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Abstract

Background Vertebral compression fractures (VCF) is a common fragility fracture with high mortality worldwide. The
management and prevention of VCF start with a proper nutrition. The Mediterranean diet (MD) is rich in balanced
nutrients and has been shown to be beneficial for several chronic diseases. However, the association of adherence

to Mediterranean diet (aMED) and prognosis of VCF patients remains unclear.

Purposes To explore the association between aMED and all-cause and cardiovascular disease (CVD)-cause morality
in VCF patients.

Methods In present study, patients aged > 40 years old and with the VCF patients measurement were extracted
from the National Health and Nutrition Examination Survey (NHANES) 2013-2014. The bone mineral density (BMD)
dual-energy X-ray absorptiometry (DXA) was used to diagnose VCF. We used the weighted univariable Cox propor-
tional hazards model to screen the covariates related to the prognosis of VCF patients. We utilized the weighted mul-
tivariable Cox proportional hazards models to explore the association between aMED and the risk of mortality in VCF
patients, and were described as hazard ratios (HRs) and 95% confidence intervals (Cls). Subgroup analyses based

on different complications were further assessed the association.

Results A total of 2,730 eligible VCF patients were included. Until 12 December 2019, 218 (7.99%) deaths were
documented. After adjusting for all VCFs, we found a high risk of all-cause mortality (HR=1.75, 95%Cl: 1.13-2.73,
P=0.041) and CVYD-cause mortality (HR=2.35, 95%Cl: 1.12-4.91, P=0.038); however, we found no significant associa-
tion between aMED and all-cause mortality or CVD-cause mortality (all P >0.05). Compared to patients without VCF
and with aMED score > 6, patients with VCF and aMED score < 6 has a higher risk of all-cause (HR=2.27, 95%Cl:
1.25-4.13, P=0.025) and CVD-cause mortality (HR=4.25, 95%Cl: 1.64-11.06, P=0.013). Our study also suggested

that compared to patients with aMED > 6, those patients with aMED < 6 has high all-cause (HR=2.26, 95%Cl: 1.22-
4.17, P=0.002) and CVD-cause mortality (HR=3.31, 95%Cl: 1.28-8.57, P=0.018), this results suggested that aMED may
have a moderating effect on the association of VCF and mortality. Subgroups analysis shown this moderating effect
remain robust, especially in patients with dyslipidemia (HR: 2.49, 95%Cl: 1.29-4.80, P=0.009), CVD (HR: 3.48, 95%Cl:
1.56-7.74,P<0.001) and CKD (HR: 3.64, 95%Cl: 1.50-8.78, P<0.001).

Conclusion We found aMED have a moderating effect on the association between VCF patients and mortality. Our
research further supports the importance of the MD as a potentially healthy eating pattern.
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Background

Vertebral compression fractures (VCF) refers to the
reduction of bone mineral density (BMD), bone quality,
and bone strength, which occurs under slight or even no
obvious external force [1, 2]. The incidence of VCF in the
general population increases with age, and the prevalence
was more than 20% among people over 50 years old [3].
VCE can lead to more severe physical limitations, includ-
ing functional disability, back pain, and the possibility
of other fractures, ultimately leading to a higher risk of
death [4]. Active study on the modifiable factors related
to VCF was necessary to improve the outcome of VCF
and reduce the public health burden.

Calcium (Ca) was a major player in bone health, and
it was able to provide the vital mineralization of bone to
confer bone strength and structure [5]. The main way for
the human body to obtain Ca is through dietary intake,
and the appropriate dietary Ca intake level has a strong
impact on bone accumulation, maintenance and loss at
all stages of life [5]. The Mediterranean diet (MD), refer-
ring the dietary pattern usually consumed among the
population bordering the Mediterranean sea, has become
known for its unique health benefits and prevention
against several diseases such as cardiovascular diseases
(CVD) as well as metabolism-related diseases [6]. A pre-
vious study reported that the incidence of osteoporosis
and fragility fractures is very variable in the countries
of the European Union, but it has been observed that it
was lower in the Mediterranean area [7]. Adherence to
Mediterranean diet (aMED) score was an index to evalu-
ate adherence to the Mediterranean diet pattern. Several
studies have shown that greater aMED can improve the
mineral status of the bones and reduce the risk of frac-
tures [8—10].

While the Mediterranean diet (MD) has been widely
recognized for its health benefits, including its posi-
tive impact on bone health and cardiovascular diseases,
it is important to consider other dietary patterns in the
context of vertebral compression fractures (VCF). For
instance, the Western diet, characterized by high intake
of red meat, processed foods, and sugars, has been asso-
ciated with increased inflammation and oxidative stress,
which are detrimental to bone health [11]. In contrast,
the DASH (Dietary Approaches to Stop Hypertension)
diet, which emphasizes fruits, vegetables, and low-fat
dairy products, has been shown to have beneficial effects
on blood pressure and cardiovascular health, but its spe-
cific impact on VCF outcomes remains less explored [12].

Similarly, the vegetarian diet, which is rich in plant-based
foods and often high in antioxidants and fiber, may also
have potential benefits for bone health, although more
research is needed to establish its role in VCF manage-
ment [13]. By comparing these dietary patterns, we can
better understand the unique contributions of the MD to
the prevention and management of VCFs.

On the basis of the above studies about the relation-
ship between MD and osteoporosis, we hypothesized
that a greater aMED can improve the prognosis of VCF
patients. Herein, using the data from the National Health
and Nutrition Examination Survey (NHANES) database,
this study aimed to conduct mediation analysis and sub-
group analysis based on weighted cox proportional haz-
ard models to explore the moderating effect of aMED on
the association between VCF and mortality.

Methods
Study design and population
Data of this study were extracted from the NAHNES
database 2013-2014. The NHANES is conducted by the
National Centers for Health Statistics (NCHS), the Cent-
ers for Disease Control and Prevention (CDC) to assess
the health and nutritional status of adults and children
in the United States. NHANES uses complex, multistage,
probability sampling methods based on the board popu-
lation. All participants have provided informed consent
during the survey. According to the Ethics Review Board
of Dongzhimen Hospital Beijing University of Chinese
Medicine, cross-sectional studies have been exempted
from the ethical review.

In present study, 3,815 adults aged >40 years old were
initial extracted from the NHANES database.

Inclusion and Exclusion Criteria:

To ensure the robustness and relevance of our study,
we employed specific criteria for the inclusion and
exclusion of participants.

Inclusion Criteria:

(D Patients aged 40 years or older.

@ Patients with a diagnosis of vertebral compres-
sion fractures (VCF) confirmed by dual-energy X-ray
absorptiometry (DXA) using the vertebral fracture
assessment (VFA) method [2].

@ Patients with complete dietary intake information,
including the 24-h dietary recall interview conducted
at the Mobile Examination Center (MEC) [14].
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@ Patients with available survival data up to Decem-
ber 12, 2019.

Exclusion Criteria:

(D Patients missing VCF measurement data (n=591).
(@Patients with incomplete dietary intake informa-
tion (n=251).

@ Patients missing survival data (n=5).

@ Patients with extreme energy intake, defined as
less than 500 kcal/day or more than 5000 kcal/day
for females, and less than 500 kcal/day or more than
8000 kcal/day for males (n=31).

® Patients missing information on femoral neck
bone mineral density (BMD) (n=173).

® Patients missing important covariates such as
marital status, smoking, sedentary time, insurance,
osteoporosis, and body mass index (BMI) (n=34).

After applying these criteria, a total of 2,730 eligible
VCF patients were included in the final analysis. The
flow chart of population screening is shown in Fig. 1.
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Ascertainment of death

Information on vital status of the participants was
obtained from clinical follow-up data collection and
from municipal records. Cause of death, coded accord-
ing to the International Statistical Classification of Dis-
eases and Related Health Problems, Tenth Revision, were
obtained from death certifications with permission of the
Ministry of Health, Labour and Welfare. In present study,
we assessed all-cause mortality and deaths due to CVD
[15].

The aMED assessment

Dietary intake information was obtained through 24-h
interview. The 24-h dietary recall interviews were con-
ducted by face-to-face communication at the Mobile
Examination Center (MEC). All participants were asked
to recall all food and beverages (other than regular drink-
ing water) consumed in the 24 h prior to the interview.
We assessed our participants’ adherence to the Mediter-
ranean diet using the aMED score. The aMED score (total
score=18) are derived by an assigned value of “0’; “1’
or “2” across nine food categories (vegetables, legumes,
fruits, nuts, whole grains, red and processed meats, fish,
alcohol and olive oil), with higher scores indicating better

Participants with aged>40 years old from NHANES
database from 2013 to 2014

(n=3815)

Excluded (n=1051)

1. Missing measurement information

about vertebral compression fracture (n=591)

2. Missing complete dietary information (n=251)

3. Missing survival information (n=5)
4. Unusually low or high energy intake ( < 500
kcal/day or > 5000 kcal/day for female, <500

kcal/day or > 8000 kcal/day for male) (n=31)
5. Femoral neck BMD (n=173)

Samples (n=2764) }

Excluded samples missing important co-variables

(n=34)
1. Marital status (n=2)
—»[2. Smoking status (n=1)

3. Sedentary time (n=14)
4. Insurance (n=1)

‘ Final samples (n=2730)

6. BMI (n=11)

] 5. Osteoporosis (n=5)

|

Alive (n=2512) }

Fig. 1 The flow chart of population screening

l

‘ All-cause mortality (n=218) }

CVD-cause mortality
(n=71)

|

Others-cause mortality
(n=147)
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adherence to Mediterranean diet pattern [14]. In pre-
sent study, aMED scores were divided into two groups
according to the weighted median (Ql: aMED<6; Q2:
aMED >6).

Definition of VCF

Population-based assessment of VCF can be carried out
by common dual energy x-ray absorptiometry (DXA)
densitometers. This method is vertebral fracture assess-
ment (VFA) and has been used in many population set-
tings [2].

Potential covariates

Covariates were considered regarding demographic data,
vital signs, disease history, laboratory parameters, disease
severity scores, and treatments. Smoking was assessed
by the question “Smoked at least 100 cigarettes in life”
(yes/no). Physical activity was expressed as the metabolic
equivalent (MET) and calculated as follows: physical
activity (met-min/week)=recommended MET X exercise
time for corresponding activities (min/day) X the number
of exercise days per week (day) [16]. Hypertension was
defined as systolic blood pressure (SBP)>130 mmHg,
or diastolic blood pressure (DBP)>80 mmHg, or self-
reported hypertension or use of antihypertensive medi-
cation [17]. Chronic kidney disease (CKD) was defined as
urine albumin-to-creatinine ratio (UACR)>30 mg/g or
estimated glomerular filtration rate (eGFR) <60 ml/min
1.73 m? [18]. CVD was assessed by the question “Ever told
you had angina or heart failure/ heart attack/coronary
heart disease/congestive heart failure?” (yes/no). Drink-
ing was assessed by the question “Had at least 12 alcohol
drinks/1 years?” (yes/no). Dyslipidemia was defined as
total cholesterol (TC) >200 mg/dL (5.2 mmol/L), triglyc-
eride (TG)>150 mg/dL (1.7 mmol/L), low-density lipo-
protein 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 lipid-lowering therapy [19]. Diabetes was
defined as hemoglobin Alc (HbAlc)>6.5%, fasting glu-
cose>126 mg/dL, diagnosed as diabetes by doctor, tak-
ing insulin or hypoglycemic agent [20]. Osteopenia was
defined as<0.83 gm/m? for men and <0.76 gm/m? for
women [21].

Statistics analysis

All statistical analyses were performed by the SAS soft-
ware (version 9.4, SAS Institute). Using the proc survey-
freq in SAS software, the final sample size was weighted
with WTDRD1, SDMVPSU and SDMVSTRA. WTDRD1
was dietary day one sample weight. SDMVPSU refers the
masked variance unit pseudo-substrate is samvstra, and
the masked variance unit pseudo-primary sampling unit
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(PSU) is sdmvpsu. SDMVSTRA means the CI applied to
assess the reliability of an estimate.

Continuous data were expressed as mean and stand-
ard error (S.E.), and the weighted T-test or F-test was
used for comparison between groups. Categorical vari-
ables were described as the number and percentage [n
(%)], and comparisons between groups used the x* test.
Multivariate imputation by chained equations was used
to missing data imputation. Sensitivity analysis was
performed before and after missing data imputation
(Table S1). The Cox proportional hazards model is a com-
mon survival analysis method used to evaluate the pre-
dictive ability of variables for survival time. The weighted
univariate Cox proportional hazard models were used to
screen the covariates related to all-cause and CVD-cause
mortality of VCF (Table S2). Then, the mediation analy-
sis and subgroup analysis based on weighted multivari-
ate Cox proportional hazard models were performed to
explore the moderating effect of aMED on all-cause and
CVD-cause mortality of VCF, with hazard ratios (HRs)
and 95% confidence intervals (CIs). In subgroup analyses
based on dyslipidemia, CVD and CKD, only the associa-
tion between aMED score and all-cause mortality of VCF
patients was analyzed due to the small sample of CVD
death. Model 1 was a crude model without adjusting
covariates. Model 2 adjusted age, marital status, physical
activity, CKD and CVD. Two-sided P<0.05 was consid-
ered as statistically significant.

Handling missing data

To address missing data, we employed Multivariate
Imputation by Chained Equations (MICE) as our primary
method for imputation. This approach allows us to create
multiple complete datasets by imputing missing values
based on the observed data, thereby accounting for the
uncertainty associated with missingness.

Validation of imputed data

To validate the imputed data, we conducted a comparison
between the results obtained from the imputed datasets
and those derived from a complete-case analysis, where
only participants with complete data were included. Spe-
cifically, we performed the following steps:

1. Comparison of Key Outcomes: We compared the
hazard ratios (HRs) and 95% confidence intervals
(ClIs) for all-cause and CVD-cause mortality between
the imputed dataset and the complete-case analysis.
This comparison allowed us to assess whether the
imputation significantly altered the estimated asso-
ciations.

2. Sensitivity Analysis: We also conducted a sensitivity
analysis to evaluate the robustness of our findings.



Zhang et al. Arthritis Research & Therapy (2025) 27:87

This involved analyzing the imputed datasets under
different imputation models and comparing the
results to ensure consistency across various assump-
tions about the missing data.

3. Results Consistency:The results indicated that there
were no notable differences in the hazard ratios
for all-cause and CVD-cause mortality before and
after imputation. This consistency suggests that our
imputed data reliably reflect the underlying popula-
tion characteristics and supports the robustness of
our findings.

By explicitly stating our validation process and dem-
onstrating the consistency of results, we aim to reas-
sure readers about the reliability of our findings and the
appropriateness of the imputation method used.

Results

Description of the study VCF patients

Finally, 2,730 eligible VCF patients were included. The
basic characteristics and covariates of the population,
stratified by survival and all-cause mortality, were pre-
sented in Table 1. Among 2,730 patients, 218 (7.99%)
were all-cause death and 71 (2.60%) were CVD-cause
death. The proportion of VCF patients with higher
aMED scores in the all-cause mortality group was lower
than in the survival group (46.47% vs. 53.36%). Differ-
ence was found in age, race, the level of PIR, physical
activity and femoral neck BMD, smoking, the history of
hypertension, diabetes, CVD, CKD, anti-osteoporosis
therapy and VCF between two groups (all 2<0.05).

Relationship between aMED score and all-cause

and CVD-cause mortality in VCF patients

We employed two weighted Cox proportional hazard
models to explore the association between aMED score
and the risk of all-cause and CVD-cause mortality in
VCF patients, as presented in Table 2 and Table 3. After
adjusted age, marital status, PIR, smoking status, physi-
cal activity, hypertension, CVD and CKD, we found
patients with VCF had higher risk of all-cause mortal-
ity compared with subjects without VCF (HR=1.75,
95%CI: 1.13-2.73, P=0.041); no significant correlation
was found between aMED score and all-cause mortal-
ity (P>0.05). After adjusted age, marital status, physi-
cal activity, CKD and CVD, patients with VCF were
associated with the high risk of CVD-cause mortality
compared with participants without VCF (HR=2.35,
95%CI: 1.12-4.91, P=0.038); no significant correlation
was found between aMED score and CVD-cause mor-
tality (P> 0.05).
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Joint effect of aMED and VCF on all-cause and CVD-cause
mortality

The joint effect of aMED and VCF on all-cause and
CVD-cause mortality was depicted in Table 4 and
Table 5. After adjusted age, marital status, PIR, smok-
ing, physical activity, hypertension, CKD and CVD in
model 2, we observed patients with VCF and low aMED
score (< 6) were associated with highest risk of all-cause
mortality (HR =2.27, 95%CI: 1.25-4.13, P=0.025) com-
pared with participants without VCF and high aMED
score (>6). After adjusted age, marital status, physi-
cal activity, CKD and CVD, the results showed that
patients with VCF and low aMED score were associated
with the highest risk of mortality compared with partic-
ipants without VCF and high aMED score (HR=4.25,
95%CI: 1.64—11.06, P=0.013).

Moderating effect of aMED score on all-cause

and CVD-cause mortality in VCF patients

The moderating effects of aMED score on all-cause
and CVD-cause mortality in VCF patients were shown
in Table 6 and Table 7. We observed in lower aMED
score group (<6), patients with VCF had a high risk
of all-cause mortality (HR=2.26, 95%CI: 1.22-4.17,
P=0.002); while no significant association between
aMED and all-cause mortality in patients with high
aMED score (>6). Similar results were also observed
in CVD-mortality. In lower aMED group, compared
to participant without VCEF, patients with VCF had a
high risk of CVD-cause mortality (HR=3.31, 95%CI:
1.28-8.57, P=0.018); while no significant association
between aMED and CVD-cause mortality were found
in patients with high aMED score (>6) (P>0.05). Taken
together, high aMED score has a moderating effect on
all-cause and CVD-cause mortality in VCF patients.

Joint effect of aMED score on all-cause and CVD-mortality
in VCF patients based on complications

Table 8 shown the joint effect of aMED score and all-
cause mortality in VCF patients based on the history of
dyslipidemia, CVD and CKD. After adjusted age, mari-
tal status, PIR, smoking, physical activity, hypertension,
CKD and CVD, compared to the participants without
VCEF patients and high aMED score, those patients with
VCF and low aMED score had a high risk of all-cause
mortality, especially among patients with the history
of dyslipidemia (P=0.040), CVD (P<0.001) and CKD
(P=0.007).
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Table 1 Characteristics of VCF patients

Variables Total (N=2730) Survival (N=2512) All-cause death (N=218) Statistics P

Age, years, n (%) x>=53.573 <0.001
<60 1490(60.28) 1445(62.49) 45(29.54)
>60 1240(39.72) 1067(37.51) 173(70.46)

Gender, n (%) x?=0.003 0955
Female 1377(50.48) 1279(50.46) 98(50.71)
Male 1353(49.52) 1233(49.54) 120(49.29)

Race, n (%) X>=6.576 0.005
Black 535(10.01) 489(9.93) 46(11.26)
White 1234(70.91) 1096(70.26) 138(79.91)
Others 961(19.08) 927(19.81) 34(8.83)

Educational level, n (%) ¥?=0.035 0.854
Less than high school 601(15.27) 570(15.23) 31(16.06)
High school or above 2129(84.73) 2011(84.77) 118(83.94)

Marital status, n (%) x> =0.851 0371
No 601(15.27) 546(15.06) 55(18.24)
Yes 2129(84.73) 1966(84.94) 163(81.76)

PIR, n (%) X’ =28244 <0.001
<1 1650(65.53) 1564(67.18) 86(42.58)
>1 1080(34.47) 948(32.82) 132(57.42)

Insurance, n (%) ¥2=0.240 0632
No 445(13.09) 424(13.23) 21(11.09)
Yes 2285(86.91) 2088(86.77) 197(88.91)

Smoking, n (%) ¥’=15304  0.001
No 1478(54.59) 1391(55.81) 87(37.65)
Yes 1252(45.41) 1121(44.19) 131(62.35)

Drinking, n (%) x> =4.215 0.058
No 754(20.89) 687(20.46) 67(26.85)
Yes 1976(79.11) 1825(79.54) 151(73.15)

Physical activity, MET-min/week, n (%) x>=45.098 <0.001
<450 1032(36.16) 908(34.67) 124(56.94)
>450 1698(63.84) 1604(65.33) 94(43.06)

Sedentary time, hours, n (%) ¥2=2.161 0.162
<75 1400(49.05) 1308(49.53) 92(42.44)
>75 1330(50.95) 1204(50.47) 126(57.56)

Menopausal status, n (%) x>=1567 0.229
No 793(29.29) 741(29.69) 52(23.78)
Yes 584(21.18) 538(20.77) 46(26.93)

Inapplicable (male) 1353(49.53) 1233(49.54) 120(49.29)

Hypertension, n (%) x>=38217 <0.001
No 892(35.24) 871(36.91) 21(12.02)
Yes 1838(64.76) 1641(63.09) 197(87.98)

Diabetes, n (%) ¥>=17.290 0.001
No 2099(81.89) 1955(82.78) 144(69.53)
Yes 631(18.11) 557(17.22) 74(30.47)

Dyslipidemia, n (%) ¥>=1291 0274
No 599(22.01) 557(22.37) 42(16.99)
Yes 2131(77.99) 1955(77.63) 176(83.01)

CVD, n (%) X>=42.471 <0.001

No 2000(76.07) 1897(77.67) 103(53.75)
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Table 1 (continued)
Variables Total (N=2730) Survival (N=2512) All-cause death (N=218) Statistics P
Yes 730(23.93) 615(22.33) 115(46.25)
CKD, n (%) ¥>=80.939 <0.001
No 2441(90.46) 2297(91.88) 144(70.64)
Yes 289(9.54) 215(8.12) 74(29.36)
Nonsteroidal anti-inflammatory agents, n( %) x> =3.404 0.085
No 2336(84.74) 2164(85.35) 172(76.28)
Yes 394(15.26) 348(14.65) 46(23.72)
Anti-osteoporosis therapy, n (%) x>=9.705 0.007
No 2679(98.46) 2469(98.64) 210(96.00)
Yes 51(1.54) 43(1.36) 8(4.00)
Femoral neck BMD, gm/cm?, n (%) X’ =8.844 0.009
Normal 1420(50.18) 1344(51.18) 76(36.30)
Osteopenia 1310(49.82) 1168(48.82) 142(63.70)
BMI, kg/m?, n (%) x>=1.042 0362
<25 761(27.25) 689(26.91) 72(32.07)
25-30 990(36.65) 914(36.86) 76(33.62)
>30 979(36.10) 909(36.23) 70(34.31)
Total energy, kcal, Mean+SE 2080.07+23.88 2089.73+28.08 1945.69+80.12 t=-1494 0.157
aMED score, n (%) x>=1.760 0.204
<6 1220(47.10) 1099(46.64) 121(53.53)
>6 1510(52.90) 1413(53.36) 97(46.47)
VCF, n (%) ¥>=12.511 0.003
No 2581(94.66) 2392(95.18) 189(87.40)
Yes 149(5.34) 120(4.82) 29(12.60)
Time, Mean+SE 71.08+1.07 73.04+1.12 43.79+£1.82 t=-15.926 <0.001
Status, n (%)
Alive 2512(93.29) 2512(100.00) 0(0.00)
CVD-cause mortality 71(1.97) 0(0.00) 71(29.40)
Others-cause mortality 147(4.74) 0(0.00) 147(70.60)

S.E standard error, t weighted t test, x> Rao-Scott Chi-square test, VCF vertebral compression fractures, PIR poverty-to-income ratio, CVD cardiovascular disease, CKD
chronic kidney disease, BMD bone mineral density, BMI body mass index, aMED adherence to Mediterranean diet

Table 2 Association between VCF and aMED with all-cause

mortality
Model 1 Model 2
) N S Table 3 Association between VCF and aMED with CVD-cause
Variables HR (95%CI) P HR (95%Cl) mortality
VCF Model 1 Model 2
No Ref Ref i
Variables HR (95%C/) P HR (95%(Cl) P
Yes 2.65(1.71-4.09) <0.001 1.75(1.13-2.73) 0.041
aMED score VCF
<6 Ref Ref No Ref Ref
26 0.77 (0.58-1.03) 0.200 0.95(0.71-1.27) 0.760 Yes 347(1.67-7.21) 0.004 2.35(1.12-4.91) 0.038
Model 1: crude model aMED score
Model 2: adjustment for age, marital status, PIR, smoking, physical activity, <6 Ref Ref
hypertension, CKD and CVD >6 0.59 (0.34-1.01) 0.082 0.74 (0.42-1.28) 0.308

Ref reference, VCF vertebral compression fractures, aMED adherence to

Mediterranean diet

Model 1: crude model

Model 2: adjustment for age, marital status, physical activity, CKD and CVD

Ref reference, HR hazard ratio, C/ confidence interval, CVD cardiovascular disease,
VCF vertebral compression fractures, aMED adherence to Mediterranean diet
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Table 4 Joint effect of aMED and VCF to all-cause mortality

Variables Model 1 Model 2
HR (95%Cl) P HR (95%Cl) P

Joint

Non-VCF & aMED Ref Ref
score=6

Non-VCF & aMED 1.30(0.95-1.77) 0.247 1.02(0.74-1.39) 0937
score<6

VCF & aMED 2.83(1.48-542) 0.003 1.39(0.72-2.68) 0.355
score>6

VCF & aMED 3.18(1.75-5.78) 0.002 2.27(1.25-4.13) 0.025
score<6

Model 1: crude model

Model 2: adjustment for age, marital status, PIR, smoking, physical activity,
hypertension, CKD and CVD

Non-VCF & aMED score > 6 (Reference Group): This group serves as the baseline
for comparison and represents individuals without VCF and with higher
adherence to the Mediterranean diet

Non-VCF & aMED score < 6: Compared to the reference group, individuals
without VCF but with lower adherence to the Mediterranean diet show a non-
significant increase in the risk of all-cause mortality

VCF & aMED score > 6: Interestingly, VCF patients with higher adherence to
the Mediterranean diet do not exhibit a significantly increased risk of all-cause
mortality compared to those without VCF, suggesting a potential protective
effect of the diet

VCF & aMED score < 6: This group experiences the highest risk of all-cause
mortality, indicating that the combination of VCF and low adherence to the
Mediterranean diet is associated with the poorest outcomes

Ref reference, HR hazard ratio, Cl confidence interval, VCF vertebral compression
fractures, aMED adherence to Mediterranean diet

Moderating effect of aMED score on all-cause mortality

in VCF patients based on complications

Table 9 reports the moderating effect of aMED score
on all-cause mortality in VCF patients stratified by the

Table 5 Joint effect of aMED and VCF to CVD-cause mortality
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history of dyslipidemia, CVD and CKD. After adjusted
age, marital status, PIR, smoking, physical activity,
hypertension, CKD and CVD, the moderating effect of
aMED score on the association of VCF patients and all-
cause mortality still robust, especially in patients with
the history of dyslipidemia (P=0.009), CVD (P<0.001)
and CKD (P<0.001).

Summary table: aMED scores and mortality
outcomes

To provide a clear and concise overview of the rela-
tionship between adherence to the Mediterranean diet
(aMED) and mortality outcomes, we have created a sum-
mary table (Table 10). This table presents the key findings
of our study, correlating aMED scores with all-cause and
cardiovascular disease (CVD)-cause mortality in patients
with vertebral compression fractures (VCF).

Discussion

The Mediterranean diet (MD) is renowned for its anti-
inflammatory and antioxidant properties, which are
crucial in the context of bone and cardiovascular health
among VCF patients. Chronic inflammation, a key factor
in osteoporosis and fragility fractures, can be mitigated
by the MD’s rich content of bioactive compounds such
as polyphenols and omega-3 fatty acids, which modu-
late inflammatory pathways and reduce the production
of pro-inflammatory cytokines [22] Additionally, the
MD’s high antioxidant content, including vitamins C and
E, carotenoids, and flavonoids, can neutralize reactive
oxygen species (ROS), thereby protecting bone and vas-
cular tissues from oxidative damage [23]"."The interplay

Variables Model 1 Model 2
HR (95%Cl) P HR (95%(Cl) P
Joint
Non-VCF & aMED score > 6 Ref Ref
Non-VCF & aMED score <6 1.67 (0.92-3.02) 0.162 1.26 (0.69-2.29) 0.515
VCF & aMED score > 6 3.38(1.00-11.36) 0.062 1.58 (0.47-5.39) 0479
VCF & aMED score< 6 5.65 (2.18-14.64) 0.005 4.25(1.64-11.06) 0.013

Model 1: crude model
Model 2: adjustment for age, marital status, physical activity, CKD and CVD

Non-VCF & aMED score > 6 (Reference Group): This group is the reference for comparison and includes individuals without VCF who have higher adherence to the

Mediterranean diet

Non-VCF & aMED score < 6: Individuals without VCF but with lower adherence to the Mediterranean diet show a non-significant trend towards increased CVD-cause

mortality

VCF & aMED score > 6: VCF patients with higher adherence to the Mediterranean diet do not show a significantly increased risk of CVD-cause mortality, which is

consistent with the all-cause mortality findings

VCF & aMED score < 6: This group has the highest risk of CVD-cause mortality, highlighting the synergistic negative effect of VCF and low aMED scores on CVD

outcomes

Ref reference, HR hazard ratio, C/ confidence interval, CVD cardiovascular disease, VCF vertebral compression fractures, aMED adherence to Mediterranean diet
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Table 6 The moderating effect of aMED score on all-cause
mortality in VCF patients
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Table 8 Joint effect of aMED and VCF to all-cause mortality
based on complications

Variables Model 1 Model 2 Subgroup Interaction P
HR (95%C/) P HR (95%Cl) P Dyslipidemia
IMED score <6 No Non-VCF & aMED score >6 Ref
Non-VCE Ref Ref Non-VCF & aMED score <6 0.765
VCF 245(134-450) 0005  226(122-417) 0002 VCF & aMED score 26 0.065
aMED score > 6 VCF &aMED score <6 0511
Non-VCF Ref Ref Yes Non-VCF& aMED score>6 Ref
VCF 285(151-536) 0003  136(071-261) 0371 Non-VCF & aMED score <6 0.974
VCF &aMED score>6 0.765
Model 1: crude mode! VICF & aMED score <6 0040
Model 2: adjustment for age, marital status, PIR, smoking, physical activity,
hypertension, CKD and CVD D
Ref reference, HR hazard ratio, Cl confidence interval, VCF vertebral compression No Non-VCF &aMED score 26 Ref
fractures, aMED adherence to Mediterranean diet Non-VCF & aMED score <6 0717
VCF &aMED score>6 0.363
VCF & aMED score <6 0.376
Table 7 The moderating effect of aMED score on CVD-cause Yes Non-VCF & aMED score > 6 Ref
mortality in VCF patients Non-VCF & aMED score <6 03818
Variables Model 1 Model 2 VCF & aMED score>6 0642
HR (95%C)) p HR (95%Cl) p VCF & aMED score <6 <0.001
CKD
aMED score<6 No Non-VCF & aMED score >6 Ref
Non-VCF  Refs Ref Non-VCFs & aMED score <6 0871
VCF 336 (1.31-8.60) 0.022 3.31(1.28-8.57) 0.018 VCF & aMED score>6 0.390
aMED score>6 VCF & aMED score <6 0.554
Non-VCF  Ref Ref Yes Non-VCF & aMED score >6 Ref
VCF 3.36 (1.02-10.99) 0.061 1.53(046-5.12) 0.490 Non-VCF & aMED score <6 0.965
Model 1: crude model VCF & aMED score > 6 0.696
Model 2: adjustment for age, marital status, physical activity, CKD and CVD VCF & aMED score <6 0.007

Ref reference, HR hazard ratio, Cl confidence interval, CVD cardiovascular
disease, VCF vertebral compression fractures, aMED adherence to Mediterranean
diet

between bone health, oxidative stress, and metabolic
disorders such as dyslipidemia and cardiovascular dis-
ease (CVD) is complex and warrants further exploration.
Elevated lipid levels in VCF patients can lead to increased
adipose tissue, which secretes inflammatory factors that
inhibit bone resorption and promote osteoclast differen-
tiation, ultimately affecting bone remodeling. The MD’s
potential benefits on lipid health through oxidative stress
and inflammation, the most common risk factor for met-
abolic syndrome, suggests a mechanism by which it may
improve outcomes in VCF patients with comorbid dys-
lipidemia and CVD [24]."

In present study, we investigated the association
between aMED and mortality in VCF patients. After
adjusted all covariates, we observed patients with VCF
patients had a high all-cause and CVD-cause mortality;
patients with VCF and concomitantly poor adherence
to MD had the highest risk of all-cause and CVD-cause

Ref reference, VCF vertebral compression fractures, aMED adherence to
Mediterranean diet

mortality. Greater adherence to MD may has a potential
moderating effect on mortality risk in patients with VCF,
especially among patients with the history of dyslipi-
demia, CVD and CKD. From the perspective of healthy
diet, this study lays a theoretical foundation for improv-
ing the prognosis of patients with VCE.

Bone was constantly remodeled, both in order to
replace old and damaged bone, and to keep long-term Ca
homeostasis. If Ca was cumulatively scarce skeleton over
several years, this results in VCF and a higher risk of frac-
ture. Considering the insidious onset of VCF, the number
of VCF patients delay optimal treatment because of not
detected in time. There was increasing clinical evidence
of the mortality entailed by VCF patients [25-27]. In the
past few decades, inflammation and oxidative stress asso-
ciated with aging were fundamental pathogenic mecha-
nism of aged-related bone loss and also possibly loss of
muscle masa [28]. Cerullo et al. [29] reported that after
the age of 50 years, a progressive decrease in bone and
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Table 9 The moderating effect of aMED score on all-cause
mortality related to VCF based on complications

Subgroup aMED score HR (95%Cl) P
(Outcome/Total)
Dyslipidemia
No <6 (n=25/255) 1.34(0.22-8.17) 0.765
>6(n=17/344) 257 (0.60-11.08) 0.158
Yes <6 (n=96/965) 249 (1.29-4.80) 0.009
>6(n=80/1166) 1.03(048-2.22) 0.945
CvD
No <6(n=57/873) 1.55(0.61-3.98) 0383
>6(n=46/1127) 1.36 (0.51-3.64) 0451
Yes <6 (n=64/347) 348 (1.56-7.74) <0.001
>6(n=51/383) 1.27 (0.54-2.96) 0.684
CKD
No <6(n=78/1067) 1.45 (0.60-3.50) 0476
>6 (n=66/1374) 1.34(0.61-2.92) 0451
Yes <6 (n=43/153) 3.64 (1.50-8.78) <0.001
>6(n=31/136) 1.26 (0.39-4.10) 0.685

VCF vertebral compression fractures, aMED adherence to Mediterranean diet

Table 10 Summary of aMED Scores and Mortality Outcomes

aMED Score All-Cause Mortality CVD-Cause Mortality

<6 HR=227(1.25-4.13), P=0.025 HR=4.25(1.64-11.06),
P=0.013

>6 HR=1.75(1.13-2.73), P=0.041 HR=235(1.12-4.91),
P=0.038

The table shows the hazard ratios and 95% confidence intervals for all-cause
and CVD-cause mortality, adjusted for age, marital status, PIR, smoking, physical
activity, hypertension, CVD, and CKD

HR Hazard Ratio, Cl Confidence Interval

muscle by 1-2% every year. Inhibiting inflammation and
reducing the generation of free radicals and oxidative
stress, the rate of bone loss and muscle wasting among
elderly can be reduced [29]. Adequate nutrition was
vital in achieving and maintaining optimal bone mass.
It was widely accepted that adequate Ca and vitamin D
intake are necessary for bone healthy; however, nutri-
tional benefits for bone went beyond these two common
nutrients. Several nutrients with antioxidant properties,
such as vitamin C, E, and carotenoids, as well as vitamin
K, potassium, magnesium, phosphorus, protein, and fat
may be required for optimal Ca balance [30]. That is to
say, in order to maintain the bone density and strength,
there were additional requirements for other nutrients
and minerals than just Ca, likely provided by a healthy
comprehensive dietary pattern. MD was considered as
one of the healthiest dietary patterns owes to its unique
way of diet. MD includes daily intake of fresh vegetables
and fruits, nuts and seeds, whole grains, dairy products
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and olive oil, while the consumption of red meat as well
as processed high-fat and sugary foods was restricted in
this health dietary pattern [31]. This integrated healthy
dietary pattern renders the MD rich in anti-inflamma-
tory and antioxidant nutrients. This partly explains the
findings of our study, stating that adherence to a healthy
dietary pattern improves fracture risk and bone mineral
status, as well as reduces the risk of osteoporosis.

The present study observed the moderating effect of
aMED on the relationship between VCF patients and all-
cause and CVD-cause mortality. Previous studies have
confirmed the relationship between the MD and bone
health, but few studies have focused on the prognosis
of VCF patients. The favorable associations observed in
present study were consistent with several previous stud-
ies but not all studies. A study of healthy women from
Southern Spain suggested that there was a significantly
linear trends between MD and BMD in both reproduc-
tive age and postmenopausal women [32]. Chen et al.
[33] focused on the middle-aged and elderly Chinese
reported that higher aMED scores were related positively
and dose-dependently associated with BMD after adjust-
ment for all potential covariates. In the EPIC study, per
1-unit increase in aMED score was related to a 7% lower
incidence of hip fracture among 48,814 men and 139,981
women after 9 years of follow-up. A case—control study
of 726 pairs of urban Chinese in Guangdong suggested
that all greater values of the diet-quality scores were sig-
nificantly associated with a similar decreased risk of hip
fractures [34]. A study in adolescents also suggested that
a trend of increased BMD at 13 years with greater adher-
ence to the MD pattern was observed in boys and dietary
may beyond nutrient adequacy, a limiting determinant
of BMD [35]. However, Feart et al. [36] suggested that
higher aMED was not associated with a decreased risk
of fractures in French older persons. The widely recog-
nized beneficial effects of MD not seem to apply to bone
health in these people. Kontogianni et al. [37] aMED was
not found to have any significant effect on indices of bone
mass in adult women, whereas adherence to a dietary
pattern close to the MD was positively associated with
bone mass, suggesting potential bone-preserving proper-
ties of this pattern in adult stage. The irrelevant relation-
ship of above studies might cause by the smaller sample
sizes or discrepancies in the different methods or indexes
used to evaluate the adherence to MD.

We also found the moderating effect of aMED on the
relationship between VCF patients and all-cause mor-
tality in patients with dyslipidemia, CVD and CKD.
Recent studies suggested that obesity-derived metabolic
alterations including dyslipidemia may also be risk fac-
tors for compromised bone health [11, 38, 39]. Elevated
lipid levels in VCF patients can lead to the assimilations
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of amounts of adipose in the human body, and as a vital
endocrine organ, adipose can secrete inflammatory fac-
tors. High levels of inflammatory factors can inhibit bone
resorption, thereby promoting osteoclast differentiation
and ultimately affecting bone remodeling [39].The MD
has potential benefits on lipid health through oxida-
tive stress, inflammation (the most common risk factor
for the metabolic syndrome), and modulation of gastro-
intestinal function [12, 40].Moreover, the existence of
a possible relationship between bone and atherogenic
pathways has been reported. "Excessive accumulation of
osteoclasts in bone leads to bone loss, which may pro-
mote calcium deposition in coronary arteries and affect
the stability of atherosclerotic plaques. In addition, the
activated renin-angiotensin system promotes athero-
genesis and promotes osteoclast activity leading to bone
loss [41].The association between the MD and cardiovas-
cular health has been well known. Our study suggests
that adherence to a Mediterranean diet may be more
important for improving outcomes in VCF patients with
comorbid dyslipidemia, cardiovascular disease and CKD
compared to general VCF patients.

Herein, we provided reference for the improvement of
VCEF patients outcome based on the relationship between
aMED and all-cause and CVD-cause mortality. MD is a
dietary habit rather than a structured diet and empha-
sizes an adequate intake of fruits, vegetables, and whole
grains and also contains moderate amounts of legumes,
nuts, skim milk, olive oil and some fish, as well as small
amounts of red meat, salt and carbohydrates [42].For cli-
nicians and policymakers, as well as VCF patients, it was
essential to be aware of the benefits of adherence to the
MD for bone health and thus improved the outcomes.Cli-
nicians managing VCF patients should consider assessing
their patients’ dietary habits and providing counseling
on the potential benefits of adhering to a Mediterranean
diet. Specific recommendations may include increasing
the consumption of fruits and vegetables, incorporat-
ing whole grains into the diet, and reducing the intake of
processed meats and sugars. Additionally, clinicians may
encourage moderate alcohol consumption and regular
physical activity, which are also components of the Medi-
terranean lifestyle that could contribute to better out-
comes in VCF patients. However, several limitations of
this study can be identified. First, the diet intake informa-
tion obtained from 24-h dietary recall interview was used
to calculate the aMED score, which may not fully reflect
the average diet quality of the subjects and also may be
some recall bias,The use of 24-h dietary recall interviews
to assess dietary intake may introduce some limitations
regarding the accuracy of aMED scores. This method is
subject to recall bias and may not accurately reflect an
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individual’s long-term dietary habits. The reliance on a
single day’s dietary intake could lead to misclassification
of participants’ adherence to the Mediterranean diet,
potentially affecting the reliability of our aMED scores.
Future studies employing multiple recalls or food diaries
over extended periods could provide a more comprehen-
sive assessment of dietary patterns. Second, due to the
limitations of the NHANES database, only 2,730 subjects
underwent dual-energy X-ray BMD measurements. The
sample sizes for outcomes of VCF patients and death
were small as of the follow-up date of December 2019,
which may cause certain bias to our results, particularly
for CVD-cause mortality, the statistical power is limited,
especially in subgroup analyses. This constraint affects
the robustness of our findings and the generalizability
of our results to other populations. We advise caution
in interpreting these results and recommend that future
studies with larger sample sizes and longer follow-up
periods be conducted to validate our findings. Last but
not least, NHANES database included representative U.S.
population, so the generalizability of moderating effect
of aMED on the association between VCF patients and
mortality among other populations needs to be explore
by further large-scale prospective studies.

The Mediterranean diet (MD) has been widely recog-
nized for its health benefits, extending beyond the spe-
cific context of vertebral compression fractures (VCF).
The diet’s rich content of fruits, vegetables, whole
grains, nuts, and olive oil, along with its low intake of
red meat and processed foods, contributes to a range
of health-promoting effects [6, 43]. These include
improved cardiovascular health, reduced risk of type 2
diabetes, and enhanced cognitive function [44].

Cardiovascular Health:The MD’s high content of
monounsaturated fats, such as those found in olive oil,
and its rich supply of antioxidants and polyphenols,
have been shown to reduce inflammation and improve
lipid profiles [45]. This leads to a lower incidence of
cardiovascular diseases, which are a significant cause of
morbidity and mortality worldwide [46].

Metabolic Syndrome and Type 2 Diabetes:The diet’s
emphasis on whole foods and its low glycemic index
helps in the management of blood sugar levels, reduc-
ing the risk of developing type 2 diabetes [47]. This is
particularly important given the increasing prevalence
of metabolic syndrome and its associated complica-
tions [48].

Cognitive Function:The MD has also been associated
with better cognitive function and a reduced risk of
neurodegenerative diseases such as Alzheimer’s disease
[49]. The diet’s high content of omega-3 fatty acids and
antioxidants plays a crucial role in maintaining brain
health and function [50].
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Resilience and Overall Health:Beyond these specific
health outcomes, the MD promotes overall resilience
and well-being. Its anti-inflammatory and antioxidant
properties help the body cope with various stressors,
enhancing the body’s ability to recover from illnesses
and maintain optimal health [51]. By adopting the MD,
patients can benefit from a holistic approach to health,
which not only addresses specific conditions like VCF
but also improves their overall quality of life.

In conclusion, the MD offers a comprehensive
approach to health that extends beyond the management
of VCE. Its benefits are multifaceted, affecting various
aspects of health and well-being. This makes the MD a
valuable dietary pattern for the prevention and manage-
ment of a wide range of chronic diseases and conditions.

Conclusion

Our study suggested aMED may have a moderating
effect on the all-cause and CVD-cause mortality in VCF
patients, particularly in patients with the history of dys-
lipidemia, CVD and CKD. Additional well-designed and
stratified cohort studies with a range of confounding fac-
tors are required to elucidate the association between
aMED and mortality among VCF patients.
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