
ABSTRACT

The association between dietary antioxidant quality score (DAQS) and cardiovascular risk 
factors such as low cardiovascular fitness (CRF) and elevated blood pressure (BP) has rarely 
been investigated. To investigate the association between DAQS, CRF, and BP. This cross-
sectional study was conducted on 270 adult subjects living in Tehran, Iran. Dietary intake 
was evaluated using a validated food frequency questionnaire. The DAQS was calculated 
using antioxidant-nutrient intake. Socio-economic status, anthropometric measures, and BP 
were recorded by a trained interviewer, using standard methods. A significant increase was 
found in maximal oxygen uptake (p value = 0.01) across tertiles of DAQS. After adjusting for 
confounders, the association remained unchanged (p value = 0.02). Participants in the highest 
tertile of DAQS had higher systolic BP (SBP) (p value = 0.01) and diastolic BP (DBP) (p value = 
0.03), although adjustment for confounding factors attenuated the results (p value = 0.3 for 
DBP and p value = 0.6 for SBP). Our results revealed that higher DAQS is associated with better 
CRF in Iranian adults. Further studies are needed to establish the veracity of our results.
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INTRODUCTION

Cardiovascular fitness (CRF) is an important marker of physiological condition and maybe 
defined as the ability of the circulatory, respiratory, and muscular systems to supply oxygen 
during sustained physical activity. CRF is usually expressed in metabolic equivalents (METs) 
or maximal oxygen uptake (VO2 max) measured by exercise tests, using treadmill or cycle 
ergometers [1]. Low CRF and elevated blood pressure (BP) are considered to be risk factors 
and strong, independent, identifiers of cardiovascular diseases (CVDs) [2,3]. Numerous 
studies have reported on the effect of antioxidants on training adaptation in response 
to endurance training, and the results are equivocal. In addition, a number of studies on 
humans have shown no beneficial effect of vitamin C on endurance [4], or on aerobic and 
anaerobic capacity [5,6]. Training studies with vitamin E supplementation alone have also 
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shown no effect on endurance capacity [7], or indeed on cardiorespiratory efficiency and 
motor fitness [8]. In young competitive swimmers, no effect on VO2 max during exercise in 
healthy individuals after supplementation with vitamin C and E has also been reported by 
Yfanti et al. [9]. However, in animal studies, vitamin C and E have been purported to elicit 
beneficial effects on endurance capacity in aging rats [10]. The synthesis of free radicals have 
been identified to influence BP [11]; whilst exogenous administration of antioxidants has 
been used in animal models and in humans with hypertension to counteract the hypertensive 
effect of reactive oxygen species (ROS), due to their potential role in improving vascular 
function and reducing BP [12]. While several studies have suggested an inverse association 
between dietary antioxidants and BP [13-22], published results from randomized controlled 
clinical trials do not support the hypothesis that vitamin E or β-carotene supplementation 
has a protective effect on BP [23,24]. Relatedly, diets consist of a variety of foods, with 
complex combinations of antioxidant nutrients. The most consistently used approach in 
determining the potential role of antioxidant dietary intake on health outcome has been 
based on the content and amount of individual antioxidant nutrients in the diet. The dietary 
antioxidant quality score (DAQS), which sums certain dietary antioxidants and assigns a 
score based on calculated quantity compared with the recommended daily intake (RDI) 
quantity, has been suggested as a sensitive and accurate method [25]. To our knowledge, 
there is no available evidence regarding the association between DAQS and cardiovascular 
risk factors such as low CRF and elevated BP. Thus, the purpose of this study was to assess 
the association of DAQS with cardiorespiratory fitness and BP among Iranian adults.

MATERIALS AND METHODS

Study design
This cross-sectional study was conducted on 270 adults (118 males and 152 females), aged 
between 18–45 years' old who lived in Tehran, Iran between February 2017 and December 
2018. Participants were recruited using advertisement, distribution of flyers in the common 
area, and information sessions held at residential facilities. The participants were selected 
based on the following inclusion criteria: 1) apparently healthy people with the age range of 
18–45 years, 2) no alcohol or drug abuse, 3) participants with special diets, such as weight 
loss or weight gain diets, pregnant and lactating women, receiving any special medication or 
supplements (slimming medicine, hormone, sedative, supplements containing thermogenic 
substances, such as caffeine and green tea, linoleic acid conjugate, etc.) were excluded from 
the study. This study was conducted according to the guidelines laid down in the Declaration 
of Helsinki. All procedures were followed in accordance with the ethical standards of the 
Tehran University of Medical Sciences (ethic number: IR.TUMS.VCR.REC.1396.4085), who 
approved all aspects of the study. All participants signed a written informed consent prior to 
the start of the study.

Exposures and outcomes
Information on lifestyle was collected via self-administered questionnaires, and included 
age (continues variable), sex (male or female), CVD (yes or no), diabetes (yes or no), and 
smoking status (current, former or never smoking), marital status (single or married) and 
physical activity was assessed using a validated short form of the International Physical Activity 
Questionnaire [26]. Subjects were grouped into 3 categories including very low (< 600 MET-
minute/week), low (600–3,000 MET-minute/week), moderate and high (> 3,000 MET-minute/
week), calculated based on METs [27].
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Anthropometric measures and body composition
Body weight was determined using a standard body weight scale (Seca 707; Seca GmbH & 
Co. KG., Hamburg, Germany). The participant's height was measured, unshod, using a 
stadiometer (Seca GmbH & Co. KG.). To measure waist-hip ratio, waist circumference (WC) 
in centimeters was divided by hip circumference in centimeters. We measured WC between 
the middle of bottom ribs and pelvic bones, after normal exhalation, using a non-stretch tape 
measure. Body mass index (BMI) was calculated as weight in kilograms, divided by height in 
meters squared. Body composition was measured using a body composition analyzer (InBody 
720; Biospace, Seoul, Korea); where all participants were asked to follow these conditions 
before measurement: no food ingestion for at least 4 hours, minimal intake of 2 L of water 
the day before, no physical activity for at least 8 hours, no coffee or alcoholic beverage 
consumption during at least 12 hours, and no diuretic use for at least 24 hours, prior to 
assessment, respectively. Participants were required to urinate immediately before the body 
composition test [28].

Measurement of BP
To assess BP, first, we asked participants to sit for 10 minutes; BP was then measured using 
a standard mercury sphygmomanometer. The mean of the 2 measurements was recorded as 
the participant's BP.

Cardiorespiratory fitness testing
The VO2 max was measured using a treadmill and respiratory gas analyzer (Cortex 
Metabolizer 3B). The subjects warmed up for 5 minutes on the treadmill at a speed of 5 km/
hr, next the Bruce test was used to determine the VO2 max, following standard procedures 
[29]. After completing the Bruce test, the subjects walked at a speed of 4 km/hr in order 
to cool down for 3 minutes and encouraged to perform 5-to-10 minutes of stretching. The 
conditions for test cessation were: the participant's heart rate reaches > 90% of the maximum 
heart rate, a respiratory exchange ratio over 1.1, and having a plateau in oxygen intake, 
despite increases in exercise intensity.

Dietary assessment
The dietary intake of participants was assessed using a valid and reliable semi-quantitative 
food frequency questionnaire (FFQ) [30], which contained 168 food items. FFQ was 
administered by trained dieticians, via face-to-face interviews, asking participants to report 
their frequency of consumption of each food item, during the past year on a daily, weekly, 
or monthly basis. These reports were then converted to daily intakes. The food items were 
analyzed for their energy content using Nutritionist IV software, modified for Iranian foods 
(version 7.0; N-Squared Computing, Salem, OR, USA).

Measurement of DAQS
DAQS was obtained from some vitamins and minerals that have antioxidant functions 
including selenium, zinc, vitamin A, vitamin C, and vitamin E [31]. To create a DAQS, we 
compared daily intake of nutrients to that of the RDI [32]. Each of the 5 antioxidant intakes 
was assessed and then we allocated a value of 0 or 1, separately, for every all components. 
According to Tur et al. [31] method when the intake was lower than 2/3 of the RDI, it was 
assigned a value of 0. Similarly, when the intake was higher than 2/3 of the RDI, it was 
assigned a value of 1. Thus, the total DAQS ranged from 0 (very poor quality) to 5 (high 
quality) [31]. The percentage of the RDI as well as the proportion of individuals with intakes 
below the RDI, 2/3 of the RDI, and 1/3 of the RDI were calculated. The proportion of 
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individuals with intakes below 2/3 of the RDI was the criterion used to estimate the risk of 
inadequate intake [33].

Statistical analysis
Participants were categorized based on tertiles of DAQS. Higher tertiles of DAQS 
demonstrate higher antioxidant intake compared to lower tertiles. General characteristics 
of study participants among tertiles of DAQS were tested using analysis of variance for 
continuous variables, and χ2 for categorical variables. We used analysis of covariance 
(ANCOVA) to compare VO2 max, heart rate, pulse pressure, and BP among tertiles of DAQS 
also all values were adjusted for age, sex, weight, height, smoking, physical activity, and 
energy intake. Multiple regression analysis was used to evaluate the association between 
CRF, antioxidant intakes, and DAQS score after adjustment for covariates, including age, sex, 
body weight and height, smoking, physical activity, and energy intake. All statistical analyses 
were performed using the Statistical Package for the Social Sciences (SPSS version 25; SPSS 
Inc., Chicago, IL, USA) We considered p < 0.05 to represent statistical significance.

RESULTS

The general characteristics of the participants by tertiles of DAQS are shown in Table 1.  
Among 270 participants, 43.7% were men and 56.3% were women. The mean age of 
participants was 36.77 ± 13.19 years with a mean BMI of 25.62 kg/m2. Compared with females 
in the lowest tertile, those in the highest tertile of the DAQS had significantly higher FM, 
weight, BMI, and WC (p value = 0.01 for all comparisons). Dietary intake of nutrients 
according to the tertiles of the DAQS are presented in Table 2. Adherence to DAQS showed 
a significant increase for intake of vitamin B6 (p value = 0.02), riboflavin (p value < 0.001), 
folate (p value = 0.03), selenium (p value = 0.03), vitamin D (p value < 0.001), and calcium (p 
value < 0.001). Compared with participants in the lowest tertile, those in the highest tertile of 
the DAQS had significantly lower intakes of carbohydrates (p value < 0.01), thiamin (p value 
< 0.001) and higher intakes of magnesium (p value < 0.01), vitamin C (p value = 0.02), zinc, 
protein, vitamin A, and energy (p value < 0.001 for all). Daily intake of the nutrients in the 
study population are shown in Table 3.

Men had lower daily intake of Folate (p value = 0.04), vitamin D, vitamin E, and magnesium 
(p value < 0.001 for all) than Dietary Reference Intake (DRI). Women also had lower intake of 
folate, vitamin D, vitamin E, calcium, selenium, and magnesium (p value < 0.001 for all) than 
DRI. The association between CRF and antioxidant nutrients was examined using multiple 
regression analysis models adjusted by age, sex, weight, height, smoking, physical activity, 
and energy intake, and is presented in Table 4. Multiple linear regression models showed 
that DAQS had a significant positive association with VO2 max in the crude model (p value = 
0.02). after Adjustment for confounding factors including age, sex, weight, height, smoking, 
physical activity, and energy intake, the association remained significant (p value = 0.03). 
The multivariate adjusted means for CRF, heart rate, pulse pressure, SBP, and DBP according 
to tertiles of DAQS have shown in Table 5. A significant increase was found for VO2 max (p 
value = 0.01) across tertiles of DAQS. After adjusting for potential confounders including age, 
sex, weight, height, physical activity, smoking, and energy intake, the association remained 
unchanged (phylogenetic ANCOVA = 0.02) (Table 5).
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Table 1. General characteristics of study participants by T of DAQS
Characteristics Values T of DAQs

Males (43.7%) p value Females (56.3%) p value
T1 (≤ 1) T2 (1–2) T3 (≥ 3) T1 (≤ 1) T2 (1–2) T3 (≥ 3)

No. 270 10 41 67 23 91 38
Height (cm) 168.16 ± 9.96 176.40 ± 2.63 177.28 ± 7.91 175.88 ± 7.51 0.631 160.78 ± 6.90 161.83 ± 6.59 162.97 ± 5.42 0.744
Age (yr) 36.72 ± 13.15 35.50 ± 12.53 36.05 ± 12.72 39.71 ± 13.35 0.304 33.48 ± 13.97 35.51 ± 12.55 37.66 ± 14.56 0.478
FFM (kg) 50.11 ± 12.86 59.36 ± 5.19 61.89 ± 10.08 61.61 ± 9.04 0.732 40.62 ± 6.35 41.19 ± 5.41 42.10 ± 8.37 0.646
FM (kg) 22.45 ± 9.384 18.43 ± 7.78 19.73 ± 9.08 21.57 ± 9.52 0.447 23.53 ± 8.76 22.37 ± 7.85 27.72 ± 11.72 0.011
Weight (kg) 72.76 ± 16.02 77.79 ± 11.48 81.64 ± 15.96 83.05 ± 14.16 0.555 64.16 ± 13.04 63.58 ± 11.23 70.90 ± 16.14 0.013
WC (cm) 89.61 ± 12.53 90.96 ± 10.40 92.54 ± 12.53 95.27 ± 12.57 0.391 85.11 ± 11.82 84.63 ± 10.36 91.15 ± 13.61 0.012
WHR 0.90 ± 0.06 0.91 ± 0.05 0.91 ± 0.06 0.92 ± 0.07 0.442 0.88 ± 0.05 0.89 ± 0.05 0.90 ± 0.06 0.054
BMI (kg/m2) 25.62 ± 4.66 25.03 ± 3.92 25.88 ± 4.06 26.85 ± 4.11 0.274 24.87 ± 4.95 24.20 ± 4.20 27.01 ± 6.27 0.012
Marital status (%) 0.248 0.183

Single 46.8 5.0 17.8 22.8 10.0 27.8 10.0
Married 53.2 3.4 16.9 33.9 4.6 32.5 15.2

Smoking (%) 0.255 0.235
Non-smoker 86.6 8.5 29.7 35.6 13.9 59.6 23.2
Former and current 
smoker

13.4 0.0 5.0 21.2 0.7 0.7 2.0

Physical activity (%) 0.237 0.211
Low 38.3 3.4 11.9 16.1 4.6 30.5 8.6
Medium 41.3 5.1 12.7 20.3 8.6 23.2 11.9
High 20.4 0.0 10.2 20.3 1.3 6.6 4.6

Diabetes (%) 0.701 0.123
Yes 3.3 0.0 0.8 2.5 1.3 0.7 1.3
No 96.7 8.5 33.9 54.2 13.2 59.6 23.8

CVD (%) 0.712 0.326
Yes 2.2 0.0 0.8 2.5 0.7 0.7 0.0
No 97.8 8.5 33.9 54.2 14.0 60.0 24.7

Values are based on mean ± standard deviation or reported percentage. The p value less than 0.05 was considered significant. One-way analysis of variance for 
quantitative data and χ2 test for qualitative data have been used.
Subjects in the first T of DAQS had DAQS score between (≤ 1); second T: between (1–2); third T: between (≥ 3).
T, tertiles; DAQS, dietary antioxidant quality score; FFM, fat free mass; FM, fat mass; WC, waist circumference; WHR, waist to hip ratio; BMI, body mass index; 
CVD, cardiovascular disease.

Table 2. Dietary intake of nutrients according to the T of the DAQS
Variables Values T of DAQS p value p for trend

T1 (≤ 1) T2 (1–2) T3 (≥ 3)
No. 270 34 132 104
Energy (1,000 kcal/day) 2.39 ± 0.96 1.44 ± 0.36 2.03 ± 0.55 3.11 ± 10.02 < 0.001 < 0.001
Carbohydrates (g/day/1,000 kcal) 142.25 ± 20.14 149.54 ± 60.88 144.33 ± 19.37 137.21 ± 20.51 0.002 0.004
Protein (g/day/1,000 kcal) 38.23 ± 8.82 35.74 ± 7.10 35.61 ± 6.82 42.04 ± 10.05 < 0.001 < 0.001
Total fat (g/day/1,000 kcal) 33.21 ± 8.35 31.32 ± 7.56 33.44 ± 7.62 33.47 ± 7.62 0.411 0.225
Thiamin (mg/day/1,000 kcal) 0.78 ± 0.16 0.84 ± 0.12 0.79 ± 0.16 0.75 ± 0.15 < 0.001 < 0.001
Riboflavin (mg/day/1,000 kcal) 0.73 ± 0.21 0.64 ± 0.16 0.68 ± 0.17 0.82 ± 0.24 < 0.001 < 0.001
Niacin (mg/day/1,000 kcal) 9.37 ± 1.82 9.49 ± 1.65 9.11 ± 1.70 9.67 ± 1.98 0.065 0.640
Vitamin B6 (mg/day/1,000 kcal) 0.62 ± 0.19 0.56 ± 0.16 0.61 ± 0.19 0.66 ± 0.20 0.021 0.012
Folate (IU/day/1,000 kcal) 133.54 ± 38.80 126.12 ± 32.20 129.35 ± 39.26 141.61 ± 39.31 0.030 0.074
Vitamin D (µg/day/1,000 kcal) 0.97 ± 0.83 0.73 ± 0.51 0.82 ± 0.60 1.24 ± 1.07 < 0.001 0.003
Vitamin E (mg/day/1,000 kcal) 1.89 ± 1.03 1.73 ± 0.46 1.78 ± 0.60 2.07 ± 1.47 0.071 0.105
Vitamin A (µg/day/1,000 kcal) 582.01 ± 401.34 316.20 ± 63.37 632.56 ± 480.04 598.44 ± 311.76 < 0.001 < 0.001
Vitamin C (mg/day/1,000 kcal) 60.05 ± 28.30 49.62 ± 18.90 64.01 ± 30.62 58.1 ± 26.73 0.026 0.131
Zn (mg/day/1,000 kcal) 4.09 ± 1.03 3.91 ± 0.85 3.71 ± 0.87 4.63 ± 1.05 < 0.001 < 0.001
Se (µg/day/1,000 kcal) 0.02 ± 0.01 0.02 ± 0.01 0.01 ± 0.01 0.02 ± 0.01 0.032 0.074
Fe (mg/day/1,000 kcal) 9.21 ± 3.16 10.14 ± 3.73 9.10 ± 2.91 9.07 ± 3.28 0.210 0.095
Ca (mg/day/1,000 kcal) 433.56 ± 152.32 376.13 ± 76.88 409.92 ± 125.78 481.76 ± 184.41 < 0.001 0.002
Magnesium (mg/day/1,000 kcal) 122.31 ± 24.08 119.52 ± 19.02 117.43 ± 25.15 128.62 ± 22.98 0.003 0.081
Values are based on mean ± standard deviation. The p value less than 0.05 was considered significant. The p value obtained from 1-way analysis of variances test.
Subjects in the first T of DAQS had DAQS score between (≤ 1); second T: between (1–2); third T: between (≥ 3).
T, tertiles; DAQS, dietary antioxidant quality score; IU, international unit.
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Table 3. Daily intake of the nutrients in the study population
Variables Males p value Females p value

Mean ± SD MD Mean ± SD MD
Thiamin (mg/day) 2.10 ± 1.19 0.991 < 0.001 1.64 ± 0.62 0.54 < 0.001
Riboflavin (mg/day) 2.08 ± 1.26 0.78 < 0.001 1.52 ± 0.65 0.42 < 0.001
Niacin (mg/day) 27.34 ± 16.62 11.31 < 0.001 19.10 ± 7.17 5.12 < 0.001
Vitamin B6 (mg/day) 1.71 ± 1.08 0.411 < 0.001 1.33 ± 0.59 0.03 0.512
Folate (IU/day) 357.55 ± 225.41 −42.60 0.040 288.55 ± 124.67 −111 < 0.001
Vitamin D (µg/day) 2.81 ± 3.22 −12.11 < 0.001 2.00 ± 1.82 −13.0 < 0.001
Vitamin E (mg/day) 5.05 ± 2.93 −9.94 < 0.001 3.98 ± 3.28 −11.0 < 0.001
Vitamin A (µg/day) 1,566.45 ± 1,252.10 666.21 < 0.001 1,235.41 ± 805.72 535.44 < 0.001
Vitamin C (mg/day) 144.23 ± 81.71 54.20 < 0.001 134.22 ± 75.40 59.73 < 0.001
Zn (mg/day) 11.54 ± 6.78 0.59 0.345 8.49 ± 3.40 0.49 0.071
Se (µg/day) 0.05 ± 0.04 0.003 0.324 0.03 ± 0.02 −0.01 < 0.001
Fe (mg/day) 24.47 ± 12.76 16.43 < 0.001 19.51 ± 9.33 1.58 0.040
Ca (mg/day) 1,176.11 ± 633.02 176.51 0.005 924.22 ± 440.67 −75.6 0.032
Magnesium (mg/day) 322.52 ± 144.16 −97.60 < 0.001 262.52 ± 97.33 −57.2 < 0.001
The p value obtained from 1 sample t-test. The p value less than 0.05 was considered significant.
SD, standard deviation; MD, mean difference; IU, international unit.

Table 4. Multiple regression analysis models exploring the association of nutrient intake with cardiorespiratory fitness
Variables β* ± SE p value t 95% CI
Vitamin C (mg)

Model 1 −0.0062 ± 0.0064 0.332 −0.96 −0.01, 0.006
Model 2 0.0031 ± 0.0055 0.574 0.56 −0.007, 0.01

Vitamin E (mg)
Model 1 0.1412 ± 0.1523 0.341 0.94 −0.15, 0.43
Model 2 0.0751 ± 0.1030 0.520 0.64 −0.14, 0.28

Vitamin A (µg)
Model 1 0.0001 ± 0.0001 0.415 0.80 −0.001, 0.001
Model 2 0.0001 ± 0.0001 0.616 0.50 −0.001, 0.001

Zn (mg)
Model 1 0.2540 ± 0.0801 0.003 2.97 0.08, 0.43
Model 2 0.1410 ± 0.1022 0.141 1.47 −0.05, 0.34

Se (µg)
Model 1 45.5920 ± 13.6460 0.001 3.34 18.73, 72.45
Model 2 5.0850 ± 9.9915 0.615 0.50 −14.60, 24.77

DAQS
Model 1 1.4745 ± 0.6262 0.022 2.36 0.24, 2.70
Model 2 1.1933 ± 0.5751 0.031 2.07 0.05, 2.33

The p value less than 0.05 was considered significant.
Model 1, crude; Model 2, adjusted for age, sex, weight, height, smoking, physical activity and energy intake; SE, standard error; CI, confidence interval; DAQS, 
dietary antioxidant quality score.
*β coefficient obtained from linear regression.

Table 5. The multivariate adjusted means for cardiorespiratory fitness, heart rate, pulse pressure and blood pressure across T of DAQS
Variables Values T of DAQS P1* P2

† P3
‡

T1 (≤ 1) T2 (1–2) T3 (≥ 3)
No. 270 34 132 104
VO2 max (mL/kg/min) 31.19 ± 7.73 28.68 ± 7.75 30.56 ± 7.01 32.81 ± 8.32 0.01 < 0.01 0.02
Heart rate (BPM) 171.33 ± 20.04 169.60 ± 18.37 173.50 ± 20.86 169.06 ± 19.36 0.24 0.89 0.28
Pulse pressure (mmHg) 79.68 ± 10.96 80.10 ± 8.93 80.59 ± 10.54 78.47 ± 11.93 0.35 0.48 0.80
SBP (mmHg) 111.57 ± 19.13 109.59 ± 21.74 108.56 ± 21.64 115.96 ± 13.42 0.01 0.09 0.60
DBP (mmHg) 70.63 ± 10.68 70.68 ± 10.04 69.03 ± 11.94 72.62 ± 8.78 0.03 0.36 0.35
Values are based on mean ± standard deviation. The p value less than 0.05 was considered significant.
Subjects in the first T of DAQS had DAQS score between (≤ 1); second T: between (1–2); third T: between (≥ 3).
T, tertiles; DAQS, dietary antioxidant quality score; VO2 max, maximal oxygen uptake; BPM, beats per minute; SBP, systolic blood pressure; DBP, diastolic blood 
pressure.
*Crude model; †The p for trend; ‡Obtained from analysis of covariance test adjusted by age, sex, weight, height, smoking, physical activity and energy intake.
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DISCUSSION

In the present study, we sought to investigate the association of DAQS with CRF and BP 
among Iranian adults. A significant and positive correlation across tertiles of DAQS for VO2 
max was found. In addition, we observed that the total DAQS was significantly related to 
CRF. Our findings also showed a positive correlation between intakes of selenium and zinc 
and vitamin C with CRF. Despite its relative insufficiency in diet, zinc performs important 
roles in body metabolism regulation including energy utilization and work performance 
[34]. Numerous studies have examined the association between zinc intake and CRF [34-
38], and while some studies have confirmed hypozincemia in athletes, there have been no 
deficiency symptoms generally reported [34,35,38-40]. Moreover, no data are available to 
indicate that zinc supplementation improves physical performance for athletes [39]. Zinc-
containing enzymes are involved in many components of the metabolism. In additament, 
certain enzymes that contain zinc, such as carbonic anhydrase and lactate dehydrogenase, are 
involved in intermediary metabolism during activity; another enzyme, superoxide dismutase, 
protects against free radical damage [41]. Research involving zinc supplementation and 
exercise performance is extremely limited. However, our results are in line with the results of 
some other studies [34-37]. In Lukaski [34], the author suggested that zinc may play a major 
role in promoting strength and cardiorespiratory function in healthy people and athletes. The 
author also found, for men during exercise, low dietary zinc resulted in a significant decrease 
in zinc status and impaired cardiorespiratory function [35]. Wada and King [37] reported 
that men receiving 5.5 compared to 16.5 mg zinc had lower resting energy expenditure and 
lower respiratory exchange ratio. Moreover, lower overall and unique activity of the carbonic 
anhydrase isozyme in red blood cells was observed following a lower intake of zinc. The 
activity of the carbonic anhydrase isozyme, as well as cardiorespiratory function, reduces 
during severe intensity, and prolonged submaximal exercise, respectively [35,37]. The 
present study highlighted a relationship between dietary intake of selenium and CRF. Salehi 
and Moradi [42] reported that consuming a selenium supplement for one month improved 
cardiovascular function in active males. In contrast, no significant associations between 
CRF and dietary selenium intake were observed in other studies; for example, a study 
conducted by Williams [40] showed that selenium supplementation did not improve sporting 
performance among well-nourished athletes. Tessier et al., [43] also revealed that selenium 
supplementation, after endurance training, has no beneficial impact on the antioxidant 
capacity and physical performance. Potential mechanisms which may explain how plasma 
selenium is associated with CRF remain unclear; however, glutathione peroxidase, an 
antioxidant enzyme containing selenium, may act to prevent peroxidation of erythrocyte 
membrane and muscle cell substructures involved in oxygen metabolism [40].

Participants in our study had a lower intake of vitamin E and higher intake of vitamin C, 
and vitamin A than DRI. A study of Schneider et al. [44] showed that the higher antioxidant 
diet provided twice the DRI of vitamin E, 5 times the DRI of vitamin C, and twice the DRI 
of vitamin A, while the regular antioxidant diet provided the DRI of vitamin E, twice the 
DRI of vitamin C and the DRI of vitamin A. Our study highlighted a relationship between 
dietary intake of vitamin C and CRF. Most human disease is distinguished by enhanced 
ROS. Several beneficial adaptations were linked with the use of antioxidant vitamin C [45]. 
In line with our results, Gomez-Cabrera et al. [5] showed that high dosages of vitamin C 
affected adaptation to endurance exercise training in both an animal and a human model. 
In contrast, Roberts et al. [46] confirmed that no effects of vitamin C supplementation on 
male participants' adaptations to high-intensity running exercise. VO2 max and endurance 

https://doi.org/10.7762/cnr.2020.9.3.171

Dietary Antioxidant and Cardiorespiratory Fitness

177

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

https://e-cnr.org


performance improved equally in supplemented and placebo groups [46]. In our study, 
participants in the highest tertile of DAQS had lower heart rate and pulse pressure. Chen 
et al. [14] showed that antioxidant vitamins can be essential for the underlying cause and 
hypertension prevention, whilst Waśkiewicz et al., [47] suggested that the consumption of 
foods with a high content of antioxidants was associated with lower chances of hypertension 
in a Polish adult population. The strong association of BP with some oxidative stress-
related parameters and suggest a possible role of oxidative stress in essential hypertension 
pathophysiology [12]. Rodrigo et al. [12] found a strong correlation between BP and some 
oxidative stress parameters and suggested a potential role of oxidative stress in essential 
hypertension pathophysiology. ROS exposure increases antioxidant activity of the enzymes, 
therefore, genes encoding these enzymes are coordinately controlled in their regulatory 
regions by the antioxidant responsive elements (ARE), a mechanism that occurs through the 
activation of the transcription factor NF-E2 associated factor 2 (Nrf2). Binding Nrf2 to these 
ARE sites results in up-regulation of downstream genes, which, in-turn, regulate the activity 
of antioxidant enzymes in order to compensate for the toxicity of ROS. In most hypertensive 
patients, this mechanism may be enabled for response to their ROS levels [48-50]. The 
non-significant association found in our study may have several possible explanations. One 
explanation is that there was insufficient variation in antioxidant intakes across tertiles of 
DAQS. Second, because of the temporal relationship between the measured exposure and the 
outcome, a relationship could remain undetected that did not cover the true latent period. 
Third, unmeasured variables exist which we did not control to affect the relationship between 
antioxidants and CRF may have impacted our results. Fourth, the differences observed in our 
study, as opposed to other studies, may be due to the cross-sectional design which prevents 
causal inferences to be made. Moreover, the small number of participants in our study may 
be another reason for non-significant results, although we had enough power to detect the 
diet-disease relationship. Despite the aforementioned limitations, this is the first study, to 
our knowledge, to have evaluated the relationship between the DAQS and cardiorespiratory 
fitness, and thus represents an important addition to the literature.

CONCLUSION

Our results highlighted that DAQS has a significant association with VO2 max. Moreover, 
we demonstrated that there was a reduction in heart rate and pulse pressure across tertiles 
of DAQS, although this association was not significant. It is evident that more prospective 
studies are needed to affirm confirm the veracity of our results.
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