
Vol.:(0123456789)

Archives of Osteoporosis           (2025) 20:39  
https://doi.org/10.1007/s11657-025-01508-5

ORIGINAL ARTICLE

Association between dietary carotenoid intake and vertebral fracture 
in people aged 50 years and older: a study based on the National 
Health and Nutrition Examination Survey

Yuchen Zheng1 · Wenyu Zhou1 · Jian Zhang1 · Tao Lan1 · Rui Zhang1

Received: 29 July 2024 / Accepted: 24 January 2025 
© The Author(s) 2025

Abstract
Summary  This study discussed the association between dietary intake of carotenoids and vertebral fractures by analyzing 
the target data, concluding a result of negative association and providing valuable information on vertebral fracture.
Objective  This study is to explore the association between dietary intake of carotenoids and vertebral fractures.
Methods  Data of individuals aged ≥ 50 years from the 2013–2014 National Health and Nutrition Examination Survey 
(NHANES) database were used in this cross-sectional study. Information on dietary carotenoid intake was obtained from 
the first 24-h dietary recall interview. Vertebral fractures were assessed using dual-energy x-ray absorptiometry (DXA). 
The weighted multivariable logistic regression model was established to assess the association between dietary carotenoid 
intake and risk of vertebral fracture. Subgroup analysis of fracture history and menopausal status was performed for further 
analysis of this relationship.
Results  Of the 2053 eligible study subjects, there were 1021 men and 1032 women. Increased β-carotene intake was associ-
ated with decreased odds of vertebral fracture in women (odds ratio (OR) = 0.77, 95% confidence interval (CI) 0.60–0.99, 
P = 0.047), after adjusting for covariates. In men without a history of fracture, lutein and zeaxanthin intake was negatively 
associated with increased odds of vertebral fracture (OR = 0.70, 95% CI 0.50–0.99, P = 0.048). In women without a his-
tory of fracture, increased β-carotene intake was associated with decreased odds of vertebral fracture (OR = 0.78, 95% CI 
0.61–0.99, P = 0.047). In postmenopausal women, β-carotene intake was also negatively associated with increased odds of 
vertebral fracture (OR = 0.77, 95% CI 0.60–0.99, P = 0.048).
Conclusion  This research concludes a negative association between dietary carotenoid intake, especially β-carotene, and 
vertebral fractures in women, revealing a potential dietary prevention tactic for vertebral fractures in the future.

Keywords  Dietary carotenoids · β-Carotene · Vertebral fracture · Gender · The National Health and Nutrition Examination 
Survey

Introduction

Vertebral fractures, a common type of fracture in people 
over the age of 50, are related to skeletal fragility and osteo-
porosis, which can cause acute and chronic back pain, affect-
ing patients’ quality of life and survival [1, 2]. Although the 
definition of vertebral fracture may vary between studies, it 

is consistently reported that vertebral fractures affect at least 
20% of people over the age of 50 [3]. In postmenopausal 
women, the incidence of vertebral fractures can increase by 
more than 50% with age [4]. Therefore, it is of great signifi-
cance to identify factors associated with vertebral fractures 
and to conduct early interventions to lower the risk of ver-
tebral fractures and subsequently improve patients’ quality 
of life.

Oxidative stress is an important pathogenic factor con-
tributing to bone loss [5]. The intake of dietary antioxidants 
may be of important clinical value in improving bone loss 
and reducing the risk of fragility fractures [6]. Carotenoids 
are a group of fat-soluble natural pigments acting as anti-
oxidants in the body. Over 95% of the total carotenoids in 

 *	 Rui Zhang 
	 szjzruizhang@outlook.com

1	 Department of Spine Surgery, Futian District, Shenzhen 
Second People’s Hospital, The First Affiliated Hospital 
of Shenzhen University, No. 3002, Sungang West Road, 
Shenzhen 518035, Guangdong, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s11657-025-01508-5&domain=pdf


	 Archives of Osteoporosis           (2025) 20:39    39   Page 2 of 13

human blood are α-carotene, β-carotene, β-cryptoxanthin, 
lycopene, and lutein and zeaxanthin [7]. Evidences have 
shown that carotenoids can stimulate bone formation and 
inhibit bone resorption [8, 9]. Studies in different popula-
tions illustrated that the high intake of specific carotenoids 
is positively associated with bone health and a reduced risk 
of osteoporosis [10, 11]. A previous long-term cohort study 
found a protective effect of higher carotenoid intake on hip 
fracture [10], but the relationship between carotenoids and 
vertebral fractures is still unclear.

Herein, the objective of this study is to explore the asso-
ciation between dietary carotenoid intake and vertebral frac-
tures in people aged 50 years and older in America. The 
hypothesis is that dietary carotenoid intake is negatively 
associated with the odds of vertebral fracture in this popu-
lation. Subgroup analyses of sex and fracture history were 
also performed to evaluate whether the association between 
dietary carotenoids and vertebral fractures varied in different 
subpopulations.

Materials and methods

Study setting and population

This cross-sectional study extracted data from the 
2013–2014 National Health and Nutrition Examination 
Survey (NHANES) database. NHANES is a series of multi-
stage surveys performed by the Centers for Disease Control 
and Prevention (CDC) to assess the health and nutritional 
status of the nationally representative population in Amer-
ica. The survey combines interviews and physical examina-
tions, and more detailed information on this survey has been 
presented elsewhere: https://​www.​cdc.​gov/​nchs/​nhanes/​
about_​nhanes.​htm.

This study included individuals aged ≥ 50 years. Partici-
pants (1) without the assessment of vertebral fracture, (2) 
without complete data on dietary carotenoid intake, (3) com-
plicated by malignant tumors, (4) using anti-osteoporosis 
drugs, or (5) men consuming less than 500 kcal or more 
than 8000 kcal, while women consuming less than 500 kcal 
or more than 5000 kcal, were excluded. Since the data used 
are publicly available and de-identified, ethical approval by 
the institutional review board was exempt.

Assessment of dietary carotenoid intake

In the NHANES, information on dietary intake of carot-
enoids was obtained via two 24-h dietary recall interviews. 
The first dietary recall interview was conducted in person in 
the Mobile Examination Center (MEC). A set of measuring 
guides (various glasses, bowls, mugs, etc.) was available in 
the MEC dietary interview room for the participants to use 

to report food quantities. The second dietary recall interview 
was conducted by telephone or mail 3–10 days after the first 
interview.

Five different dietary carotenoids were evaluated in this 
study, including α-carotene, β-carotene, β-cryptoxanthin, 
lycopene, and lutein and zeaxanthin. The dietary data we 
used were the mean of two 24-h reviews, which included 
dietary intake and dietary supplements. Dietary carot-
enoids were further adjusted by energy intake: energy-
adjusted carotenoids (µg/1000 kcal) = dietary carotenoid 
intake/energy intake × 1000, indicating the micrograms 
of carotenoids per 1000  kcal of energy. Additionally, 
according to the conversion method of retinol activ-
ity equivalent (RAE), the energy-adjusted carotenoid 
vitamin A was calculated as follows: energy-adjusted 
carotenoid vitamin A = 1/12 × β-carotene + 1/24 × α-c
arotene + 1/24 × β-cryptoxanthin; and the total carot-
enoid = α-carotene + β-carotene + β-cryptoxanthin + lyco-
pene + lutein and zeaxanthin.

Vertebral fracture diagnosis

At MEC, dual-energy x-ray absorptiometry (DXA) was used 
to diagnose vertebral fractures by conducting a lateral scan 
of the thoraco-lumbar spine. All scans were analyzed by 
Optasia Spinalizer software using Genant’s semiquantitative 
(SQ) technique. Grade 0 was represented as normal status, 
Grade 1 as mild deformity, Grade 2 as moderate deformity, 
and Grade 3 as severe deformity. Grade 1 and above were 
diagnosed as vertebral fracture [12]. Besides, considering 
the influence from mild deformity, we categorized people 
with non-vertebral fractures or Grade 1 into one group, and 
those with Grade 2 or 3 into another group for sensitivity 
analysis.

Covariates

The following data were extracted from the database as 
potential covariates: age (years), gender, race, poverty 
income ratio (PIR), education, smoking, alcohol consump-
tion, a history of fracture, body mass index (BMI, kg/cm3), 
waist circumference (cm), femoral neck bone mineral den-
sity (BMD) (g/cm2), Mediterranean score, physical activity 
(MET·min), Healthy Eating Index (HEI)−2010, diabetes, 
parental fracture, glucocorticoid use, calcium (mg), and total 
energy intake (kcal).

Race was classified as Mexican American, non-Hispanic 
Black, non-Hispanic White, other Hispanic race, and other 
race [13]. Education was divided into college graduate, 
high school/General Education Development (GED), less 
than high school, and some college [14]. A history of frac-
ture was defined as broken or fractured a hip. Participants 
with fasting blood glucose ≥ 7.0 mmol/L or hemoglobin 
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A1c (HbAlc) ≥ 6.5% or self-reported diabetes or receiv-
ing hypoglycemic treatment were regarded to have diabe-
tes [15]. For BMI as a categorical variable, < 18.5 kg/m2 
was considered underweight, 18.5–24.9 kg/m2 as normal 
weight, 25.0–29.9 kg/m2 as overweight, and ≥ 30.0 kg/m2 as 
obese [16]. Women were categorized as menopausal if they 
answered “Menopause” to the question “What is the reason 
that you have not had a period in the last 12 months?”.

Statistical analysis

The Kolmogorov–Smirnov test was used to examine the nor-
mality of quantitative data. Measurement data with normal 
distribution was described by mean (standard error) (mean 
(SE)), and the independent sample t-test was utilized to com-
pare the characteristics between the two groups. Counting 
data were expressed by the number of cases and constituent 
ratio (n (%)), and the chi-square test was used for inter-group 
comparison. In NHANES, special sample weights are cre-
ated to account for the complex survey design (including 
oversampling), survey non-response, and post-stratification 
adjustment to match total population counts from the Census 
Bureau. Since the dietary information used in this study was 
the average values of two 24-h dietary recalls, the “dietary 
day two sample weight (WTDR2D)” was used for sample 
weights, as recommended by NHANES.

Variables with statistical significance in the weighted uni-
variable logistic regression model and variables with clinical 
significance were selected as adjustment variables. Corre-
lations among dietary carotenoids were also assessed and 
considered in multivariate model adjustment. The weighted 
multivariable logistic regression model was established to 
assess the association between dietary carotenoid intake and 
the risk of vertebral fracture. Variables with missing values 
in this study were imputed with the use of multiple impu-
tation. Multiple imputation, a method of handling missing 
values based on repeated simulation, is mainly completed by 
the “mice” package in R software (Supplementary Table 1). 
Considering that the application of imputation may affect the 
association between dietary carotenoids and vertebral frac-
ture, sensitivity analysis was carried out by comparing the 
data before and after imputation (Supplementary Table 2). 
Subgroup analysis was further performed in terms of meno-
pausal status and fracture history to analyze the association 
between dietary carotenoids and vertebral fracture in dif-
ferent subgroups. Odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated to evaluate the effect size, 
and P < 0.05 indicated statistical significance.

Data cleaning (including missing value statistics) and 
missing value interpolation were completed using Python 
3.7.4 (Python Software Foundation, DE, USA). Sensitivity 
analysis, difference comparison, statistical modeling, and 
subgroup analysis were conducted by SAS 9.4 (SAS Institute 

Inc., Cary, NC, USA), and result visualization was subject 
to R 4.2.1 (R Foundation for Statistical Computing, Vienna, 
Austria).

Results

Participant characteristics

Initially, 2780 individuals aged 50 years and older were 
included in this study. After excluding people without the 
assessment of vertebral fracture (n = 474), incomplete data 
on dietary carotenoid intake (n = 166), and complicated 
with malignant tumors (n = 7), and man intake ≤ 500 kcal 
or > 8000 kcal and feman ≤ 500 kcal or > 5000 kcal (n = 31), 
and use of anti-osteoporosis drugs (n = 49), 2053 were even-
tually involved, including 1021 men and 1032 women. The 
flow chart of participant selection is illustrated in Fig. 1. 
In both genders, the average age of patients in the verte-
bral fracture group was significantly higher than that in the 
non-vertebral fracture group (all P < 0.05). In men partici-
pants, PIR, BMD of femoral neck, and physical activity in 
the non-vertebral fracture group were significantly higher 
than those in the vertebral fracture group (all P < 0.05). In 
women, femoral neck bone mineral density, waist circum-
ference, β-carotene, vitamin A, and total carotenoids in the 
non-vertebral fracture group were higher than those in the 
vertebral fracture group (all P < 0.05). Table 1 exhibits the 
characteristics of these participants.

Distribution of dietary carotenoids

Table 2 shows the average levels of five dietary carotenoids 
in men and women. The average levels of α-carotene, 
β-carotene, lutein and zeaxanthin, as well as carotenoid vita-
min A were higher in women than those in men (532.11 vs. 
425.98 µg, 2799.61 vs. 2385.89 µg, 1989.45 vs. 1815.78 µg, 
and 259.65 vs. 220.9). The average levels of β-cryptoxanthin, 
lycopene, and total carotenoid were higher in men than those 
in women (103.75 vs. 100.34 µg, 5690.55 vs. 4338.52 µg, 
and 10,422 vs. 9760.04). After adjusting for energy, only 
men had a higher lycopene level than women (2592.37 vs. 
2561.69 µg/1000 kcal).

Correlations among dietary carotenoids

The results showed a highly positive correlation between 
energy-adjusted α-carotene and β-carotene in both the man 
group (r = 0.5800, P < 0.001) and feman group (r = 0.6563, 
P < 0.001), indicating that these two dietary carotenoids 
could not be mutually adjusted in a multivariable model, and 
only one of them could be adjusted in the variable adjust-
ment for the other carotenoids (Table 3).
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Association between dietary carotenoid intake 
and vertebral fracture

Univariable logistic regression showed that age, race, PIR, 
a history of fracture, and femoral neck BMD were signifi-
cantly associated with vertebral fracture in men, and age, 
race, a history of fracture, and femoral neck BMD were 
significantly associated with vertebral fractures in women 
(Table 4). After adjusting for selected covariates, multivari-
able logistic regression demonstrated that elevated intake 
levels of energy-adjusted β-carotene (OR = 0.75, 95% CI 
0.57–0.99, P = 0.046), energy-adjusted carotenoid vitamin 
A (OR = 0.75, 95% CI 0.57–0.99, P = 0.045), and energy-
adjusted total carotenoid (OR = 0.72, 95% CI 0.56–0.94, 
P = 0.015) were significantly associated with a lower risk 
of vertebral fracture in women. After controlling for other 
carotenoids, only the negative association between energy-
adjusted β-carotene and increased odds of vertebral fracture 
was significant in women (OR = 0.77, 95% CI 0.60–0.99, 
P = 0.047) (Table 5).

In addition, sensitivity analyses were performed to 
reclassify the non-vertebral and vertebral fracture groups 
to account for the effect of mild deformity (Supple-
mentary Table 3). The results showed that after adjust-
ing for the selected covariates, elevated intake levels of 

β-carotene (OR = 0.76, 95% CI 0.59–0.98, P = 0.036), 
carotenoid vitamin A (OR = 0.76, 95% CI 0.58–0.99, 
P = 0.046), energy-adjusted β-carotene (OR = 0.70, 95% 
CI 0.51–0.95, P = 0.021), and energy-adjusted carotenoid 
vitamin A (OR = 0.68, 95% CI 0.49–0.93, P = 0.016) were 
all significantly associated with a reduced risk of verte-
bral fracture in women. After controlling for other carot-
enoids, elevated dietary intakes of carotenoid vitamin A 
(OR = 0.69, 95% CI 0.50–0.97, P = 0.032), energy-adjusted 
β-carotene (OR = 0.11, 95% CI 0.01–0.83, P = 0.032), and 
energy-adjusted carotenoid vitamin A (OR = 0.62, 95% CI 
0.41–0.93, P = 0.020) were significantly associated with a 
reduced risk of vertebral fracture in women.

Association between dietary carotenoid intake 
and vertebral fracture in subgroups

The sample size of the population with a history of fracture 
and premenopausal women was both too small to allow 
subgroup analysis. For men without a history of fractures, 
higher energy-adjusted intake of lutein and zeaxanthin 
was associated with a significantly lower risk of verte-
bral fracture (OR = 0.70, 95% CI 0.50–0.99, P = 0.048). 
For women without a history of fracture, elevated intake 
levels of energy-adjusted β-carotene (OR = 0.78, 95% CI 

Fig. 1   Flow chart of participant selection. Notes: NHANES, the National Health and Nutrition Examination Survey
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Table 1   Characteristics of the included subjects

Variables Male (n = 1021) Female (n = 1032))

Non-vertebral 
fracture group 
(n = 938)

Vertebral fracture 
group (n = 83)

Statistics P Non-vertebral 
fracture group 
(n = 967)

Vertebral 
fracture group 
(n = 65)

Statistics P

Age, years, mean 
(SE)

61.56 (0.43) 67.66 (1.75) t =  − 3.38 0.004 62.24 (0.36) 68.04 (1.87) t =  − 3.46 0.004

Race, n (%) χ2 = 8.961 0.062 χ2 = 3.891 0.421
Mexican Ameri-

can
129 (5.93) 10 (9.90) 105 (4.57) 4 (1.83)

Non-Hispanic 
Black

222 (10.86) 8 (4.42) 188 (10.45) 10 (5.80)

Non-Hispanic 
White

406 (74.86) 57 (71.71) 473 (73.89) 42 (83.22)

Other Hispanic 78 (3.38) 2 (1.28) 100 (4.05) 3 (2.50)
Other race 103 (4.97) 6 (12.69) 101 (7.04) 6 (6.66)
PIR, mean (SE) 3.41 (0.14) 2.70 (0.25) t = 2.88 0.011 3.18 (0.11) 2.86 (0.32) t = 0.98 0.343
Education, n (%) χ2 = 0.769 0.857 χ2 = 3.992 0.262
College graduate 258 (38.85) 19 (35.11) 216 (29.03) 18 (39.39)
High school/GED 205 (18.55) 21 (21.60) 227 (21.18) 20 (21.70)
Less than high 

school
244 (16.76) 16 (13.18) 197 (11.75) 14 (15.78)

Some college 231 (25.84) 27 (30.12) 327 (38.04) 13 (23.13)
Smoking, n (%) χ2 = 3.055 0.080 χ2 = 0.067 0.796
No 402 (48.12) 26 (31.21) 575 (57.07) 39 (60.24)
Yes 536 (51.88) 57 (68.79) 392 (42.93) 26 (39.76)
Alcohol consump-

tion, n (%)
χ2 = 0.314 0.576 χ2 = 0.646 0.422

No 142 (10.94) 11 (8.59) 427 (34.50) 28 (41.71)
Yes 796 (89.06) 72 (91.41) 540 (65.50) 37 (58.29)
Previous fracture, 
n (%)

χ2 = 42.824  < 0.001 χ2 = 5.346 0.021

No 927 (99.56) 79 (90.52) 948 (98.58) 60 (94.28)
Yes 11 (0.44) 4 (9.48) 19 (1.42) 5 (5.72)
BMI, kg/m2, mean 

(SE)
29.21 (0.25) 27.54 (0.84) t = 1.88 0.080 29.74 (0.28) 27.29 (1.23) t = 1.88 0.079

BMI, n (%) χ2 = 3.165 0.075 χ2 = 3.591 0.058
Normal/under-

weight
220 (18.15) 24 (32.36) 243 (27.10) 20 (38.63)

Overweight/obe-
sity

718 (81.85) 59 (67.64) 724 (72.90) 45 (61.37)

Waist circumfer-
ence, cm, mean 
(SE)

106.09 (0.67) 103.12 (2.21) t = 1.24 0.233 99.96 (0.62) 94.38 (2.36) t = 2.25 0.040

Femoral neck 
BMD, g/cm2, 
mean (SE)

0.81 (0.01) 0.74 (0.01) t = 4.35  < 0.001 0.73 (0.00) 0.64 (0.01) t = 6.67  < 0.001

Mediterranean 
score, mean (SE)

4.60 (0.10) 4.20 (0.47) t = 0.86 0.404 4.55 (0.13) 4.17 (0.29) t = 1.45 0.168

*Mediterranean 
score, n (%)

χ2 = 0.094 0.759 χ2 = 2.300 0.129

 < Median 307 (36.62) 30 (39.72) 317 (33.63) 25 (43.85)
 ≥ Median 631 (63.38) 53 (60.28) 650 (66.37) 40 (56.15)
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Table 1   (continued)

Variables Male (n = 1021) Female (n = 1032))

Non-vertebral 
fracture group 
(n = 938)

Vertebral fracture 
group (n = 83)

Statistics P Non-vertebral 
fracture group 
(n = 967)

Vertebral 
fracture group 
(n = 65)

Statistics P

Physical activity, 
MET·min, mean 
(SE)

871.69 (63.99) 580.92 (100.42) t = 2.52 0.023 453.85 (40.22) 344.51 (71.34) t = 1.31 0.209

HEI-2010 score, 
mean (SE)

52.32 (0.87) 50.41 (2.23) t = 0.75 0.463 54.77 (0.59) 55.12 (2.03) t =  − 0.20 0.843

Diabetes, n (%) χ2 = 0.557 0.455 χ2 = 0.843 0.359
No 350 (49.82) 32 (41.54) 376 (46.74) 23 (37.82)
Yes 588 (50.18) 51 (58.46) 591 (53.26) 42 (62.18)
Parental fracture, 
n (%)

χ2 = 0.023 0.879 χ2 = 0.139 0.710

No 862 (92.47) 73 (91.86) 869 (87.09) 58 (89.86)
Yes 76 (7.53) 10 (8.14) 98 (12.91) 7 (10.14)
Glucocorticoid 

use, n (%)
χ2 = 0.000 0.998 χ2 = 4.151 0.042

No 917 (97.14) 79 (97.15) 943 (97.33) 63 (99.65)
Yes 21 (2.86) 4 (2.85) 24 (2.67) 2 (0.35)
Calcium, mg, 

mean (SE)
1111.61 (23.70) 1235.55 (95.94) t =  − 1.28 0.220 1154.87 (39.04) 1374.09 (86.98) t =  − 2.18 0.046

Total energy 
intake, kcal, 
mean (SE)

2248.43 (35.12) 2268.87 (154.45) t =  − 0.14 0.888 1746.50 (27.29) 1890.88 (103.35) t =  − 1.44 0.171

Menopause, n (%)
No 88 (10.18) 0 (0.00)
Yes 879 (89.82) 65 (100.00)
Non-carotenoid 

vitamin A, µg, 
mean (SE)

458.14 (13.73) 490.69 (76.21) t =  − 0.44 0.668 405.72 (24.40) 496.17 (41.20) t =  − 1.77 0.098

α-Carotene, µg, 
mean (SE)

426.29 (18.14) 459.10 (83.56) t =  − 0.38 0.709 535.48 (38.94) 497.81 (82.52) t = 0.45 0.662

β-Carotene, µg, 
mean (SE)

2419.46 (130.71) 2250.69 (183.19) t = 0.62 0.542 2742.27 (154.71) 2206.25 (203.57) t = 1.98 0.066

β-Cryptoxanthin, 
µg, mean (SE)

100.17 (9.01) 147.60 (69.15) t =  − 0.69 0.501 99.49 (10.99) 79.75 (17.23) t = 0.94 0.361

Lycopene, µg, 
mean (SE)

5577.98 (623.88) 7308.50 (1668.02) t =  − 0.99 0.338 4424.13 (245.52) 3402.50 (785.99) t = 1.17 0.261

Lutein and zeax-
anthin, µg, mean 
(SE)

1854.80 (92.87) 1562.27 (187.67) t = 1.64 0.123 1996.13 (141.11) 1730.81 (260.51) t = 0.88 0.395

Carotenoid 
vitamin A, mean 
(SE)

223.56 (10.99) 212.84 (17.32) t = 0.46 0.651 254.98 (13.81) 207.92 (19.45) t = 1.89 0.079

Total carotenoid, 
mean (SE)

10,378.70 
(662.38)

11,728.16 
(1827.07)

t =  − 0.71 0.491 9797.50 (400.35) 7917.11 (833.09) t = 1.78 0.095

Energy-adjusted 
α-carotene, 
mean (SE)

205.60 (11.47) 245.09 (54.97) t =  − 0.73 0.477 306.45 (14.47) 257.56 (49.85) t = 1.00 0.333

Energy-adjusted 
β-carotene, mean 
(SE)

1.16 (0.08) 1.12 (0.10) t = 0.31 0.759 1.60 (0.08) 1.23 (0.13) t = 2.61 0.020

Energy-adjusted 
β-cryptoxanthin, 
mean (SE)

45.78 (3.96) 56.73 (21.37) t =  − 0.51 0.619 59.19 (4.85) 44.02 (8.32) t = 1.53 0.147
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0.61–0.99, P = 0.047) and energy-adjusted total carotenoid 
(OR = 0.76, 95% CI 0.57–0.99, P = 0.046) were associ-
ated with a decreased risk of vertebral fracture. Addition-
ally, among post-menopause women, there was a negative 
association between energy-adjusted β-carotene intake 

(OR = 0.77, 95% CI 0.60–0.99, P = 0.048) and energy-
adjusted total carotenoid (OR = 0.72, 95% CI 0.56–0.93, 
P = 0.010) with an increased risk of vertebral fracture 
(Fig. 2).

Table 1   (continued)

Variables Male (n = 1021) Female (n = 1032))

Non-vertebral 
fracture group 
(n = 938)

Vertebral fracture 
group (n = 83)

Statistics P Non-vertebral 
fracture group 
(n = 967)

Vertebral 
fracture group 
(n = 65)

Statistics P

Energy-adjusted 
lycopene, mean 
(SE)

2563.16 (273.40) 3076.09 (616.12) t =  − 0.77 0.455 2613.48 (169.55) 1856.27 (453.86) t = 1.47 0.161

Energy-adjusted 
lutein and zeax-
anthin, mean 
(SE)

897.77 (46.08) 774.29 (93.35) t = 1.41 0.179 1172.77 (76.72) 1034.35 (198.64) t = 0.65 0.525

Energy-adjusted 
carotenoid 
vitamin A, mean 
(SE)

107.17 (6.57) 106.30 (10.15) t = 0.08 0.936 148.55 (6.79) 115.10 (12.37) t = 2.57 0.021

Energy-adjusted 
total carotenoid, 
mean (SE)

4872.68 (318.71) 5276.92 (668.48) t =  − 0.56 0.582 5751.62 (244.86) 4422.56 (372.63) t = 2.73 0.015

Notes: SE, standard error; PIR, poverty income ratio; GED, General Education Development; BMI, body mass index; BMD, bone mineral den-
sity; MET, physical activity; HEI, the Healthy Eating Index
* Median value in males was 3.77, and in females was 3.82
Carotenoid vitamin A = 1/12 × β-carotene + 1/24 × α-carotene + 1/24 × β-cryptoxanthin
Total carotenoid = α-carotene + β-carotene + β-cryptoxanthin + lycopene + lutein and zeaxanthin
Energy-adjusted carotenoids (µg/1000 kcal) = dietary carotenoid intake/energy intake × 1000

Table 2   Distribution of dietary 
carotenoids by quartile

Notes: SE standard error
Carotenoid vitamin A = 1/12 × β-carotene + 1/24 × α-carotene + 1/24 × β-cryptoxanthin
Total carotenoid = α-carotene + β-carotene + β-cryptoxanthin + lycopene + lutein and zeaxanthin
Energy-adjusted carotenoids (µg/1000 kcal) = dietary carotenoid intake/energy intake × 1000

Variables Male Female

α-Carotene, µg, mean (SE) 425.98 (35.12) 532.11 (59.05)
β-Carotene, µg, mean (SE) 2385.89 (162.35) 2799.61 (183.81)
β-Cryptoxanthin, µg, mean (SE) 103.75 (11.91) 100.34 (11.01)
Lycopene, µg, mean (SE) 5690.55 (556.65) 4338.52 (282.77)
Lutein and zeaxanthin, µg, mean (SE) 1815.78 (111.03) 1989.45 (119.62)
Carotenoid vitamin A, mean (SE) 220.9 (14.47) 259.65 (17.18)
Total carotenoid, mean (SE) 10,422 (609.38) 9760.04 (432.89)
Energy-adjusted α-carotene, mean (SE) 207.58 (17.94) 302.89 (29.7)
Energy-adjusted β-carotene, mean (SE) 1.15 (0.08) 1.63 (0.1)
Energy-adjusted β-cryptoxanthin, mean (SE) 46.52 (4.87) 59.69 (5.43)
Energy-adjusted lycopene, mean (SE) 2592.37 (239.72) 2561.69 (176.17)
Energy-adjusted lutein and zeaxanthin, mean (SE) 880.91 (59.52) 1173.96 (66.77)
Energy-adjusted carotenoid vitamin A, mean (SE) 106.33 (6.91) 150.94 (9.13)
Energy-adjusted total carotenoid, mean (SE) 4876.29 (267.83) 5728.23 (250.5)
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Discussion

The burden of vertebral fracture is substantial, with an esti-
mated prevalence of 25–50% in people aged over 50 years, 
which in some research is higher than hip or wrist fractures 
[17]. To our knowledge, this study is the first to investigate 
the association between dietary carotenoid intake and ver-
tebral fracture in individuals aged ≥ 50 years based on data 
from the NHANES database. We found that higher intakes 
of β-carotene, carotenoid vitamin A, and total carotenoid 
were associated with a significantly decreased risk of ver-
tebral fracture in feman, indicating that increasing carot-
enoid intake, especially β-carotene, may help lower the 
potential risk of vertebral fracture in women.

Knapik et al. [18] reported that the risk of hip frac-
ture was lowered by increasing the intake of β-carotene, 
or α-carotene. In another study, greater lycopene intake 
was associated with reduced risk of hip fracture and non-
vertebral fracture, but not with α-carotene, β-carotene, 
β-cryptoxanthin, or lutein and zeaxanthin [19]. A previ-
ous meta-analysis found that β-cryptoxanthin intake was 
inversely associated with the risk of osteoporosis and 
hip fractures [20]. In Gao et al.’s study, they suggested 
that β-carotene may improve BMD and reduce the risk of 
osteoporosis/fracture, but these effects may vary by gen-
der and race [21]. For the relationship between individual 
carotenoids and vertebral fracture, the current study dem-
onstrated that dietary intakes of β-carotene, carotenoid 
vitamin A, and total carotenoid were inversely associated 
with the risk of vertebral fracture in women, while differ-
ent kinds of carotenoids were not in significantly associ-
ated with the risk of vertebral fracture in men. Several 
biological mechanisms have been proposed to help explain 
the association between β-carotene and vertebral fracture. 
Adequate intake of vitamin A (including β-carotene) is 
essential for normal physiological activities of the human 
body and can affect the growth hormone axis [22, 23]. 
The antioxidant β-carotene contributes to defense against 
reactive oxygen species in the body, and oxidative stress 
is considered to play a significant role in the develop-
ment of several chronic diseases, including fractures [24]. 
β-Carotene enhances osteoclastogenesis and reduces 
osteoblast apoptosis by stabilizing the β-catenin signal-
ing pathway, leading to a decrease in bone resorption [25, 
26]. Also, carotenoids may interfere with growth factor 
receptor signaling via regulating IGF-1/IGFBP3, which 
is related to cognitive function [27]. Impaired cognitive 
function is a known risk factor for falls and fractures [28].

Different carotenoids may have different associa-
tions with vertebral fracture risk [29–31]. One explana-
tion for the non-significant association of α-carotene, 
β-cryptoxanthin, lycopene, and lutein and zeaxanthin with 
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Table 4   Weighted univariable 
logistic regression to select 
adjustment variables

Notes: OR, odds ratio; CI, confidence interval; Ref, reference; PIR, poverty income ratio; GED, General 
Education Development; BMI, body mass index; BMD, bone mineral density; HEI, the Healthy Eating 
Index

Variables Male Female

OR (95% CI) P OR (95% CI) P

Age 1.97 (1.41–2.73)  < 0.001 1.85 (1.33–2.58)  < 0.001
Race
Mexican American Ref Ref
Non-Hispanic Black 0.24 (0.06–0.99) 0.048 1.57 (0.48–5.16) 0.457
Non-Hispanic White 0.58 (0.18–1.91) 0.375 2.91 (1.03–8.17) 0.043
Other Hispanic 0.23 (0.02–2.45) 0.222 1.52 (0.27–8.49) 0.637
Other race 1.50 (0.34–6.57) 0.591 2.21 (0.37–13.22) 0.385
PIR 0.67 (0.50–0.88) 0.005 0.85 (0.58–1.23) 0.385
Education
College graduate Ref Ref
High school/GED 1.22 (0.48–3.09) 0.673 0.75 (0.39–1.45) 0.395
Less than high school 0.84 (0.27–2.55) 0.756 1.08 (0.34–3.46) 0.898
Some college 1.28 (0.48–3.44) 0.622 0.46 (0.20–1.06) 0.069
Smoking
No Ref Ref
Yes 2.10 (0.90–4.91) 0.088 0.88 (0.34–2.28) 0.785
Alcohol consumption
No Ref Ref
Yes 1.32 (0.51–3.42) 0.564 0.74 (0.36–1.53) 0.420
Previous fracture
No Ref Ref
Yes 23.51 (5.26–105.00)  < 0.001 4.17 (1.22–14.23) 0.023
BMI
Normal/underweight Ref Ref
Overweight/obesity 0.43 (0.18–1.03) 0.058 0.66 (0.39–1.11) 0.117
Waist circumference 0.77 (0.52–1.14) 0.196 0.71 (0.50–1.01) 0.056
Femoral neck BMD 0.51 (0.37–0.71)  < 0.001 0.38 (0.27–0.54)  < 0.001
Mediterranean score
 < Median Ref Ref
 ≥ Median 0.86 (0.37–1.98) 0.723 0.66 (0.38–1.17) 0.154
Physical activity 0.64 (0.41–1.01) 0.055 0.53 (0.15–1.90) 0.330
HEI-2010 0.93 (0.66–1.32) 0.692 1.00 (0.79–1.26) 0.993
Diabetes
No Ref Ref
Yes 1.38 (0.58–3.31) 0.467 1.46 (0.70–3.03) 0.311
Parental fracture
No Ref Ref
Yes 1.08 (0.36–3.21) 0.896 0.75 (0.18–3.15) 0.696
Glucocorticoid use
No Ref Ref
Yes 1.22 (0.24–6.18) 0.814 0.50 (0.08–3.18) 0.462
Calcium 1.24 (0.94–1.64) 0.124 1.26 (1.00–1.58) 0.054
Non-carotenoid vitamin A 1.11 (0.75–1.64) 0.612 1.19 (0.99–1.44) 0.069
Total energy intake 1.02 (0.68–1.54) 0.920 1.24 (0.94–1.65) 0.134
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vertebral fractures may be that the range and magnitude 
of intake of different carotenoids are different. In other 
words, α-carotene, β-carotene, β-cryptoxanthin, lycopene, 
and lutein and zeaxanthin are greatly sourced from differ-
ent fruits and vegetables [29], and insufficient intakes of 
individuals may make the associations between specific 
carotenoids and the risk of vertebral fracture insignificant. 
Some people may not develop vertebral fracture at the time 
of study, which might lead to the above insignificant asso-
ciations. Additionally, differential absorption of different 

carotenoids may affect interpretation [32]. Herein, we 
explored the association of each carotenoid with verte-
bral fracture after adjusting for other carotenoids. The 
results showed a significant negative association between 
β-carotene intake and increased risk of vertebral fracture 
in women. This provided some information for further 
investigation on the prevention and treatment of vertebral 
fractures at the dietary level among this population.

Furthermore, we found that for men without a history 
of fracture, lutein and zeaxanthin intake was negatively 

Table 5   Association between dietary carotenoid intake and vertebral fracture

Notes: Carotenoid vitamin A = 1/12 × β-carotene + 1/24 × α-carotene + 1/24 × β-cryptoxanthin
Total carotenoid = α-carotene + β-carotene + β-cryptoxanthin + lycopene + lutein and zeaxanthin
Energy-adjusted carotenoids (µg/1000 kcal) = dietary carotenoid intake/energy intake × 1000
1 Carotenoids not adjusted for each other, multivariable models adjusted for age, race, PIR, previous fracture, femoral neck BMD in the male 
group, and that adjusted for age, race, previous fracture, and femoral neck BMD in the female group
2 Carotenoids adjusted for each other on the basis of Multivariable model1, and considering the correlation between α-carotene and β-carotene, 
only adjusted for α-carotene

Variables Univariable model Multivariable model1 Multivariable model2

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Male
α-Carotene 1.05 (0.85–1.29) 0.654 1.03 (0.82–1.30) 0.787 1.10 (0.87–1.40) 0.424
β-Carotene 0.94 (0.79–1.13) 0.524 0.97 (0.84–1.11) 0.617 1.04 (0.90–1.20) 0.562
β-Cryptoxanthin 1.12 (0.99–1.28) 0.078 1.11 (0.98–1.26) 0.115 1.07 (0.93–1.23) 0.347
Lycopene 1.18 (0.87–1.60) 0.275 1.25 (0.94–1.67) 0.122 1.22 (0.94–1.59) 0.140
Lutein and zeaxanthin 0.85 (0.68–1.07) 0.161 0.84 (0.65–1.08) 0.177 0.78 (0.58–1.05) 0.104
Carotenoid vitamin A 0.96 (0.81–1.14) 0.646 0.98 (0.86–1.13) 0.793 1.06 (0.92–1.23) 0.412
Total carotenoid 1.13 (0.82–1.56) 0.463 1.17 (0.89–1.54) 0.253
Energy-adjusted α-carotene 1.10 (0.89–1.37) 0.373 1.05 (0.80–1.37) 0.737 1.15 (0.85–1.54) 0.362
Energy-adjusted β-carotene 0.97 (0.80–1.18) 0.774 0.95 (0.75–1.21) 0.685 1.05 (0.80–1.38) 0.701
Energy-adjusted β-cryptoxanthin 1.20 (0.81–1.78) 0.362 1.15 (0.78–1.69) 0.484 1.11 (0.73–1.69) 0.615
Energy-adjusted lycopene 1.14 (0.83–1.57) 0.419 1.17 (0.90–1.52) 0.252 1.17 (0.90–1.52) 0.252
Energy-adjusted lutein and zeaxanthin 0.89 (0.74–1.07) 0.217 0.84 (0.65–1.10) 0.206 0.78 (0.57–1.06) 0.113
Energy-adjusted carotenoid vitamin A 0.99 (0.83–1.20) 0.958 0.97 (0.76–1.24) 0.807 1.08 (0.82–1.43) 0.568
Energy-adjusted total carotenoid 1.09 (0.81–1.48) 0.565 1.08 (0.83–1.40) 0.561
Female
α-Carotene 0.96 (0.82–1.12) 0.593 0.97 (0.81–1.18) 0.791 0.94 (0.77–1.15) 0.560
β-Carotene 0.78 (0.61–0.98) 0.036 0.82 (0.64–1.06) 0.127 0.79 (0.62–1.01) 0.057
β-Cryptoxanthin 0.74 (0.24–2.29) 0.606 0.58 (0.16–2.09) 0.407 0.63 (0.17–2.39) 0.495
Lycopene 0.84 (0.57–1.23) 0.362 0.86 (0.57–1.28) 0.456 0.81 (0.52–1.25) 0.331
Lutein and zeaxanthin 0.83 (0.52–1.31) 0.411 0.89 (0.57–1.40) 0.617 0.83 (0.50–1.37) 0.466
Carotenoid vitamin A 0.79 (0.63–1.00) 0.051 0.83 (0.65–1.07) 0.150 0.79 (0.60–1.04) 0.090
Total carotenoid 0.75 (0.54–1.05) 0.093 0.79 (0.56–1.11) 0.168
Energy-adjusted α-carotene 0.87 (0.64–1.17) 0.360 0.88 (0.63–1.24) 0.478 0.92 (0.67–1.27) 0.603
Energy-adjusted β-carotene 0.71 (0.56–0.92) 0.008 0.75 (0.57–0.99) 0.046 0.77 (0.60–0.99) 0.047
Energy-adjusted β-cryptoxanthin 0.60 (0.19–1.91) 0.388 0.39 (0.11–1.37) 0.141 0.46 (0.12–1.71) 0.245
Energy-adjusted lycopene 0.79 (0.50–1.23) 0.291 0.80 (0.53–1.22) 0.308 0.83 (0.52–1.31) 0.421
Energy-adjusted lutein and zeaxanthin 0.87 (0.57–1.34) 0.531 0.90 (0.57–1.44) 0.665 0.98 (0.63–1.51) 0.914
Energy-adjusted carotenoid vitamin A 0.72 (0.56–0.93) 0.010 0.75 (0.57–0.99) 0.045 0.75 (0.56–1.02) 0.070
Energy-adjusted total carotenoid 0.71 (0.54–0.92) 0.010 0.72 (0.56–0.94) 0.015
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associated with an increased risk of vertebral fracture, 
whereas higher β-carotene intake was associated with a 
decreased risk of vertebral fracture in women without a his-
tory of fracture. Dai et al. [33] revealed that high dietary 
intakes of α-carotene, β-carotene, and lutein and zeaxanthin 
were associated with a reduced risk of hip fracture in men, 
while no association was observed between dietary carot-
enoids and the hip fracture risk in women. Another previ-
ous study showed that plasma α-carotene and β-carotene 
were significantly associated with the risk of hip fracture in 
men [29]. Higher intake of β-cryptoxanthin was correlated 
with a lower risk of osteoporosis and remained significant 
in both men and women [20]. The difference between men 
and women in terms of the association between specific 
carotenoid intake and vertebral fracture may be attributed 
to the gender differences in carotenoid consumption or 
reporting [34]. Previous fracture history could increase the 
risk of vertebral fracture [35, 36], but the number of people 
with a history of fracture in our research was too small for 
subgroup analysis. It was also exhibited herein that among 
postmenopausal women, increased intakes of β-carotene 
and total carotenoid were associated with a significantly 
decreased odds of vertebral fracture. In fact, vertebral frac-
tures increase with age in postmenopausal women. Pub-
lished literature has suggested an overall prevalence between 
10–20% and 35–40% in women ≥ 80 [37]. Maggio et al. [38] 

concluded that β-carotene levels were independently and 
inversely associated with estradiol in older women. Estradiol 
levels decline during menopause and progressively increase 
from the age of 65. In addition to estrogen-dependent can-
cers, β-carotene intake levels may be associated with frac-
tures, with post-menopause being a potential risk factor [39]. 
Nevertheless, future studies with larger sample sizes are 
needed to clarify the association between carotenoid intake 
and vertebral fracture in individuals with a history of frac-
ture or in premenopausal women.

This study utilized the nationally representative 
NHANES database to probe into the association between 
individual dietary carotenoids and vertebral fracture, which 
may provide certain reference for dietary prevention and 
treatment of vertebral fracture in middle-aged and elderly 
people. The association between the intake of β-carotene, 
carotenoid vitamin A, and total carotenoid with vertebral 
fracture should be popularized in women ≥ 50 years to pro-
mote the understanding of the role of dietary carotenoids in 
the management of potential vertebral fracture risk. Further 
studies are needed to verify whether dietary supplementa-
tion with β-carotene can reduce the risk of vertebral fracture. 
Several limitations should be mentioned in the result inter-
pretation. First, due to the cross-sectional design, we could 
not determine the causal relationship between dietary carot-
enoids and vertebral fractures. Second, dietary carotenoid 

Fig. 2   Association between energy-adjusted β-carotene intake and energy-adjusted total carotenoid
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intake was obtained through a 24-h dietary recall interview, 
which may reflect only short-term dietary status and might 
be subject to recall bias. Besides, the range of osteoporotic 
fractures is much larger, but only hip fracture was included 
as “previous fracture,” which may affect the accuracy of the 
results. Third, if the disease studied in the cross-sectional 
study actually has an extended risk period, the prevalence 
odds ratio is generally a better approximation of the inci-
dence density ratio, but it would have considerably overes-
timated the strength of the association, which is not always 
a good estimate of the true odds ratio. Finally, the NHANES 
provided data on a US population, which may limit the gen-
eralizability of our findings to other populations.

Conclusion

The intake of total carotenoids, especially β-carotene, was 
negatively associated with the risk of vertebral fracture in 
women aged 50 years and older. This significant associa-
tion was also found in women without a history of fracture. 
Future controlled trials should investigate the mechanism.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11657-​025-​01508-5.

Author contribution  (1) Yuchen Zheng, Rui Zhang: conceiving and 
designing the study; (2) Yuchen Zheng, Jian Zhang, Tao Lan: collecting 
the data; (3) Yuchen Zheng, Jian Zhang, Tao Lan: analyzing and inter-
preting the data; (4) Yuchen Zheng, Wenyu Zhou: writing the manu-
script; (5) Rui Zhang: providing critical revisions that are important for 
the intellectual content; (6) Yuchen Zheng, Wenyu Zhou, Jian Zhang, 
Tao Lan, Rui Zhang: approving the final version of the manuscript.

Data availability  The datasets used during the current study are avail-
able from the corresponding author on reasonable request.

Declarations 

Ethics approval  Not applicable, because the National Health and Nutri-
tion Examination Survey (NHANES) 2013–2014 belongs to public 
databases; the patients involved in the database have obtained ethical 
approval; users can download relevant data for free for research and 
publish relevant articles, and our study is based on open-source data, 
and Shenzhen Second People’s Hospital, The First Affiliated Hospital 
of Shenzhen University, do not require research using publicly available 
data to be submitted for review to their ethics committee, so there are 
no ethical issues and other conflicts of interest.

Consent for publication  Not applicable.

Conflict of interest  None.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 

otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Schousboe JT (2016) Epidemiology of vertebral fractures. J Clin 
Densitom Off J Int Soc Clin Densitom 19(1):8–22. https://​doi.​org/​
10.​1016/j.​jocd.​2015.​08.​004

	 2.	 Hoyt D, Urits I, Orhurhu V, Orhurhu MS, Callan J, Powell J, 
Manchikanti L, Kaye AD, Kaye RJ, Viswanath O (2020) Cur-
rent concepts in the management of vertebral compression frac-
tures. Curr Pain Headache Rep 24(5):16. https://​doi.​org/​10.​1007/​
s11916-​020-​00849-9

	 3.	 Kendler DL, Bauer DC, Davison KS, Dian L, Hanley DA, Harris 
ST, McClung MR, Miller PD, Schousboe JT, Yuen CK, Lewiecki 
EM (2016) Vertebral fractures: clinical importance and manage-
ment. Am J Med 129(2):221.e221–210. https://​doi.​org/​10.​1016/j.​
amjmed.​2015.​09.​020

	 4.	 Cui L, Chen L, Xia W, Jiang Y, Cui L, Huang W, Wang W, Wang 
X, Pei Y, Zheng X, Wang Q, Ning Z, Li M, Wang O, Xing X, Lin 
Q, Yu W, Weng X, Xu L, Cummings SR (2017) Vertebral frac-
ture in postmenopausal Chinese women: a population-based study. 
Osteoporos Int J Established Result Cooperation Between Eur 
Found Osteoporos National Osteoporos Found USA 28(9):2583–
2590. https://​doi.​org/​10.​1007/​s00198-​017-​4085-1

	 5.	 Mohamad NV, Ima-Nirwana S, Chin KY (2020) Are oxidative 
stress and inflammation mediators of bone loss due to estrogen 
deficiency? A review of current evidence. Endocr Metab Immune 
Disord Drug Targets 20(9):1478–1487. https://​doi.​org/​10.​2174/​
18715​30320​66620​06041​60614

	 6.	 Kimball JS, Johnson JP, Carlson DA (2021) Oxidative stress and 
osteoporosis. J Bone Joint Surg Am 103(15):1451–1461. https://​
doi.​org/​10.​2106/​jbjs.​20.​00989

	 7.	 Mueller L, Boehm V (2011) Antioxidant activity of β-carotene 
compounds in different in vitro assays. Molecules (Basel, Switzer-
land) 16(2):1055–1069. https://​doi.​org/​10.​3390/​molec​ules1​60210​
55

	 8.	 Wang F, Wang N, Gao Y, Zhou Z, Liu W, Pan C, Yin P, Yu X, 
Tang M (2017) β-Carotene suppresses osteoclastogenesis and 
bone resorption by suppressing NF-κB signaling pathway. Life 
Sci 174:15–20. https://​doi.​org/​10.​1016/j.​lfs.​2017.​03.​002

	 9.	 Tominari T, Matsumoto C, Watanabe K, Hirata M, Grundler 
FM, Inada M, Miyaura C (2017) Lutein, a carotenoid, suppresses 
osteoclastic bone resorption and stimulates bone formation in cul-
tures. Biosci Biotechnol Biochem 81(2):302–306. https://​doi.​org/​
10.​1080/​09168​451.​2016.​12439​83

	10.	 Kan B, Guo D, Yuan B, Vuong AM, Jiang D, Zhang M, Cheng H, 
Zhao Q, Li B, Feng L, Huang F, Wang N, Shen X, Yang S (2021) 
Dietary carotenoid intake and osteoporosis: the National Health 
and Nutrition Examination Survey, 2005–2018. Arch Osteoporos 
17(1):2. https://​doi.​org/​10.​1007/​s11657-​021-​01047-9

	11.	 Regu GM, Kim H, Kim YJ, Paek JE, Lee G, Chang N, Kwon O 
(2017) Association between dietary carotenoid intake and bone 
mineral density in Korean adults aged 30–75 years using data 
from the Fourth and Fifth Korean National Health and Nutrition 
Examination Surveys (2008–2011). Nutrients 9(9):1025. https://​
doi.​org/​10.​3390/​nu909​1025

	12.	 Genant HK, Wu CY, van Kuijk C, Nevitt MC (1993) Vertebral 
fracture assessment using a semiquantitative technique. J Bone 
Mineral Res Off J Am Soc Bone Mineral Res 8(9):1137–1148. 
https://​doi.​org/​10.​1002/​jbmr.​56500​80915

https://doi.org/10.1007/s11657-025-01508-5
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jocd.2015.08.004
https://doi.org/10.1016/j.jocd.2015.08.004
https://doi.org/10.1007/s11916-020-00849-9
https://doi.org/10.1007/s11916-020-00849-9
https://doi.org/10.1016/j.amjmed.2015.09.020
https://doi.org/10.1016/j.amjmed.2015.09.020
https://doi.org/10.1007/s00198-017-4085-1
https://doi.org/10.2174/1871530320666200604160614
https://doi.org/10.2174/1871530320666200604160614
https://doi.org/10.2106/jbjs.20.00989
https://doi.org/10.2106/jbjs.20.00989
https://doi.org/10.3390/molecules16021055
https://doi.org/10.3390/molecules16021055
https://doi.org/10.1016/j.lfs.2017.03.002
https://doi.org/10.1080/09168451.2016.1243983
https://doi.org/10.1080/09168451.2016.1243983
https://doi.org/10.1007/s11657-021-01047-9
https://doi.org/10.3390/nu9091025
https://doi.org/10.3390/nu9091025
https://doi.org/10.1002/jbmr.5650080915


Archives of Osteoporosis           (2025) 20:39 	 Page 13 of 13     39 

	13.	 Aggarwal R, Bhatt DL, Rodriguez F, Yeh RW, Wadhera RK 
(2022) Trends in lipid concentrations and lipid control among 
US adults, 2007–2018. JAMA 328(8):737–745. https://​doi.​org/​
10.​1001/​jama.​2022.​12567

	14.	 Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL 
(2016) Trends in obesity among adults in the United States, 2005 
to 2014. JAMA 315(21):2284–2291. https://​doi.​org/​10.​1001/​jama.​
2016.​6458

	15.	 Cheng YJ, Kanaya AM, Araneta MRG, Saydah SH, Kahn HS, 
Gregg EW, Fujimoto WY, Imperatore G (2019) Prevalence of 
diabetes by race and ethnicity in the United States, 2011–2016. 
JAMA 322(24):2389–2398. https://​doi.​org/​10.​1001/​jama.​2019.​
19365

	16.	 Akyea RK, Doehner W, Iyen B, Weng SF, Qureshi N, Ntaios G 
(2021) Obesity and long-term outcomes after incident stroke: a 
prospective population-based cohort study. J Cachexia Sarcopenia 
Muscle 12(6):2111–2121. https://​doi.​org/​10.​1002/​jcsm.​12818

	17.	 Lems WF, Paccou J, Zhang J, Fuggle NR, Chandran M, Harvey 
NC, Cooper C, Javaid K, Ferrari S, Akesson KE (2021) Verte-
bral fracture: epidemiology impact and use of DXA vertebral 
fracture assessment in fracture liaison services. Osteoporos Int J 
Established Result Cooperation Between Eur Found Osteoporos 
National Osteoporos Found USA 32(3):399–411. https://​doi.​org/​
10.​1007/​s00198-​020-​05804-3

	18.	 Knapik JJ, Hoedebecke SS (2021) Vitamin A and bone fractures: 
systematic review and meta-analysis. J Spec Oper Med Peer 
Reviewed J SOF Med Professionals 21(2):100–107

	19.	 Sahni S, Hannan MT, Blumberg J, Cupples LA, Kiel DP, Tucker 
KL (2009) Protective effect of total carotenoid and lycopene 
intake on the risk of hip fracture: a 17-year follow-up from the 
Framingham Osteoporosis Study. J Bone Mineral Res offi J Am 
Soc Bone Mineral Res 24(6):1086–1094. https://​doi.​org/​10.​1359/​
jbmr.​090102

	20.	 Kim SJ, Anh NH, Diem NC, Park S, Cho YH, Long NP, Hwang 
IG, Lim J, Kwon SW (2021) Effects of β-cryptoxanthin on 
improvement in osteoporosis risk: a systematic review and meta-
analysis of observational studies. Foods (Basel Switzerland) 
10(2):100. https://​doi.​org/​10.​3390/​foods​10020​296

	21.	 Gao SS, Zhao Y (2023) The effects of β-carotene on osteopo-
rosis: a systematic review and meta-analysis of observational 
studies. Osteoporos Int 34(4):627–639. https://​doi.​org/​10.​1007/​
s00198-​022-​06593-7

	22.	 Djakoure C, Guibourdenche J, Porquet D, Pagesy P, Peillon F, Li 
JY, Evain-Brion D (1996) Vitamin A and retinoic acid stimulate 
within minutes cAMP release and growth hormone secretion in 
human pituitary cells. J Clin Endocrinol Metab 81(8):3123–3126. 
https://​doi.​org/​10.​1210/​jcem.​81.8.​87688​85

	23.	 Raifen R, Altman Y, Zadik Z (1996) Vitamin A levels and growth 
hormone axis. Horm Res 46(6):279–281. https://​doi.​org/​10.​1159/​
00018​5101

	24.	 Stahl W, Sies H (2003) Antioxidant activity of carotenoids. Mol 
Aspects Med 24(6):345–351. https://​doi.​org/​10.​1016/​s0098-​
2997(03)​00030-x

	25.	 Jilka RL, Weinstein RS, Parfitt AM, Manolagas SC (2007) Quanti-
fying osteoblast and osteocyte apoptosis: challenges and rewards. 
J Bone Miner Res 22(10):1492–1501. https://​doi.​org/​10.​1359/​
jbmr.​070518

	26.	 Wang F, Wang N, Gao Y, Zhou Z, Liu W, Pan C, Yin P, Yu X, 
Tang M (2017) β-Carotene suppresses osteoclastogenesis and 
bone resorption by suppressing NF-κB signaling pathway. Life 
Sci 174:15–20. https://​doi.​org/​10.​1016/j.​lfs.​2017.​03.​002

	27.	 Kim Y, Lian F, Yeum KJ, Chongviriyaphan N, Choi SW, Russell 
RM, Wang XD (2007) The effects of combined antioxidant (beta-
carotene, alpha-tocopherol and ascorbic acid) supplementation 
on antioxidant capacity, DNA single-strand breaks and levels of 
insulin-like growth factor-1/IGF-binding protein 3 in the ferret 

model of lung cancer. Int J Cancer 120(9):1847–1854. https://​doi.​
org/​10.​1002/​ijc.​22320

	28.	 Landi F, Capoluongo E, Russo A, Onder G, Cesari M, Lulli P, 
Minucci A, Pahor M, Zuppi C, Bernabei R (2007) Free insulin-
like growth factor-I and cognitive function in older persons living 
in community. Growth Horm IGF Res 17(1):58–66. https://​doi.​
org/​10.​1016/j.​ghir.​2006.​11.​001

	29.	 Hayhoe RPG, Lentjes MAH, Mulligan AA, Luben RN, Khaw KT, 
Welch AA (2017) Carotenoid dietary intakes and plasma concen-
trations are associated with heel bone ultrasound attenuation and 
osteoporotic fracture risk in the European Prospective Investiga-
tion into Cancer and Nutrition (EPIC)-Norfolk cohort. Br J Nutr 
117(10):1439–1453. https://​doi.​org/​10.​1017/​s0007​11451​70011​80

	30.	 Wattanapenpaiboon N, Lukito W, Wahlqvist ML, Strauss BJ 
(2003) Dietary carotenoid intake as a predictor of bone mineral 
density. Asia Pac J Clin Nutr 12(4):467–473

	31.	 Sahni S, Hannan MT, Blumberg J, Cupples LA, Kiel DP, Tucker 
KL (2009) Inverse association of carotenoid intakes with 4-y 
change in bone mineral density in elderly men and women: the 
Framingham Osteoporosis Study. Am J Clin Nutr 89(1):416–424. 
https://​doi.​org/​10.​3945/​ajcn.​2008.​26388

	32.	 Sugiura M, Nakamura M, Ogawa K, Ikoma Y, Yano M (2012) 
High serum carotenoids associated with lower risk for bone loss 
and osteoporosis in post-menopausal Japanese feman subjects: 
prospective cohort study. PLoS ONE 7(12):e52643. https://​doi.​
org/​10.​1371/​journ​al.​pone.​00526​43

	33.	 Dai Z, Wang R, Ang LW, Low YL, Yuan JM, Koh WP (2014) 
Protective effects of dietary carotenoids on risk of hip fracture in 
men: the Singapore Chinese Health Study. J Bone Mineral Res 
Off= J Am Soc Bone Mineral Res 29(2):408–417. https://​doi.​org/​
10.​1002/​jbmr.​2041

	34.	 Myint PK, Welch AA, Bingham SA, Surtees PG, Wainwright NW, 
Luben RN, Wareham NJ, Smith RD, Harvey IM, Day NE, Khaw 
KT (2007) Fruit and vegetable consumption and self-reported 
functional health in men and women in the European Prospective 
Investigation into Cancer-Norfolk (EPIC-Norfolk): a population-
based cross-sectional study. Public Health Nutr 10(1):34–41. 
https://​doi.​org/​10.​1017/​s1368​98000​72226​08

	35.	 Banefelt J, Åkesson KE, Spångéus A, Ljunggren O, Karlsson L, 
Ström O, Ortsäter G, Libanati C, Toth E (2019) Risk of imminent 
fracture following a previous fracture in a Swedish database study. 
Osteoporos Int J Established Result Cooperation Between Eur 
Found Osteoporos National Osteoporos Found USA 30(3):601–
609. https://​doi.​org/​10.​1007/​s00198-​019-​04852-8

	36.	 Roux C, Briot K (2017) Imminent fracture risk. Osteoporos Int J 
Established Result Cooperation Between Eur Found Osteoporos 
National Osteoporos Found USA 28(6):1765–1769. https://​doi.​
org/​10.​1007/​s00198-​017-​3976-5

	37.	 Ling X, Cummings SR, Mingwei Q, Xihe Z, Xioashu C, Nevitt 
M, Stone K (2000) Vertebral fractures in Beijing, China: the Bei-
jing Osteoporosis Project. J Bone Miner Res 15(10):2019–2025. 
https://​doi.​org/​10.​1359/​jbmr.​2000.​15.​10.​2019

	38.	 Maggio M, de Vita F, Lauretani F, Bandinelli S, Semba RD, Bar-
tali B, Cherubini A, Cappola AR, Ceda GP, Ferrucci L (2015) 
Relationship between carotenoids, retinol, and estradiol levels in 
older women. Nutrients 7(8):6506–6519. https://​doi.​org/​10.​3390/​
nu708​5296

	39.	 ESHRE Capri Workshop Group. Bone fractures after menopause. 
Hum Reprod Update. 2010;16(6):761-73. https://​doi.​org/​10.​1093/​
humupd/​dmq008

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1001/jama.2022.12567
https://doi.org/10.1001/jama.2022.12567
https://doi.org/10.1001/jama.2016.6458
https://doi.org/10.1001/jama.2016.6458
https://doi.org/10.1001/jama.2019.19365
https://doi.org/10.1001/jama.2019.19365
https://doi.org/10.1002/jcsm.12818
https://doi.org/10.1007/s00198-020-05804-3
https://doi.org/10.1007/s00198-020-05804-3
https://doi.org/10.1359/jbmr.090102
https://doi.org/10.1359/jbmr.090102
https://doi.org/10.3390/foods10020296
https://doi.org/10.1007/s00198-022-06593-7
https://doi.org/10.1007/s00198-022-06593-7
https://doi.org/10.1210/jcem.81.8.8768885
https://doi.org/10.1159/000185101
https://doi.org/10.1159/000185101
https://doi.org/10.1016/s0098-2997(03)00030-x
https://doi.org/10.1016/s0098-2997(03)00030-x
https://doi.org/10.1359/jbmr.070518
https://doi.org/10.1359/jbmr.070518
https://doi.org/10.1016/j.lfs.2017.03.002
https://doi.org/10.1002/ijc.22320
https://doi.org/10.1002/ijc.22320
https://doi.org/10.1016/j.ghir.2006.11.001
https://doi.org/10.1016/j.ghir.2006.11.001
https://doi.org/10.1017/s0007114517001180
https://doi.org/10.3945/ajcn.2008.26388
https://doi.org/10.1371/journal.pone.0052643
https://doi.org/10.1371/journal.pone.0052643
https://doi.org/10.1002/jbmr.2041
https://doi.org/10.1002/jbmr.2041
https://doi.org/10.1017/s1368980007222608
https://doi.org/10.1007/s00198-019-04852-8
https://doi.org/10.1007/s00198-017-3976-5
https://doi.org/10.1007/s00198-017-3976-5
https://doi.org/10.1359/jbmr.2000.15.10.2019
https://doi.org/10.3390/nu7085296
https://doi.org/10.3390/nu7085296
https://doi.org/10.1093/humupd/dmq008
https://doi.org/10.1093/humupd/dmq008

	Association between dietary carotenoid intake and vertebral fracture in people aged 50 years and older: a study based on the National Health and Nutrition Examination Survey
	Abstract
	Summary 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study setting and population
	Assessment of dietary carotenoid intake
	Vertebral fracture diagnosis
	Covariates
	Statistical analysis

	Results
	Participant characteristics
	Distribution of dietary carotenoids
	Correlations among dietary carotenoids
	Association between dietary carotenoid intake and vertebral fracture
	Association between dietary carotenoid intake and vertebral fracture in subgroups

	Discussion
	Conclusion
	References


