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Dietary vitamin A, C, and
 E intake and subsequent
fracture risk at various sites
A meta-analysis of prospective cohort studies
Penghe Zhou, PhDa, Ruyi Shao, PhDa, Hua Wang, PhDb, Jiaqing Miao, MDb,∗, Xianhui Wang, PhDb,∗

Abstract
Background: This study aimed to provide reliable estimates for dietary antioxidant vitamin (vitamins A, C, and E) intake and their
effect on fracture risk at various sites.

Methods: The PubMed, EMBASE, and Cochrane Library databases were searched to identify prospective cohort studies
published throughout October 2019. The pooled relative risk (RR) with its 95% confidence interval (CI) was calculated using a
random-effects model.

Results: In total, 13 prospective cohort studies involving 384,464 individuals were selected for this meta-analysis. The summary RR
indicated that increased antioxidant vitamin intake was associated with a reduced fracture risk (RR: 0.92; 95% CI: 0.86–0.98;
P= .015). When stratified by the vitamin types, increased vitamin E intake was found to be associated with a reduced fracture risk
(RR: 0.66; 95% CI: 0.46–0.95; P= .025), whereas increased vitamin A and C intake did not affect this risk. Increased antioxidant
vitamin intake was associated with a reduced fracture risk, irrespective of fracture sites (HR: 0.90; 95% CI: 0.86–0.94; P< .001);
however, it did not affect hip fracture risk. Furthermore, increased antioxidant vitamin intake was associated with a reduced fracture
risk in men (RR: 0.81; 95% CI: 0.68–0.96; P= .017) and combined men and women (RR: 0.83; 95%CI: 0.73–0.93; P= .002);
however, it did not affect fracture risk in women.

Conclusion: Fracture risk at any site is significantly reduced with increased antioxidant vitamin intake, especially vitamin E intake
and in men.

Abbreviations: BMD = bone mineral density, CIs = confidence intervals, HR = hazard ratio, NOS = Newcastle-Ottawa Scale,
ORs = odds ratios, RR = risk ratio.
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1. Introduction

Osteoporosis is a chronic multifactorial disease characterized by
low bone mass and impaired bone microarchitecture.[1,2] The
prevalence of osteoporosis is increased in people with advanced
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age, coronary heart diseases, cancer, respiratory system diseases,
depression, and neurodegenerative diseases.[3] Individuals with
osteoporosis have an increased risk of bone fracture, and the
common fracture sites include the hip, spine, forearm, and
proximal humerus, especially among older women.[4] Moreover,
individuals with low bone mineral density (BMD) have an
increased risk of falls and decline in muscle strength, balance,
mobility, and physical functioning, resulting in an excess fracture
risk.[5–7] Studies have already demonstrated that genetics, age,
lifestyle habits, and sex are significant factors affecting fracture
risk.[2,8–12] Moreover, the etiology of osteoporosis could be
affected bynutrition intake.[13] Furthermore, studies have reported
that vitamins have potent antioxidant effects that can counteract
the effects of high levels of reactive oxygen species.[14–16]However,
the potential role of dietary antioxidant vitamin (vitamins A, C,
and E) intake in the progression of a fracture is unknown.
Numerous studies have already demonstrated that increased

fruit and vegetable intake plays a critical role in determining the
bone mineral status.[17–20] This could be correlated with reactive
oxygen intermediates involved in the bone resorptive process;
furthermore, antioxidant intake can reduce oxidative stress.[21–23]

Moreover, antioxidants are essential cofactors for the formation of
collagen and synthesis of hydroxyproline and hydroxylysine,
which constitute 90% of the proteins in the bone matrix.[24]

Therefore, increased antioxidant intake may result in bone
strengthening and a reduced fracture risk. Numerous studies
have already investigated the potential effect of antioxidant
vitamins on fracture risk; however, inconsistent results have been
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obtained.[25–37] The present meta-analysis included prospective
cohort studies and aimed to evaluate the role of antioxidant
vitamins in the progression of fractures and to determine whether
the associations differ according to the vitamin types, fracture sites,
and sex.
2. Methods

2.1. Data sources, search strategy, and selection criteria

This meta-analysis was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
protocol of 2009.[38] The ethical approval was not applicable.
The study was designed as a prospective cohort study to
investigate the role of dietary antioxidant vitamin intake on
fracture risk. Studies were considered eligible irrespective of the
language and publication status (in press or published). The
PubMed, EMBASE, and Cochrane Library electronic databases
were systematically screened for studies published throughout
October 2019. Vitamin A OR retinol OR vitamin C OR acid
ascorbic OR vitamin E OR tocopherol AND fracture were the
core search terms. After choosing the included studies, the
reference lists of the retrieved studies were reviewed to select any
additional eligible studies.
The literature search and study selection were performed by 2

authors who followed a standardized approach, and mutual
consensus was obtained after discussion if disagreements
occurred between the 2. This study was restricted to a prospective
cohort design to eliminate selection and recall bias related to
retrospective observational studies. A study was considered
eligible if it met the following criteria: the study had a prospective
cohort design; participants had no fractures at any sites before the
study; participants were exposed to vitamin A, C, or E; and the
outcomes were the effect estimates (risk ratio [RR], hazard ratio
[HR], or odds ratios [ORs]) and 95% confidence intervals (CIs)
for comparisons of high and low antioxidant vitamin intake and
fracture risk.

2.2. Data collection and quality assessment

Two authors extracted all the data from the included studies
according to a standardized protocol, and any disagreements were
settled by discussion until a consensus was reached. The data
included the first author’s name, publication year, country, sample
size, mean age, participants’ sex ratio, number of fractures,
antioxidant vitamin types, follow-up duration, adjusted factors,
and investigated outcomes. For studies reporting several multivar-
iable adjusted effect estimates, the effect estimate that was
maximally adjusted for potential confounders was selected. The
Newcastle-Ottawa Scale (NOS) was used to evaluate the
methodological quality; it is a comprehensive tool and has been
partially validated for evaluating the quality of observational
studies in a meta-analysis.[39] The scoring system of NOS ranges
from 0 to 9 and is based on selection (4 items), comparability (1
item), and outcome (3 items). Quality assessment was performed
by 2 authors, and any conflicts were resolved by another author by
referring to the original article.

2.3. Statistical analysis

The association between antioxidant vitamin intake and
subsequent fracture risk was examined based on the effect
estimate with its 95% CI in each individual study; the pooled RR
2

and 95%CI for the high versus low antioxidant vitamin
intake were calculated using a random-effects model.[40,41]

Heterogeneity across the included studies was assessed using
the I2 and P values for Q statistics, with I2>50.0% or P< .10
being considered as a significant heterogeneity.[42,43] The
robustness of the pooled conclusion was assessed using a
sensitivity analysis.[44] Subgroup analyses were performed based
on the vitamin types, fracture sites, and sex. Publication bias for
fracture risk was assessed using several methods, including funnel
plots and Egger [45] and Begg [46] test results. The inspection level
was 2-sided, and P< .05 was considered statistically significant
for pooled results. STATA software (version 12.0; Stata
Corporation, College Station, TX) was used to perform all
statistical analyses in this study.
3. Results

3.1. Literature search

The flow chart of the study selection process is shown in Figure 1.
In total, 1372 articles were identified during the initial electronic
searches, and 1327 records were excluded because they were
duplicates or unrelated studies. The remaining 45 studies were
retrieved for further full-text evaluations, and of them, 13 studies
were selected for the final meta-analysis.[25–37] The manual
searches of reference lists yielded seven studies, and all of them
were included in the initial electronic searches.

3.2. Study characteristics

Thebaseline characteristics of the included studies andparticipants
are summarized in Table 1. In total, 384,464 individuals were
included in the 13 studies. The follow-up duration ranged from4.0
to 19.0 years, and the number of participants in the individual
studies ranged from 946 to 75,747. Eight studies investigated the
role of vitaminA, 3 studies evaluated the role of vitaminC, 1 study
included both vitamin A and vitamin C evaluation, and the
remaining study assessed the role of vitamin E in 2 cohorts. Six
studieswere conducted in theUnited States and6 studies inEurope,
and the remaining studywasconducted in Singapore. Studyquality
was assessed using NOS: 4 studies were awarded 8 stars, 5 studies
were awarded 7 stars, and the remaining 4 studies were awarded 6
stars.
3.3. Meta-analysis

After pooling all the included studies, we noted that high
antioxidant vitamin intake was associated with a reduced fracture
risk (RR: 0.92; 95%CI: 0.86–0.98; P= .015; Fig. 2). Moreover, a
significant heterogeneity was observed across these studies (I2=
49.4%;P= .008).After this, a sensitivity analysiswasperformed to
assess the robustness of the pooled conclusion; the results indicated
that the conclusion was stable and did not change after the
sequential exclusion of individual studies (data not shown).

3.4. Subgroup analysis

Subgroup analyses of the association between antioxidant
vitamin intake and fracture risk were performed based on the
vitamin types, fracture sites, and sex. When stratified according
to the vitamin types (Fig. 3), fracture risk was significantly
reduced if individuals had high vitamin E intake (RR: 0.66; 95%
CI: 0.46–0.95; P= .025; significant heterogeneity). However,
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Figure 1. Flow diagram of the literature search and study selection process.
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there were no significant associations of vitamin A (HR: 0.93;
95% CI: 0.86–1.01; P= .089; significant heterogeneity) and
vitamin C (HR: 0.95; 95%CI: 0.85–1.05; P= .273; mild
heterogeneity) intake with fracture risk. When stratified accord-
ing to fracture sites (Fig. 4), fracture risk at all sites was
significantly reduced in individuals with high antioxidant vitamin
intake (HR: 0.90; 95% CI: 0.86–0.94; P< .001; mild heteroge-
neity). However, there was no significant association between
antioxidant vitamin intake and hip fracture risk (HR: 0.87; 95%
CI: 0.69–1.08; P= .202; significant heterogeneity). When strati-
fied according to sex (Fig. 5), fracture risk was significantly
reduced in men (RR: 0.81; 95% CI: 0.68–0.96; P= .017; mild
heterogeneity), with another study reporting that the risk was
significantly reduced in bothmen andwomen (RR: 0.83; 95%CI:
0.73–0.93; P= .002; mild heterogeneity), with high antioxidant
vitamin intake. There was no significant association between
antioxidant vitamin intake and fracture risk in women (HR: 0.96;
95% CI: 0.84–1.09; P= .505; significant heterogeneity).

3.5. Publication bias

Publication bias could not be ruled out by reviewing the funnel
plot (Fig. 6). The Egger (P= .447) and Begg (P= .576) test results
indicated no significant publication bias for the association
between antioxidant vitamin intake and fracture risk.
3

4. Discussion

The potential effect of antioxidant vitamin intake on fracture risk
was investigated in this meta-analysis. A total of 384,464
individuals from 13 studies were included, and the study findings
indicated that high antioxidant vitamin intake yielded a
protective effect on fracture risk. This conclusion was found to
be stable through a sensitivity analysis. Subgroup analyses
showed a protective effect of antioxidant vitamins, especially
vitamin E, at all fracture sites and in men. Although no significant
associations were detected in other subsets, a protective
remaining trend existed, which needs further large-scale
prospective studies for verification.
Ameta-analysis conducted byWu et al[47] included 8 vitamin A

(or retinol or beta-carotene) intake studies and found that high
vitamin A and retinol intake was associated with an increased hip
fracture risk, whereas beta-carotene intake did not yield a
significant association with hip fracture risk. Moreover, Zhang
et al[48] conducted a meta-analysis of 13 studies and found that
high retinol and total vitamin A intake was associated with low
fracture risk at all sites, whereas hip fracture risk was significantly
increased. Another group of researchers pointed out that
excessive vitamin A intake could alter the metabolism of
calcium-regulating hormones and minimize the activity of
vitamin D.[49] However, another study reported that BMD
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Figure 2. Association of antioxidant vitamin intake with fracture risk.
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levels increase with high vitamin A intake, resulting in a
discrepancy.[50] The present study did not find any harmful
effects of vitamin A intake on fracture risk. The potential reasons
for this include the following: the fracture sites were not
NOTE: Weights are from random effects analysis
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differentiated, and the effect estimates for all fractures and hip
fractures might have been neutralized; and the sources of vitamin
A differed from studies in previous meta-analyses suggesting that
vitamin A dietary intake is beneficial for preventing fractures.
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NOTE: Weights are from random effects analysis
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Figure 4. Association of antioxidant vitamin intake with fracture risk stratified by fracture sites.
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Figure 5. Association of antioxidant vitamin intake with fracture risk stratified by sex.
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Sun et al[51]conducted ameta-analysis including six studies and
found that high vitamin C intake was associated with a reduced
hip fracture risk, with the risk reducing by 5% per 50mg/day of
vitamin C intake. Malmir et al[52] conducted a meta-analysis and
found that high vitamin C intake was associated with a reduced
osteoporosis risk and increased BMD levels in the femoral neck
and lumbar spine, whereas hip fracture risk was not altered. A
nonsignificant association between vitamin C intake and hip
fracture risk might be explained by the retrospective studies that
were included in their study; furthermore, uncontrolled biases
might affect the reliability of a pooled conclusion. Moreover, the
protective effect of vitamin C on hip fracture risk is attributable to
the stimulation of type I and III collagen synthesis by ascorbic
acid, and vitamin C deficiency can stimulate osteoclastogene-
sis.[53,54] Although a significant association between vitamin C
intake and fracture risk was not detected in our study, this result
could be due to fracture risk being examined based on the effect
estimates related to vitamin C intake.
The association between vitamin E intake and fracture risk

could not be determined as only one study comprising 2 cohorts
was included in the present meta-analysis.[35] This study
specifically found that increased vitamin E intake was associated
with a reduced fracture risk at all sites in both men and women
and a reduced hip fracture risk in women. The potential reason
for this could be that vitamin E exerts beneficial effects on both
the bones and muscle mass, which are associated with a reduced
fracture risk.[55,56] Moreover, the background a-tocopherol
levels in individuals could affect the net effect estimate for the
association between vitamin E intake and fracture risk.
Several limitations of this meta-analysis should be highlighted:

this meta-analysis mostly included studies reporting on the
association between vitamin A and fracture risk, and the pooled
results for the potential role of vitamins C and Ewere restricted; a
7

significant heterogeneity was observed across the included studies
in view of various patient characteristics and cutoff values for
antioxidant vitamin intake; the adjusted models were different
across the included studies, which might play an important role in
the progression of fractures; publication bias was an inevitable
problem due to the analysis being based on published articles; and
finally, the present study analyses were performed at a study level,
which restricted us from conducting further detailed analyses.
In summary, the findings of this meta-analysis suggest that

fracture risk at all sites is significantly reduced with increased
antioxidant vitamin intake, especially vitamin E intake and in
men. Given the number of included studies and significant
heterogeneity across included studies, further large-scale pro-
spective studies should be conducted to verify the present study
findings, and a dose–response relationship curve should be
constructed for dietary antioxidant vitamin intake.
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