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ABSTRACT 

Background. The relationship between vitamin E supplementation and the prevalence of chronic kidney disease ( CKD ) 
is unclear. We discussed the relationship between vitamin E intake and CKD prevalence and further investigated the 
effect on different CKD risk strata. 
Methods. We ultimately included 20 295 participants from the National Health and Nutrition Examination Survey 
( NHANES ) database from 2009 to 2016. Multiple logistic regression and restricted cubic splines ( RCS ) were applied to 
explore the relationship between vitamin E intake and CKD prevalence and risk stratification. Subgroup analysis was 
applied to assess the stability of the association between vitamin E intake and CKD. 
Results. In the CKD prevalence study, we found a negative association between high vitamin E intake and CKD 

prevalence through an adjusted multiple logistic regression model, the odds ratio ( OR ) was 0.86 [95% confidence interval 
( CI ) 0.74–1.00; P for trend = .041] and RCS showed a nonlinear negative correlation ( P -nonlinear = .0002, < .05 ) . In the CKD 

risk stratification study, we found that in very high–risk patients, the OR was 0.51 ( 95% CI 0.32–0.84; P for trend = .006 ) 
and the RCS also showed a nonlinear negative correlation ( P -nonlinear < .0001, < .05 ) . Subgroup analysis demonstrated 
that the correlations were stable across populations ( P -values > .01 for all interactions ) . 
Conclusion. Dietary vitamin E intake was negatively associated with the prevalence of CKD in US adults. Increased 
vitamin E intake was a protective factor across CKD risk strata, and as vitamin E intake increased, there was a non-linear 
downward trend in the proportion progressing to very high–risk CKD. 

LAY SUMMARY 

We used data from the National Health and Nutrition Examination Survey ( NHANES ) from 2009 to 2016 to analyze 
dietary vitamin E intake and the prevalence of chronic kidney disease ( CKD ) among US adults ( age ≥20 years ) . The 
results showed that the average daily intake of vitamin E among US adults was far below recommended levels and 
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that high vitamin E intake was negatively associated with the prevalence of CKD, with this negative association being 
more pronounced in the very high–risk stratum of CKD patients. Therefore, increasing vitamin E intake is expected to 
be an important preventive measure for CKD. 

GRAPHICAL ABSTRACT 

Keywords: chronic kidney disease, cross-sectional study, National Health and Nutrition Examination Survey, prevalence, 
vitamin E 
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NTRODUCTION 

he number of patients who have chronic kidney disease ( CKD ) 
s on the rise [ 1 ], with diabetes and hypertension causing the 
ajority of cases [ 2 , 3 ], affecting approximately 15%–20% of 
dults worldwide [ 4 ], and increasing the risk of adverse out- 
omes. CKD is the primary reason for catastrophic health ex- 
enditures ( health expenditures exceeding 40% of household 
ncome ) globally [ 5 ] and is predicted to become the fifth lead- 
ng cause of death worldwide by 2040 [ 6 ]. Currently, there is a 
arge gap in the treatment capacity for CKD around the world,
nd CKD patients in some areas are not receiving effective 
reatment such as dialysis and transplantation [ 7 , 8 ]. There- 
ore, it is necessary to ascertain preventive measures to reduce 
he prevalence of CKD. Some surveys have suggested that di- 
tary factors are related to the prevalence of CKD. The risk of 
eveloping CKD may be negatively associated with increased 
ber and potassium intake and moderate alcohol consump- 
ion, but positively associated with increased salt intake in the 
iet [ 9 –12 ]. 
b
Vitamin E is lipid-soluble and has an important function in 
reventing oxidative damage to cellular components [ 13 , 14 ].
owever, vitamin E can only be obtained from external sources 
nd is not synthesized in the body, so dietary intake of vitamin 
 is particularly important. The pro-oxidative setting produced 
y kidney impairment may enhance the need for vitamin E to 
rotect cells against lipid peroxidation [ 15 ]. Several cohort stud- 
es have demonstrated a negative or L-shaped association be- 
ween vitamin E intake and the prevalence of CKD [ 12 , 16 ], but
ne study has suggested a non-significant association [ 17 ]. In the 
ast studies, large sample size studies on the relationship be- 
ween vitamin E and CKD in the USA were limited, and the im-
act of differences in demographics and socio-economics and 
isease status on the association of vitamin E intake with CKD 

as not been adequately investigated. Therefore, we used Na- 
ional Health and Nutrition Examination Survey ( NHANES ) data 
rom 2009 to 2016 to perform a large cross-sectional survey to ex- 
lore the relationship between dietary vitamin E intake and CKD 

revalence in Americans, and further explored the relationship 
etween vitamin E intake and different CKD risk stratification. 



Vitamin E intake and CKD events in US adults 2561 

Figure 1: Flowchart of participant screening based on NHANES database from 

2009 to 2016. 
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ATERIALS AND METHODS 

tudy design and population 

HANES is a population-based investigation that serves as a 
esearch project to collect health and nutrition data from the
S household population [ 18 ]. We selected 23 266 subjects aged
20 years from NHANES data for the four survey cycles 2009–
6. We excluded data for which estimates of glomerular filtra-
ion rate ( eGFR ) or albumin-to-creatinine ratio ( ACR ) were miss- 
ng ( N = 1706 ) and those lacking dietary vitamin E intake data
 N = 1706 ) . In addition, subjects with daily vitamin E intakes
bove the mean ± 3 SD were excluded ( N = 218 ) . Eventually,
0 295 subjects were entered into the final analysis ( Fig. 1 ) .
or NHANES, the study protocol was authorized by the Cen-
ers for Disease Control’s Institutional Review Board, and in- 
ormed consent was signed by all participants included in the
tudy. 

tudy definitions 

e obtained information on participants’ dietary vitamin E 
ntake from the recall diet interview section of the NHANES 
atabase. The dietary recall interview was collected in per- 
on at a mobile examination center ( MEC ) , and the first 24-
 dietary vitamin E intake from that interview was defined
s the independent variable in this study. We defined the de-
endent variable as the presence of CKD, which in the cur-
ent study was mainly defined as a urinary ACR > 30 mg/g or
n eGFR < 60 mL/min/1.73 m 

2 [ 16 , 19 , 20 ]. Risk stratification
f CKD patients was also performed according to CKD staging
nd albuminuria grading, which were classified as moderate 
isk, high risk and very high risk [ 21 ]. Based on available clini-
al knowledge and studies, we also included factors that were
otentially associated with vitamin E intake and presence of 
KD. Demographic characteristics included age ( 20–40 years, 40–
0 years, > 60 years ) ; sex ( female/male ) ; race ( Mexican American,
on-Hispanic Black, non-Hispanic white, other races ) ; marriage 
 married/cohabiting with partner, widowed/divorced/separated,
ever married ) ; education ( < high school, high school, > high
chool ) ; and other potential correlates included body mass in-
ex ( BMI ) ( ≤25 kg/m 

2 , 25–30 kg/m 

2 , > 30 kg/m 

2 ) , high-density
ipoprotein ( HDL ) , total cholesterol ( TC ) , smoking status ( no/yes ) ,
iabetes ( no/yes ) , alcohol status ( no/yes ) , hypertension ( no/yes ) ,
erum potassium and serum sodium. BMI was calculated as
eight ( kg ) divided by height squared ( m 

2 ) . The definition of hy-
ertension is an average systolic blood pressure ≥130 mmHg or
n average diastolic blood pressure ≥80 mmHg [ 22 ]. Participants
ith glucose levels ≥126 mg/dL fasting or 2-h level > 200 mg/dL

 measured by an oral glucose tolerance test ) or treated with anti-
iabetic medication or diagnosed in self-report form were con-
idered to have diabetes [ 23 ]. The definition of smoking was at
east 100 cigarettes in a lifetime and drinking was defined as at
east 12 drinks per year. The simplified Modification of Diet in Re-
al Disease equation was used for the calculation of eGFR [ 24 ].
e performed random forest interpolation for covariates with
issing values [ 25 ]. 

tatistical analyses 

HANES uses a complex multi-stage probabilistic sampling sys-
em, and we also give appropriate weights to the data samples
uring the statistical and analytical process. Categorical vari-
bles are expressed as the number of people before weight-
ng ( weighted percentages ) , and continuous variables are ex-
ressed as the weighted mean ± standard error. Weighted anal-
sis of variance and weighted chi-square tests were used to an-
lyze continuous and categorical variables, respectively, so as
o discuss between-group differences in vitamin E intake. Daily
itamin E intake was divided into three groups of Q1, Q2 and Q3
ccording to the tertile level. Logistic regression models were ap-
lied to test the relationship between vitamin E intake and CKD,
sing the lowest tertile class Q1 as a reference. Three correction
odels were developed: Model 1 did not adjust for relevant fac-

ors, and Model 2 adjusted for basic characteristics such as age,
ace and gender. Model 3 adjusted for all potential correlates in-
luded ( age, sex, ethnicity, marital status, education level, BMI,
DL, TC, smoking status, alcohol status, diabetes, hypertension,
erum potassium and serum sodium ) . Dose–response relation-
hips between CKD prevalence and vitamin E intake were ex-
mined using restrictive cubic splines ( RCS ) curves. Subgroup
nalysis was stratified by age, sex, race, marital status, educa-
ion, BMI, smoking status, hypertension, diabetes mellitus and
lcohol status with the aim of discussing the stability of the as-
ociation between CKD prevalence and vitamin E intake in each
tratified subgroup. The interactions between the different co-
ariates were discussed by likelihood ratio tests and the results
f the subgroup analyses were visualized as forest plots. Patients
ith CKD are classified as moderate risk, high risk and very high
isk according to the risk classification. Logistic regression mod-
ls were also used to test the relationship between vitamin E in-
ake and different CKD risk stratification, using the lowest tertile
lass Q1 as a reference. We used R4.21 version for all analyses in
his study [ 19 , 26 , 27 ]. 

ESULTS 

aseline data characteristics 

 total of 40 439 participants were enrolled in this study, and
0 295 participants were selected after inclusion of relevant cri-
eria. A weighted population baseline table was made according
o the daily dietary vitamin E intake grading ( Q1 ≤5.060 mg/day,
2 5.060–8.770 mg/day, Q3 ≥8.770 mg/day ) ( Table 1 ) . Of these,
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Table 1: Baseline information, weighted. 

Vitamin E intake 

Characteristic Overall Q1 Q2 Q3 P -value 

N 20 295 6748 6778 6769 
Age, n ( % ) < .001 
20–40 years 7314 ( 38.1 ) 2273 ( 37.6 ) 2472 ( 37.7 ) 2569 ( 38.8 ) 
40–60 years 6848 ( 37.2 ) 2176 ( 34.5 ) 2250 ( 36.6 ) 2422 ( 39.7 ) 
> 60 years 6133 ( 24.8 ) 2299 ( 27.9 ) 2056 ( 25.7 ) 1778 ( 21.5 ) 

Gender, n ( % ) < .001 
Male 10 468 ( 51.8 ) 3987 ( 60.8 ) 3580 ( 54.0 ) 2901 ( 42.8 ) 
Female 9827 ( 48.2 ) 2761 ( 39.2 ) 3198 ( 46.0 ) 3868 ( 57.2 ) 

Race, n ( % ) < .001 
Mexican America 3036 ( 8.7 ) 1018 ( 8.8 ) 1081 ( 9.6 ) 937 ( 7.8 ) 
Non-Hispanic Black 4266 ( 11.2 ) 1526 ( 13.3 ) 1397 ( 11.4 ) 1343 ( 9.5 ) 
Non-Hispanic white 8423 ( 66.3 ) 2581 ( 62.2 ) 2772 ( 65.4 ) 3070 ( 70.2 ) 
Other races 4570 ( 13.8 ) 1623 ( 15.7 ) 1528 ( 13.7 ) 1419 ( 12.5 ) 

Marriage, n ( % ) < .001 
Married/living with partner 12 000 ( 62.2 ) 3708 ( 57.3 ) 4101 ( 63.4 ) 4191 ( 65.0 ) 
Widowed/divorced/separated 4454 ( 18.6 ) 1778 ( 23.1 ) 1446 ( 18.3 ) 1230 ( 15.4 ) 
Never married 3841 ( 19.2 ) 1262 ( 19.6 ) 1231 ( 18.3 ) 1348 ( 19.7 ) 

Education, n ( % ) < .001 
< High school 4872 ( 16.0 ) 2104 ( 21.7 ) 1549 ( 15.3 ) 1219 ( 12.1 ) 
High school 4506 ( 21.4 ) 1589 ( 24.4 ) 1550 ( 22.2 ) 1367 ( 18.4 ) 
> High school 10 917 ( 62.6 ) 3055 ( 53.9 ) 3679 ( 62.5 ) 4183 ( 69.5 ) 

BMI, n ( % ) < .001 
≤25 kg/m 

2 5876 ( 29.9 ) 1882 ( 28.3 ) 1956 ( 29.8 ) 2038 ( 31.3 ) 
25–30 kg/m 

2 6633 ( 33.0 ) 2136 ( 31.0 ) 2275 ( 33.1 ) 2222 ( 34.4 ) 
> 30 kg/m 

2 7786 ( 37.1 ) 3730 ( 40.7 ) 2547 ( 37.1 ) 2509 ( 34.3 ) 
HDL, mg/dL 53.75 ± 16.68 53.12 ± 16.68 54.10 ± 16.58 53.94 ± 16.76 .083 
TC, mg/dL 194.15 ± 41.25 194.75 ± 42.36 194.44 ± 41.49 193.42 ± 40.14 .332 
Smoking status, n ( % ) .005 
No 11 369 ( 55.6 ) 3704 ( 53.1 ) 3863 ( 57.1 ) 3805 ( 56.2 ) 
Yes 8926 ( 44.4 ) 3044 ( 46.9 ) 2918 ( 42.9 ) 2964 ( 43.8 ) 

Diabetes, n ( % ) < .001 
No 16 499 ( 85.7 ) 5291 ( 83.2 ) 5540 ( 85.8 ) 5668 ( 87.4 ) 
Yes 3796 ( 14.3 ) 1457 ( 16.8 ) 1238 ( 14.2 ) 1101 ( 12.6 ) 

Alcohol status, n ( % ) < .001 
No 9211 ( 36.9 ) 3616 ( 44.9 ) 3040 ( 36.5 ) 2555 ( 30.9 ) 
Yes 11 084 ( 63.1 ) 3132 ( 55.1 ) 3738 ( 63.5 ) 4214 ( 69.1 ) 

Hypertension, n ( % ) .003 
No 9676 ( 51.6 ) 3001 ( 48.7 ) 3251 ( 52.4 ) 3424 ( 53.2 ) 
Yes 10 619 ( 48.4 ) 3747 ( 51.3 ) 3527 ( 47.6 ) 3345 ( 46.8 ) 

Serum potassium, mmol/L 3.97 ± 0.33 3.95 ± 0.34 3.97 ± 0.32 3.99 ± 0.32 < .001 
Serum sodium, mmol/L 139.15 ± 2.17 139.14 ± 2.20 139.20 ± 2.18 139.11 ± 2.14 .233 
eGFR, mL/min1.73 m 

2 92.54 ± 25.33 91.65 ± 25.85 92.64 ± 26.99 93.15 ± 23.31 .022 
ACR, mg/g 33.05 ± 242.85 42.72 ± 293.50 31.77 ± 237.32 26.59 ± 199.90 .002 
CKD, n ( % ) < .001 
No 16 578 ( 85.0 ) 5321 ( 82.5 ) 5547 ( 84.5 ) 5710 ( 87.4 ) 
Yes 3717 ( 15.0 ) 1427 ( 17.5 ) 1231 ( 15.5 ) 1059 ( 12.6 ) 

Mean ± standard error for continuous variables, percentages ( % ) for categorical variables. 

Q1, ≤5.060 mg/day; Q2, 5.060–8.770 mg/day; Q3, ≥ 8.770 mg/day ) . 
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8.2% were female, 51.8% were male, 8.7% were Mexican Amer- 
can, 11.2% were non-Hispanic Black, 66.3% were non-Hispanic 
hite and 13.8% were other races. In addition, 66.2%, 18.6% and 
9.2% of participants were married/living with a partner, wid- 
wed/divorced/separated and never married, respectively. In ad- 
ition, 62.6% had education higher than high school, 21.4% had 
nly high school education and 16.0% had education lower than 
igh school. Furthermore, 14.3% had diabetes mellitus, 48.4% 

ad hypertension, 44.4% smoked and 63.1% drank alcohol. The 
eighted overall prevalence of CKD in this study was 15.0%, and 
KD prevalence was higher in participants in the low vitamin E 
ntake tertile than in those in the high vitamin E intake tertile 
 Q1, 17.5%; Q2, 15.5%; Q3, 12.6% ) . 

he relationship between vitamin E and CKD 

o avoid the influence of extreme data on the statistical anal- 
sis, data > 3 SD from the mean of vitamin E intake have been
xcluded before including the final data. We performed a mul- 
ifactorial logistic regression analysis ( Table 2 ) , in which Model 
 was unadjusted for correlates and Model 2 was adjusted for 
asic characteristics such as age, race and gender. Model 3 



Vitamin E intake and CKD events in US adults 2563 

Table 2: Findings from a multiple logistic regression analysis of the association between vitamin E intake and CKD, weighted. 

OR ( 95% CI ) 
Actual population 

numbers 
Weight percentage 
of population ( % ) Model 1 Model 2 Model 3 

Q1 6748 29.4 Ref Ref Ref 
Q2 6778 33.0 0.86 ( 0.76, 0.97 ) 0.90 ( 0.79, 1.03 ) 0.97 ( 0.85, 1.11 ) 
Q3 6769 37.5 0.68 ( 0.59, 0.77 ) 0.78 ( 0.67, 0.90 ) 0.86 ( 0.74, 1.00 ) 
P for trend < .001 .001 .041 

Q1, ≤ 5.060 mg/day; Q2, 5.060–8.770 mg/day; Q3, ≥ 8.770 mg/day. 
Model 1: adjusted for no covariates. 
Model 2: adjusted for basic characteristics such as age, ethnicity and gender. 

Model 3: adjusted for all potential correlates. 

Figure 2: ( A ) RCS curves describing the dose–response relationship between vitamin E intake and CKD. ( B ) RCS curves describing the dose–response relationship 
between vitamin E intake and very high–risk stratification for CKD. The following covariates were adjusted for: age, sex, race, marital status, education level, BMI, HDL, 
TC, smoking status, alcohol status, diabetes mellitus, hypertension, serum sodium and serum potassium. 
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djusted for all potential correlates included. In the analyses,
he OR ( referenced to Q1 ) were 0.86 ( 95% CI 0.76–0.97 ) and 0.68
 95% CI 0.59–0.77 ) in the 2nd tertile and 3rd tertile in Model 1,
.90 ( 95% CI 0.79–1.03 ) and 0.78 ( 95% CI 0.67–0.90 ) in Model 2,
nd 0.97 ( 95% CI 0.85–1.11 ) and 0.86 ( 95% CI 0.74–1.00 ) in Model
. The P for trend of the above models were < .001, 0.001 and
.041, respectively. This means that the prevalence of CKD tends
o decrease as vitamin E intake increases. In addition, we plot-
ed the dose–response relationship between CKD events and 
itamin E intake based on RCS and found a strong nonlinear
egative correlation ( P -nonlinear = .0002, < .05 ) ( Fig. 2 ) . Finally,
e further performed risk stratification for CKD patients, us- 

ng the logistic regression method described above. The results 
f the adjusted Model 3 showed that in moderate-risk CKD pa-
ients, the OR of high vitamin E intake Q3 was 0.92 ( 95% CI 0.78–
.08; P for trend = .267 ) . In high-risk patients, the OR was 0.77
 95% CI 0.57–1.03; P for trend = .006 ) . In very high–risk patients,
he OR was 0.51 ( 95% CI 0.32–0.84; P for trend = .006 ) ( Table 3 ) ,
nd RCS showed nonlinear ( P -nonlinear < .0001, < .05 ) correla-
ions ( Fig. 2 ) . In conclusion, there was a stable negative corre-
ation between high intake of vitamin E and the prevalence of
KD, and in the multivariate adjusted model, high vitamin E in-
ake reduced the risk of CKD by 8% for moderate risk, 23% for
igh risk and 49% for very high risk compared with low vitamin
 intake. 
i
ubgroup analysis 

e performed subgroup analyses and drew forest plots to vi-
ualize the results ( Fig. 3 ) , and analyzed the interactions be-
ween CKD and the categorical variables in the study. The results
emonstrated a stable negative association between high vita-
in E intake and the incidence of CKD events ( P -values > .01 for
ll interactions ) in people with different demographic character- 
stics, lifestyle habits and disease status. 

ISCUSSION 

n the study, we investigated the relationship between the preva-
ence of CKD and dietary vitamin E intake in the US adult popu-
ation. A total of 20 295 participants were enrolled in this study,
ith a mean daily dietary vitamin E intake of 8.43 mg ± 5.41/day,

ar below the recommended level ( 15 mg/day for individuals
 14 years of age ) [ 28 ]. The overall prevalence of CKD was 15.0%.
n multivariate logistic regression analysis, higher vitamin E
ntake was found to be independently associated with lower
revalence of CKD after controlling for relevant covariates, and
his association became stronger as the CKD risk classification
ncreased. By plotting RCS curves, we found a negative correla-
ion between vitamin E intake and the prevalence of CKD. There-
ore, supplemental vitamin E intake appears to contribute signif-
cantly to the prevention of CKD. 
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Table 3: Findings of a multiple logistic regression analysis of the association between vitamin E intake and CKD risk stratification, weighted. 

Stratification factors Cases/non-cases Q1 Q2 Q3 P for trend 

CKD cases with moderate risk of progression 2552/16 578 
Model 1 Ref 0.92 ( 0.80, 1.07 ) 0.77 ( 0.66, 0.90 ) < .001 
Model 2 Ref 0.95 ( 0.82, 1.11 ) 0.86 ( 0.74, 1.00 ) .049 
Model 3 Ref 1.01 ( 0.86, 1.18 ) 0.92 ( 0.78, 1.08 ) .267 

CKD cases with high risk of progression 714/16 578 
Model 1 Ref 0.87 ( 0.66, 1.14 ) 0.57 ( 0.43, 0.75 ) < .001 
Model 2 Ref 0.93 ( 0.68, 1.26 ) 0.70 ( 0.52, 0.95 ) .026 
Model 3 Ref 1.01 ( 0.75, 1.37 ) 0.77 ( 0.57, 1.03 ) .083 

CKD cases with very high risk of progression 451/16 578 
Model 1 Ref 0.52 ( 0.40, 0.67 ) 0.32 ( 0.23, 0.47 ) < .001 
Model 2 Ref 0.58 ( 0.44, 0.76 ) 0.46 ( 0.31, 0.69 ) < .001 
Model 3 Ref 0.62 ( 0.44, 0.86 ) 0.51 ( 0.32, 0.84 ) .006 

Please refer to Table 2 for details. 

Figure 3: Forest plots for subgroup analysis. Subgroup analysis was stratified by age, gender, race, marital status, education level, BMI, smoking status, diabetes, 
hypertension and alcohol status. 
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Currently, the relationship between vitamin E and CKD 

revalence remains unclear. In a prospective cohort study in Iran 
ontaining 1692 participants, a negative association between di- 
tary vitamin E intake and the prevalence of CKD was suggested 
 12 ], while another study containing 8901 participants found 
o correlation between Korean individuals [ 17 ]. Meanwhile, a 
rospective study of 4038 participants from four US urban areas 
n young adults aged 18–30 years suggested an L-shaped associa- 
ion between dietary vitamin E intake and the prevalence of CKD 

 16 ]. These conflicting results may be due to differences in the
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umber of participants, age, dietary habits, economic conditions 
nd ethnic background. For this reason we conducted a cross-
ectional study with a large sample using the NHANES database
tratified multi-stage probability sampling method and assign- 
ng weights to the sample data in order to explore the associa-
ion between dietary vitamin E intake and the incidence of CKD
n all ≥20-year-old adults in the USA, and the results showed a
egative correlation. 
The biological mechanism of this potential association is not 

et clear. On one hand, as CKD progresses further, patients are
t increased risk for oxidative damage and lipid abnormalities,
hich may impair the absorption and antioxidant effect of vita-
in E [ 29 , 30 ]. One review has shown that a relative lack of vita-
in E was seen in CKD [ 15 ]. On the other hand, several studies
ave shown that vitamin E scavenges fatty hydrogen peroxide 
adicals through its H-atom donor properties and partially alle- 
iates oxidative damage and hyperlipid peroxidation in CKD [ 15 ,
1 , 32 ]. In addition, vitamin E can function as a lipophilic radical-
rapping antioxidant to inhibit ferroptosis [ 33 ], which is cur-
ently considered one of the most important causes of nephron
oss [ 34 ]. However, the effect of vitamin E as an antioxidant and
utritional material in controlling further progression and de- 
enerative transformation of tissues in CKD still needs further 
nvestigation. Supplementation with more vitamin E in patients 
ho receive HD may be useful to improve the vitamin E/lipid ra-
io to reduce oxidative damage in tissues [ 30 ], and a randomized
ontrolled study shows that increasing vitamin E intake can re-
uce the risk of progression of diabetic nephropathy [ 35 ]. Recent
tudies suggest that hemodialysis with vitamin E–coated mem- 
ranes may improve anemia by decreasing oxidative stress and 
nflammatory status [ 36 –38 ]. Although vitamin E has been used
o treat some patients with CKD, further research is necessary
o ascertain whether increasing vitamin E intake can be an im-
ortant preventive measure for CKD. 
Some strengths of this study are worth mentioning. First,

ur data were obtained from the NHANES database and the
eliability of the results was enhanced by the use of appropriate
eights and adjustment for confounding factors during the 
tatistical analysis. Second, this is the first study comprising 
 large national sample ( n = 20 295 ) to assess the relationship
etween daily vitamin E intake and CKD prevalence in US
dults. In addition, we further performed risk stratification of 
KD cases and explored the effect of different vitamin E intakes
n different CKD risk strata. However, limitations of the study
xist. First, since this is a cross-sectional study, it can only
how that there is an association between vitamin E intake and
KD, and no causal relationship can be established. Second,
here may be selection bias, as many subjects were excluded
rom the study due to missing or unavailable data. Finally, we
sed dietary data from the first 24-h dietary recall interview
hich may be subject to recall bias and do not fully reflect each

ndividual’s vitamin E intake. 

ONCLUSIONS 

n conclusion, our investigators found that dietary vitamin E in-
ake was negatively associated with the prevalence of CKD in
S adults and that the average intake of vitamin E in US adults
as far below the recommended intake. When risk stratification 
or CKD was performed, increased daily vitamin E intake was a
rotective factor across CKD risk strata. As daily vitamin E in-
ake increased, there was a non-linear downward trend in the
roportion progressing to very high–risk CKD. Therefore, higher 
ntake of vitamin E is expected to be a primary prevention mea-
ure for CKD and to reduce the prevalence of CKD. 
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