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Background

Kidney cancer is the third most common genitourinary ma-
lignancy [1]. The incidence of this cancer has been increasing 
rapidly globally [2]. For example, a study estimated that about 
64 000 cases of kidney cancer were diagnosed in the United 
States, and 14 000 patients died in 2014 [3].

Many studies have suggested that heredity [4], environment [5], 
and lifestyle factors [6] influence the occurrence and develop-
ment of kidney cancer. It has been hypothesized that the di-
rect mechanism of metabolic disorders, as well as the presence 
of oxidative stress caused by external and internal factors, is 
closely related to the development of kidney cancer [7].

Vitamin E, a fat-soluble vitamin and a well known antioxidant, 
plays an important role in inhibiting cancer incidence and de-
velopment in various organs of animal models by prevent DNA 
damage and mutagenesis [8]. However, some epidemiological 
observational studies showed an ambiguous relationship be-
tween vitamin E intake and kidney cancer risk [9]. Although a 
previous meta-analysis was conducted to assess the relation-
ship between vitamin E intake and renal cell carcinoma risk 
and it found a significant inverse association, this study only 
assessed the renal call carcinoma risk but not all kidney can-
cer risk. Moreover, only 7 case-control studies were included, 
the evidence was limited, and it may lead to more confound-
ing factors and biases. Hence, we conducted a meta-analysis 
that integrated all published observational studies (case-con-
trol and cohort studies) to assess the relationship between vi-
tamin E intake and kidney cancer risk.

Material and Methods

Study identification

A literature search was conducted using the databases PubMed 
and Medline up to 2015/08/31 with the following search terms 
‘‘vitamin E intake’’ or “dietary vitamin E” and ‘‘renal carcino-
ma’’ or “kidney cancer” were used as a combination of free text 
or as MeSH terms. Inclusion criteria were: studies that were 
conducted as case-control or cohort study designs, published 
as full-length articles in English, reported the association be-
tween vitamin E intake and kidney cancer risk, reported the 
relative risks (RRs) or odds ratios (ORs) or hazard ratios (HRs) 
and the corresponding 95% CIs of kidney cancer for the high-
est vs. the lowest level of vitamin E intake. Reference lists of 
the retrieved papers were checked to identify additional rel-
evant studies.

Data collection

For each study we collected the following data extraction using 
a standardized data extraction form: first author’s last name, 
publication year, study population, sample size, RR and 95%CI 
of kidney cancer risk from the most fully adjusted model for 
the highest vs. the lowest level of vitamin E intake, and co-
variates adjusted in the statistical analysis.

Two independent authors performed all the above procedures, 
and any disagreements were resolved by discussion.

Statistical analysis

In this study, all statistical analyses were performed using 
STATA 12.0 (StataCorp LP, College Station, TX). The combined 
RR and the corresponding 95%CI were used to estimate the 
relationship between vitamin E intake and kidney cancer risk. 
We conducted a test based on the I2 and Q statistic to assess 
the heterogeneity across the included studies [23]. If there was 
evidence of heterogeneity, subgroup analysis was performed to 
identify the possible source of heterogeneity and the effect of 
potential factors on the overall risk assessment. Furthermore, 
we carried out a sensitivity analysis excluding each study in 
turn to investigate its influence on the overall risk estimate. 
Publication bias was detected using the funnel plot [24] and 
Egger’s test [25]. Results were considered as statistically sig-
nificant when the P value was less than 0.05.

Results

Initially, 240 articles were searched from the 2 databases ac-
cording to the inclusion criteria, after reviewing titles, abstracts 
even full-text. Most of them were excluded because of vari-
ous reasons. Finally, 13 articles (6944 kidney cancer patients 
and 465 275 controls or participants) were included [19–21].

The main characteristics of the 13 studies are presented 
in Table 1. Seven were case-control studies [9–12,14,17,19] and 
6 were cohort studies [13,15,16,18,20,21]. Five studies were 
conducted in the USA [9,13,15,16,21], 2 in Canada [14,19], 1 
in Denmark [10], 1 in Sweden [12], 1 in Italy [17], one in the 
Netherlands [18], 1 in Finland [20], and 1 was conducted in 
a mixed population from several countries [11]. Most of the 
included studies adjusted for a wide range of potential con-
founders, such as age, sex, BMI, smoking, and alcohol use.

Figure 1 presents the summary RR of kidney cancer for the 
highest vs. the lowest level of vitamin E intake. Only 2 includ-
ed studies showed an inverse association of vitamin E intake 
with kidney cancer risk [14,15]. The pooled RR (95%CI) from all 
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the included studies was 0.81 (0.69–0.94); however, we found 
a significant evidence of heterogeneity (I2=49.2%, p=0.023).

Figure 2 presents the results of sensitivity analysis. As remov-
ing each sequentially, the pooled RRs were similar and no in-
dividual study changed the pooled RR significantly.

Study (year, 
population)

Study design
Age of 

subjects
Sample size (n) 

case/control (total)

Adjusted RR 
(95% CI) 

(highest vs. lowest)

Variables used in 
multivariate model

Chow et al. 
(1994, American)

Case-control 20–79 632/653 1.0 [0.6–1.8] Age, sex, cigarette, dietary 
caloric intake, educational 
level, BMI

Mellemgaard et al. 
(1995, Danish)

Case-control 20–79 351/340 Men: 0.5 [0.2–1.0] 
Women: 1.1 [0.4–3.0]

Age, total energy intake, 
smoking, socioeconomic 
status, BMI

Wolk et al. 
(1996, N)

Case-control N 1185/1526 0.9 [0.69–1.16] Age, sex, study center, BMI, 
smoking, total calories

Lindblad et al. 
(1996, Swedish)

Case-control 20–79 379/350 0.65 [0.42–1.01] Age, sex, BMI, smoking, 
education, total energy

Prineas et al. 
(1997, American)

Cohort 50–69 62/35129 Women: 0.7 [0.38–1.31] N

Hu et al. 
(2003, Canadian)

Case-control 20–79 1279/5370 Men: 0.7 [0.5–0.9] 
Women: 0.6 [0.4–0.8]

Age, province, education, BMI, 
alcohol use, smoking

Nicodemus et al. 
(2004, American)

Cohort 55–69 124/34637 Women: 0.56 [0.3–1.03] N

Lee et al. 
(2006, American)

Cohort 40–75 248/136587 0.9 [0.51–1.6] BMI, history of diabetes, 
history of hypertension, parity, 
smoking status, multivitamin 
use, alcohol, total energy 
intake

Bosetti et al. 
(2007, Italian)

Case-control 22–79 767/1534 0.56 [0.41–0.75] Age, sex, study center, 
smoking, education, BMI, 
alcohol intake, family history 
of kidney cancer, period of 
interview

van Dijk et al. 
(2008, Dutchman)

Cohort 55–69 284/120852 1.0 [0.68–1.47] Age, sex, smoking, BMI, 
history of hypertension

Hu et al. 
(2009, Canadian)

Case-control 20–76 1138/5039 1.13 [0.89–1.45] Age, sex, province, BMI, 
education, smoking, meat and 
fat intake, cholesterol and 
total energy intake

Bertoia et al. 
(2010, Finnish)

Cohort 50–69 255/27062 Men: 1.09 [0.73, 1.64] Age, BMI, education level, 
history of hypertension, 
leisure-time physical activity, 
smoking, alcohol, total energy 
intake

Ho et al. 
(2015, American)

Cohort 50–79 240/96196 Women: 0.81 [0.49–1.33] Age, micronutrients, race, 
clinical trial,smoking,BMI, 
education, hypertension, 
oral contraceptive use, 
hysterectomy, energy intake, 
oophorectomy, physical 
activity

Table 1. The characteristics of the included studies.
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Figure 3 presents the funnel plot of publication bias. The fun-
nel plot and Egger’s regression test showed there was no ev-
idence of publication bias in the present study (P=0.928).

Finally, we conducted subgroup-analysis to assess the influ-
ence of various factors on the overall RR estimate accord-
ing to study design, study population, and sex distribution. 
We found that the inverse relationship between vitamin E in-
take and kidney cancer risk was not significantly modified by 
study design, study population, or sex distribution except in 
the cohort studies. The results of subgroup-analyses are pre-
sented in Figuress 4–6.

Discussion

Although a previous meta-analysis was conducted to assess 
the relationship between vitamin E intake and renal cell car-
cinoma risk, it only included case-control studies. The pres-
ent meta-analysis was performed to estimate the association 
between vitamin E intake and kidney cancer risk by combin-
ing the published case-control and cohort studies to date, and 
we found a significant inverse association of vitamin E intake 
and kidney cancer risk, and this result was not changed by 
study design, study population, or sex distribution except in 
the cohort studies.

Figure 1. �Forest plot shows the relationship 
between vitamin E intake and kidney 
cancer risk.

Study ID

Chow et al. (1994)
Mellemgaard et al. (1996)
Wolk et al. (1996)
Lindblad et al. (1997)
Prineas et al. (1997)
Hu et al. (2003)
Lee et al. (2006)
van Dijk et al. (2008)
Ho et al. (2015)
Bertoia et al. (2010)
Bosetti et al. (2003)
Hu et al. (2009)
Nicodemus et al. (2004)
Overall (I-squared=49.2%, p=0.023)

1.00 (0.60, 1.80)
0.68 (0.36, 1.28)
0.90 (0.68, 1.16)
0.65 (0.42, 1.01)
0.70 (0.38,1.31)
0.66 (0.53, 0.82)
0.90 (0.51, 1.60)
1.00 (0.68, 1.47)
0.81 (0.49, 1.33)
1.09 (0.73, 1.64)
0.56 (0.41, 0.75)
1.13 (0.89, 1.45)
0.56 (0.30, 1.03)
0.81 (0.69, 0.94)

5.37
4.36

11.39
7.16
4.52

12.87
5.08
8.28
6.10
7.85

10.38
12.08

4.55
100.00

.3 3.331

RR (95% CI) % weight

Figure 2. The result of sensitivity analysis.
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We assessed the association of vitamin E intake and kidney 
cancer risk by combining all included studies and by perform-
ing subgroup-analyses. We found significant evidence of het-
erogeneity in some of our estimates and we found that only 
sex distribution was a source of heterogeneity; however, sev-
eral studies considered the influence of sex distribution on 
the results. The sources of heterogeneity, we thought, may 
be partly explained by the study design (some heterogeneity 
remained among case-control studies), population and other 
factors, such as type of pathology of kidney cancer.

We found a significant inverse association of vitamin E intake 
and kidney cancer risk, the concrete physiological mechanisms 
may be involved in that vitamin E effectively decreased the 
expressions of cyclooxygenase-2 and 8-hydroxydeoxyguano-
sine and type I insulin-like growth factor receptor, inhibited 

peroxidation and induced cell apoptosis, leading to suppressed 
cell proliferation [26,27]. A study indicated that in cancer pa-
tients, treatement with vitamin E induced cell apoptosis by 
restoring transforming growth factor-b and Fas signaling 
pathways, and also increasing the expression of peroxisome 
proliferator-activated receptor gamma [28]. A study suggest-
ed that g-tocotrienol, a vitamin E derivative, reversed the del-
eterious impact of nicotine on embryo development; this re-
sult indicates that g-tocotrienol may prevent the development 
of cancer by suppressing oxidative stress levels [29]. Vitamin 
E also preserves the balance of production of reactive oxygen 
species and thus prevents cellular nucleic acids, lipids, and 
proteins from the harmful effects of ROS [30].

Although another meta-analysis was conducted to assess the 
association between vitamin E intake and renal cell carcinoma 
risk, only 7 case-control studies were included and only risk of 
renal cell carcinoma was assessed. In the present study, we in-
cluded all published observational studies to examine the as-
sociation between vitamin E intake and risk of all kidney can-
cer. We conducted subgroup-analysis to assess the influence 
of various factors on the overall RR estimate, which was not 
performed in the previous study. The present study provided 
strong evidence of the association between vitamin E intake 
and risk of kidney cancer. However, several limitations of our 
study should be considered. First, although we combined all 
published studies, recall bias and selection bias of case-con-
trol studies were inevitable. Second, strong evidence of het-
erogeneity among included studies was found. We conduct-
ed subgroup-analyses to detect the source of heterogeneity; 
however, no stratified analysis was able to explain the het-
erogeneity. Third, most of the included studies assessed the 
vitamin E intake levels through questionnaires, which may 

Figure 3. Forest plot for publication bias.
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Figure 4. �The results of subgroup-analysis 
according to study design.

Study ID

1. Case-control studies
Chow et al. (1994)
Mellemgaard et al. (1996)
Wolk et al. (1996)
Lindblad et al. (1997)
Hu et al. (2003)
Bosetti et al. (2003)
Hu et al. (2009)
Subtotal (I-squared=67.5%, p=0.005)

2. Cohort studies
Prineas et al. (1997)
Lee et al. (2006)
van Dijk et al. (2008)
Ho et al. (2015)
Bertoia et al. (2010)
Nicodemus et al. (2004)
Subtotal (I-squared=0.0%, p=0.522)

.3 3.331

1.00 (0.60, 1.80)
0.68 (0.36, 1.28)
0.90 (0.68, 1.16)
0.65 (0.42, 1.01)
0.66 (0.53, 0.82)
0.56 (0.41, 0.75)
1.13 (0.89, 1.45)
0.78 (0.62, 0.97)

0.70 (0.38, 1.31)
0.90 (0.51, 1.60)
1.00 (0.68, 1.47)
0.81 (0.49, 1.33)
1.09 (0.73, 1.64)
0.56 (0.30, 1.03)
0.88 (0.72, 1.08)

9.52
7.96

17.30
12.10
18.89
16.16
18.06

100.00

10.38
12.17
26.76
15.95
24.28
10.45

100.00

RR (95% CI) % weight
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yield some inaccurate reports. Fourth, the results of the pres-
ent study were mainly based on populations in Western coun-
tries; whether our findings are supported in other populations 
is unclear. Fifth, vitamin E includes tocopherols (a, b, d, and 
¡) and tocotrienols (a, b, d, and ¡) [31]. Only 1 component is 
contained in non-enriched food, and thus it will present dif-
ferent biologic activities between dietary intake and supple-
ments [32]. However, few of the included studies reported the 
effect of different vitamin E components on the risk of kidney 
cancer. Finally, we did not find evidence of publication bias, 
but we were not able to completely rule out such bias because 
of the limited number of studies.

Figure 6. �The results of subgroup analysis 
according to sex distribution.

Study ID

1. Male
Mellemgaard et al. (1996)
Hu et al. (2003)
Bertoia et al. (2010)
Subtotal (I-squared=53.7%, p=0.115)

2. Female
Prineas et al. (1997)
Ho et al. (2015)
Nicodemus et al. (2004)
Mellemgaard et al. (1996)
Hu et al. (2003)
Subtotal (I-squared=58.0%, p=0.049)

0.50 (0.20, 1.00)
0.70 (0.50, 0.90)
1.09 (0.73, 1.64)
0.78 (0.62, 0.99)

0.70 (0.38, 1.31)
0.81 (0.49, 1.33)
0.56 (0.30, 1.03)
1.10 (0.40, 3.00)
0.60 (0.40, 0.80)
0.67 (0.53, 0.84)

8.03
60.21
31.75

100.00

14.07
21.61
14.16

5.31
44.85

100.00

.2 51

RR (95% CI) % weight

Figure 5. �The results of subgroup analysis 
according to study population.Study ID

North American
Chow et al. (1994)
Prineas et al. (1997)
Hu et al. (2003)
Lee et al. (2006)
Ho et al. (2015)
Hu et al. (2009)
Nicodemus et al. (2004)
Subtotal (I-squared=52.9%, p=0.047)

Eurpean
Mellemgaard et al. (1996)
Lindblad et al. (1997)
van Dijk et al. (2008)
Bertoia et al. (2010)
Bosetti et al. (2003)
Subtotal (I-squared=58.0%, p=0.049)

.3 3.331

1.00 (0.60, 1.80)
070 (0.38, 1.31)

0.66 (0.53, 0.82)
0.90 (0.51, 1.60)
0.81 (0.49, 1.33)
1.13 (0.89, 1.45)
0.56 (0.30, 1.03)
0.82 (0.72, 0.95)

0.68 (0.36, 1.28)
0.65 (0.42, 1.01)
1.00 (0.68, 1.47)
1.09 (0.73, 1.64)
0.56 (0.41, 0.75)
0.75 (0.63, 0.90)

6.20
4.89

39.31
5.73
7.51

31.43
4.92

100.00

7.90
16.50
21.38
19.39
34.83

100.00

RR (95% CI) % weight

Conclusions

Many randomized controlled trials have directly assessed the 
effects of dietary vitamin E or supplementation on incidence 
of several cancers and showed an important role in prevent-
ing cancer occurrence and development [33,34]. However, no 
randomized controlled trials definitely show that vitamin E in-
take can reduce the risk of kidney cancer; therefore, such stud-
ies are indispensable and more persuasive.
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