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Association of vitamins with bone mineral
density and osteoporosis measured by dual-
energy x-ray absorptiometry: a cross-sectional
study

QinWang'", Hanhua Yu'" and Yuefeng Kong'"

Abstract

Background We aimed to assess the associations of vitamins intake with osteoporosis based on a national sample
from US adults.

Methods A total of 1536 participants were included in this cross-sectional study to investigate the relationship
between vitamins intake and osteoporosis from National Health and Nutrition Examination Survey, including
vitamin A, C, D. Logistic regression models were used to assess the associations between dietary vitamin intake and
osteoporosis.

Results We found that vitamins intake were negatively associated with osteoporosis. For vitamin A, compared with
the first tertile, the odds ratios (ORs) and 95% confidential intervals (Cls) were 0.93 (0.81-1.04) for the second tertile
and 0.85 (0.78-0.96) for the third tertile (P<0.01). For vitamin C, compared with the first tertile, the ORs and 95% Cls
were 0.89 (0.78-1.05) for the second tertile and 0.79 (0.67-0.93) for the third tertile (P<0.01). For vitamin D, compared
with the first tertile, the odds ratios (ORs) and 95% confidential intervals (Cls) were 0.94 (0.82-1.07) for the second
tertile and 0.88 (0.75-0.98) for the third tertile (P<0.01). And the negative association between vitamins intake and
osteoporosis were more evident for female, aged > 60, and BMI > 30, including vitamin A, C and D.

Conclusions Our findings provide evidence that vitamins intake is linked with decreased prevalence of osteoporosis,
including vitamin A, C, D. Further large-scale prospective cohort studies are needed to verify our findings.

Keywords Vitamin, Osteoporosis, Adults

Qin Wang and Hanhua Yu contributed equally to this work.

*Correspondence:

Yuefeng Kong

kongyuefeng1990@163.com

'Department of Radiology, Wuhan Fourth Hospital, Wuhan 430000, China

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, 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/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-024-07173-y&domain=pdf&date_stamp=2024-1-16

Wang et al. BMC Musculoskeletal Disorders (2024) 25:69

Introduction

Osteoporosis (OP) is one of the most common skel-
etal disorders characterized by decreased bone mass
and damage to the microstructure of bone tissue [1, 2].
Studies have shown that osteoporosis can lead to an
increase in bone fragility and an increased risk of osteo-
porotic fractures [3]. Fragility fractures is a complication
of osteoporosis, and is associated with low body mineral
density (BMD) after the age of 50 years old [4]. Among
them, hip and vertebral fractures are the most common
and severe sites of osteoporotic fracture [5]. With the
increasing aging of the global population, the prevalence
of osteoporosis has increased significantly, and the sub-
sequent osteoporotic fractures seriously affect the qual-
ity of life of patients [6—8]. Osteoporosis patients lost an
average of 5.8 disability-adjusted life years, and severe
patients lost an average of 7.8 disability-adjusted life
years over the course of the disease [9]. At the same time,
the treatment of osteoporosis and its complications has
brought a heavy economic burden to patients, patients’
families and society, and has been listed by the World
Health Organization (WHO) as one of the “three major
killers” endangering elderly health [10].

Several factors were reported to be associated with OP,
including genetic factor, age, sex, race, nutritional status,
and lifestyles (including smoking, drinking, etc.), and dis-
eases [11-14]. In addition, some electrolytes were also
reported to involve in osteoporosis, for instance, hypo-
magnesemia was considered as a modifiable risk fac-
tors for osteoporosis [15]. Recently, vitamins intake was
also reported to be associated with OP. Among all these
studies, most studies focus on vitamin D. For instance,
a study using KNHANES data found that increased
serum 25(OH)D concentration in Korean population
over 50 years of age can increase total body bone min-
eral density, total hip bone mineral density, and femoral
neck bone mineral density [16]; In addition, women with
calcium intakes less than 537.74 mg/day and vitamin D
intakes greater than 2.51ug/day had higher BMD than
those with low vitamin D intakes. However, in a cohort
study, vitamin D intake was not associated with osteopo-
rosis in community-dwelling women in Sweden [17]. In
addition, some limited studies also explore the associa-
tion between other vitamins and OP [18, 19]. However,
the results were inconsistent. Furthermore, studies focus
on the association between different vitamins and OP is
limited.

Thus, in the present study, we aimed to conduct a
research to assess the association between vitamins
intake and OP, including vitamin A, C, D simultaneously,
which could provide more clues on this topic. The study
was conducted among US adults and OP was diagnosis
with bone mineral density (BMD) by using dual-energy
x-ray absorptiometry (DXA).
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Methods

Study population

The study was a cross-sectional study obtained from
National Health and Nutrition Examination Surveys
(NHANES 2017-2018), and data were obtained by
questionnaire and interview, physical examination and
laboratory tests [20, 21]. Details of NHANES have been
described online (https://wwwn.cdc.gov/nchs/nhanes/
analyticguidelines.aspx), the study was approved by the
National Center for Health Statistics Institutional Review
Board, and all the subjects provided written informed
consent. In our study, 9254 participants from continuous
NHANES (2017-2018) datasets were first enrolled. And
the same 7435 participants with Vitamin A and Vitamin
C, 8366 participants with Vitamin D, and 2898 partici-
pants with BMD was available. Furthermore, we excluded
participants without BMD (564), without vitamins (698)
and any missing basic data (337). Thus, the inclusion
criteria were individuals with basic information, vita-
mins (including Vitamin A, C and D) and BMD data in
NHANES 2017-2018. Exclusion criteria were individuals
with missing information of basic characteristics, vita-
mins (including Vitamin A, C and D) and BMD. Finally,
a total of 1536 participants were included in our analysis.
The flowchart of the study is presented in Fig. 1.

Ascertainment of vitamin intake

Vitamin intake was assessed based on two 24-hour
dietary recall (DR) interviews. Vitamins include vitamin
A, C, D, vitamin A and D were fat-soluble vitamins and
vitamin C was water-soluble vitamins [22]. DR inter-
views were conducted using the automated multiple-pass
method developed by the United States Department of
Agriculture. And for each DR interview release, the nutri-
tional value of the foods and drinks ingested by partici-
pants was calculated using data from relevant Food and
Nutrient Database for Dietary Studies, which included
information on food descriptions, food quantities and
weights, and nutrients [23]. The types and quantities of
foods and beverages ingested by the participants up to
24 h before the interview were recorded. Energy, nutri-
ents (e.g., vitamins, minerals), and other food compo-
nents intakes were estimated via multiplying the quantity
of each nutrient in each food by its daily consumption,
and then adding the sum of all food sources of that nutri-
ent. Every diet surveyor and coder had completed initial
training and passed certification exams. The first food
recall interview was conducted face-to-face at the mobile
screening center. The second interview was 3 to 10 days
by telephone after the first interview. Dietary vitamin
intake and supplement intake were obtained during each
interview, so the total vitamin intake for each interview
was the sum of dietary vitamins and supplements. The


https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx

Wang et al. BMC Musculoskeletal Disorders (2024) 25:69

Page 3 of 7

‘ NHANES 2017~2018 ‘

| l

Vit C/A Vit D
(N=7,435) (N=8,366)

Basic characteristics
(N=9,254)

BMD
(N=2,898)

|

Participants with missing information were
excluded:

4

N=564 for BMD
N=698 for Vitamins
N=337 for basic information

1,536 participants were included in the finally analysis

Fig. 1 Flowchart of the study

average vitamin intake in two consecutive interviews was
the vitamin intake of the subjects.

Definition of osteoporosis

The values of BMD with different position (the total
femur, the femurneck, the trochanter, and the trochan-
ter intertrochanter) were tested using DXA [24]. It gen-
erally examined the position of proximal femur of the
left hip. We excluded subjects those who were over 300
pounds, pregnant, have a history of radiographic contrast
material, replacements, fractures, or pins in both hips.
Osteoporosis was defined as BMD values of 2.5 standard
deviations (SDs) or more below the mean of the young
adult reference group according to the guidelines of the
World Health Organization (WHO) [25]. In our study,
we assessed osteoporosis in four regions of the femur:
the total femur, the femur neck, the trochanter, and the
intertrochanter, and the thresholds were 0.67 g/cm?
0.56 g/cm?, 0.46 g/cm?, and 0.79 g/cm?, respectively [26].

Covariates

Age, gender, body mass index (BMI), race-ethnicity
(Mexican American, Other Hispanic, Non-Hispanic
White, Non-Hispanic Black and others), education lev-
els, family income-poverty ration (PIR), smoking, alco-
hol use, and physical activity were obtained through
interviews and physical exams. BMI was calculated as
weight (in kilograms) divided by the square of height (in
meters). There were three divisions for educational levels:
less than high school, high school or equivalent, and col-
lege or above. PIR was calculated via dividing family (or
individual) income by the poverty guidelines specific to

the survey year, which varied according to the size of the
household and the locality. A ratio of one indicated the
same income and poverty level, while lower PIR denoted
a higher degree of poverty. In our study, PIR was grouped
into three categories: 0-1.0, 1.0-3.0, and >3.0. Smok-
ers were those who had consumed at least 100 cigarettes
throughout their lifetime. Current drinkers were recog-
nized as those who had consumed one or more alcoholic
beverages in the previous 12 months.

Statistical analysis

Continuous variables were reported as meanzstandard
deviation (SD) and categorical variables were presented
as number (percentages). Logistic regression models
were used to assess the associations of vitamin intake
concentrations [continuous and categorical (across quan-
tiles)] and the prevalence of OP. In addition, stratification
analyses by gender (male, female), age (age <60, age>60),
and BMI (<25, 25-30, >30) were also conducted with
logistic regressions. R version 4.2.0 was used for all statis-
tical analyses, and statistical significance was identified as
a two-sided P<0.05.

Results

The basic characteristics of the subjects are presented
in Table 1. A total of 101 (6.58%) subjects were osteopo-
rosis and 1435 (93.42%) subjects were not osteoporosis.
Among all the participants, 773 (50.3%) were male and
763 (49.7%) were female. And the average age is 58.7 years
old, with 65.7 years old in osteoporosis group and 58.3
years old in no osteoporosis group. Meanwhile, we found
that it is statistically significant between osteoporosis and
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Table 1 General characteristics of the study participants

Variables Total Osteo- No osteo- P
(N=1536) porosis porosis value
(N=101) (1435)

Gender, % <0.01
Male 773(503)  31(30.7) 742(51.7)

Female 763(49.7) 70(69.3) 693(483)

Age, years 587+05 657+16 583%05 <0.01

Race ethnicity, % 0.256
Mexican American 155 (10.1) 10 (9.9) 145 (10.1)

Other Hispanic 92 (6.0) 6 (5.9) 86 (6.0)
Non-Hispanic White 936 (60.9) 61 (60.4) 875 (61.0)
Non-Hispanic Black 200(13.0)  13(129) 187 (13.0)
Other Races 153(10.0)  11(109) 142(9.9

Education levels, % <0.01
Less than high school 461 (30.0) 37 (36.6) 424 (29.5)

High school or 307 (200) 24(238) 283(19.7)
equivalent
College or above 768 (50.0) 50(49.5) 718 (50.0)

Family income-poverty <0.01

ratio level
0-1.0 312(203)  34(33.7) 278(194)
1.0-3.0 610(39.7) 36(356) 574(40.0)
>3.0 614 (400) 31(30.7) 583 (40.6)

BMI, kg/m? 0.102
<25 368 (24.0) 23(228) 345(24.0)

25-30 584(380) 38(376) 546(38.0)
>30 584 (380) 40(39.6) 544 (38.0)

Smoking status <0.01
Never smoker 1220(794) 75(743) 1145 (80.0)
Smoker 316 (206) 26(25.7) 290 (20.0)

Drinking status <0.01
No 1235(804) 77(76.2) 1158(80.7)

Yes 301 (19.6) 24(238) 277(19.3)

Physical activity, 0.072
No 1228(79.9) 78(77.2)  1150(80.1)

Yes 308 (20.1)  23(228) 285(19.9)

Data were n (%) or mean+SD or median (interquartile range)

Table 2 The concentration and number of subjects in different

groups
Concentration Osteoporosis No
osteo-
poro-
sis
Vitamin A, ug T1 <370.52 50/1536
T2 370.52-558.16  31/1536
T3 >558.16 20/1536
Vitamin C, mg T <80.37 49/1536
T2 80.37-142.35 33/1536
T3 >142.35 19/1536
Vitamin D, ug T1 <5.07 48/1536
T2 5.07-11.15 30/1536
T3 >11.15 23/1536
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Table 3 Multivariate-adjusted ORs (95% Cls) of osteoporosis by
tertiles of specific vitamin intake

Vitamins T1 T2 T3 P trend*
Vitamin A, ug Ref 093 0.85 <0.01
(0.81- (0.78-
1.04) 0.96)
Vitamin C, mg Ref 0.89 0.79 <0.01
(0.78- (0.67-
1.05) 0.93)
Vitamin D, ug Ref 094 0.88 <0.01
(0.82- (0.75-
1.07) 0.98)

Multivariable models were adjusted for age, BMI, gender, race-ethnicity,
education levels, family income-poverty ratio level, smoking status, drinking
status, physical activity

" Test for trend based on variable containing median value for each quintile

no osteoporosis for gender, age, education levels, PIR,
smoking status and drinking status (?<0.05).

The concentration and number of subjects in different
group are presented in Table 2. For vitamin A, the con-
centration of T1 to T3 is from <370.52 to >558.16 pg; for
vitamin C, the concentration of T1 to T3 is from <80.37
to >142.35 mg; for vitamin D, the concentration of T1
to T3 is from <5.07 to >11.15 pg. We could find that the
number of osteoporosis is decreased from the first tertile
to the third tertile, no matter for vitamin A, vitamin C or
vitamin D; however, the number of non-osteoporosis is
almost the same from the first tertile to the third tertile.

The association of vitamins intake with osteoporosis is
presented in Table 3. For vitamin A, compared with the
first tertile, the odds ratios (ORs) and 95% confidential
intervals (CIs) were 0.93 (0.81-1.04) for the second ter-
tile and 0.85 (0.78-0.96) for the third tertile (P<0.01). For
vitamin C, compared with the first tertile, the ORs and
95% Cls were 0.89 (0.78—-1.05) for the second tertile and
0.79 (0.67-0.93) for the third tertile (P<0.01). For vita-
min D, compared with the first tertile, the odds ratios
(ORs) and 95% confidential intervals (CIs) were 0.94
(0.82-1.07) for the second tertile and 0.88 (0.75-0.98) for
the third tertile (P<0.01).

The stratified association between vitamins intake and
osteoporosis is presented in Table 4. We found that the
negative association between vitamin A and osteoporo-
sis is more evident for female (0.82, 0.75-0.94), aged =60
(0.81, 0.72-0.92) and BMI>30 (0.82, 0.75-0.95). And the
same phenomenon could be found for vitamin C (0.75,
0.65-0.90 for female; 0.74, 0.68—0.93 for aged=>60; 0.76,
0.65-0.91 for BMI>30) and vitamin D (0.85, 0.71-0.95
for female; 0.84, 0.70-0.93 for aged=60; 0.85, 0.72—0.95
for BMI>30).

Discussion

In the present study, we found that vitamins A, C, D
intake were all negatively associated with ODP, after adjust-
ing for other covariates. In the subgroups analysis, we
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Table 4 The stratified association between vitamins intake and

osteoporosis

Vitamins Tl T2 T3 P
trend
Gender
Male
Vitamin A, ug Ref 096(0.84-1.08)  0.88(0.80-0.99) <0.01
Vitamin C, mg Ref 0.91(0.81-1.08) 0.81(0.70-0.96) <0.01
Vitamin D, g Ref 096(0.85-1.10) 0.90(0.78-0.99)  <0.01
Female
Vitamin A, ug Ref 0.91(0.80-1.05) 0.82(0.75-0.94) <0.01
VitaminC,mg ~ Ref 0.85(0.75-1.02)  0.75(0.65-0.90)  <0.01
Vitamin D, pg Ref 0.91(0.78-1.05) 0.85(0.71-0.95) <0.01
Age
Age<60
Vitamin A, ug Ref 0.95 (0.85-1.09) 0.87 (0.80-0.97) <0.01
VitaminC,mg  Ref 0.92(0.80-1.07)  0.82(0.71-098)  <0.01
Vitamin D, ug Ref 0.97 (0.87-1.09) 0.91 (0.80-0.97) <0.01
Age=60
Vitamin A, ug Ref 0.89(0.77-1.06) 0.81(0.72-0.92)  <0.01
Vitamin C, mg Ref 0.86(0.76-1.03) 0.74 (0.68-0.93) <0.01
Vitamin D, ug Ref 0.90(0.75-1.10) 0.84 (0.70-0.93) <0.01
BMI< 25
Vitamin A, ug Ref 0.95(0.82-1.05) 0.86 (0.80-0.95) <0.01
VitaminC,mg ~ Ref 0.90(0.80-1.06)  0.80(0.70-0.95)  <0.01
Vitamin D, ug Ref 0.95 (0.83-1.08) 0.90 (0.77-0.99) <0.01
BMI (25-30)
Vitamin A, ug Ref 094 (0.80-1.05) 0.85(0.79-0.97) <001
Vitamin C, mg Ref 0.90 (0.80-1.06) 0.80 (0.68-0.95) <0.01
Vitamin D, ug Ref 095(0.84-1.09) 0.89(0.76-0.98)  <0.01
BMI>30
Vitamin A, ug Ref 0.90(0.79-1.02) 0.82 (0.75-0.95) <0.01
VitaminC,mg ~ Ref 0.87(0.75-1.03)  0.76 (0.65-091)  <0.01
Vitamin D, ug Ref 0.90 (0.80-1.05) 0.85 (0.72-0.95) <0.01

Multivariable models were adjusted for age, BMI, gender, race-ethnicity,
education levels, family income-poverty ratio level, smoking status, drinking

status, physical activity

found the negative association of vitamins A, C, D intake
with OP was more evident among female, aged 260 and
BMI>30.

The results of the study have important implications
for both public health and clinical settings. It indicated
that physicians should pay attention to vitamins intake,
which may be helpful for the prevention of OP, and
reduce the occurrence of OP. And in the public health
concern, adequate vitamins intake may be helpful. How-
ever, that did not mean the more, the better. We hold
that adequate intake of vitamin A, C, D is helpful for OP.
For instance, Moretti et al. strengthened that adequate
micronutrients intake was beneficial to bone health [27].
Though evidence seems to be clear on the damages with
an insufficiency of micronutrient intake, overtake of
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these substance may also have negative effects on bone
health [28, 29]. And the bone damage due to the COVID-
19 pandemic may also be related with the dietary intake
changes of micronutrients [27]. As to the inconsistent
relationship between vitamin A intake and risk of frac-
ture, we hold that it may be related with the specific com-
position and the study design. A recent meta-analysis
indicated [30] that high intake of vitamin A or retinol will
increase the risk of hip fracture, but not the total fracture.
And they also found that beta-carotene was not associ-
ated with a higher risk of hip fracture. They hold it may
be related with the food sources, retinol from meat could
be directly absorbed into the blood, but beta-carotene
is one of provitamin A, which will be converted to beta-
apo-carotenals and retinoids in the body and the process
is adjusted by enzyme [31].

In the subgroup analysis, we found that the negative
association was more evident among female, aged>60
and BMI>30. We hold that these factors may be risk fac-
tors of OP. Studies showed that when the human body is
aging, the organ function of the body gradually declines,
the absorption capacity of nutrients is weakened, result-
ing in vitamin D deficiency and chronic negative cal-
cium balance, and eventually lead to bone density decline
[12]. Women experience a rapid decline in bone den-
sity after menopause and are more likely to suffer from
postmenopausal OP [32]. And obesity could result in the
occurrence of several diseases, including hypertension,
diabetes, etc., which are risk factors of OP [33-35].

The mechanism underlying the negative association
of vitamin A, C, D intake with OP is unclear. Dietary
nutrients, particularly vitamins and minerals, are neces-
sary for the proper functioning of the human organism.
Vitamin A, C, and D are essential vitamins for population
[36], vitamin A and D involved in enzymatic reactions,
substance synthesis and metabolism in the human body.
Vitamin C has antioxidant effect, can protect the struc-
ture and function of cells and proteins, and regulate cell
differentiation. Vitamins deficiency are reported to be
associated with several diseases [37]. Adequate vitamin D
intake could increase the circulating level of insulin-like
growth factor 1, thereby reducing collagen degradation,
increasing bone deposition, stimulating osteoblast matu-
ration and differentiation, and promoting bone growth
[38]. Vitamin D is a steroid hormone with action on
musculoskeletal system and vitamin D deficiency results
in muscle weakness and decreased muscle strength.
Besides, a combination of rehabilitation treatment and
supplementation with vitamin D may provide new clues
on several diseases [39]. Vitamins A and C intake can
activate the differentiation and mineralization of osteo-
blasts and reduce the activity of osteoclasts by counter-
acting oxidative stress [40, 41], thereby regulating bone
growth by reducing the body’s oxidation level [42]. In
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addition, they are important cofactors of hydroxyproline
and hydroxylysine, which form collagen, and these sub-
stances make up 90% of the proteins in the bone matrix.
When collagen synthesis is blocked, it can cause poor
bone organic matter formation, leading to osteoporosis.
Several limitations should also be acknowledged. First,
it is just a cross-sectional study, which could not pro-
vide causal relationship of vitamin A, C, D intake with
OP. Second, although a number of potential risk factors
were adjusted in our study, we could still not exclude the
possibility of unassessed confounders. Third, this study
was just conducted among US adults, thus the findings
should be generalized to other populations with caution.

Conclusion

In the present study, we find that vitamins intake includ-
ing vitamin A, C, and D are protective factors for osteo-
porosis, and the protect effect are more evident for
female, aged>60 and BMI>30. Our findings provide
evidence that vitamins intake is linked with decreased
prevalence of osteoporosis. Further large-scale prospec-
tive cohort studies are needed to verify our findings.
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