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Dietary Total Antioxidant Capacity and the
Risk of Chronic Kidney Disease in Patients
With Type 2 Diabetes: A Nested Case-
Control Study in the Tehran Lipid Glucose
Study
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Objective: Dietary total antioxidant capacity (DTAC) has been hypothesized as being involved in health promotion and disease pre-

vention. However, data about the association of the DTAC (as estimated by ferric reducing antioxidant power) with diabetes chronic

complications are scarce. Therefore, the aim of this study was to determine the associations between the DTAC and chronic kidney dis-

ease (CKD) risk in subjects with type 2 diabetic.

Methods: The present case-control study consisted of 210 (102 cases and 108 controls) patients with type 2 diabetic who were par-

ticipants of the phase 5 Tehran Lipid and Glucose Study and were classified based on their CKD status. DTAC was estimated based on

the ferric reducing antioxidant power of selected foods. Dietary intake, sociodemographic data, medical history, and anthropometric

measurements were collected from participants using a validated questionnaire.

Results: The mean DTAC value, as well as total calorie intake, did not show significant differences between cases and controls.

Conclusion: No significant association was found between DTAC and CKD in patients with type 2 diabetic. Further studies are

needed to confirm the effects of DTAC on the risk of CKD.
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Introduction

TYPE 2 DIABETES mellitus (T2DM) is one of the
most prevalent chronic diseases worldwide, with an

estimated number of 415 million adult carriers; by 2040,
this number may reach over 642 million.1,2 T2DM is
known as the most common cause of the chronic kidney
disease (CKD).3,4 CKD is known as a worldwide public
health problem and also identified as a definite health
threat in Iran.5,6

In diabetes mellitus, with increased glycemia and poorly
controlled condition, the risk of developing its complica-
tions linearly increases. Oxidative stress plays the role of a
reinforcement mechanism in this relationship.2 Glucose
oxidation, nonenzymatic glycation of proteins, and subse-
quent oxidative degradation of glycated proteins in diabetes
induce inappropriate high levels of free radicals that are
responsible for an increase in oxidative stress and antioxi-
dant defense system impairment. Excess formation of reac-
tive oxygen species during oxidative stress and reduction in
antioxidant capacity lead to pathogenesis and progression of
complications of diabetes.7,8 Activation of transcription
factors, alteration in protein kinase C activity, production
of advanced glycated end products, and increased activity
of polyol pathway are suggested mechanisms by which
increased oxidative stress is involved in diabetic
complications.2,8
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Lower plasma antioxidant levels and significant reduced
levels of antioxidant power have been shown in patients
with diabetes, which can result in an increase in diabetes
complications.9 There is an existing hypothesis that a diet
with high antioxidant capacity could be inversely related
to the development of diabetes.10 Effectiveness of using
various antioxidants, including vitamins, supplements,
and some components of plants and fresh fruits, in attenu-
ating the progression of diabetes and its complications has
been suggested.11,12

Dietary total antioxidant capacity (DTAC) is considered
as the cumulative antioxidant capacity of all antioxidants
present in foods to scavenge free radicals, providing a
more comprehensive overviewof a diet’s antioxidant power
rather than that of individual ones. It is also used as a tool in
assessing the relationship between food consumption and
disease risk.13,14 The FRAP (mmol Fe21 per 100 g of
solid or 100 mL of liquid) assay method is used for
measuring the total antioxidant capacity of food and
beverages.15

An inverse association between DTAC and inflamma-
tory, oxidative stress and diabetes biomarkers has been re-
ported in recent studies.16 Despite existing data on
DTAC, health promotion, and disease prevention, it is still
unclear whether DTAC could affect the progression of
CKD in patients with diabetes. Therefore, the aim of this
study was to determine the potential association between
DTAC and CKD risk in a case-control study of subjects
with type 2 diabetes.

Materials and Methods
Study Population

This was a matched case-control study performed on
subjects with type 2 diabetes selected from the prospective
cohort of Tehran Lipid and Glucose Study conducted be-
tween 2011 and 2014 in district 13 of Tehran, the capital
city of Iran.17 Cases were 102 subjects with type 2 diabetes
(39 men and 63 women; median age, 62.5 years [range: 38–
83 years]) with glomerular filtration rate (GFR), 60 mL/
min/1.73 m2 (defined as CKD stages 3-5). Controls were
108 subjects with type 2 diabetes with GFR $ 60 mL/
min/1.73 m2 (defined as non-CKD stages 1 and 2),
including 48 men and 60 women, individually matched
with cases according to age (65 years), sex, and duration
of diabetes. Inclusion criteria were having T2DM for at
least 5 years; being aged $25 years; having completed the
food frequency questionnaire record; having no history of
cardiovascular, chronic liver, or gastrointestinal disease or
cancer; not using glucocorticoids; having GFR ,
60 mL/min/1.73 m2 (defined as CKD stages 3-5); and hav-
ing no known history of dialysis or kidney transplantation.
Each case was individually randomly matched to a control
by age (65 years), sex, duration of T2DM, and a GFR of
.60 mL/min/1.73 m2 (defined as non-CKD stages 1
and 2). Based on the selected population, cases and controls
were determined according to their GFR. The mean
eGFR from our samples was obtained in this way. We
excluded patients who reported a total daily energy intake
outside the range of 800–4200 kcal and those who had a
history of cardiovascular, chronic liver, and gastrointestinal
diseases and cancers. We also excluded patients who had
missing serum creatinine (SCr) or any other study-
required variables. Informed written consents were ob-
tained from all participants, and the study protocol was
approved by the research council of the Research Institute
for Endocrine Sciences, Shahid Beheshti University of
Medical Sciences.

Demographic, Anthropometries, and Clinical
Measurements
Data on sociodemographic factors and medical history

were obtained from personal interview using a pretested
questionnaire. Weight was measured to the nearest 100 g
using digital scales while the subjects were minimally
clothed and without shoes. Height was measured to the
nearest 0.5 cm, in a standing position without shoes, using
a tape meter.18,19

After 12–14 h of overnight fasting, between 7:00 and
9:00 AM, blood samples were collected from all subjects.
Enzymatic colorimetric method using glucose oxidase,
enzymatic colorimetric method using glycerol phosphate
oxidase, and the standard colorimetric Jaffe-Kinetic reac-
tion method were used to measure fasting plasma glucose,
triglyceride (TG) level, and SCr, respectively. High-
density lipoprotein cholesterol was measured after precipi-
tation of the apolipoprotein B–containing lipoproteins
using phosphotungstic acid. Analyses were performed us-
ing Pars Azmoon kits (Pars Azmoon Inc., Tehran, Iran)
and a Selectra 2 auto-analyzer (Vital Scientific, Spankeren,
Netherlands). Interassay and intraassay coefficients of vari-
ation of all assays were ,5%. The Modification of Diet in
Renal Disease equation GFR 5 186 3 (SCr) 2
1.154 3 (Age) 2 0.203 3 0.742 (if female) 3 1.210 (if
black) was used for calculating the GFR of the studied pop-
ulation based on their SCr.18,19

Dietary Assessment and Calculation of the
DTAC Indices
Dietary intake of individuals during the 12 months

before the experiment was assessed with the use of a valid
and reliable, 147-semiquantitative food frequency ques-
tionnaire.18,19 The intake frequency of each food item
consumed during the past year was first obtained on a
daily, weekly, or monthly basis and then was converted to
grams. The US Department of Agriculture food
composition table was used to calculate energy and
nutrient content of participant’s dietary intake. The US
Department of Agriculture food composition table was
chosen because of limitations in the Iranian food
composition table.16 DTAC was estimated based on
FRAP of selected foods reported by Carlsen MH et al20,



Table 1. General Characteristics of the Study Subjects*

Subject’

characteristics

Cases

(n 5 102)

Controls

(n 5 108)

P

value

Age (years) 61.91 6 9.04 61.65 6 8.03 .532
Male 39 (38.2) 48 (44.4) .402

Smoking status

Nonsmoker 89 (86.9) 98 (90.7) .075

Present smoker 10 (9.8) 1 (0.9) .003
Past smoker 3 (3.3) 9 (8.4) .202

Diabetes duration

(years)

10.53 6 3.10 10.95 6 2.66 .100

BMI (kg/m2) 28.84 6 5.1 28.93 6 4.72 .685

SBP (mmHg) 14.39 6 11.25 17.2 6 18.88 .15

DBP (mmHg) 79.62 6 10.8 79.35 6 11.188 .534

FPG (mg/dL) 161.3 6 64.22 147.5 6 48.77 .056
Total cholesterol

(mg/dL)

194.25 6 47.37 192.99 6 43.91 .379

HDL cholesterol

(mg/dL)

48.04 6 11.59 47.87 6 13 .433

LDL cholesterol

(mg/dL)

112 6 42.63 110.97 6 38.68 .211

Triglyceride
(mg/dL)

173.67 6 78.48 175.31 6 93.37 .100

GFR (mL/min/

1.73 m2)

52.23 6 7.78 70.79 6 8.27 .620

BMI, body mass index; CKD, chronic kidney disease; DBP, dia-
stolic blood pressure; FPG, fasting plasma glucose; GFR, glomerular

filtration rate; HDL, high-density lipoprotein; LDL, low-density lipo-

protein cholesterol; SBP, systolic blood pressure; SD, standard

deviation.
*Data are presented as n (%) or mean 6 SD.
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which was expressed as mmol of Fe21 equivalent per 100 g
(for solid foods) or 100 mL (for beverages).

Data Analysis
The differences between cases and controls were

analyzed according to sociodemographic and clinical fac-
tors using a chi-square test for categorical variables and a
t-test for continuous variables. Energy-adjusted DTAC
was categorized into quartiles based on the control dis-
tribution. Participant demographics and clinical charac-
teristics (mean 6 standard deviation) were compared
across the quartile categories of DTAC using the general
linear model. The total DTAC was strongly correlated
with linear correlation coefficients around 0.9. Dietary
intake distributions of participants were compared across
quartile categories of DTAC using the general linear
model, with adjustment for energy intake (kcal/d). We
estimated the corresponding odds ratios (ORs) and
95% confidence intervals (CIs) for CKD in the three up-
per quartiles versus the lowest one using logistic regres-
sion for both crude and multivariable models. The
multivariable model was adjusted for CKD potential co-
variates including body mass index, energy intake, total
cholesterol, low-density lipoprotein cholesterol choles-
terol, TG, and systolic and diastolic blood pressure.
SPSS (version 22.0; IBM Corp, Armonk, NY) was
used for all statistical analysis, and P values , 0.05
were considered significant.
Results
The distribution of general characteristics of participants

is presented in Table 1 for controls and cases. No significant
differences were noted. Also, no significant differences in
sociodemographic and clinical factors across quartiles of
DTAC were observed in cases and controls (Table S1).
The total calorie intakewas 2531.3 kcal/day among con-

trols and 2188.1 kcal/day among cases (P 5 .058). The
mean DTAC; as well as the total calorie intake, did not
show any significant differences between cases and controls.
The distribution of dietary intake across the quartiles of

DTAC was also examined (Table S2). Concerning the dis-
tribution of dietary intake, almost all nutrients showed a
significant increase across the quartiles of DTAC.
Table 2 provides details on the distribution of type 2

diabetic CKD cases and non-CKD controls with the corre-
sponding ORs and 95% CIs by quartiles of energy-adjusted
DTAC indices. No significant association was noted be-
tween DTAC and CKD risk; the OR for the highest quar-
tile of DTAC compared with the lowest quartile was 0.68
(95% CI: 0.31–1.47; P value for trend: 0.26). These associ-
ations were not changed even after adjustment for known
potential covariates of CKD such as body mass index,
energy and nutrient intake, total cholesterol, low-density li-
poprotein cholesterol cholesterol, TG, and systolic and dia-
stolic blood pressure.
Discussion
To our knowledge, this is the first study exploring the as-

sociation between DTAC and CKD in patients with type 2
diabetes.We evaluated the DTAC of 102 patients with type
2 diabetes and stage 3-5 CKD and 108 diabetic controls to
determine its relationship with CKD risk. The role and
importance of DTAC, based on accumulative and synergis-
tic effects of dietary antioxidants rather than each individual
antioxidant’s action, have been discussed in the risk of
several chronic diseases.14,21

The database that is used in this study for DTAC mea-
surement is developed based on the FARP assay. Although
FARP is a simple, fast, and inexpensive assay with little
selectivity regarding assessing the total antioxidant content
of foods by elimination of glutathione from its total re-
ported antioxidant content, it still faces some limitations,
such as its inability to detect other small-molecular-
weight thiols and sulfur-containing molecules of selected
foods. In addition, as such total antioxidant capacity
methods are unable to measure single-antioxidant com-
pounds, they cannot be applied for underlying mechanism
investigation studies.20

Although diet of participants in the highest DTAC
groups had higher amount of individual antioxidants,
such as carotenoids, vitamin C, and vitamin E, than that



Table 2. Distribution of 102 CKD Cases and 108 Control Patients With Type 2 Diabetes and Corresponding ORs and 95% CIs
by Quartiles of Energy-Adjusted DTAC

Variable

Quartiles of DTAC*

P for Trend1† 2 3 4

Case-to-control ratio 28:24 21:32 30:23 23:29

Crude OR (95% CI) 1 0.56 (0.25-1.22) 1.11 (0.51-2.41) 0.68 (0.31-1.47) .26

Adjusted OR (95% CI)‡ 1 1.44 (0.48-4.31) 1.5 (0.59-3.84) 1.12 (0.46-2.73) .83

BMI, body mass index; CI, confidence interval; CKD, chronic kidney disease; DTAC, dietary total antioxidant capacity; FRAP, ferric reducing
antioxidant power; LDL, low-density lipoprotein; OR, odds ratio.

*The FRAP scores were categorized into quartiles according to the distribution of the control groups.

†Reference quartile.

‡Estimated frommultiple logistic regressionmodels, conditioned on sex, age (65 years), and duration of diabetes and adjusted for BMI, energy
and nutrients intake, total cholesterol, LDL cholesterol, triglyceride, and systolic and diastolic blood pressure (potential CKD covariates).
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in low and medium DTAC groups, this study found that
higher quartiles of the total DTAC (as estimated by
FRAP) were not associated with a decreased risk of CKD
in subjects with type 2 diabetes. Based on available data, pa-
tients with type 2 diabetes have diets poor in antioxidants
despite their increased demand. The DTACwas dependent
on dietary habits and the antioxidant content of consumed
food in this population.22

The association of intake of vitamins (total vitamin E: a-
tocopherol, g-tocopherol, b-tocotrienol, and b-cryptox-
anthin, ascorbate, b-carotene) with reduced risk of type 2
diabetes has been reported in previous studies.23-25

However, these results are not supported by randomized,
controlled trials on vitamin supplements. Also, there are
limited data on the effect of antioxidants on human
diabetic renal disease.24,26,27 The role of oxidative stress in
development of kidney lesions in diabetes has been
supported by a large number of experimental evidences.
Several studies have reported the advantages of an
improved antioxidants status. However, clinical data
concerning the effect of antioxidant therapy in preventing
renal disease are conflicting.28 Despite a lack of consistent
reports or standardized outcomes assessing beneficial effects
of antioxidants on CKD, the results of some randomized
trials and clinical studies using an antioxidant therapy (vita-
mins A, C, E, b-carotene, N-acetyl cysteine) in patients
with CKD show significant renal benefits for people with
stage 3 and 4 CKD. A reduction in SCr levels; improve-
ments in the nutritional status with emphasis on vitamin
A, especially b-carotene, other carotenoids, and vitamins
E and C; and kidney functions are presented as the support-
ing reasons.29,30 The presence of a variety of antioxidants
and combined action of some antioxidants rather than
their single effects and differences between subjects’
lifestyle and diet, as well as methodological issues, may
have caused the controversial findings from the limited
number of available reports.24,31

Although there is a significant difference in the smoking
status (regarding current smoker subgroup; P 5 .003) be-
tween case and control subjects, we did not see any signif-
icant association between DTAC and smoking status in our
study. However, there is a degree of discrepancy in litera-
ture about the effect of smoking status on total antioxidant
capacity.32,33 Unfortunately, we could not include physical
activity in the analysis because it could relate to health
habits. Also, the contribution of vitamin supplements and
also the presence of other biologically active compounds
such as phytochemicals, which could have provided
protection against T2DM, were not considered in this
study.

Conclusions
In conclusion, our results did not show any significant as-

sociation between DTAC and CKD in patients with type 2
diabetes. Because this is the first study exploring this associ-
ation and its results are not supported by any other observa-
tional, randomized, or controlled trials, the findings might
not be causal and the discrepancy still remains unclear. Our
findings encourage research on a larger group of patients
with diabetes to better understand associations between di-
etary antioxidants and total antioxidant status and to design
practical guidelines for patients with diabetes, including
recommendations on food products rich in antioxidants.

Practical Application
It has been hypothesized that diets high in antioxidants

will contribute to positive health outcomes. More studies
are needed to investigate the role of dietary factors related
to oxidative stress in progression of CKD in patients with
diabetes mellitus.
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