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Abstract

Background Epidemiological studies assessing the rela-

tionship between dietary vitamin B2 and the risk of breast

cancer have produced inconsistent results. Thus, we con-

ducted this meta-analysis of epidemiologic studies to

evaluate this association.

Methods We searched English-language MEDLINE pub-

lications and conducted a manual search to screen eligible

articles. A random-effect model was used to pool study-

specific risk estimates. Egger’s linear regression test was

also used to detect publication bias in meta-analysis.

Results In our meta-analysis, ten studies comprising totally

12,268 breast cancer patients were available in the analy-

ses. Pooled relative risk (RR) comparing the highest to the

lowest vitamin B2 intake and breast cancer incidence was

0.85 [95% confidence interval (CI) = 0.76–0.95]. No sig-

nificant heterogeneity existed across the studies

(P = 0.086, I2 = 40.7%). No publication bias was found.

The results of dose–response analysis also showed that an

increment of 1 mg/day was inversely related to the risk of

breast cancer (RR = 0.94; 95% CI = 0.90–0.99).

Conclusions Results from our meta-analysis indicated that

dietary vitamin B2 intake is weakly related to the reduced

risk of breast cancer. Additional research is also necessary

to further explore this association.

Keywords Vitamin B2 � Meta-analysis � Breast cancer �
Risk

Introduction

Female breast cancer is by far the most common type of

cancer and the leading cause of cancer-related death

worldwide. By 2012, approximated 1.7 million new cases

of breast cancer and 521,900 related deaths were reported,

accounting for 25% of all estimated new cancer cases and

15% of cancer deaths in women [1].

Epidemiology evidence has shown that reproductive

factors, including a long menstrual history, nulliparity, and

absence of a history of breastfeeding, might increase the

risk of breast cancer [2–4]. However, the cause of this

disease in the majority of cases is still obscure. There is

growing evidence that some dietary factors also might

exert effects on breast cancer incidence [5]. Furthermore, it

is important to search for potentially dietary risk factors,

because dietary habits are potentially modifiable.

One-carbon metabolism, including folate and related B

vitamins, comprises a complex network of biochemical

pathways that donate methyl groups for many important

biological processes [6]. Dysregulation of one-carbon

metabolism is believed to promote carcinogenesis [7].

Studies investigating relationship of B vitamins intake with

the risk of breast cancer have mainly focused on folate. A

meta-analysis of case–control studies reported a significant,

protective effect of folate intake on breast cancer inci-

dence, whereas the analysis of cohorts indicated no effects

[8, 9]. Vitamin B2 (riboflavin) is an essential cofactor for a
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number of enzymes involved in one-carbon metabolism

which might also play an important role in cancer devel-

opment, including breast cancer [10].

During the last two decades, many epidemiologic stud-

ies assessed the relationship between vitamin B2 and the

risk of breast cancer and produced inconsistent results.

However, no systematic review and comprehensive meta-

analysis evaluating this association was reported. There-

fore, we conducted a comprehensive meta-analysis to

quantitatively evaluate the relation of dietary vitamin B2

intake to the risk of breast cancer. Furthermore, we also

investigated whether the association was differed by breast

cancer subtype.

Methods

Search strategy

A systematic literature was performed in MEDLINE for all

relevant papers published from 1966 to January 2016. The

following Medical Subject Heading (MeSH) terms and text

words were used: ‘‘vitamin b2’’ or ‘‘riboflavin’’ combined

with ‘‘cancer’’ or ‘‘neoplasm’’. In addition, a hand search

was conducted through checking all the references of

related papers to search any additional studies. No lan-

guage restrictions were imposed. Two investigators (LY

and YT) performed all searches independently. When it

came to discrepancy between two authors, another author

was invited to discuss and check the data until a consensus

was reached. The present meta-analysis was undertaken

using the preferred reporting items for systematic review

and meta-analysis protocols (PRISMA-P) [11].

Study selection

All studies were eligible for inclusion if they met the fol-

lowing criteria: (1) the study had a case–control or cohort

study design; (2) the exposure of interest was dietary

vitamin B2 intake (i.e., vitamin B2 from foods only); (3)

the outcome was breast cancer incidence/risk or mortality;

and (4) the investigators provided odds ratio (OR) or rel-

ative risk (RR) with their corresponding 95% confidence

interval (CI) (or sufficient data to calculate them).

Data extraction

The following data were carefully extracted from the eli-

gible studies: (1) first author’s name; (2) year of publica-

tion; (3) study design (prospective cohort study or case–

control study); (4) study location; (5) years of follow-up

(for prospective cohort study) or the study period; (6)

characteristics of the study subjects (sample size, age

range, and exclusion criteria); (7) range of exposure and

risk estimates with corresponding 95% CIs; and (8) con-

founding factors that were controlled for by matching or

adjustment. We extracted the OR or RR estimates that

reflected the greatest degree of adjustment for potentially

confounding variables.

The quality of study design was assessed using the

Newcastle–Ottawa Scale (NOS) for quality assessment of

the nonrandomized studies [12]. A star system of NOS

includes three items: patient selection, comparability of

group, and assessment of outcome. A study can be awarded

a maximum of one star for each item within the selection

and exposure aspects and a maximum of four stars for the

comparability of the two groups. Two investigators (LY

and YT) independently extracted the information and

evaluated study quality.

Statistical analysis

We first performed a meta-analysis comparing the highest

with the lowest quantile of dietary vitamin B2 intake within

the specific studies. The combined estimate was calculated

as the inverse variance-weighted mean of the logarithm of

risk estimate with 95% CI. Study-specific RRs were pooled

using a random-effect model described by DerSimonian

and Laird [13], which take into account both within-study

and between-study variabilities. Furthermore, we also

performed subgroup analyses stratified by study design

(case–control vs. cohort), study location (Europe vs. USA),

data collection (in-person interview vs. self-administrated),

Fig. 1 Flow diagram of study identification
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breast cancer phenotype (ER-, ER?), and adjustment for

family history of breast cancer.

To normalize the variability among studies in the dif-

ference in categorizing vitamin B2 intake, we attempted to

place the studies on a common scale by estimating the RR

of 1 mg/day increase of vitamin B2 intake. The method of

generalized least squares trend developed by Greenland

and Longnecker [14, 15] was applied to calculate study-

specific slopes and 95% CIs from the correlated natural

logarithm of the RRs and CIs across dietary vitamin B2

categories. The median or midpoint of the upper and lower

boundaries was assigned as the mean vitamin B2 intake in

each category. If the highest category was open-ended, we

assumed the width of the interval to be the same as in the

closest category.

Q and I2 statistics were used to examine heterogeneity

[16]. The I2 value ranges from 0 to 100% (the value greater

than 50% was assumed as a measure of severe hetero-

geneity). Egger’s linear regression test was used to detect

publication bias in meta-analysis [17]. To assess whether a

single study could markedly affect the results, we also

conduced a sensitivity analysis in which one study at a time

was excluded and the remainders pooled. All statistical

analyses were conducted using Stata 11.0 (STATA, Col-

lege Station, Tex). All statistical tests were two sided, and

P\ 0.05 was considered statistically significant.

Results

Search results and study characteristics

The flow of study selection was shown in Fig. 1. A total of

729 citations were yielded in the initial search, and 14

articles were reviewed in full text after the titles and

abstracts reviewing. By checking reference lists, we iden-

tified one additional article. Four articles were excluded,

because they investigated the relationship between other

B-vitamin intake and the risk of breast cancer and there

was no interest of vitamin B2 intake [18–21]. We further

excluded one article that reported on similar population

[22]. In the end, a total of ten relevant articles that evalu-

ated the association of dietary vitamin B2 and breast cancer

risk were available for the present meta-analysis. The

characteristics of included studies are summarized in

Table 1 [23–32].

The ten articles on dietary vitamin B2 and breast cancer

risk (12,268 cases, age range 20–80 years) were published

between 1996 and 2015. Of ten studies, five were case–

control studies [23–25, 27, 31] and five were cohort studies

[26, 28–30, 32]. Three studies were performed in the

United States [25, 28, 31], three in Europe [23, 24, 32], two

in Asian [27, 29], and one each in Canada [26] andT
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Australia [30]. Risk estimates in most studies were adjusted

for age, BMI, parity, and alcohol consumption. Based on

the NOS, the quality star was ranged from 6 to 9, implying

a reasonable good quality of included studies (Table 2).

Highest vs. lowest vitamin B2 intake

Figure 2 shows the study-specific RRs of breast cancer risk

and the summary RR pooled for the highest vs. lowest

vitamin B2 intake. The summary RR of the highest

(2.5 mg/days, mean) vs. lowest vitamin B2 intake

(1.09 mg/days, mean) was 0.85 (95% CI = 0.76–0.95) for

developing breast cancer. Little evidence of heterogeneity

among the studies was observed (P = 0.086, I2 = 40.7%)

(Fig. 2).

The sensitivity analysis indicated that the exclusion of

any one study did not significantly influence the summary

estimate of dietary vitamin B2 intake and risk of breast

Table 2 Methodological quality of cohort studies and case–control studies based on the Newcastle–Ottawa Scale

Case–

control

studies

Selection Comparability Exposure Total

score
Adequate

definition

of cases

Representativeness

of cases

Selection

of

controls

Definition

of controls

Control for

important

factor or

additional

factor

Ascertainment

of exposure

Same method of

ascertainment

for cases and

controls

Non-

response

rate

Negri

et al.

[23]

* * * ** * * 7

Levi

et al.

[24]

* * * ** * * * 8

Chen

et al.

[25]

* * * ** * * 7

Ma

et al.

[27]

* * * ** * 6

Yang

et al.

[31]

* * * ** * * 7

Cohort

studies

Selection Comparability Outcome Total

score
Representativeness

of the exposed

cohort

Selection

of the

non-

exposed

cohort

Ascertainment

of exposure

Outcome

of interest

was not

present at

start of

study

Control for

important

factor or

additional

factor

Assessment

of outcome

Follow-up

long

enough

for

outcomes

to occura

Adequacy

of follow-

up of

cohort

Kabat

et al.

[26]

* * * ** * * * 8

Maruti

et al.

[28]

* * * ** * * * 8

Shrubsole

et al.

[29]

* * * * ** * * * 9

Bassett

et al.

[30]

* * * * ** * * * 9

Cancarini

et al.

[32]

* * * ** * * * 8

a Follow-up C5
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cancer, which implying that the results of the meta-analysis

were reliable and stable. In addition, no evidence of pub-

lication bias was found (Egger’s P = 0.218).

In the subgroup analyses, we did not find any significant

variations in summary RRs by study type, data collection,

and adjusted by family history of breast cancer. However,

stratified analysis by geographic region showed a stronger

association in studies conducted in the Europe compared to

those performed in US and other countries (Table 3).

Furthermore, five studies [27, 29–32] were reported RR

estimates of the relationship between vitamin B2 intake

and breast cancer risk according to ER status (Table 3).

Fig. 2 Risk estimates of breast

cancer associated with dietary

vitamin B2 intake. Squares

indicate study-specific risk

estimates (size of the square

reflects the study-specific

statistical weight, i.e., the

inverse of the variance);

horizontal lines indicate 95%

confidence intervals (CIs); and

diamonds indicate summary risk

estimate with its corresponding

95% confidence interval

Table 3 Summary risk

estimates of the association

between vitamin B2 and breast

cancer risk

Stratification group References RR (95% CI) Heterogeneity test

Q P I2 (%)a

All studies [23–32] 0.85 (0.76–0.95) 15.18 0.086 40.7

Geographic region

US [25, 28, 31] 0.86 (0.72–1.04) 1.49 0.475 0

Europe [23, 24, 32] 0.69 (0.49–0.97) 5.59 0.061 64.2

Other [26, 27, 29, 30] 0.94 (0.85–1.04) 2.00 0.573 0

Study type

Cohort [26, 28–30, 32] 0.83 (0.69–1.00) 12.38 0.015 67.7

Case–control [23–25, 27, 31] 0.84 (0.73–0.96) 2.06 0.725 0

Data collection

In-person interview [23, 24, 29–31] 0.85 (0.76–0.95) 1.65 0.800 0

Self-administered [25–28, 32] 0.81 (0.64–1.02) 13.00 0.011 69.2

Adjusted by family history of breast cancer

Yes [25, 26, 28, 31, 32] 0.82 (0.65–1.03) 13.41 0.009 70.2

No [23, 24, 27, 29, 30] 0.84 (0.75–0.95) 0.86 0.930 0

Breast cancer phenotype

ER- [27, 29–32] 0.85 (0.65–1.20) 3.13 0.536 0

ER? [27, 29–32] 0.77 (0.57–1.03) 10.40 0.034 61.5

RR relative risk, CI confidence intervals
a I2 is interpreted as the proportion of total variation across studies that are due to heterogeneity rather than

chance
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After stratifying the data in two subgroups (ER? vs. ER-),

no significant association of vitamin B2 with ER? and

ER- breast cancer risk was found (Table 3).

Dose–response meta-analysis

Ten studies were all available in the dose–response meta-

analysis for the risk of breast cancer. The RR for each

study and pooled RR for an increase of 1 mg/day are

presented in Fig. 3. Overall, we found that an increment of

1 mg/day was significantly inversely related to breast

cancer risk (RR = 0.94; 95% CI = 0.90–0.99). However,

statistically significant heterogeneity across the studies was

found (P\ 0.001; I2 = 74.8%).

Discussion

This is the first meta-analysis to evaluate the association of

dietary vitamin B2 intake with the risk of breast cancer.

The results showed that dietary vitamin B2 intake could

weakly reduce the risk of breast cancer. In addition, no

significant heterogeneity was found across the included

studies.

In the stratified analysis by ER status, we did not find

any significant association of vitamin B2 with ER? and

ER- breast cancer risk based on data adapted from five

studies. However, we still cannot draw the firm conclusion

based on the limited published information. In studies

included in our analysis, some results were based on the

small number of cases. Thus, more studies are still needed

to further clarify this issue.

Vitamin B2 is cofactor in the one-carbon metabolism

and might modulate the bioavailability of methyl groups

and thus play an essential role in DNA stability and

integrity. Disruption of one-carbon metabolism can inter-

fere with DNA synthesis, repair, and methylation, which

could promote cancer development. Furthermore, Vitamin

B2 might also protect against breast cancer by mechanisms

other than one-carbon metabolism, because it is also

essential cofactors in numerous reactions central to human

metabolism [33, 34].

This present meta-analysis exhibited several strengths.

First, it is the first meta-analysis assessing the association

of dietary vitamin B2 intake with the risk of breast cancer

and we noticed that dietary vitamin B2 intake was inver-

sely associated with breast cancer risk. Second, all the

included studies had a high quality of assessment and the

results from each original study were adjusted for a wide

range of potential confounders. Third, the result of case–

control studies and cohort studies is consistent. Further-

more, we also conducted a dose–response analysis to nor-

malize the variability among studies in categorizing

vitamin B2 intake. In addition, the results of dose–response

analysis also showed an inverse association.

Nevertheless, there are also several potential limitations

in this meta-analysis. First, as a meta-analysis of observa-

tional studies, it is not able to solve problems with con-

founding factors. Although most included studies adjusted

for some established risk factors for breast cancer, other

Fig. 3 Risk estimates of breast

cancer associated with dietary

vitamin B2 intake (1 mg/day

increment). Squares indicate

study-specific risk estimates

(size of the square reflects the

study-specific statistical weight,

i.e., the inverse of the variance);

horizontal lines indicate 95%

confidence intervals (CIs); and

diamonds indicate summary risk

estimate with its corresponding

95% confidence interval
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residual or unknown confounding cannot be ruled out as a

potential explanation for the observed findings. Second,

most studies only performed one single dietary assessment

and any changes in dietary habits after that assessment will

have been missed. Third, case–control studies have

intrinsic limitation, including selective bias and recall bias.

However, cohort studies are less susceptible to those bia-

ses, because data of dietary habits were assessed before

diagnosis of breast cancer. In our present meta-analysis, the

inverse association of vitamin B2 with breast cancer risk is

also proved by cohort studies. Fourth, potential sources of

between-study heterogeneity should be explored because of

methodological differences among included studies. We

applied appropriate inclusion criteria and conducted sub-

group and sensitivity analysis, and we did not find signif-

icant heterogeneity among the studies. Finally, publication

bias is a potential concern in any meta-analysis, because

small studies with null results do not get published. In this

meta-analysis, we did not search for unpublished studies or

for original data. However, no evidence of substantial

publication bias was found in this meta-analysis.

In summary, this present meta-analysis of observational

studies indicates that dietary vitamin B2 intake could

slightly decrease breast cancer risk.
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