Ref Ref
0.30–1.78 1.35 (1.03–1.78)a 0.032 0.97 (0.75–1.27)a 0.840
≥1.78 1.38 (1.06–1.78)a 0.016 1.17 (0.98–1.40)a 0.089
Age ≥65 (n = 2780) <65 (n = 2601)
DII
<0.30 Ref Ref
0.30–1.78 1.04 (0.84–1.30)b 0.716 1.38 (0.96–1.99)b 0.078
≥1.78 1.19 (0.97–1.44)b 0.088 1.49 (1.09–2.02)b 0.013
CVD NO (n = 3907) YES (n = 1474)
DII
<0.30 Ref Ref
0.30–1.78 1.25 (0.94–1.66)c 0.122 0.99 (0.73–1.34)c 0.932
≥1.78 1.30 (1.03–1.65)c 0.031 1.26 (0.93–1.70)c 0.137
Hypertension NO (n = 1326) YES (n = 4055)
DII
<0.30 Ref Ref
0.30–1.78 1.17 (0.74–1.86)d 0.488 1.13 (0.91–1.40)d 0.263
≥1.78 1.53 (1.01–2.33)d 0.047 1.24 (1.02–1.50)d 0.031
Diabetes NO (n = 4061) YES (n = 1320)
DII
<0.30 Ref Ref
0.30–1.78 1.20 (0.97–1.49)e 0.085 1.01(0.78–1.55)e 0.580
≥1.78 1.27 (1.06–1.52)e 0.009 1.33 (0.95–1.87)e 0.100
CKD NO (n = 4127) YES (n = 1254)
DII
<0.30 Ref Ref
0.30–1.78 1.14 (0.89–1.48)f 0.298 1.12 (0.87–1.46)f 0.374
≥1.78 1.28 (1.03–1.58) f 0.024 1.26 (0.99–1.60)f 0.062

Ref: reference; HR: HR: hazard ratio; CI: confidence interval.
NHANES: National Health and Nutrition Examination Surveys; DII: dietary
inflammation index; CVD: cardiovascular disease; CKD: chronic kidney stones.
Model I: crude model;
a : adjustment for age, race, education level, marital status, smoking, drinking,

physical activity, fracture history, arthritis, hypertension, diabetes, CVD, cancer,
regularity of menstruation, BMI, CKD, WBC, uric acid and glucocorticoid;
b : adjustment for gender, race, education level, marital status, smoking,

drinking, physical activity, fracture history, arthritis, hypertension, diabetes,
CVD, cancer, regularity of menstruation, BMI, CKD, WBC, uric acid and
glucocorticoid;
c : adjustment for age, gender, race, education level, marital status, smoking,

drinking, physical activity, fracture history, arthritis, hypertension, diabetes,
cancer, regularity of menstruation, BMI, CKD, WBC, uric acid and
glucocorticoid;
d : adjustment for age, gender, race, education level, marital status, smoking,

drinking, physical activity, fracture history, arthritis, diabetes, CVD, cancer,
regularity of menstruation, BMI, CKD, WBC, uric acid and glucocorticoid;
e : adjustment for age, gender, race, education level, marital status, smoking,

drinking, physical activity, fracture history, arthritis, hypertension, CVD, can-
cer, regularity of menstruation, BMI, CKD, WBC, uric acid and glucocorticoid;
f : adjustment for age, gender, race, education level, marital status, smoking,

drinking, physical activity, fracture history, arthritis, hypertension, diabetes,
CVD, cancer, regularity of menstruation, BMI, WBC, uric acid and
glucocorticoid.
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our findings. First, it was an observational study, so residual con-
founding cannot be excluded. However, various covariates have been
altered to reduce confounding. Moreover, the dietary intake information
was obtained from 24-h dietary recall interview and may be biased by
recall. Finally, due to the limited of database, information on diet and
drug use was collected in a single survey, and the impact of changes in
diet and drug use on outcomes needs to be further explored in more
large-scale studies.

5. Conclusion

High DII was associated with high odds of all-cause mortality in
osteoporosis or osteopenia patients. Anti-inflammatory dietary inter-
vention may have potential benefit on the health outcomes of patients
with osteoporosis or osteopenia.
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