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ABSTRACT

Background: The prospective relationship between plasma vitamin E levels and proteinuria
remains uncertain. We aimed to evaluate the association between baseline plasma vitamin
E levels and the development of proteinuria and examine any possible effect modifiers in
patients with hypertension. Methods: This was a post hoc analysis of the renal sub-study of
the China Stroke Primary Prevention Trial (CSPPT). In total, 780 participants with vitamin E
measurements and without proteinuria at baseline were included in the current study. The
study outcome was the development of proteinuria, defined as a urine dipstick reading of
a trace or = 1+ at the exit visit. Results: During a median follow-up duration of 4.4 years, the
development of proteinuria occurred in 93 (11.9%) participants. Overall, there was an inverse
relationship between plasma vitamin E and the development of proteinuria (per standard
deviation [SD] increment; odds ratio [OR]: 0.73, 95% confidence interval [CI]: 0.55-0.96).
Consistently, when plasma vitamin E was assessed as quartiles, lower risk of proteinuria
development was found in participants in quartiles 2—4 (= 7.3 pg/mL; OR: 0.57, 95% CI:
0.34-0.96) compared to those in quartile 1. None of the variables, including sex, age, and
body mass index, significantly modified the association between vitamin E and proteinuria
development. Conclusion: There was a significant inverse association between plasma
vitamin E levels and the development of proteinuria in patients with hypertension. The results
were consistent among participants with different baseline characteristics.
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INTRODUCTION

Proteinuria is a consequence of increased
albumin leakage due to increased
intraglomerular pressure and glomerular
capillary wall permeability.l"? In a
cross-sectional survey of a nationally
representative sample of Chinese adults,
the overall prevalence of proteinuria
was 9.4%,P underscoring the substantial

population burden of proteinuria.
As a biomarker of microvascular and
macrovascular endothelial dysfunction,?”
proteinuria is not only a marker for renal
disease,”! but also a strong predictor of
the risk of cardiovascular events and
mortality.>*! Moreover, an individual patient
meta-analysis reported that a reduction in
proteinuria was associated with a lower
risk of end-stage renal disease or death.l”
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However, traditional risk factors, such as primary kidney
disease, hypertension, diabetes, and obesity, do not account
for all risks of proteinuria.l! Therefore, there is an urgent
need to identify important and modifiable risk factors for
proteinuria to prevent its development and related diseases.
To this end, the association between vitamins and the risk
of proteinuria in diabetes or kidney disease patients has
received considerable attention.®”)

Vitamin E is an essential, fat-soluble vitamin. Itis abundantly
present in seeds and edible oils."”? Once ingested, vitamin E
is taken up by intestinal cells and released into circulation
in chylomicrons."!! Vitamin E is a potent antioxidant
with strong anti-inflammatory properties."! As such, it
is speculated that a link may exist between vitamin E and
proteinuria. Indeed, in streptozotocin-induced diabetic
rats,'? antioxidant treatment with vitamin E normalized
renal dysfunction, such as albuminuria and glomerular
hypertension. However, data on the association between
vitamin E and proteinuria are inconsistent between
cross-sectional studies™> 3 or clinical trials,"*? and
the prospective association between vitamin E and the
development of proteinuria remains uncertain.

Therefore, to address the aforementioned gap, our current
study, a post hoc analysis of the renal sub-study of the
China Stroke Primary Prevention Trial (CSPPT), aimed
to evaluate the prospective association between plasma
vitamin E levels and the development of proteinuria and
examine any possible effect modifiers among patients with
hypertension.

MATERIALS AND METHODS

Study participants

The study design, methods, and major results of the
CSPPTP**Iand the renal sub-study of the CSPPT”**" have
been previously described in detail. Briefly, the CSPPT was
a multi-community, randomized, double-blind, controlled
trial conducted between May 19, 2008 and August 24, 2013
in 32 communities in China. Eligible participants were men
and women aged 4575 years with hypertension, defined as
seated, resting systolic blood pressure (SBP) = 140 mmHg
or diastolic blood pressure (DBP) = 90 mmHg at both
the screening and recruitment visits or those who were
taking antihypertensive medication. The major exclusion
criteria were a history of physician-diagnosed stroke,
myocardial infarction (MI), heart failure, post-coronary
revascularization, and/or congenital heart disease. The
CSPPT found that among adults with hypertension in
China without a history of stroke or MI, the combined
use of enalapril and folic acid, compared to enalapril alone,
significantly reduced the risk of first stroke.*!

The renal sub-study of the CSPPT (» = 15,104) enrolled
eligible CSPPT participants from 20 communities in Jiangsu
province, excluding those with an estimated glomerular
filtration rate (eGFR) < 30 ml./min/1.73m? or with
missing eGFR at baseline. The CSPPT renal sub-study
reported that enalapril-folic acid therapy, compared to
enalapril alone, can significantly delay the progression of
chronic kidney disease (CKD) in patients with mild-to-
moderate CKD."*!

A total of 1500 baseline participants from the CSPPT were
randomly selected for the vitamin E measurements. The
current study included participants from the renal sub-
study of the CSPPT who had vitamin E measurements
and had complete data on urine protein status at both the
baseline and exit visits, as well as urine dipstick readings
of none at baseline (Supplemental Figure 1).

Both the parent study and this study were approved by
the ethics committee of the Institute of Biomedicine,
Anhui Medical University, Hefei, China (FWA assurance
number: FWA00001263). All participants provided written
informed consent.

Intervention and follow-up

Eligible participants were randomly assigned, in a 1:1 ratio,
to one of two treatment groups: a daily oral dose of one
tablet containing 10 mg enalapril and 0.8 mg folic acid (the
enalapril-folic acid group) or a daily oral dose of one tablet
containing 10 mg enalapril only (the enalapril-only group).

During the trial period, concomitant use of other
antihypertensive drugs was allowed if the blood pressure was
not properly controlled. The participants were followed up
every 3 months. At each visit, blood pressure was measured,
the number of pills taken between visits was counted, and
concomitant medications and adverse events were recorded.

Laboratory assays

Serum and spot urine samples were collected from the
participants at both the baseline and exit visits. Serum folate
and vitamin B12 levels were measured in a commercial
laboratory using chemiluminescent immunoassay
(New Industrial). Total homocysteine (tHcy), lipid, and
glucose levels were measured using automatic clinical
analyzers (Beckman Coulter) at the core laboratory of the
National Clinical Research Center for Kidney Disease,
Nanfang Hospital, Guangzhou, China. Plasma vitamin E
(a-tocopherol) was measured using liquid chromatography
with tandem quadrupole mass spectrometry (LC-MS/
MS) in a commercial laboratory (Beijing DIAN Medical
Laboratory, China). Proteinuria was determined using
a dipstick test (Dirui-H100; Jilin, China). eGFR was
calculated using the Chronic Kidney Disease Epidemiology
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Collaboration (CKD-EPI) equation.

Outcomes

The study outcome was the development of proteinuria,
defined as a urine dipstick reading of a trace or = 1+ at
the exit visit.

Statistical analysis

Baseline characteristics are presented as the mean (standard
deviation [SDJ) for continuous vatiables or proportions for
categorical variables by vitamin E quartiles. Differences in
characteristics were compared using analysis of variance
(ANOVA), chi-square test, or Fisher’s exact test.

Multivariable logistic regression models were used to
examine the relationship between baseline plasma vitamin
E levels and the development of proteinuria, with and
without adjustments for sex, age, treatment group, body
mass index (BMI), SBP, eGFR, total cholesterol (TC),
triglycerides (T'G), high-density lipoprotein cholesterol
(HDL-C), fasting glucose, tHcy, smoking and alcohol
drinking status, use of antihypertensive drugs at baseline,
and time-averaged SBP during the treatment period.

In the stratified analysis, possible modifications of the
association between baseline plasma vitamin E and the
development of proteinuria were assessed for the following
variables: sex, age (< 60 and = 60 years), BMI (< 24,
24-<28,and = 28 kg/m?), treatment group (enalapril and
enalapril-folic acid), SBP (< 160 and = 160 mmHg), tHcy
(< 12.4 [median] and = 12.4 pmol/L), TC (< 5.2and = 5.2
mmol/L), eGFR (< 90 and = 90 mL./min/1.73 m?), and
fasting glucose (< 5.6, 5.6-< 7.0 mmol/L, and diabetes)
at baseline and time-averaged SBP during the treatment
period (< 140 and = 140 mmHg). Diabetes was defined as
fasting glucose = 7.0 mmol/L, the use of glucose-lowering
drugs, or a self-reported history of diabetes.

A two-tailed P < 0.05 was considered to be statistically
significant in all analyses. The R software, version 3.5.0
(R Foundation for Statistical Computing, Vienna, Austria,
http://www.R-project.org/) was used for all statistical
analyses.

RESULTS

Study participants and baseline characteristics
As illustrated in the flowchart (Supplementary Figure 1), 780
participants were included in the final analysis. Participants
excluded from the analysis did not differ substantially in
their baseline characteristics from those included in the
analysis (Supplementary Table 1).

The baseline characteristics of the participants are presented

as plasma vitamin E quartiles (Table 1). Participants with
higher plasma vitamin E levels tended to have higher TG,
TC, HDL-C, fasting glucose, and folate levels and lower
frequency of use of antihypertensive and antiplatelet drugs.
Moreover, the key baseline characteristics were similar
between the two treatment groups (Supplementary Table 2).

Association between plasma vitamin E and the
development of proteinuria

During a median of 4.4 years of follow-up, the development
of proteinuria occurred in 92 (11.8%) participants.
Participants with urine dipstick readings of trace or = 1+
tended to have lower levels of plasma vitamin E compared
to those without proteinuria (8.8 + 2.7 5. 9.6 + 3.5 pg/mlL,
P =0.033), and the plasma vitamin E levels were similar
for participants with urine dipstick readings of trace
(8.7 £ 2.8 pg/mL) or = 1+ (8.9 + 2.6 pg/mL) (P = 0.757)
(Supplemental Table 3).

The association between vitamin E levels and the
development of proteinuria is shown in Figure 1. Overall,
there was an inverse relationship between plasma vitamin
E and the development of proteinuria (per SD increment;
odds ratio [OR]: 0.73, 95% confidence interval [CI]: 0.55—
0.96). Consistently, when plasma vitamin E was assessed

1.0

Adjusted log-OR of Proteinuria Development

Vitamin E, pyg/mL

Figure 1: The relationship of plasma vitamin E with the development of
proteinuria in patients with hypertension. Adjusted for age, sex, body mass
index, treatment group, smoking status, alcohol intake, SBP, eGFR, fasting
glucose, total cholesterol, triglycerides, high-density lipoprotein cholesterol,
total homocysteine, use of antihypertensive drugs at baseline, and time-
averaged SBP during treatment. SBP: systolic blood pressure; eGFR: estimated
glomerular filtration rate.

80 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / JAN-FEB 2024 / VOL 12 | ISSUE 1



He et al.: Plasma vitamin E and proteinuria development

Table 1: Characteristics of study participants by vitamin E quartiles

Characteristics Q1(<7.3pg/mL) Q2(7.3-<8.8pug/mL) Q3(8.8-<11.3pg/mL) Q4 (= 11.3 yg/mL) P-value
Male, n (%) 81 (41.5) 69 (35.4) 61 (31.3) 70 (35.9) 0.211
Age, years 60.0 (7.8) 59.7 (7.7) 58.8 (7.2) 59.6 (7.5) 0.487
BMI, kg/m? 25.5 (3.7) 25.2 (3.5) 25.6 (3.6) 25.9 (3.6) 0.271
BP, mmHg
Baseline SBP 164.9 (19.5) 167.0 (19.3) 165.1 (17.7) 165.9 (20.5) 0.702
Baseline DBP 93.5 (11.7) 93.9 (12.3) 95.0 (11.7) 93.4 (11.5) 0.535
Time-averaged SBP 139.3 (9.9) 138.9 (9.8) 139.4 (10.1) 138.2 (10.6) 0.628
Time-averaged DBP 82.8 (7.1) 83.4 (7.0) 83.5 (7.2) 82.7 (7.1) 0.583
Enalapril-folic acid, n (%) 104 (53.3) 91 (46.7) 97 (49.7) 97 (49.7) 0.628
Current smoking, n (%) 49 (25.1) 41 (21.0) 33 (16.9) 47 (24.1) 0.257
Current alcohol drinking, n (%) 40 (20.5) 38 (19.5) 38 (19.6) 52 (26.7) 0.413
Laboratory results
Triglycerides, mmol/L 1.5 (0.7) 1.6 (0.8) 1.7 (0.8) 2.0(1.2) <0.001
Total cholesterol, mmol/L 5.0 (1.0) 5.5 (1.0) 5.9 (1.0) 6.1(1.1) <0.001
HDL-C, mmol/L 1.2 (0.3) 1.3 (0.3) 1.4 (0.4) 1.4 (0.4) <0.001
Glucose, mmol/L 5.6 (1.0) 5.9 (1.5) 6.0 (1.7) 6.2 (2.4) 0.006
Total homocysteine, umol/L 14.6 (7.8) 14.6 (8.6) 14.4 (9.0) 14.1 (9.2) 0.946
Folate, ng/mL 7.0 (3.0) 7.6 (2.7) 7.6 (2.9) 8.3 (3.5) <0.001
Vitamin B12, pg/mL 395.1 (174.9) 390.6 (113.8) 404.8 (150.3) 417.2 (154.2) 0.312
eGFR, mL/min/1.73m? 94.0 (10.7) 93.4 (12.4) 95.6 (11.6) 95.8 (12.7) 0.114
Medication use, n (%)
Antihypertensive drugs 106 (54.4) 81 (41.5) 102 (52.3) 88 (45.1) 0.037
Lipid-lowering drugs 1(0.5) 1 (0.5) 0 0 1.000
Glucose-lowering drugs 2 (1.0) 1 (0.5) 4 (2.1) 4(2.1) 0.536
Antiplatelet drugs 15 (7.7) 6 (3.1) 11 (5.6) 2 (1.0) 0.008

Variables are presented as mean (SD) or n (%). The sample size in each group is 195. BP: blood pressure; SBP: systolic blood pressure; DBP: diastolic blood
pressure; eGFR: estimated glomerular filtration rate; HDL-C: high-density lipoprotein cholesterol; BMI: body mass index.

as quartiles, a lower risk of proteinuria development (OR:
0.57, 95% CI: 0.34-0.96) was found in participants in
quartile 2—4 (= 7.3 pg/mL) compared to those in quartile
1 (< 7.3 pg/mlL) (Table 2).

Additionally, during the treatment period, participants with
higher plasma vitamin E levels had a lower frequency of
diuretic use (Supplementary Table 4). However, further
adjustments for diuretic use did not substantially change
the results (Supplementary Table 5).

Stratified analyses by potential effect modifiers

Stratified analyses were performed to assess the relationship
between vitamin E (per SD increment) and proteinuria
development in various subgroups (Figure 2). None of the
variables, including sex, age, BMI, treatment group, SBP,
tHey, TC, eGFR, and glucose levels at baseline or time-

averaged SBP during the treatment period, significantly
modified the association between vitamin E and proteinuria
development (P-value for all interactions > 0.05) (Figure 2).

DISCUSSION

Our current study demonstrated that plasma vitamin E
levels were inversely associated with the development of
proteinuria among patients with hypertension. The results
were consistent among participants with different baseline
characteristics.

Clinical trials have been conducted to evaluate the effect
of vitamin E supplementation on proteinuria. However,
most of these trials were conducted in patients with
diabetes!""*" and/or renal diseases ! and they reported
inconsistent effects of vitamin E supplementation on
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Subgroup

Sex
Male
Female
Age, years
<60
260
BMI, kg/m?
<24
24-<28
228
Treatment group
Enalapril-folic Acid
Enalapril
Baseline SBP, mmHg
<160
=160
Time-averaged SBP, mmHg
<140
2 140
Homocysteine, pmol/L
<124
=124
Total cholesterol, mmol/L
<52
=52
eGFR, mL/min/1.73m?
<90
290
Glucose, mmol/L
<56
5.6-<7.0
Diabetes

Figure 2: Stratified analyses by potential effect modifiers for the development of proteinuria. Adjusted for age, sex, body mass index, treatment group, smoking
status, alcohol intake, SBP, eGFR, fasting glucose, total cholesterol, triglycerides, high-density lipoprotein cholesterol, total homocysteine, use of antihypertensive
drugs at baseline, and time-averaged SBP during treatment. Boxes denote ORs and lines represent 95% Cls. SBP: systolic blood pressure; eGFR: estimated

N Events (%)

281
499

430
350

268
322
190

389
391

300
480

436
344

390
390

283
497

227
553

392
292
96

36(12.8)
56(11.2)

56(13.0)
36(10.3)

35(13.1)
35(10.9)
22(11.6)

50(12.9)
42(10.7)

36(12.0)
56(11.7)

55(12.6)
37(10.8)

54(13.8)
38(9.7)

33(11.7)
59(11.9)

27(11.9)
65(11.8)

46(11.7)
33(11.3)
13(13.5)

glomerular filtration rate; ORs: odds ratios; Cls: confidence intervals.

OR (95%Cl)

. 0.73(0.49,1.10)

. 0.72(0.51,1.02)

. 0.79(0.56,1.10)
0.63(0.40,0.99)

o 0.84(0.54,1.30)
0.54(0.35,0.83)
. 0.99(0.60,1.63)

. 0.71(0.50,1.01)
- 0.75(0.51,1.10)

o 0.76(0.50,1.16)

. 0.70(0.50,0.98)

. 0.67(0.47,0.95)

. 0.81(0.54,1.20)

. 0.66(0.46,0.95)

o 0.81(0.56,1.19)

. 0.73(0.44,1.21)
o 0.71(0.51,0.98)

0.65(0.38,1.11)

- 0.75(0.55,1.03)

. 0.77(0.54,1.09)

0.65(0.39,1.08)

. 0.70(0.36,1.35)
1 1

proteinuria. Notably, these trials mainly examined the

effects of relatively high vitamin E supplementation in

high-risk populations rather than the effects of vitamin

E levels in the general population. In addition, studies

on the relationship of vitamin E with proteinuria in the

general population are inconsistent.">" The International

Population Study on Macronutrients and Blood Pressure
(INTERMAP) reported that dietary vitamin E intake was
inversely related to microalbuminuria in men but not in

women.!") Howevet, Ford ¢z al!™ reported that vitamin

E concentrations were not significantly associated with
microalbuminuria among adults in the USA. However,
these previous studies were cross sectional in design
and were not useful in determining the temporal and
causal relationships between vitamin E and proteinuria.
Therefore, the prospective association between vitamin
E levels and proteinuria remains unknown. Our current
prospective study provides an opportunity to assess the
temporal and dose-response relationship between plasma
vitamin E levels and the development of proteinuria. This

P for interaction

0.952

0.422

0.137

0.843

0.758

0.461

0.423

0.939

0.617

0.855
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Table 2: The association between plasma vitamin E and the development of proteinuria

Vitamin E, pg/mL

n

Events, n (%)

Crude models

Adjusted models*

OR (95% CI) P-value OR (95% Cl) P-value

Continuous (per SD increment) 780 92 (11.8) 0.77 (0.60, 0.98) 0.033 0.73 (0.55, 0.96) 0.023
Quartiles

Q1 7.3) 195 31 (15.9) ref. — ref. —

Q2 (7.3-< 8.8) 195 21 (10.8) 0.64 (0.35, 1.16) 0.138 0.58 (0.32, 1.08) 0.087

Q3 (8.8-< 11.3) 195 20 (10.3) 0.60 (0.33, 1.10) 0.101 0.58 (0.31, 1.11) 0.099

Q4 (=2 11.3) 195 20 (10.3) 0.60 (0.33, 1.10) 0.101 0.55 (0.28, 1.08) 0.083
Categories

Q1 7.3) 195 31 (15.9) ref. — ref. —

Q2-Q04 (= 7.3) 585 61 (10.4) 0.62 (0.39, 0.98) 0.042 0.57 (0.34, 0.96) 0.034

*Adjusted for age, sex, body mass index, treatment group, smoking status, alcohol intake, SBP, eGFR, fasting glucose, total cholesterol, triglycerides, high-
density lipoprotein cholesterol, total homocysteine, use of antihypertensive drugs at baseline, and time-averaged SBP during treatment. Cl: confidence interval;
eGFR: estimated glomerular filtration rate; OR: odds ratio; SBP: systolic blood pressure; SD: standard deviation.

study had not only baseline vitamin E concentrations,
but also all pertinent clinical information and laboratory
measurements, including lipids, glucose, and eGFR. Most
importantly, this study used urine dipstick tests at both
the baseline and exit visits, allowing us to define the
development of proteinuria. To the best of our knowledge,
this is the first study of this type in a Chinese hypertensive
population.

Our findings make new contributions to this field.
This prospective study allowed us to assess temporal
and dose—response relationships. We found that higher
vitamin E levels were significantly associated with a lower
risk of proteinuria. Although the biological mechanisms
underlying the observed protective relationship between
vitamin E and the development of proteinuria remain
to be determined, our findings are biologically plausible.
Oxidative stress induces cellular apoptosis, glomerular
distortion, and regression of podocyte foot processes,
with consequent loss of integrity of the glomerular
barrier. Reactive oxygen species (ROS) overproduction
leads to the increased formation of advanced glycation
end products (AGEs), impairs endothelial-derived nitric
oxide synthase (e-NOS) activity, and activates polyol,
protein kinase C (PKC), and nuclear factor kB (NF-«B)
pathways.”**I As a small-molecule antioxidant, vitamin E
can bind to various active oxidant species (e.g., superoxide
free radicals) and defend against damage caused by ROS.P"!
Animal models have shown that vitamin E supplementation
could activate diacylglycerol kinase, an enzyme that, by
reducing the circulating levels of diacylglycerol, prevents
abnormal activation of PKC and the regression of
podocytes.’'! Moreover, researchers have indicated that
the administration of vitamin E can enhance the activity

of the NO/iNOS system 7 vivo.’?! A previous study also
showed that tocotrienol supplementation could inhibit the
NF-«B pathway and reduce the inflammatory response.t”’
In addition, vitamin E supplementation in type 1 diabetes
has been associated with a reduction in the plasma levels
of monocyte chemoattractant protein-1 (MCP-1), a
chemokine involved in the recruitment of inflammatory
cells in the peripheral tissues, which confirms the possible
positive effect of vitamin E on inflammation.’ All of these
mechanisms may explain the potential beneficial effects of
vitamin E on proteinuria.

The limitations of the present study should be noted.
First, we only measured a-tocopherol in plasma and could,
therefore, not specify the levels of other different chemical
forms of vitamin E (eg., y-tocopherol and tocotrienol).
Second, vitamin E treatment is often combined with
vitamin C supplementation to improve hypertensive
symptoms in patients. However, we did not have data on
vitamin C concentration or supplementation. As such, the
association between vitamin C levels and proteinuria in our
population remains uncertain. Third, participants’ vitamin
E levels were only assessed at baseline, while proteinuria
was assessed at baseline and at the exit visit. Fourth,
proteinuria was measured using the dipstick test. However,
there was a graded association (P-trend < 0.001) between
dipstick proteinuria and urinary albumin-to-creatinine
(ACR) ratio among participants with available urinary ACR
values (7 = 3225) in the CSPPT.P White ez a/P% found that
dipstick testing for proteinuria is both sensitive and specific
for macroalbuminuria (ACR = 300 mg/g). The dipstick test
for proteinuria is a simple, easy-to-use, widely available, and
inexpensive laboratory test. Fifth, this study was conducted
on adults with hypertension. The generalizability of these

JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / JAN-FEB 2024 / VOL 12 | ISSUE 1 83



He et al.: Plasma vitamin E and proteinuria development

results to populations without hypertension remains to
be determined. However, adjustments for blood pressure
measurements at baseline and during the trial period did
not substantially change the findings. More importantly,
our study is a post hoc analysis of the CSPPT. Despite
adjusting for a broad set of covariates in the regression
models, residual confounding may still exist. As such, our
study is only hypothesis generating. Further research on
the measurement of other chemical forms of vitamin E
and frequent measurements of vitamin E and proteinuria
are needed.

In summary, our data suggest an inverse association between
plasma vitamin E levels and the development of proteinuria
in patients with hypertension. If further confirmed,
maintaining optimal vitamin E concentrations may be
considered an adjuvant nutritional strategy for the prevention
and treatment of proteinuria in hypertensive populations.

Author Contributions

Panpan He, Xiping Xu, Jing Nie, and Xianhui Qin designed
the research; Panpan He, Xianhui Qin, and Chengzhang
Liu analyzed the data; Panpan He and Xianhui Qin
wrote the paper; and Xiping Xu and Xianhui Qin had
primary responsibility for the final content. All authors
contributed to the data collection and reviewed and edited
the manuscript’s important intellectual content. All authors
have read and approved the final manuscript.

Source of Funding

This study was supported by funding from the following: the
National Key R&D Program of China (2020YFC2005000);
the National Key Research and Development Program
of China (2016YFE0205400, 20182X09739010,
201872X09301034003); the Science and Technology
Program of Guangdong (2020B121202010); the Science
and Technology Planning Project of Guangzhou, China
(201707020010); the Science, Technology, and Innovation
Committee of Shenzhen, China (GJHS20170314114526143,
JSGG20180703155802047); the Economic, Trade, and
Information Commission of Shenzhen Municipality,
China (20170505161556110, 20170505160926390,
201705051617070); and the National Natural Science
Foundation of China (81973133, 81730019), the
Outstanding Youths Development Scheme of Nanfang
Hospital, Southern Medical University [2017]009]; and
the National Key Research and Development Program
[2022YFC2009600, 2022YFC2009605].

Ethics Approval and Consent to Participate

Both the parent study and this study were approved by

the ethics committee of the Institute of Biomedicine,
Anhui Medical University, Hefei, China (FWA assurance
number: FWA00001263). All participants provided written
informed consent.

Conflict of Interest

None declared.

Supplementary Information

Supplementary materials are only available at the journal's
official site at: www.intern-med.com.

REFERENCES

1.  Prasad RM, Tikaria R. Microalbuminuria. In: StatPearls. Treasure Island
(FL): StatPearls Publishing, 2022.

2. Martens RJH, Houben AJHM, Kooman JP, Berendschot TTJM, Dagnelie
PC, van der Kallen CJH, et al. Microvascular endothelial dysfunction is
associated with albuminuria. ] Hypertens 2018;36:1178-87.

3. ZhangL, Wang F, Wang L, Wang W, Liu B, Liu ], et al. Prevalence of chronic
kidney disease in China: A cross-sectional survey. Lancet 2012;379:815-22.

4. Torpy JM, Lynm C, Glass RM. JAMA patient page. Proteinuria. JAMA
2010;303:470.

5. Hong Z, Jiang Y, Liu P, Zhang L. Association of microalbuminuria and
adverse outcomes in hypertensive patients: a meta-analysis. Int Urol
Nephrol 2021;53:2311-9.

6.  Chronic Kidney Disease Prognosis Consortium, Matsushita K, van
der Velde M, Astor BC, Woodward M, Levey AS, et al. Association of
estimated glomerular filtration rate and albuminuria with all-cause and
cardiovascular mortality in general population cohorts: A collaborative
meta-analysis. Lancet 2010;375:2073-81.

7. Inker LA, Levey AS, Pandya K, Stoycheff N, Okparavero A, Greene T.
Early change in proteinuria as a surrogate end point for kidney disease
progression: An individual patient meta-analysis. Am ] Kidney Dis
2014;64:74-85.

8. Bolignano D, Cernaro V, Gembillo G, Baggetta R, Buemi M, D Arrigo
G. Antioxidant agents for delaying diabetic kidney disease progression:
A systematic review and meta-analysis. PLoS One 2017;12:e0178699.

9.  Thabet MA, Chan JCM. Vitamin E in renal therapeutic regimens. Pediatr
Nephrol 2006;21:1790-801.

10.  Shahidi F, de Camargo A. Tocopherols and tocotrienols in common and
emerging dietary sources: Occurrence, applications, and health benefits.
Int ] Mol Sci 2016;17:1745.

11.  Brigelius-Flohé R. Vitamin E research: Past, now and future. Free Radic
Biol Med 2021;177:381-90.

12.  Koya D. Effects of antioxidants in Diabetes-Induced oxidative stress in
the glomeruli of diabetic rats. ] Am Soc Nephrol 2003;14:250S-3S.

13.  Ford ES, Giles WH, Mokdad AH, Ajani UA. Microalbuminuria and
concentrations of antioxidants among US adults. Am J Kidney Dis
2005;45:248-55.

14. O’Brien SF, Watts GF, Powrie JK, Shaw KM, Miller NJ. Lipids,
lipoproteins, antioxidants and glomerular and tubular dysfunction in
type 1 diabetes. Diabetes Res Clin Pract 1996;32:81-90.

15.  Daviglus ML, Greenland P, Stamler J, Elliott P, Appel L], Carnethon MR,
et al. Relation of nutrient intake to microalbuminuria in nondiabetic
middle-aged men and women: International Population Study on
Macronutrients and Blood Pressure INTERMAP). Am ] Kidney Dis
2005;45:256-66.

16. Yokoyama M, Torita M, Yoshizawa M, Usuda R. Indication of vitamin

84 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / JAN-FEB 2024 / VOL 12 | ISSUE 1



He et al.: Plasma vitamin E and proteinuria development

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

E on microalbuminuria in patients with incipient diabetic nephropathy.
Diabetes Metab 2001;27:611-2.

Nakamura T, Ushiyama C, Suzuki S, Shimada N, Ohmuro H, Ebihara
L, et al. Effects of taurine and vitamin E on microalbuminuria, plasma
metalloproteinase-9, and serum type IV collagen concentrations in
patients with diabetic nephropathy. Nephron 1999;83:361-2.

Giannini C, Lombardo F, Currd F, Pomilio M, Bucciarelli T, Chiarelli F,
et al. Effects of high-dose vitamin E supplementation on oxidative stress
and microalbuminuria in young adult patients with childhood onset type
1 diabetes mellitus. Diabetes Metab Res Rev 2007;23:539-46.

Lonn E, Yusuf S, Hoogwerf B, Pogue J, Yi Q, Zinman B, Bosch J, et al.
Effects of vitamin E on cardiovascular and microvascular outcomes in
high-risk patients with diabetes: Results of the HOPE study and MICRO-
HOPE substudy. Diabetes Care 2002;25:1919-27.

Hirnerova E, Krahulec B, Strbova L, Stecova A, Dekret ], Hajovska A,
et al. Effect of vitamin E supplementation on microalbuminuria, lipid
peroxidation and blood prostaglandins in diabetic patients. Bratisl Lek
Listy 2004;105:408-13.

Chan JC, Mahan JD, Trachtman H, Scheinman J, Flynn JT, Alon US,
et al. Vitamin E therapy in IgA nephropathy: A double-blind, placebo-
controlled study. Pediatr Nephrol 2003;18:1015-9.

Tahzib M, Frank R, Gauthier B, Valderrama E, Trachtman H. Vitamin E
treatment of focal segmental glomerulosclerosis: Results of an open-label
study. Pediatr Nephrol 1999;13:649-52.

Mann JE Lonn EM, Yi Q, Gerstein HC, Hoogwerf BJ, Pogue J, et al.
Effects of vitamin E on cardiovascular outcomes in people with mild-
to-moderate renal insufficiency: Results of the HOPE Study. Kidney Int
2004;65:1375-80.

Huo Y, Li ], Qin X, Huang Y, Wang X, Gottesman RE, et al. Efficacy of
folic acid therapy in primary prevention of stroke among adults with
hypertension in China. JAMA 2015;313:1325.

Qin X, Li Y, He M, Tang G, Yin D, Liang M, et al. Folic acid therapy
reduces serum uric acid in hypertensive patients: A substudy of the
China Stroke Primary Prevention Trial (CSPPT). Am J Clin Nutr
2017;105:882-9.

Xu X, Qin X, Li Y, Sun D, Wang J, Liang M et al. Efficacy of folic acid
therapy on the progression of chronic kidney disease. JAMA Intern Med
2016;176:1443-50.

27. LiY, Liang M, Wang G, Wang B, He M, Tang G, et al. Effects of folic acid
therapy on the New-Onset proteinuria in Chinese hypertensive patients.
Hypertension 2017;70:300-6.

28. Di Vincenzo A, Tana C, El Hadi H, Pagano C, Vettor R, Rossato
M. Antioxidant, Anti-Inflammatory, and Metabolic Properties of
Tocopherols and Tocotrienols: Clinical Implications for Vitamin E
Supplementation in Diabetic Kidney Disease. Int ] Mol Sci 2019;20:5101

29. Christ M, Bauersachs ], Liebetrau C, Heck M, Giinther A, Wehling
M. Glucose increases endothelial-dependent superoxide formation
in coronary arteries by NAD(P)H oxidase activation: attenuation
by the 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor
atorvastatin. Diabetes 2002;51:2648-52.

30. Liu P, Feng Y, Wang Y, Zhou Y, Zhao L. Protective effect of vitamin
E against acute kidney injury. Biomed Mater Eng 2015;26 Suppl 1I:
S2133-44.

31. Hayashi D, Yagi K, Song C, Ueda S, Yamanoue M, Topham M, et al.
Diacylglycerol Kinase alpha is Involved in the Vitamin E-Induced
Amelioration of Diabetic Nephropathy in Mice. Sci Rep 2017;7:2597.

32. de Nigris F, Balestrieri ML, Williams-Ignarro S, DArmiento FP, Lerman
LO, et al. Therapeutic effects of autologous bone marrow cells and
metabolic intervention in the ischemic hindlimb of spontaneously
hypertensive rats involve reduced cell senescence and CXCR4/Akt/eNOS
pathways. ] Cardiovasc Pharmacol 2007;50:424-33.

33.  Kuhad A, Chopra K. Attenuation of diabetic nephropathy by tocotrienol:
involvement of NF k B signaling pathway. Life Sci 2009;84:296-301.

34. Chiarelli F, Cipollone F, Mohn A, Marini M, lezzi A, Fazia M, et al.
Circulating monocyte chemoattractant protein-1 and early development
of nephropathy in type 1 diabetes. Diabetes Care 2002;25:1829-34.

35. LiY, Qin X, Luo L, Wang B, Huo Y, Hou FF, et al. Folic acid therapy
reduces the risk of mortality associated with heavy proteinuria among
hypertensive patients. ] Hypertens 2017;35:1302-9.

36. White SL, Yu R, Craig JC, Polkinghorne KR, Atkins RC, Chadban §J.
Diagnostic accuracy of urine dipsticks for detection of albuminuria in
the general community. Am J Kidney Dis 2011;58:19-28.

How to cite this article: He P, Li H, Zhang Y, Song Y, Liu Ch, Liu L, et
al. Evaluation of plasma vitamin E and development of proteinuria in

hypertensive patients. J Transl Intern Med 2024; 12: 78-85.

JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / JAN-FEB 2024 / VOL 12 | ISSUE 1 85



