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Abstract

Oxidative stress is a key factor linked renal function decline with age. However, there is still no large cohort
study exploring the potential role of oxidative stress in mild insufficiency of kidney function (MIKF) and chronic
kidney disease (CKD) after adjusting for confounding factors. This study tested the hypothesis that oxidative
stress, indicated by plasma malondialdehyde (MDA), is associated with the prevalence of MIKF and CKD after
controlling the effects of confounding factors.
Plasma levels of MDA and serum levels of fasting glucose, cholesterol, triglycerides, creatinine, alanine ami-
notransferase, and aspartate aminotransferase were analyzed from 2,169 Chinese Han adults. A questionnaire
and physical examination were performed to identify and suspect risk factors of renal function decline with age.
Kidney function, as indicated by estimated glomerular filtration rate, showed a significant decline with age in
both male and female. Although the association between age and plasma MDA levels was nonlinear, MDA was
negatively related to kidney function. The multivariate-adjusted odds ratios showed that plasma MDA had a
significantly graded relation to the prevalence of MIKF and CKD with or without adjustment for covariates. By
comparison with the lowest quartile, individuals with the highest quartile of MDA level had a 99% and 223%
increased risk of developing MIKF and CKD, respectively. Further results from multiinteraction analysis
demonstrated that plasma MDA may be the mediator linking different covariates with renal function decline.
The most striking finding of this study was that oxidative stress, as indicated by plasma MDA levels, is
associated with the prevalence of MIKF and/or CKD. Although imposing an increasing burden on the kidney
and/or promoting a cyclical process of oxidative stress in the body, high levels of MDA in plasma may link the
decline of kidney function with age.

Introduction

Aging is a naturally developing biological process
associated with gradual structural changes and func-

tional loss of most systems, and is often characterized by
declining adaptive capacity and increasing morbidity or
mortality of an organism.1 As one of the fastest aging organs,
the kidney shows an age-related reduction in some struc-
tures and functions. The annual decrease of renal paren-
chyma is about 1%,2 and the decline of creatinine clearance
or glomerular filtration rate (GFR) is approximately 1.0 mL/
min per 1.73 m2 per year in elderly subjects.3,4 This may ex-
plain why the prevalence of chronic kidney disease (CKD)
and end-stage renal disease is especially common in elderly
persons.5,6 Furthermore, outcomes of age-related changes of
kidney function include not only growing incidence and
prevalence of CKD, but also increasing risk of development
and progression of cardiovascular diseases.7–9

The glomerular filtration barrier comprises five structural
components—the glomerular endothelial fenestrae, glomer-
ular basement membrane, podocyte interfoot process/slit
diaphragms, endothelial surface layer, and subpodocyte
space. Any change to these components may affect glomer-
cular permeability.10 Intriguingly, oxidative stress and in-
flammation are involved in almost all alterations of these
components11–13 and also are increased in CKD.14,15 How-
ever, it is unclear if oxidative stress functions as an initiating
or progressing cause or is just the consequence of renal
function decline with age.

Based on the oxidative stress theory of aging, on inflam-
mation or stress conditions, the increased generation of re-
active oxygen species (ROS) and the corresponding response
to oxidative stress are key factors linked to aging and the
development of age-related diseases,16,17 Accumulating evi-
dence supports the potential links between oxidative stress
and renal function decline with age. Increased oxidative stress
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has been widely used to evaluate the progression of kidney
function decline and the effectiveness of treatment for CKD.18–

21 Furthermore, oxidative stress, through increasing age-re-
lated renal cell apoptosis22,23 or mitochondrial dysfunction,24

may account for alternations of renal function prior to the
development of age-related pathology and loss of renal func-
tion.18 Given that mild insufficiency of kidney function (MIKF)
also occurs early before the appearance of CKD,25,26 oxidative
stress may cause specific damage to renal structures and may
also directly contribute to MIKF and further promote the de-
velopment and progression of CKD. However, there is still no
large cohort study to explore the potential correlation of oxi-
dative stress with MIKF and CKD after adjustment for con-
founding factors.

For these reasons, we tested the hypothesis that oxidative
stress, indicated by plasma malondialdehyde (MDA), is
associated with the prevalence of MIKF and CKD under
controlling the effects of covariates, including age, gender,
lifestyle factors, blood glucose, blood lipids, and serum ala-
nine aminotransferase (ALT) and aspartate aminotransferase
(AST). Therefore, plasma levels of MDA and serum levels of
above-mentioned factors were deterrmined from the study
participants, and a questionnaire and physical examination
were performed to identify and suspect risk factors for renal
function decline.

Materials and Methods

Chemicals

1,1,3,3-Tetramethoxypropane and thiobarbituric acid were
purchased from Sigma-Aldrich (St. Louis, MO). Other che-
micals (analytical grade) were from Sangon Biotech Co. Ltd.,
(Shanghai, China). Water was produced by a Milli-Q Plus
purification system (Millipore, Bedford, MA).

Participants and questionnaire

All study volunteers signed informed consents, and the
Institutional Review Board of Hunan Normal University
approved the study protocol. A total of 2,169 Chinese Han
adults of both sexes living in the urban areas of Changsha
City and its surrounding cities in the central region of China
were included in the study. The basic characteristics of the
participants are shown in Table 1.

Information about demographics (gender and age), lifestyle
habits (sleep, drinking history, smoking history, and physical
activity), and detailed medical history was assessed by a self-
administered questionnaire. The questionnaire for sleep qual-
ity contained five aspects—well, insomnia, dreaminess, restless
sleep, and other problems. Subjects who answered ‘‘well’’ were
not classified into the sleep with some problems categories.

Blood sampling

Between 2009 and 2011, blood samples (5 mL) of all par-
ticipants from the median cubital vein on the inside of the
elbow were collected into vacutainer tubes containing ethy-
lenediaminetetraacetic acid, according to standard blood
collection procedures,27,28 and stored at 0–4�C. All detections
were performed within 8 hr of sampling.

Physical examination

Stature, body weight, and body mass index (BMI) were
determined using an ultrasonic body scale SK-CK (Sonka
Electronic Technologies Co. Ltd., Shenzhen, China). The BMI
cutoff point for overweight was 25 kg/m2, as advocated by
the World Health Organization (WHO).29

After resting for at least 30 min, each participant’s blood
pressure was measured three times in the sitting position,
with the right arm relaxed and well supported by a table at

Table 1. Basic Characteristics of Participants

Factor All (n = 2169) NKF (n = 1115) MIKF (n = 588) CKD (n = 72)

Age, mean (SD), years 44.49 (13.84) 39.50 (11.08) 51.93 (13.35)a 61.06 (16.17)a

Gender, male, n (%) 1373 (63.30) 689 (61.79) 418 (71.09)a 44 (61.11)
BMI, mean (SD), kg/m2 23.87 (3.26) 23.65 (3.29) 24.23 (3.12)a 24.40 (3.48)
Blood pressure, mean (SD), mmHg

Systolic 123.98 (15.66) 121.67 (14.79) 127.45 (16.46)a 131.28 (14.76)a

Diastolic 75.78 (11.52) 74.85 (11.34) 77.21 (11.64)a 78.44 (11.75)b

BGL, mean(SD), mmol/L 4.98 (1.17) 4.87 (1.05) 5.12 (1.32)a 5.47 (1.33)a

Total cholesterol, mean(SD), mmol/L 4.49 (0.85) 4.45 (0.88) 4.54 (0.80) 4.66 (0.79)
Triacylglycerol, mean(SD), mmol/L 1.63 (1.26) 1.54 (1.25) 1.79 (1.27)a 1.64 (1.08)
ALT, mean(SD), U/L 28.90 (23.26) 29.69 (22.22) 28.13 (25.55) 22.94 (17.88)b

AST, mean(SD), U/L 23.37 (10.57) 23.15 (9.85) 24.03 (11.96) 21.33 (8.50)
eGFR, mean(SD), ml/min/1.73m2 95.54 (18.52) 107.04 (10.88) 78.88 (7.74)a 53.40 (6.02)a

MDA, mean (SD), lmol/L 3.58 (1.13) 3.44 (0.89) 3.82 (1.39)a 3.95 (1.64)b

Tobacco consumption, n (%) 887 (40.89) 477 (42.78) 268 (45.58) 15 (20.83)a

Alcohol intake, n (%) 1057 (48.73) 541 (48.52) 316 (53.74) 28 (38.89)
Sleep quality, well, n (%) 1343 (61.92) 660 (59.19) 420 (71.43)b 42 (58.33)
Physical inactivity, n (%) 1159 (53.43) 665 (59.64) 276 (46.94)a 32 (44.44)b

ap < 0.01 compared to subjects with NKF.
bp < 0.05 compared to subjects with NKF.
NKF, Normal kidney function; MIKF, mild insufficiency of kidney function; CKD, chronic kidney disease; SD, standard deviation; n,

number; BMI, body mass index; BGL, blood glucose level; ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR, estimated
glomerular filtration rate; MDA, reactive carbonyl species.
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an angle of 45� from the trunk, using an automatic electronic
sphygmomanometer (Ken2-BPMSP-1; Pengcheng Healthcare
Products Co. Ltd., Shenzhen, China).

According to our previous study,30 blood lipids (serum
total cholesterol and triglycerides), fasting glucose, kidney
function (serum creatinine), and liver function (AST and
ALT) were measured using a chromatographic enzymatic
method in a MINDRAY automatic analyzer BS-40 (MIND-
RAY Co. Ltd., Shenzhen, China). Serum hepatitis B viral
antigens and antibodies were detected by MR-96 microplate
reader (MINDRAY Co. Ltd., Shenzhen, China).

The estimated glomerular filtration rate (eGFR) was calcu-
lated from serum creatinine using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula.6 Based on
the eGFR and the National Kidney Foundation Practice
Guidelines,25,26 kidney function was classified into three cate-
gories: Normal kidney function (eGFR > 90 mL/min per
1.73 m2 and no proteinuria), MIKF (60 mL/min per 1.73 m2 £
eGFR < 90 mL/min per 1.73 m2 and no proteinuria), and CKD
(eGFR < 60 mL/min per 1.73 m2 or overt proteinuria).

MDA assay

According to our previous studies,28,31 a modified TBA
method was used to determine the concentration of MDA in
plasma. The MDA was expressed as thiobarbituric acid–
reactive substances and detected by a LS-50B spectrofluo-
rometer (Perkin-Elmer Corp., Norwalk, CT).

Statistics

Continuous results were presented as means and standard
deviations (SDs). Statistical analysis of data was done using
predictive analytics software (PASW) statistics 18.0 (SPSS
Inc., Chicago, IL). Because data showed a normal distribu-
tion, parametric statistical methods were used. In compari-
son to the groups (different physical activity levels), one-way
analysis of variance (ANOVA) was performed. To assess
significant F-ratios obtained by analysis of variance, the least
significant difference (LSD) or the Tamhan’s T2 post hoc test
was used. Quartiles of MDA were created based on the
distribution of plasma MDA levels. The associations with
MDA and eGFR were analyzed by Pearson partial correla-
tion with or without adjusting for age and other confounding
factors. The odds ratio (OR) and 95% confidence interval (CI)
of MIKF or CKD associated with different MDA levels were
examined using multinomial logistic regression32 and ad-
justed for the potential confounding effects of age, gender,
alcohol intake, tobacco consumption, sleep quality, physical
activity, BMI, systolic blood pressure, diastolic blood pres-
sure, blood glucose, and serum levels of cholesterol, tri-
glycerides, ALT, and AST. Because there were only 72
persons with CKD and the cases were not enough for further
multinomial logistic regression, further risk analysis associ-
ated with MDA levels stratified by different covariates was
just performed in MIKF. A p value less than 0.05 was con-
sidered statistically significant.

Results

Among the 2,169 participants included in the cross-
sectional analysis, kidney function was significantly associ-
ated with age, male, BMI, blood pressure, blood glucose, and

plasma MDA ( p < 0.05) (Table 1). In contrast, there was no
significant correlation of kidney function with blood lipids,
liver function, and most lifestyle factors (Table 1). As indi-
cated by eGFR, kidney function showed a significant decline
with age in both male (R2 linear = 0.366, p < 0.01) (Fig. 1A)
and female (R2 linear = 0.434, p < 0.01) (Fig. 1B).

Intriguingly, the association between age and plasma
MDA levels was nonlinear. Both the adult group (25–65
years) and the young one ( < 25 years) had a significantly
lower levels of plasma MDA compared to the old group
( ‡ 65 years) ( p < 0.05) (Fig. 2). The adult group had the
lowest levels of plasma MDA but did not show significant
difference from the young group (Fig. 2).

The correlation of eGFR with MDA illustrated that MDA
was negatively related to kidney function ( p < 0.01) (Table 2).
Although there were some differences in the Pearson corre-
lation coefficients between with and without adjusted for
age, gender, and/or other confounding factors (Table 2), as
displayed by the p values, all of the associations were sta-
tistically significant ( p < 0.01) (Table 2).

As demonstrated by multinomial logistic regression,
plasma MDA showed a significantly graded relation to the
prevalence of MIKF and CKD with or without adjustment
for age, gender, alcohol intake, tobacco consumption, sleep
quality, physical activity, BMI, systolic blood pressure, dia-
stolic blood pressure, blood glucose level, and serum levels
of cholesterol, triglyceride, ALT, and AST ( p for trend < 0.05)
(Table 3). The multiadjusted ORs of MIKF for plasma MDA
by quartiles of plasma MDA were 1.33 (95% CI 0.94–1.88) for
the second quartile, 1.46 (95% CI 1.02–2.07) for the third
quartile, and 1.99 (95% CI 1.41–2.81) for the fourth quartile
( p for trend < 0.001) compared to the lowest quartile of
plasma MDA (Table 3). The multiadjusted ORs of CKD for
plasma MDA by quartiles of plasma MDA were 2.01 (95% CI
0.86–4.67) for the second quartile, 3.11 (95% CI 1.39–6.93) for
the third quartile, and 3.23 (95% CI 1.45–7.19) for the fourth
quartile ( p for trend = 0.004) compared with the lowest
quartile of plasma MDA (Table 3).

Given that different confounding factors may have po-
tential effects on MIKF risk, the MIKF risk related to quartiles
of plasma MDA was stratified by subgroups (Table 4). All
values were adjusted for age and other covariates. The ratios
(N$) of MIKF/healthy showed an obvious risk increase in the
subgroups of male, elder age, higher BMI, current alcohol
intake, current tobacco consumption, sleep ‘‘well,’’ and active
physical activity compared with the corresponding sub-
group, respectively (Table 4). Although the cases of the
group of age < 25 years were not enough for precise multi-
nomial logistic regression, the overall trend of multiadjusted
ORs in each subgroup were similar to the trend of multi-
adjusted ORs in Table 3. As indicated by the p value for
trend, most subgroups of the confounding factors showed a
significant risk increase along with the increment of the
quartiles of plasma MDA ( p < 0.05), except for the subgroups
of age ‡ 65 years, no tobacco consumption, sleep not too
well, and active physical activity ( p > 0.05) (Table 4).

To evaluate the contributions of different confounding fac-
tors to plasma MDA, means and SDs of plasma MDA were
compared between subgroups (Table 5). Intriguingly, the ef-
fects of different covariates on levels of plasma MDA were
similar to the effects on MIKF. The subgroups of male, older
age, and overweight had significantly higher levels of plasma
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FIG. 1. The association of estimated glomerular filtration rate (eGFR) with age. The eGFR showed a significantly linear
decline with increasing age in both male (A) (R2 linear = 0.366, p = 0.000) and female (B) (R2 linear = 0.434, p = 0.000). Dotted
lines show the 95% confidence interval (CI). The eGFR was calculated from serum creatinine using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula.6 Data are from 1,150 male and 623 female subjects.
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MDA in comparison to correspondent subgroup, respectively
( p < 0.05) (Table 5). The subjects with alcohol intake, tobacco
consumption, sleep well, or active physical activity also con-
tributed to a relatively increase of MDA (Table 5).

Discussion

Debates continue regarding the decrease of renal function
with age. The National Health and Nutrition Examination
Survey cross-sectional study supports kidney function de-
cline with age in normal-aged individuals,33 whereas some
subjects have no absolute reduction in renal function.34,35

Nonetheless, this population-based study confirmed that
renal function, as indicated by eGFR, showed a significantly
progressive decrease with aging.

Although the rate of kidney function decline was slow,
this process might have negative effects on multiple organ
systems and decrease overall health and physical function in
elderly individuals. Our results showed that the subjects
with reduced kidney function had significantly higher levels
of blood pressure and fasting glucose than those with normal
renal function. These data are consistent with the observa-
tions that impaired kidney function, especially end-stage
renal disease, is a major risk factor for cardiovascular dis-
eases and premature death.9,36 A rational explanation for the
importance of kidney function in overall health and other
physical functions may be that the presence of adequate
kidney function is critical to effectively keeping the body
load of stressors at nontoxic levels. Insufficient kidney
function, by contrast, causes stress load in the body and
subsequently promotes an increase in inflammation and/or
oxidative stress, leading to further structural and functional
damage to organ systems.

Intriguingly, both MIKF and CKD participants of this
large cohort study had significantly higher levels of plasma
MDA as compared with normal renal function participants.
The values of eGFR also showed a negative correlation with
plasma MDA. Because MDA is a widely used biomarker of
oxidative stress,37,38 this result seems to support the notion
that insufficient kidney function, with decreased capacity to
excrete oxidative stressors, will further enhance oxidative
stress. However, is the increased level of MDA just a con-
sequence of insufficient renal function?

The major finding of this study is that the higher plasma
MDA level was a direct risk factor for developing of MIKF or
CKD. As indicated by the multivariate-adjusted ORs, indi-
viduals with the highest quartile of MDA level had a 99%

FIG. 2. Means (>) and 95% confidence interval (CI) (u) of plasma malondialdehyde (MDA) in different age groups. (*)
p < 0.05 compared to the group of age ‡ 65 years. (**) p < 0.01 compared to the group of age ‡ 65 years.

Table 2. Pearson Correlation Coefficient

between Malondialdehyde and Estimated

Glomerular Filtration Rate

MDA MDAa MDAb

eGFR
r - 0.170 - 0.152 - 0.142
p value 0.000 0.000 0.000
Degrees of freedom 1771 1767 1631

aAdjusted for age and gender.
bAdjusted for age, gender, alcohol intake, tobacco consumption,

sleep quality, physical activity, BMI, systolic blood pressure,
diastolic blood pressure, blood glucose level, and serum levels of
cholesterol, triglyceride, ALT and AST.

MDA, Reactive carbonyl species; eGFR, estimated glomerular
filtration rate; r, Pearson correlation coefficient.
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and 223% increased risk of developing MIKF and CKD,
respectively, as compared to the lowest quartile. Intrigu-
ingly, the effects of different lifestyles or undesirable
physical conditions on both the risk of MIKF and the in-
crease of MDA were similar. As a corollary, the increased
risk of MIKF by these factors may be, at least in part,
through increasing MDA levels. These findings seem logical
and are consistent with most existing evidence that sup-
ports the potential role of oxidative stress in the progression
of kidney function decline.18,21 However, to the best of our
knowledge, the present study is the first report to provide
conceivable support that plasma MDA is one of the path-
ogenic factors and an important index for MIKF and CKD
in a large population-based study.

Given that MDA are molecules with high nucleophilic
reactivity, they can readily attack most macromolecules,
especially the sulfhydryl and/or amino groups of protein.39

As a result, we can postulate that the increased levels of
MDA in the body cause specific damage to macromolecules,
leading to structural and functional changes to cell compo-
nents, further promoting oxidative stress and inflammation
and accelerating the generation of MDA, a cyclical process
that underlies the progressive decline in physiologic func-
tion and the development of diseases. In fact, some studies
have illustrated a direct risk role of MDA in a series of
pathophysiologic processes,28,30,40,41 and some potential
antioxidant agents, including pyridoxamine and melatonin,
perform their roles in the body by acting as MDA

Table 3. The Odds Ratio and Adjusted Odds Ratio of Mild Insufficiency of Kidney Function

and Chronic Kidney Disease Associated with Different Malondialdehyde Levels

MDA (lmol/L) OR (95% CI) ORa (95% CI) ORb (95% CI)

MIKF < 2.90 1.00 1.00 1.00
2.90–3.43 1.12 (0.83–1.51) 1.34 (0.96–1.86) 1.33 (0.94–1.88)
3.43–4.01 1.23 (0.91–1.65) 1.49 (1.07–2.08) 1.46 (1.02–2.07)

‡ 4.01 2.23 (1.68–2.97) 2.19 (1.59–3.03) 1.99 (1.41–2.81)
p = 0.000 p = 0.000 p = 0.000

CKD < 2.90 1.00 1.00 1.00
2.90–3.43 1.17 (0.55–2.49) 2.00 (0.89–4.53) 2.01 (0.86–4.67)
3.43–4.01 1.63 (0.79–3.33) 2.57 (1.18–5.56) 3.11 (1.39–6.93)

‡ 4.01 2.41 (1.20–4.83) 2.70 (1.29–5.70) 3.23 (1.45–7.19)
p = 0.013 p = 0.009 p = 0.004

Nc 1111/588/72 1111/588/72 1017/560/70

aAdjusted for age and gender.
bAdjusted for age, gender, alcohol intake, tobacco consumption, sleep quality, physical activity, BMI, systolic blood pressure, diastolic

blood pressure, blood glucose level, and serum levels of cholesterol, triglyceride, ALT and AST.
Nc = normal kidney function/MIKF/CKD.
MIKF, Mild insufficiency of kidney function; CKD, chronic kidney disease; MDA, reactive carbonyl species; OR, odds ratio; CI, confidence

interval.

Table 4. Mild Insufficiency of Kidney Function Risk Associated with Malondialdehyde Levels

Stratified by Gender, Age, Body Mass Index, Alcohol Intake,

Tobacco Consumption, Sleep Quality, and Physical Activity

ORa (95%CI)

MIKF Nb < 2.90 2.90–3.43 3.43–4.01 ‡ 4.01 p value

Gender male 400/612 1.00 1.32 (0.86–2.03) 1.41 (0.91–2.18) 1.85 (1.21–2.82) 0.004
female 160/405 1.00 1.15 (0.61–2.15) 1.33 (0.71–2.49) 1.92 (1.01–3.63) 0.046

Age(years) < 25 6/62 1.00 N/A N/A N/A N/A
25–65 443/943 1.00 1.30 (0.90–1.86) 1.36 (0.94–1.98) 1.92 (1.34–2.75) 0.000
‡ 65 111/12 1.00 3.53 (0.18–71.21) 1.94 (0.17–22.15) 4.80 (0.26–87.67) 0.289

BMI (kg/m2) < 25 343/693 1.00 1.24 (0.81–1.90) 1.40 (0.91–2.16) 1.96 (1.27–3.04) 0.002
‡ 25 217/324 1.00 1.58 (0.85–2.91) 1.58 (0.85–2.96) 2.03 (1.13–3.65) 0.017

Alcohol intake no 168/314 1.00 0.95 (0.49–1.87) 1.38 (0.72–2.65) 2.05 (1.08–3.90) 0.028
yes 302/491 1.00 1.61 (1.00–2.59) 1.47 (0.91–2.39) 1.99 (1.24–3.20) 0.005

Tobacco consumption no 226/390 1.00 1.06 (0.61–1.86) 1.04 (0.58–1.84) 1.51 (0.88–2.58) 0.131
yes 255/432 1.00 1.69 (1.00–2.87) 1.81 (1.07–3.08) 2.10 (1.23–3.58) 0.007

Sleep quality well 402/606 1.00 1.52 (0.99–2.33) 1.44 (0.93–2.22) 2.18 (1.43–3.30) 0.000
not too well 106/221 1.00 1.47 (0.66–3.27) 1.69 (0.72–4.00) 1.52 (0.65–3.55) 0.329

Physical activity sedentary 259/610 1.00 1.22 (0.74–2.02) 1.81 (1.10–2.99) 2.10 (1.29–3.41) 0.003
active 240/205 1.00 1.42 (0.77–2.60) 0.90 (0.48–1.68) 1.84 (1.00–3.40) 0.051

aAdjusted for age, gender, alcohol intake, tobacco consumption, sleep quality, physical activity, BMI, systolic blood pressure, diastolic
blood pressure, blood glucose level, and serum levels of cholesterol, triglyceride, ALT and AST.

Nb = MIKF/normal kidney function.
MIKF, Mild insufficiency of kidney function; BMI, body mass index; OR, odds ratio; CI, confidence interval; N/A, not available (cases not

enough for multinomial logistic regression).
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scavengers.42,43 However, whether MDA is merely an index
of oxidative stress or also a direct risk factor for developing
MIKF and/or CKD is still an open question at present.
Further investigation is needed to determine the underlying
mechanisms that contribute directly to the pathogenesis of
MIKF and/or CKD from molecular, animal, and other
model systems.

This study had several limitations. First, although MDA is
the most widely used biomarker of oxidative stress, other
in vivo biomarkers exist, such as F2-isoprostanes.44 Second,
the method for evaluating the demographics by a self-
administered questionnaire should not be absolute. Finally,
the sample is limited to Chinese Han adults from urban areas
in the central region of China, and the applicability of the
results to rural residents and other nationalities and ethnic
groups is unknown.

In summary, our findings provide credible evidence that
oxidative stress, as indicated by plasma MDA levels, is as-
sociated with the prevalence of MIKF and/or CKD. On the
basis of the characteristics of MDA, high levels of MDA in
plasma impose an increasing burden on the kidney and/or
promote a cyclical process of oxidative stress in human body,
which contributes to kidney function decline with age. The
potential role of MDA in MIKF and/or CKD may be a
practical target in pharmacology and clinical settings.
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