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ABSTRACT

While evidence exists for an association between the dietary total antioxidant capacity
(DTAC), mortality, metabolic syndrome, and cardiovascular diseases, data about DTAC

and renal function, and progression of chronic kidney disease (CKD) are scarce. This study
aimed to determine the associations between DTAC, renal function, and progression of CKD
in older adults. The present cross-sectional study consisted of 226 older adults aged > 60
years old from five districts of Tehran, Iran. DTAC was estimated using the oxygen radical
absorbance capacity (ORAC) method. Dietary intake, socio-demographic data, medical
history, and anthropometric measurements were collected using a validated questionnaire.
The estimated glomerular filtration rate (eéGFR) was assessed from serum creatinine.
Albumin to creatinine ratio (ACR) was calculated by dividing albumin concentration by
creatinine concentration and reported as mg/g. The DTAC ranged from 112.8 to 2,553.9.
Analyses indicated that DTAC was not associated with eGFR (p = 0.35) and ACR (p = 0.91)
even after controlling for confounding variables. Additionally, in logistic regression, no
association between eGFR < 60 mL/min/1.73 m? (p = 0.32) and ACR =2 30 mg/g (p = 0.32) with
DTAC was observed, which was independent of confounding variables. We observed that
more compliance with DTAC is not associated with renal function and CKD progression.
Further studies are needed to confirm the findings of the present study in larger samples on
different populations.

Keywords: Antioxidants; Oxidative stress; Kidney diseases; Albuminuria

INTRODUCTION

Chronic kidney disease (CKD)—a disease with a progressive decrease in renal function—is
one of the important public health concerns which is increasing in incidence and prevalence
[1]. A previous study demonstrated that the prevalence of CKD stages 3-5 was 11.6% among
Iranian adults [2]. Chronic kidney disease is often related to other chronic disorders like
diabetes, hypertension, and dyslipidemia [3]. This is a considerable disease, with progressive
glomerular dysfunction, which is not usually reversible and results in a higher rate of
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mortality [1]. Glomerular filtration rate (GFR) is a key indicator of kidney function assessing
its performance. Several gold standards using direct assessment of exogenous markers such
as inulin, iothalamate, ethylenediaminetetraacetic acid, diethylenetriamine pentaacetic acid,
and iohexol are used for measuring GFR and renal function [4,5]. Due to several limitations
to using direct methods for measuring kidney function in interventional studies with a large
sample size and their high cost, estimated glomerular filtration rate (eGFR) is widely used in
studies as a biomarker for assessing kidney function [6].

Despite non-modifiable CKD risk factors, such as race, gender, and family history of CKD,
diabetes, obesity, physical inactivity, smoking, and dietary patterns are modifiable risk
factors [7,8]. Accumulating evidence showed that lifestyle modifications including dietary
manipulations may have beneficial effects on kidney function [9]. Chronic low-grade
inflammation commonly expressed by a persistently elevated serum C-reactive protein
(CRP) concentration is involved in the progression of kidney dysfunction. It is suggested that
protective effects of healthy food groups such as vegetables, whole grains, fruit, and legumes
on kidney health may be contributed to the high content of antioxidant compounds [10,11].
These valuable effects could be explained by their functions in preventing the formation of
free radicals [12].

Emerging evidence using single nutrients with antioxidant potential has been shown the
protective effects on kidney function, however, the overall antioxidant action of the diet
measuring by a new tool called dietary total antioxidant capacity (TAC), defines synergistic
actions of all antioxidants is a practical predictor of diet-disease relationships [13]. The
association between dietary TAC and chronic diseases has been investigated in previous
studies which showed improvements in cardiovascular risk factors [14] and lower weight and
abdominal fat gain [15]. Additionally, the results of a study indicated that the habitual intake
of the dietary TAC is associated with a lower risk of CKD [16]. Thus, the aim of this study was
to investigate the association of habitual dietary TAC intake with kidney function.

Participants

In this cross-sectional study, subjects were selected among healthy people aged > 60 years old
in five districts of Tehran, Iran. A total of 226 participants (65 men and 161 women) with an
average age of 67.04 (60-83 years), were randomly selected through a 2-stage random cluster
sampling for 2 years (2014-2015). For this aim, Tehran was divided into 5 regions included:
North, South, East, West, and Central districts. After preparing a list of health centers in each
area, 25 of them were chosen randomly (in attention to budget and time limitations). Then,
an identical number of subjects were randomly chosen from each center. The sample size
was attained based on mean and standard deviation in a previously published study [17]. The
number of people needed for this study according to the following formula was [18]:

(Z1—a/2)2 x 52

2 = 193,

However, to replace patients who were excluded due to under- or over-reported food intakes,
and to empower the study, we continued sampling until 250 individuals were enrolled.
Subjects aged over 60 years, interested to participate in the study, and able to answer
questions were included. Exclusion criteria were under or over-reporting of dietary intakes
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(less than 800 kcal/d or more than 4,200 kcal/d, respectively), suffering from kidney, liver,
and lung diseases and other conditions affect cardiovascular and respiratory system's health
or infectious and active inflammatory diseases, pregnancy, lactation, routine supplement
or drug use such as weight loss, hormonal, sedative drugs, thermogenic supplements like
caffeine and green tea, conjugated linoleic acid (CLA), etc.

This study was conducted according to the guidelines laid down in the Declaration of
Helsinki. All procedures were followed by the ethical standards of the Tehran University
of Medical Sciences (IR.TUMS.REC.1395.2618), who approved all aspects of the study. All
participants signed written informed consent before the start of the study.

Demographic data

Information on general characteristics such as age, sex, marital status, smoking and
socioeconomic status, use of medications, use of mineral and vitamin supplements, and
history of any diseases were asked during a face-to-face interview.

Dietary intake assessment

The habitual diet was assessed with a quantitative 147-items food frequency questionnaire
(FFQ) which is validated for the Iranian population [19]. The trained interviewer asked each
participant to report how often, on average, they have consumed each food item on a daily,
weekly, monthly, or yearly scale over the previous year. For analyzing the energy and nutrients
content of food items we used Nutritionist IV software (First Databank, San Bruno, CA, USA),
modified for Iranian foods [20].

Calculation of the DTAC

DTAC was assessed by Nutrient Data Laboratory of USDA Database, using the oxygen radical
absorbance capacity (ORAC) method for 100 grams of selected foods, and expressed as
micromole of Trolox Equivalents (pmol TE/100 g) [21].

Biochemical assessments

Samples of 10ml of blood and at least 3 mL of urine were taken from all participants after
overnight fasting (14 hours), between the hours of 8-10 am in acid-washed test tubes without
anticoagulant. After 30 minutes of storing at room temperature, clot formation, and blood
samples centrifuging at 1,500 g for 20 minutes, serums were put in ~80°C until subsequent
testing. Serum albumin and urea were assessed by a colorimetric method, using commercial
kits (Pars Azmoon, Tehran, Iran) with an autoanalyzer (Selecta E; Vitalab, Holliston, The
Netherlands). The concentration of CRP was assessed by enzyme-linked immunosorbent
assay (ELISA) using the commercial kit (IBL international, Hamburg, Germany). Serum
creatinine was measured according to the standard colorimetric Jaffe_Kinetic reaction
method. Albumin to creatinine ratio (ACR) was calculated by dividing albumin concentration
in milligrams by creatinine concentration in grams. We used the modification of diet in renal
disease (MDRD) equation formula to express the eGFR in mL/min/1.73 m? of body surface
area [22] that calculates as follows:

eGFR =186 x (Serum creatinine) ™ x (Age) 2% x (0.742 if female)
x (1.210 if African-American).

Subjects were classified based on their eGFR levels by the national kidney foundation
guidelines: eGFR > 60 mL/min/1.73 m? as not having CKD and eGFR < 60 mL/min/1.73 m?
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as having CKD [3]. According to the American Diabetes Association, ACR 230 mg/g is
represented as albuminuria [23].

Anthropometric measures, physical activity, and blood pressure

Weight was measured in light clothing to the nearest 100 g by a SECA digital weighing

scale (Seca725; Seca GmbH & Co., Hamburg, Germany) and height was measured using a
stadiometer (Seca GmbH & Co.) to the nearest 0.1 cm without shoes. Body mass index (BMI)
was calculated as the body weight divided by height and expressed as kilograms per meter
squared. Waist circumference (WC) was measured between the lower rib and iliac crest,
using a tape meter. Data on physical activity was collected using the short-form International
Physical Activity Questionnaire to calculate the metabolic equivalent (MET) minute per
week [24]. Blood pressure (BP) was measured after an initial resting for 15 minutes while the
patients were in a seated position and arms. BP was measured twice with at least a 30-second
interval by a digital instrument (Beurer BP equipment, BC-08; Beurer GmbH, Ulm,
Germany). The average of two measurements was used in our analyses.

Statistical methods

Participants were categorized based on the tertiles of the DTAC (< 741.3, 741.3-1,185.7, and
>1,185.7 pumol TE/100g). For comparison, the general characteristics among the tertiles of

the DTAC, one-way analysis of variance (ANOVA), and y? tests were used for quantitative

and qualitative variables, respectively. Analysis of covariance (ANCOVA) was performed to
report energy-adjusted nutrient intakes across the tertiles of the DTAC. A post hoc multiple
comparisons test using the Tukey method was performed across tertiles of the DTAC. We used
ANOVA in the crude model and ANCOVA in three adjusted models to compare biochemical
variables across the tertiles of DTAC after controlling for confounding variables such as age, sex,
physical activity, socioeconomic status, systolic blood pressure, diastolic blood pressure, weight,
height, potassium, phosphorus, and protein intake. The eGFR < 60 mL/min/1.73 m? and ACR

> 30 mg/g were classified as subjects with CKD. Odds ratio and 95% confidence intervals were
obtained using logistic regression to determine the relationship between the DTAC with kidney
function. The risk was reported in crude and 3 adjusted models. In this analysis, the first tertile
of exposure was considered as the reference category. We considered p < 0.05 as the significance
level, priory. For all analyses, SPSS 22 for Windows (SPSS Inc., Chicago, IL, USA) was used.

The demographic characteristics of all 226 participants across tertiles of DTAC are shown in
Table 1. The mean * standard deviation age of the study participants was 67 + 5.7 years (from
60 to 83 years), and 72% of participants were women. The DTAC range was from 112.8 to
2,553.9. The body weight of tertile 3 was significantly higher than that of tertile 1 (p = 0.01).
Subjects in the highest, compared to the lowest tertile category of DTAC were more likely

to be married (p < 0.001). Furthermore, there was a significant difference in the smoking
status among the groups of DTAC (p = 0.02). However, we did not observe any significant
differences in age, height, waist circumference, body mass index, systolic and diastolic blood
pressure, sex, and physical activity across the tertiles of DTAC. Additionally, there was a
significant association between the first and third tertiles of weight based on the Tukey test.

Nutrient intakes of participants across the tertiles of DTAC after adjusting for energy intake
are reported in Table 2. The findings showed that the intake of energy (p < 0.001), total fat (p
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General characteristics of the participants in the study based on tertiles of DTAC

Characteristics Tertile 1 (< 741.3) Tertile 2 (741.3- Tertile 3 (>1,185.7)  p value
(n=76) 1,185.7) (n = 75) (n =75)
Age (yr) 67.7 + 6.10 67.3 +5.97 66.0 + 5.12 0.07
Weight (kg) 71.0 = 11.4° 710 £ 11120 75.7 +13.0° 0.01*
Height (cm) 155+ 7.70 155 +8.33 157 +£7.92 0.10
WC (cm) 99.0 £11.4 98.9 £9.20 99.6 +10.4 0.71
BMI (kg/m?) 29.3+£4.15 30.2 +5.05 29.6 +4.38 0.65
Systolic blood pressure (mmHg) 140 +19.9 144 £ 23.5 141+ 922.5 0.53
Diastolic blood pressure (mmHg) 83.1+14.9 87.8+16.3 83.0 £12.1 0.07
Sex 0.19
Male 19 (25.0) 20 (26.7) 26 (34.7)
Female 57 (75.0) 55 (73.3) 49 (65.3)
Marital status <0.001"
Single 0(0) 0 (0) 3(4.0)
Married 49 (64.5) 53 (70.7) 59 (78.7)
Divorced 0 (0) 2(2.7) 2(2.7)
Widow 27 (35.5) 20 (26.7) 1 (14.7)
Smoking 0.02"
None smoker 67 (88.2) 68 (90.7) 56 (74.7)
Former and current smoker 9 (11.8) 7(9.3) 19 (25.3)
Physical activity 0.88
Very low 34 (44.7) 37 (49.3) 37 (49.3)
Low 31(40.8) 929 (29.3) 925 (33.3)
Medium and high 11 (14.5) 16 (21.3) 13 (17.3)

One-way analysis of variance for quantitative data and * test for qualitative data have been used. Values are
presented as mean + standard deviations or number of subjects (%).

DTAC, dietary total antioxidant capacity; WC, waist circumference; BMI, body mass index.

*Significantly different between groups (p < 0.05); **Tukey post hoc test: means with the same letter indicate no
significant difference. Any difference between 2 means carrying different letters is significant at 0.05.

=0.03), monounsaturated fatty acids (MUFAs) (p = 0.01), fiber (p = 0.04), folate (p < 0.001)
and vitamin E (p = 0.04) in people in the third tertile were significantly more than the first
tertile. No significant relation was observed between other nutrient intakes across the tertiles
of DTAC. A post hoc Tukey test showed the significant relations between all groups of DTAC
for energy and folate intake and also the differences between the first tertile with tertile 2 and
3in total fat and vitamin E intake. Besides, this test indicated that tertiles 1 and 2 and also
tertiles 1 and 3 significantly differed for MUFAs and fiber intake, respectively.

The mean of kidney function variables reported by tertiles of DTAC is presented in Table 3.
We did not find any significant differences in the mean of biochemical characteristics of renal
function across the DTAC tertiles even after controlling for confounders.

Logistic regression was applied for assessing the association of DTAC intake and CKD
progression and albuminuria in crude and adjusted models (Table 4). The crude result of logistic
regression indicated no association of eGFR < 60 mL/min/1.73 m* with DTAC. After adjustment
for confounder variables, the non-significant association remained. Regarding albuminuria, our
crude findings also proposed no relationship between DTAC tertiles and the risk of ACR > 30
mg/g. After controlling for confounder variables, the result did not change remarkably.

Our findings showed that the intake of energy, total fat, MUFAs, folate, fiber, and vitamin
E increased significantly across tertiles of DTAC while no significant relation was observed
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Macro and micronutrients intake across tertiles of DTAC

Intake Mean + SD Tertile 1 (n =76) Tertile 2 (n = 75) Tertile 3 (n = 75) p value
Energy (kcal/d) 9,775 + 799 2,367 + 6017 9,799 + 6490 3,035 = 879° <0.001*
Total fat (g/d) 78 +36 66 + 25° 84 + 45b° 85 + 39° 0.03"
SFAs (g/d) 23 +10 20+8 24+9 26 + 11 0.16
MUFAs (g/d) 97 £17 22 + 82 30 +26° 27 £10*° 0.01"
n-3 PUFAs (g/d) 1.2+ 0.8 1.04 + 0.6 1.2+ 0.7 1.4 +11 0.62
n-6 PUFAs (g/d) 13.6 £ 7.0 1.6 +5.6 14.8+7.8 14.4+6.9 0.08
Cholesterol (mg/d) 204 +103 179 + 81 206 +102 298 + 118 0.52
Protein (g/d) 84 + 31 71+ 25 84 +30 96 + 33 0.76
Carbohydrates (g/d) 371 £137 302 +101 370 +£125 441 + 146 0.15
Fiber (g/d) 46.7 + 24.0 40.0 £18.6° 46.0 + 22.9%P 541 = 29.5° 0.04*
Phosphor (mg/d) 1,640 = 619 1,415 + 469 1,675 + 651 1,833 + 654 om
Vitamin A (ug/d) 804 + 444 732 + 472 774 + 336 907 = 495 0.40
B-Carotene (ug/d) 5,342 + 3,046 4,754 + 9,569 5,179 + 2,519 6,101 = 3,770 0.72
Thiamin (mg/d) 21+0.9 17+0.6 2.2+0.9 2.5+0.9 0.20
Riboflavin (mg/d) 21+0.8 1.9+ 0.6 21+0.7 2.4+0.9 0.14
Niacin (mg/d) 25.2 £10.3 20.9 + 8.7 24.8 +£10.2 29.9 £10.2 0.48
Vitamin B-6 (mg/d) 21+07 1.8+0.6 2.1+0.6 2.5+0.8 0.82
Folate (ug/d) 569 + 205 446 +129° 570 +180° 694 = 216° <0.001*
Vitamin B-12 (ug/d) 43+3.2 41+4] 4.08+2.5 4.8+2.8 0.22
Vitamin C (mg/d) 193 + 97 157 + 69 184 + 82 240 = 116 0.33
vitamin D (ug/d) 1.8+17 1.5+1.2 1.9+1.9 2.02+1.8 0.50
Vitamin E (mg/d) 12.9+5.4 11.01 £ 4.32 13.9 + 6.4%¢ 14.05 + 4.7° 0.04"
Vitamin K (ug/d) 241 + 164 204 + 153 951 + 144 268 + 188 0.60
Iron (mg/d) 18.9 + 8.0 15.5 5.9 19.2 + 8.6 22.0 + 8.1 0.41
Magnesium (mg/d) 481+196 415 £140 493 + 226 536 =196 0.12
Selenium (ug/d) 129 + 68 134 = 86 129 + 63 124 + 52 0.55
Zinc (mg/d) 12.3+4.8 10.6 +4.03 12.6 £ 5.1 13.9+4.7 0.37
Potassium (mg/d) 4,104 + 1,404 3,579 +£1,037 4,016 + 1,297 4,725 + 1,594 0.21
Calcium (mg/d) 1,138 £ 433 991 + 316 1,157 + 428 1,268 + 496 0.1

Analysis of covariance has been used; All values are mean + SD and adjusted for total energy intake.

DTAC, dietary total antioxidant capacity; SD, standard deviation; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.
*Significantly different between groups (p < 0.05); **<Tukey post hoc test: means with the same letter indicate no significant difference. Any difference between 2
means carrying different letters is significant at 0.05.

Multivariate adjusted means for biochemical characteristics of renal function

Biochemical characteristics Mean + SD Tertile 1 (n = 76) Tertile 2 (n = 75) Tertile 3 (n = 75) p value P1 P2 P3

Serum urea (mg/dL) 33.7+14.4 33.6 +12.1 35.6+19.8 31.9+9.2 0.46 0.30 0.31 0.54
Serum creatinine (mg/dL) 11+0.9 1.08 0.3 1.3+1.5 1.09 + 0.3 0.98 0.09 0.13 0.33
Serum albumin (mg/dL) 47+2.7 51+4.6 4.6 +0.3 4.5+ 0.4 0.21 0.38 0.37 0.24
Urine creatinine (mg/dL) 2.45 1.4 2.3+1.4 2.6 1.4 2.3+1.3 0.83 0.19 0.18 0.15
Urine albumin (mg/g) 83.5+148 68.2 + 68.5 101.7 £ 194 80.7 £153 0.61 0.32 0.40 0.28
hs-CRP (mg/L) 4.8+12.8 5.9+19.5 39+8 4.7 +71 0.55 0.51 0.48 0.51
eGFR (mL/min/L/73 m?) 77.5 £109 89 +154 64.7 + 45.6 78.7 £ 97.7 0.56 0.44 0.44 0.35
ACR (mg/g) 34 +67.6 26.5 +20.8 36 +54.9 39.9+104 0.24 0.74 0.78 0.91

Analysis of variance in crude model and analysis of covariance in adjusted models have been used (P1, adjusted model for age, sex, physical activity, and
socioeconomic status; P2, Model 1+ systolic and diastolic blood pressure; P3, Model 2 + weight, height, potassium, phosphorus, and protein intake). All values
are mean = SD.

SD, standard deviation; hs-CRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; ACR, albumin to creatinine ratio.

*Significantly different between groups (p < 0.05).

between other nutrient intakes and DTAC. We also found that DTAC had no significant
relationship with the biomarkers of kidney function in crude and 3 adjusted models.
Additionally, increased odds of having CKD were not significant across DTAC tertiles.

For many years the association of single antioxidant nutrient and food groups like vegetables
and fruits with health and disease has been the focus of interest [25]. However, investigating
the association of single antioxidant nutrient or food groups may not reflect the interaction
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Relationship of DTAC with eGFR and urine ACR

Tertiles of DTAC

Crude
Tertile 1 (n =72)
Tertile 2 (n =71)
Tertile 3 (n = 66)
Model 1
Tertile 1 (n =70)
Tertile 2 (n = 71)
Tertile 3 (n = 65)
Model 2
Tertile 1 (n =70)
Tertile 2 (n =71)
Tertile 3 (n = 65)
Model 3
Tertile 1 (n =70)
Tertile 2 (n =71)
Tertile 3 (n = 65)

ACR > 30 mg/g

OR (95% Cl)

1 reference
2.03 (0.93-4.46)
1.97 (0.88-4.38)

1 reference
2.95 (1.00-5.09)
1.94 (0.83-4.50)

1 reference
2.94 (0.99-5.07)
1.94 (0.83-4.51)

1 reference
2.1 (0.91-4.91)
1.58 (0.63-3.93)

Tertiles of DTAC

eGFR < 60 mL/min/1.73 m?

p value OR (95% CI) p value

Crude

0.15 Tertile 1 (n =76) 1reference 0.99

0.07 Tertile 2 (n = 75) 0.97 (0.51-1.87) 0.94

0.09 Tertile 3 (n = 75) 0.97 (0.51-1.87) 0.94
Model 1

0.2 Tertile 1 (n = 74) 1 reference 0.93

0.04" Tertile 2 (n = 75) 0.96 (0.49-1.88) 0.90

0.12 Tertile 3 (n = 74) 1.08 (0.54-2.15) 0.81
Model 2

0.13 Tertile 1 (n =74) 1 reference 0.91

0.05 Tertile 2 (n = 75) 0.93 (0.47-1.84) 0.84

0.12 Tertile 3 (n =74) 1.08 (0.54-2.15) 0.81
Model 3

0.21 Tertile 1 (n = 74) 1reference 0.43

0.08 Tertile 2 (n = 75) 0.91 (0.44-1.86) 0.80

0.32 Tertile 3 (n = 74) 1.47 (0.68-3.18) 0.32

Values are reported based on the logistic regression test (Model 1, adjusted for age, sex, physical activity, and socioeconomic status; Model 2, model 1 + systolic
and diastolic blood pressure; Model 3, model 2 + weight, height, potassium, phosphorus, and animal protein intake).

DTAC, dietary total antioxidant capacity; eGRF, estimated glomerular filtration rate; ACR, albumin to creatinine ratio; OR, odds ratio; Cl, confidence interval.
*Significantly different between groups (p < 0.05).

https://e-cnr.org

or synergetic effects of antioxidants in the whole diet and different mechanisms to prevent
disease [13]. Therefore, DTAC was developed as an applicable tool for the assessment of the
antioxidant potential of a diet [13].

We found that the intake of energy, total fat, MUFAs, fiber, folate, and vitamin E increased
significantly across tertiles. The association between DTAC with the indices of the
Mediterranean diet and the Healthy Eating Scores has also been reported [13]. Bonaccio et
al. [206], also reported that adherence to a Mediterranean diet is along with a high intake

of antioxidant components like MUFA, fiber, folate, and vitamin E. In a population-based
cohort study, a higher intake of vitamin E and vitamin C had associated with reduced risk
incidence of CKD. Apart from observational studies, these reported associations have been
confirmed in a few intervention studies with improvement in eGFR and protein excretion
following a pharmacological dose of vitamins C and E [27], which was not confirmed in
others [28]. The consumption of fibers from fruits, vegetables, and whole grains, confirms
a higher intake of nutrients found in these foods like folate and vitamin C. It also showed
arelation between dietary fiber with a reduction of inflammation and mortality among
patients with CKD [29]. Previous studies have demonstrated an age-related increase of
oxidative stress [30] and the role of oxidative stress in several age-related diseases like the
progression of CKD [12]. In a recent systematic review, an inverse association between TAC
and the health outcomes in middle-aged and elderly populations were determined [31].
Excessive oxidative stress is a progressive mediator connecting with higher malignancy
rates in end-stage renal disease (ESRD) patients and structural changes induced by reactive
oxygen species in B2-microglobulin and fibrosis which may result in inflammation [32,33].
Antioxidants with beneficial effects on inflammation and oxidative stress may influence CKD
development and progression by compensating for imbalances in oxidative stress [12]. The
participants in tertile 3 had higher body weight. The role of high body weight in oxidative
stress and inflammation can be a justification for the lack of relationship between DTAC and
the improvement of CKD markers.
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We could not find any significant relation between biomarkers of kidney function across

the DTAC tertiles in crude and 3 adjusted models. Our results confirmed the findings of a
study done by Lin et al. [34], who reported that there was no association between the dietary
approach to stop hypertension (DASH) style pattern score which is rich in antioxidant
components, with eGFR and ACR. In contrast, a study conducted on 635 patients with
diabetes reported that by increasing scores of “the vegetable and fish” dietary pattern which
is high in antioxidants, fiber, and phytochemicals, serum creatinine decreased and eGFR
increased [35]. Low sample size in our study may result in a lack of association. Moreover,
the diverse results may also be related to the different assessment tools like dietary intake
questionnaire (147-item FFQ vs. 45-item FFQ).

Another important finding of the present study was that a higher intake of TAC was not
related to the risk of CKD. Similar to our finding, a case-control study consisted of 210
patients with type 2 diabetes, reported no significant association between DTAC and CKD
risk [36]. On the other hand, a study showed that diets high in TAC were associated with a
lower risk of incident CKD among subjects with hyperglycemia [17]. Contrary to our study,
they included hyperglycemic patients and it is obvious that variety in health condition and the
design of study is another factor that can be made controversies in findings. Moreover, the
association of the Mediterranean diet, rich in antioxidants, with decreased risk of incident
CKD has been reported [37]. Different food processing and cooking methods in various
cultures may affect the availability and content of dietary antioxidants, which may explain
these conflicting results [38].

The present study has some strengths and limitations. This study is the first study that
explored the association between DTAC with kidney function in Iranian elderly with a
validated FFQ and considers the controlling of confounder variables. However, this was a
cross-sectional study, and therefore we could not assess the causal relationship. In addition,
the assessment of dietary TAC may be affected by cultivation procedures, storage, and cooking
[38]. Moreover, we did not assess serum TAC. Several studies have reported that dietary TAC
has been positively associated with plasma total antioxidant capacity [39]. The low sample size
was another limitation. Also, the results could not be generalized to the general population.
Because we used FFQ to obtain information on participants’ dietary intake and also
participants were elderly, recall bias, overestimation, and underestimation of dietary intakes
were possible. Moreover, it is possible that there still may be residual confounding factors,
although attempts were made in our study to control all relevant cofounders.

In conclusion, we did not observe an association between DTAC, kidney function, and
the odds of having CKD and albuminuria. However, further investigation, without all the
limitations of this study is needed to confirm our findings.

We would like to acknowledge all participants who made this research possible.
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