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Abstract  Obesity implies higher cardiovascular risk (CVR) than overweight. Polyphenol-rich fruits have shown 
to ameliorate CVR factors (CVRF). It is not clear whether differential effects could be observed between obese and 
overweight people consuming these fruits. Objective: To evaluate the effects of agraz on CVRF in overweight and 
obese women with metabolic syndrome (MetS). Methods: Overweight (n=22) and obese (n=18) women (25-60 
years) with MetS, were included in this crossover, double-blind and placebo-controlled study. They consumed agraz 
or placebo over 4-weeks separated by a 4-wk washout period. At the end of each period, the following parameters 
were measured: anthropometrics, blood pressure, serum lipid profile, glucose, insulin, adipokines, apolipoprotein 
(apo)-A1, high sensitivity C-reactive protein (hs-CRP), serum total antioxidant capacity (TAC), endogenous 
antioxidant enzymes and oxidative stress (OxS) markers. Results: Compared to placebo, agraz consumption 
significantly (p<0.05) reduced hs-CRP and urinary 8-hydroxy 2 deoxyguanosine (8-OHdG) levels in overweight and 
obese women, respectively. In both groups, changes in antioxidant markers were significant (p<0.05) and negatively 
correlated with changes in CVR factors and OxS markers, respectively. Positive correlations were observed with 
cardioprotective markers. Conclusions: Agraz consumption had differential effects in overweight and obese women, 
with better effects on inflammation and OxS markers, respectively. Further studies should consider these differential 
responses when analyzing the results of an intervention, and eventually adjust to get better outcomes. 
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1. Introduction 

Obesity is a global epidemic and represents an 
important public health problem [1].  

Obese people have higher risk of coronary heart disease 
than overweight people (61% and 22% respectively) [2]. 
Compared with overweight subjects, obese people have 
higher prevalence of metabolic syndrome (MetS) [3], a 
complex of cardiometabolic factors that doubles the risk 
for developing cardiovascular diseases (CVD) [4], which 
represent the first cause of mortality worldwide [5].  

Besides the cardiometabolic alterations in obese people, 
endogenous antioxidant enzymes are not enough to 
neutralize the overproduction of reactive oxidative species 
[6], resulting in oxidative stress (OxS) and high levels of 

oxidation markers [7,8]. These alterations lead to 
dysregulated adipocytokine production, chronic inflammation, 
insulin resistance [9,10], and atherosclerotic lesion 
development [11]. 

Lifestyle changes have shown to contribute importantly 
to the treatment and prevention of cardiovascular risk 
factors (CVRF) in overweight and obese people. For 
example, studies in people with high BMI (≥25 kg/m2) 
have shown that chronic consumption of polyphenol-rich 
foods results in reductions of lipid peroxidation [12,13] 
and protein oxidation markers [14]; and increases in 
antioxidant markers like blood total antioxidant capacity 
[TAC] [15] and antioxidant enzymes activity [16,17]. 
Likewise, polyphenol consumption has shown to improve 
insulin resistance [18], adiponectin levels [14], BMI, waist 
circumference (WC), LDL-cholesterol (LDL-c) [19], systolic 
and diastolic blood pressure [13] and inflammation  
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(e.g., by reducing high sensitivity C-reactive protein  
[hs-CRP] levels) [20]. In contrast, some studies did not 
find beneficial effects of polyphenol consumption in 
people with high BMI [21,22]. One reason for these 
contradictory results might be a differential response to 
polyphenol consumption between obese and overweight 
people. Recently, Herranz-López et al., found that 
consumption of polyphenol-rich extracts (Metabolaid®, 
500 mg/day) had a better effect in reducing BMI, WC, 
body fat percentage and blood pressure in overweight, 
compared to obese participants [23], suggesting that it is 
important to evaluate differences in the response between 
overweight and obese participants in intervention studies. 

Lately, there has been a great interest in studying the 
effects of Vaccinium meridionale Swartz (also called 
agraz or Andean berry) in human health, due to its high 
antioxidant capacity and phenol concentration (mainly 
anthocyanins) [24]. In 2018, Torres et al., showed that 21 
days of osmodehydrated Andean berry consumption in 
overweight subjects caused reductions of some CVRF like 
blood pressure, BMI and WC [25]. Previously, we reported 
beneficial effects after 4-weeks of agraz consumption in 
this same group of women with MetS, with increases in 
TAC [26] and reduction in DNA oxidative damage [27]. 
However, there are limited studies evaluating the effect of 
consumption of a polyphenol-rich beverage of agraz on 
OxS markers and antioxidant capacity comparing people 
with different BMI classification. Therefore, we aimed to 
evaluate the effects of agraz, compared to placebo, in 
cardiometabolic variables, OxS markers, endogenous 
antioxidant enzyme activity and serum TAC in overweight 
and obese women with MetS.  

2. Materials and Methods 

2.1. Study Design 
Forty women (25-60 years) with MetS from  

Medellín- Colombia, were included in this double-blind, 
crossover design and placebo-controlled study. MetS  
was defined according to the NCEP ATP-III guidelines  
[4], as previously described [27]. Women were analyzed 
according to their BMI as overweight (n=22) and obese 
(n=18) [28]. Exclusion criteria included kidney disease, 
heart disease, diabetes; having TG ≥ 500 mg/dL, fasting 
plasma glucose ≥ 126 mg/dL, LDL-c ≥ 190 mg/dL, blood 
pressure >140/90 mmHg. In addition, consumption of 
anti-inflammatory, lipid-lowering, hypoglycemic, and 
anti-hypertensive medications; smoking, consuming more 
than 20 g alcohol per day, being pregnant or planning  
to become pregnant, being a professional athlete, and 
consumption of supplements or nutraceuticals.  

Women were assigned through an alternating  
quasi-randomization allocation method, to consume over 4 
weeks either a freeze-dried agraz powder dissolved in 200 
mL of water (containing 1027.97 ± 41.99 mg gallic acid 
equivalents /L of total phenols) or 200 mL of placebo 
(with sensorial and physicochemical characteristics of  
the agraz beverage, but devoid of any polyphenols).  
Both beverages were prepared and characterized by food 
engineers of the University of Antioquia as previously 
described [26]. There was a 4-week washout between both 

periods, in which neither agraz nor placebo were 
consumed.  

During the whole study, women were asked to continue 
with their habitual diet and exercise, as well as to avoid 
the consumption of polyphenol-rich foods. To verify 
compliance, a 7-day physical activity record and a food 
frequency questionnaire were used at the beginning and 
end of each period. This last questionnaire was designed 
and adjusted specifically for the academic community of 
the University of Antioquia [29], where the participants 
were recruited. The frequency of consumption of some 
foods and the energy and macronutrients consumed during 
each period were obtained. In addition, the adherence to 
the study was evaluated on a weekly basis using a 
questionnaire to verify the daily beverage consumption 
and abstinence from consuming polyphenol-rich foods. 
An adherence below 80% was a criterion for withdrawing 
study participants. 

This study was performed according to the Helsinki 
declaration and was approved by the Human Bioethics 
Committee of the Sede de Investigación Universitaria, 
University of Antioquia (Act No. 15-35-558-02). Before 
the intervention, all participants signed an informed consent.  

2.2. Blood Collection 
Blood samples were collected after 12 hours of overnight 

fasting at baseline and at the end of each intervention 
period, using serum separator tube (Vacutainer ®, Franklin 
Lakes, NJ, USA). Samples were centrifuged at 2000 x g 
for 10 minutes and kept frozen at -70°C until analysis.  

2.3. Anthropometric, Metabolic and 
Inflammatory markers 

Body weight was measured using a calibrated digital 
scale (Seca 813, Seca, Chino, CA, USA) and height  
was determined with a portable stadiometer (Seca 213, 
Seca, Chino, CA, USA). BMI was calculated by dividing 
body weight (kg) by height squared (m2). WC was 
measured using a non-stretching body measuring tape 
(Lufkin W606PM, Sparks, MD, USA) according to the 
Anthropometry Procedures Manual of the CDC (2017) 
[30]. Systolic and diastolic blood pressure were measured 
using an automated monitor (Omron, Healthcare, Hoffman 
Estates, IL, USA) and following the protocol described in 
the Health Tech/ Blood Pressure Procedures Manual of the 
CDC (2007) [31]. Serum glucose and lipid profile 
concentrations were measured with colorimetric and 
enzymatic kits (Siemens, Washington, DC, USA). The 
levels of hs-CRP were measured with a turbidimetric 
immunoassay (Siemens, Washington, DC, USA); values 
above 10mg/L were excluded for the analysis. All 
measurements were made using an automatic analyzer 
(Dimension RxL®, Siemens, Washington, DC, USA). 
Insulin levels were determined with direct chemiluminescence 
technology following manufacturer’s instructions (Siemens, 
Washington, DC, USA) and using ADVIA Centaur® CP  
immunoassay System (Siemens, Washington, DC, USA). 
Adiponectin and resistin levels were determined with the 
human adipocyte magnetic panel kit following manufacturer’s 
instructions and using Luminex® technology (Millipore 
Sigma, Burlington, MA, USA). Apo-A1 was determined 
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with the apo-A1 (human) ELISA kit based on a competitive 
assay (Cayman Chemical, MI, USA) in a microplate reader 
(Multiskan Go®, Thermo Scientific, MA, USA). The 
Friedewald formula was used to calculate LDL-c [32]. 
HOMA-IR index was calculated with the formula 
described by Matthews et al [33], and insulin sensitivity 
was calculated using Quantitative Insulin Sensitivity Check 
Index (QUICKI index) developed by Katz, et al [34]. 

2.4. Serum Total Antioxidant Capacity (TAC) 
Serum TAC was measured through several methods: 

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) 
(ABTS) was determined via a modified method described 
by Re, et al (1999) [35]; ferric reducing ability of plasma 
(FRAP) was measured using the modified method of 
Benzie and Strain (1996) [36]; oxygen radical absorbance 
capacity (ORAC) and 2,2-Diphenyl-1-Picrylhydrazyl 
(DPPH) were measured following the methodology 
reported by Quintero et al [26].  

2.5. Endogenous Antioxidant Enzymes 
Superoxide dismutase (SOD), catalase (CAT) and 

glutathione peroxidase (GPx) enzyme activities were 
determined in serum using the following kits, respectively: 
OxiSelect™ kit Superoxide Dismutase Activity Assay 
(Cell Biolabs, Inc, CA, San Diego, USA), OxiSelect™ 
Catalase Activity Assay Kit (Cell Biolabs, Inc, CA, San 
Diego, USA), and Glutathione Peroxidase Assay Kit (Cayman 
Chemical, MI, USA), following manufacturer's instructions. 
The results were expressed in U/mL for SOD and CAT 
enzyme activities and in nmol/min/mL for GPx activity. 

Paraoxonase 1 (PON1) lactonase activity was measured 
according to the methodology described by Millar et al 
[37]. The concentration was determined using a standard 
curve generated with 0.1M HCl (0-115 μM) and results 
were expressed in kU/L. 

2.6. Oxidative Stress (OxS) Markers 
Advanced oxidation protein products (AOPP) levels were 

measured in apo-B depleted serum as previously described 
[38]. The results were expressed in µM. Myeloperoxidase 
was determined using the Myeloperoxidase human ELISA 
Kit, (Cayman Chemical, MI, USA) following manufacturer's 
instructions. The results were expressed in ng/mL. 

8-isoprostane levels and 8-hydroxy 2 deoxyguanosine 
(8-OHdG) were measured in 24-hours’ urine using the 
following kits, respectively: OxiSelect™ 8-iso-prostaglandin 
F2 ELISA kit (Cell Biolabs, Inc., San Diego, CA, USA) 
and 8-OHdG ELISA Kit (Abcam, Cambridge, MA, USA), 
following manufacturer's instructions. The concentrations 
were calculated with standard curves. Finally, results  
were normalized to urinary creatinine levels and expressed  
in ng/mg creatinine. 

2.7. Statistical Analysis 
Shapiro Wilk test was used to evaluate data distribution. 

Accordingly, data are presented as mean ± SD or median 
and 25 (p25) and 75 (p75) percentiles. Repeated measures 
ANOVA was used to determine the effect of time, 
intervention and the interaction between time*intervention 
in variables measured at baseline and end of intervention 
(anthropometric measures, blood pressure, lipid profile 
and fasting glucose). For variables measured only at the 
end of intervention, paired samples t-test or Wilcoxon test 
were used to compare the results between agraz and placebo 
periods, according to data distribution. Mann- Whitney U 
test or Student’s t-test were used to evaluate the differences 
between obese and overweight women. Finally, changes 
after agraz consumption (agraz minus placebo period) 
were calculated and the correlations between changes 
were determined with Pearson´s or Spearman´s correlation 
coefficients. All analyses were done using SPSS version 
21 for Windows (SPSS, IBM Corporation, 2012). Differences 
with a p value <0.05 were considered significant. 

3. Results 

3.1. Study Population Characteristics 
Forty women, 22 overweight (49±9 years old) and 18 

obese (45±9 years old) with MetS finished the study 
(Table 1). Adherence was 94.8%, indicating a suitable 
consumption of both beverages. No changes in diet and 
physical activity were found during the whole intervention 
(agraz versus placebo) as previously reported [27]. 
Importantly, there were not differences in age, energy,  
fat, carbohydrate, and protein intakes, nor physical  
activity between obese and overweight women (Table 1 and 
Table 2). 

Table 1. Baseline characteristics of overweight and obese women with metabolic syndrome included in the study1 

Variables Overweight (n= 22) Obesity (n=18) p value Mean ±SD or median (p25-p75) Mean ±SD or median (p25-p75) 
Age (years)a 49.0 ± 9.0 45.0 ± 9.0 0.210 
Weight (Kg)a 69.8 ± 7.4 84.5 ± 10.4 0.000* 
BMI (kg/cm2)b 28.1 (27.3 - 28.9) 32 (30.9 - 33.7) 0.000* 
Waist Circumference (cm)a 97.7 ± 3.5 107.2 ± 11.2 0.001* 
Systolic blood pressure (mm Hg)a 112.8 ± 11.2 124.6 ± 11.0 0.002* 
Diastolic blood pressure (mm Hg)a 72.5 ± 9.9 80.5 ± 6.6 0.006* 
Fasting glucose (mg/dL)a 94.7 ± 7.4 93.5 ± 7.2 0.609 
TC (mg/dL)b 229.8 (209.8 - 255.9) 225 (192.6 - 239.9) 0.447 
HDL-c (mg/dL)a 43.5 ± 7.1 40.6 ± 5.2 0.164 
Triglycerides (mg/dL)b 204.2 (175.8 - 281) 194.8 (149.4 - 274.9) 0.254 
TG/HDL ratio a 4.6 (3.8 - 6.8) 4.5 (3.7 - 6.9) 0.775 
LDL-c (mg/dL)a 136.2 ± 37.5 131.8 ± 31.7 0.692 
Non HDL-c (mg/dL)a 182.8 ± 36.6 172.9 ± 39.9 0.418 
a t student test; b Mann-Whitney U test; * significance p<0.05; 1Women were classified according to BMI [28] and metabolic syndrome definition by 
ATP-III [4]. Abbreviations: HDL-c, HDL-cholesterol; LDL-c, LDL-cholesterol; p25, percentile 25; p75, percentile 75; TC, total cholesterol. 
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Table 2. Baseline kilocalories, macronutrients intake and physical activity in obese and overweight women with metabolic syndrome1 

Variables 
 Overweight  Obese 

p value  Mean ±SD or median (p25-p75)  Mean ±SD or median (p25-p75) 
n n 

Kilocalories (Kcal)a 22 1800.7 (1519.6 - 2419.1) 18 1643 (1227.3 - 2486.8) 0.610 
Protein (g)a 22 65.9 (54.1 - 81.2) 18 63 (47.7 - 81.5) 0.770 
Total fat (g)a 22 58.8 (52.1 - 84.5) 18 63.1 (49.5 - 88) 0.830 
Saturated fatty acids (g)a 22 21.4 (19 - 31.2) 18 23.6 (17.5 - 33.1) 0.550 
Monounsaturated fatty acids (g)a 22 23.1 (19.8 - 33.9) 18 22.7 (17.5 - 34.3) 0.980 
Polyunsaturated fatty acids (g)a 22 11.8 (8.3 - 15.9) 18 12 (8 - 17) 0.790 
Cholesterol (mg)b 22 313.4 ± 151.3 18 310.5 ± 131.7 0.950 
Total carbohydrates (g)a 22 255.8 (203.1 - 358.8) 18 206.2 (174.1 - 329.5) 0.230 
Dietary Fiber (mg)a 22 20.3 (13.6 - 25.1) 18 14.9 (9.8 - 18.5) 0.100 
Physical activity (min) a 22 210(110-330) 18 220 (70-300) 0.730 
Total phenols (mg)a 17 1105.9 (848-1319) 14 940.8 (706-1616) 0.812 
a Mann-Whitney U test; b t student test; * significance p<0.05; 1Women were classified according to BMI [28] and ATP-III (4). 

 
3.2. Anthropometric, Metabolic and 

Inflammatory Markers 
As expected, women with obesity had significantly 

higher body weight, BMI, WC, systolic and diastolic 
blood pressure (p<0.05), compared with overweight 
women. However, there were no significant differences in 
fasting glucose and lipid profile (Table 1).  

Changes in hs-CRP levels were significantly different 
between obese and overweight women (p=0.028)  
(Table 3), with a significant reduction of hs-CRP levels in 
overweight women (p=0.011) after agraz consumption, 
compared to placebo (Figure 1). 

Differences between obese and overweight women, in 
other cardiovascular variables after agraz intake were not 
observed (Table 3, Table S1, Online Supporting Information). 

 
Figure 1. Differential effects after 4 weeks of agraz consumption, 
compared to placebo on inflammation (Abbreviations: hs-CRP, high 
sensitivity C-reactive protein) 

Table 3. Changes in anthropometric, metabolic and inflammatory markers between agraz and placebo periods for participants classified with 
overweight versus those with obesity1 

Change between agraz and Placebo 
Overwerweigh Obesity 

p 
Mean ±SD or median (p25-p75) Mean ±SD or median (p25-p75) 

Weight (Kg)a -0.1 (-0.5, 0.5) -0.4 (-1.4, 0.4) 0.360 
BMI (kg/cm2)a 0.0 (-0.2, 0.2) -0.2 (-0.5, 0.1) 0.310 
Waist Circumference (cm)a -0.1 (-1.4, 0.8) 0.4 (-2.3, 3.5) 0.438 
SBP (mm Hg) b -2.6 ± 11.3 4.8 ± 13.0 0.061 
DBP (mm Hg) b -1.4 ± 8.2 2.6 ± 7.4 0.116 
Fasting glucose (mg/dL) b -1.4 ± 5.9 -2.8 ± 5.4 0.450 
TC (mg/dL)b 2.9 ± 26.9 -7.5 ± 28.6 0.258 
HDL-c (mg/dL) b 1.6 ± 7.8 -0.1 ± 4.5 0.411 
Non HDL-c (mg/dL) b 2.0 ± 27.6 -7.4 ± 28.0 0.307 
TG (mg/dL) b 0.5 ± 142.8 -3.6 ± 81.5 0.914 
LDL-c (mg/dL) b 1.3 ± 25.6 -6.5 ± 20.7 0.351 
TG/HDL ratio b -0.3 ± 4.3 0.0 ± 2.3 0.846 
Apo A1 (mg/dL) b -4.8 ± 37.0 13.5 ± 44.5 0.229 
Insulin (µUI/mL) a 0.7 (-2.6, 2.3) 0.1 (-2.2, 1.9) 0.887 
HOMA-IR Index a 0.2 (-0.6, 0.4) 0.1 (-0.7, 0.7) 0.910 
QUICKI Index b 0.0 ± 0.0 0.0 ± 0.0 1.000 
Adiponectin (µg/mL) a 0.9 (-1.5, 3.0) 0.9 (-2.3, 2.4) 0.665 
hs-CRP (mg/L) a -1.0 (-2.5, -0.5) 0.4 (-0.5, 1.2) 0.028* 
1Women were classified according to BMI [28]; a Mann-Whitney U test; b Student t-test; * significance p<0.05 
Abbreviations: p25, percentile 25; p75, percentile 75; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-c, 
HDL-cholesterol; LDL-c, LDL-cholesterol; TC, total cholesterol; TG, triglycerides; Apo, apolipoprotein; HOMA, Homeostatic Model Assessment for 
Insulin Resistance; QUICKI Index, Quantitative Insulin Sensitivity Check Index; hs-CRP, high sensitivity C-reactive protein. 
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In obese women, there were significant correlations  
between changes in different cardiometabolic factors after 
agraz consumption compared to placebo (Figure S1, Online 
Supporting Information). Changes in HDL-cholesterol 
(HDL-c) levels had a positive correlation with changes  
in QUICKI index (r= 0.57) (Figure S1A) and a  
negative correlation with changes in fasting glucose  
levels (r= -0.59) (Figure S1B). Likewise, changes in  
apo-A1 concentration had negative significant correlations 
with changes in LDL-c, Non-HDL-c and TC levels  
(r= -0.608; r= -0.585; r= -0.615, respectively)  
(Figure S1C-E). 

3.3. Antioxidant and Oxidative Stress (OxS) 
Markers 

There was a significant reduction in urinary 8-OHdG 
levels in obese women after agraz consumption compared 
to placebo (p=0.031) (Figure 2). No other significant 
changes were observed (Table 4).  

The correlation analyses showed significant correlations 
among antioxidant, metabolic and inflammatory markers 
in obese women (Figure S2, Online Supporting 
Information). Changes in PON1 lactonase activity  
were negatively correlated with changes in WC and  
hs-CRP levels (r= -0.52; r= -0.57, respectively)  
(Figure S2A and B). In addition, changes in TAC 
measured by DPPH had a positive correlation with 
changes in HDL-c levels (r= 0.51) (Figure S2C). Changes 
in CAT activity correlated negatively with changes in 
HOMA-IR (r= -0.60) (Figure S2D) and 8-isoprostanes  
(r= -0.55) (Figure S2F).  

Important correlations were also found in overweight 
women (Figure S3, Online Supporting Information). 
Changes in ORAC were negatively correlated with BMI 
(Figure S3A), and changes in SOD activity were also 
negatively correlated with changes in 8-OHdG levels 
(Figure S3B). On the contrary, positive correlations were 
found between changes in DPPH and changes in 
adiponectin concentration (Figure S3C). Changes in 
FRAP were also positively correlated with changes in 
PON1 lactonase activity (Figure S3D). 

 
Figure 2. Differential effects after 4 weeks of agraz consumption, 
compared to placebo on inflammation (Abbreviations: 8-OHdG, 8-
hydroxy 2 deoxyguanosine) 

Table 4. Changes in antioxidant and oxidative stress markers between agraz and placebo periods for participants classified with overweight 
versus those with obesity1 

Change between agraz and Placebo 
Overweight  Obesity 

p 
n Mean ±SD or median (p25-p75)  n Mean ±SD or median (p25-p75) 

Antioxidants markers           
Total phenols (mgGA/L) 22 7.9 ± 65.0  18 16.2 ± 73.7 0.159 

DPPH (% Scavenging effect) 21 1.2 ± 5.2  18 1.9 ± 3.9 0.642 

ORAC (µM Trolox Eq/mL) 22 -0.4 ± 3.4  18 0.7 ± 3.3 0.337 

ABTS (µM Trolox Eq/mL) 22 0.0 ± 0.1  18 0.0 ± 0.1 0.500 

FRAP (µM Trolox Eq/mL) 22 -20.1 ± 115.5  18 14.7 ± 106.0 0.331 

SOD activity (U/mL) 20 32.5 ± 80.0  17 -6.1 ± 45.6 0.088 

CAT activity (U/mL) 21 15.9 ± 61.7  18 -3.2 ± 94.7 0.454 

GPx activity (nmol/min/mL) 22 4.0 ± 58.7  17 -8.5 ± 48.2 0.482 

PON1 Lactonase Activity (kU/L) 22 -1.1 ± 8.3  16 -0.1 ± 9.7 0.736 

Oxidative stress markers           
AOPP (µM) 16 -3.2 ± 22.4  13 -0.5 ± 16.8 0.727 

8-Isoprostane (pg/mL) 19 0.5 ± 2.2  15 -0.3 ± 2.2 0.321 

Urinary 8-OHdG (mg/g creatinine) 19 -0.1 ± 0.7  16 -0.4 ± 0.7 0.186 

MPO (ng/mL) 19 -3.5 ± 82.4  17 -19.7 ± 59.5 0.197 

1Women were classified according to BMI [28]. Student t test; * significance p<0.05 
Abbreviations: p25, percentile 25; p75, percentile 75; DPPH, 2,2-Diphenyl-1-Picrylhydrazyl; ORAC, Oxygen radical absorbance capacity;  
ABTS, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid); FRAP, ferric reducing ability of plasma; SOD, superoxide dismutase; CAT, catalase; 
GPx, glutathione peroxidase; PON1, paraoxonase1; AOPP, advanced oxidation protein products; 8-OHdG, 8-hydroxy 2 deoxyguanosine;  
MPO, myeloperoxidase. 
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4. Discussion 
In this study, we evaluated the effects of agraz 

consumption on anthropometric, metabolic, inflammatory, 
antioxidant and OxS markers in women with MetS 
according to their BMI classification (overweight and 
obesity). We found that after agraz intake, the effects on 
inflammatory and oxidative markers were different in 
obese and overweight women. 

It is well known that BMI is highly associated with 
CVRF [39]. As expected, obese women included in this 
study had a greater risk profile with higher WC and blood 
pressure than those with overweight, as others have 
reported [40]. 

A meta-analysis including 1251 subjects demonstrated 
that berry consumption has improved CVRF like obesity, 
hypertension, hyperglycemia, and dyslipidemia, not only 
in normal weight subjects, but also in overweight and 
obese people [41]. Interestingly, these beneficial effects 
were observed only after interventions longer than 8 
weeks [41]. The time of intervention of our study was 4 
weeks, which seemed to be insufficient to modify 
traditional cardiovascular markers in both groups of 
women. In addition, the beneficial effects reported in the 
meta-analysis, were observed only in studies with a 
parallel design, but not in those with a crossover design 
[41]. Although our study did not show effects in these 
CVRF, a crossover design study, as the one we used, has 
some advantages over studies with a parallel design, such 
as higher statistical power, as it requires a smaller sample 
size and it reduces the inter-individual variation because 
each person is her/his own control [42]. Interestingly, 
Torres et al. demonstrated that V. meridionale 
consumption over 21 days, significantly improved blood 
pressure, WC and BMI in overweight adults [25]. 
However, they used a pretest/post-test design with a single 
group.  

We observed that positive changes in atheroprotective 
markers (HDL-c and apo-A1) were negatively and 
significantly associated with CVRF. Currently, identifying 
potential therapies targeting improvements in HDL 
functionality is of great interest, given the relationship of 
HDL with CVD reduction [43,44,45]. A study in adults 
with prediabetes consuming anthocyanins during 12 
weeks showed increases in apo-A1 levels [46] - the major 
component of HDL with atheroprotective roles [47]. 
Although we did not measure the expression of the  
ApoA1 gene in this women to explain the improvement in 
apo-A1 levels, a study in mice demonstrated that 
anthocyanin consumption significantly increased ApoA1 
gene expression and reduced atherosclerosis progression 
[48]. The authors concluded these effects could be 
attributed to the anthocyanin content in the black 
elderberry extract consumed by the mice.  

In obesity, adipose tissue expansion is an important 
source of cytokines triggering a systemic inflammation 
[49], which is associated with high levels of CRP, an 
independent predictor of cardiac risk [50]. It has been 
demonstrated that the levels of pro-inflammatory markers 
are significantly different between overweight and obese 
individuals, being higher in the latter [51]. As expected, in 
our study, hs-CRP levels were higher in obese than 
overweight women, however, in both groups the levels of 

this pro-inflammatory marker were above 3 mg/L, 
indicating a high risk of CVD [50]. Interestingly, the 
levels of hs-CRP significantly decreased by more than 1 
mg/L after consuming agraz during 4 weeks, only in 
overweight women; indicating a better effect in this group 
of women. This result is similar to the reported by  
Karlsen et al. who observed a reduction in hs-CRP,  
among other cytokines, in overweight subjects consuming 
bilberry juice (V. myrtillus) over 4 weeks [52]. These  
anti-inflammatory effects of polyphenols could be 
associated to their capacity of reducing pro-inflammatory 
protein expression through the inhibition of NF-kB 
translocation [52] and activation of liver X receptor alpha 
(LXRα) pathway (which induces a trans-repression of  
NF-kB) [53]. The lack of Vaccinium anti-inflammatory 
effects in obese women have also been reported by others, 
even after 6 [18] and 8 weeks of intervention [13]. It is 
possible that obese subjects, with a more inflammatory 
environment, need to make more drastic changes in their 
lifestyle or receive longer treatments to achieve more 
consistent results. 

Interestingly, we found that after agraz consumption, 
obese women with lower levels of hs-CRP correlated with 
higher activity of the antioxidant enzyme PON1. Other 
mechanistic studies with polyphenols have reported 
increases in PON1 expression [54] and the reduction  
of inflammation mediated by NF-kB [52]. However, 
molecular studies with V. meridionale will be necessary to 
corroborate this mechanism. 

In addition to inflammation, people with MetS have 
low levels of TAC which is inversely associated with 
some CVRF [55]. In this study, agraz consumption 
showed positive effects on serum TAC in the participants. 
In obese women, there was a tendency to increase serum 
TAC measured by DPPH scavenging capacity by 18.2% 
after agraz consumption, compared to placebo. Recently, 
we reported an increase in serum antioxidant status by  
19% with this method after 30 days of agraz consumption, 
in the whole group of women with MetS [26]. This could 
indicate there was a greater neutralization of DPPH 
radicals in serum through donation of an electron and/or a 
hydrogen by antioxidant molecules (i.e. in agraz). This 
could be hypothesized as a protective effect of agraz 
intake given that it has been demonstrated that TAC is 
negatively associated with OxS [56].  

Likewise, changes in serum TAC correlated positively 
with changes in HDL-c levels in obese women, and with 
changes in PON1 activity in overweight women, after 
agraz consumption, compared to placebo. OxS affects the 
antioxidant activity on the HDL particle [57], which also 
alters its ability to accept cholesterol, thereby decreasing 
cholesterol transported by HDL [58]. Therefore, when 
antioxidant capacity is improved, there is also an increase 
in the cholesterol efflux capacity by the HDL particle, 
increasing HDL-c levels. This was demonstrated in  
a study where anthocyanin consumption improved  
HDL-associated PON1 activity and cholesterol efflux 
capacity [59]. Thus, anthocyanins present in the agraz 
could have the same effect in these women. 

Increased levels of adiponectin- secreted by adipose 
tissue with insulin sensitizing effects [60]- have been 
reported in people with high TAC and vice versa [61]. 
Although, we did not observe significant changes in this 

 



405 Journal of Food and Nutrition Research  

hormone, we found a positive correlation between serum 
TAC and adiponectin levels in overweight women after 
consuming agraz, compared to placebo. This could be 
associated to the antioxidants present in agraz which 
showed to increase serum TAC [26].  

We also evaluated the effects of agraz consumption in 
endogenous antioxidant enzymes (CAT, SOD and GPx) 
which have an important role in the prevention of 
oxidative damage in the cells. A study reported that obese 
women had significant lower levels of these endogenous 
enzymes than overweight women [6]; these low enzyme 
levels were strongly associated with abdominal obesity  
[6]. In our study, there were not significant changes  
in antioxidant enzyme activities in overweight and  
obese women after agraz intake, compared to placebo. 
Nevertheless, changes in CAT activity had negative and 
significant correlations with a lipid peroxidation marker in 
obese women; and changes in SOD activity were 
negatively correlated with a DNA oxidative marker in 
overweight women. Our results are similar to the reported 
by Lee et al. in subjects consuming a chokeberry 
supplement [56]. They found a negative association 
between SOD activity and 8-isoprostane levels, and 
concluded these results indicate the prevention of lipid 
peroxidation mediated by the endogenous antioxidant 
system [56]. In addition, a recent study in rats evaluating 
the effects of Vaccinium meridionale, demonstrated the 
treatment with this extract significantly increased the 
activity of CAT and SOD associated with an increase of 
AKT expression [62], which seems to be modulated by 
polyphenols [63], as a defense mechanism against free 
radical damage. 

Catalase has an important role as an antioxidant enzyme 
through the decomposition of the reactive species of 
hydrogen peroxide (H2O2) in O2 and water, which 
indirectly could diminish insulin resistance [64]. We 
found that changes in CAT activity were negatively 
correlated with changes in HOMA-IR- an insulin 
resistance marker- after agraz consumption, compared to 
placebo, in obese women. This could be associated with 
reductions in H2O2 levels mediated by this endogenous 
enzyme. 

Similarly, agraz consumption had positive effects over 
OxS markers in both groups of women. The effects were 
more evident in obese women, in which there was a 
significant reduction in urinary 8-OHdG levels. This 
biomarker of DNA oxidative damage is associated with 
CVD [65]. The reduction of this marker was also reported 
in a study with a pretest-post-test design (without a control 
group) evaluating healthy people consuming a strawberry 
beverage for one month [66]. Different from our study, 
they also found decreases in other OxS markers such as 
malondialdehyde and isoprostane levels [66]. Other 
studies with parallel designs in obese people with MetS 
have reported significant reductions in OxS markers, 
including oxidized LDL, malondialdehyde, hydroxynonenal 
and AOPP, after 8 weeks of consuming berry beverages 
[13,14,15]. It is important to note, these studies had 
different designs (pretest-post-test without a control group, 
parallel arm) than the one used in our study (crossover 
placebo-controlled design). In addition, most of them had 
double the time of supplementation than our study (8 
versus 4 weeks). It seems that a longer intervention is 

required to observe significant changes in OxS, especially 
in people with high OxS, as the women included in this 
study. 

5. Conclusions 

In conclusion, in this study we evaluated anthropometric, 
metabolic, inflammatory, antioxidant and OxS markers, to 
determine the differential effects of agraz consumption 
between overweight and obese women with MetS. Agraz 
consumption had a better anti-inflammatory effect in 
overweight women. Interestingly, the effect on OxS 
markers was better in obese women. Regarding the  
anti-inflammatory effects of Vaccinium supplementation, 
it seems to be difficult to observe these effects in obese 
cohorts, possibly associated with a more inflammatory 
state that requires a more drastic dietary intervention in 
this specific population. Although there were positive 
effects on OxS markers in obese individuals in this study, 
evaluation of agraz intervention using different dosages 
and a longer duration of supplementation should be 
explored to obtain better responses in this population. 
Finally, the associations observed after agraz intake on 
antioxidant markers in both groups of women, suggest a 
potential antioxidant role of the bioactive compounds 
present in this fruit. 
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Table S1. Effects of 4 weeks intervention with agraz or placebo on anthropometric and biochemical characteristics in obese and overweight 
women with metabolic syndrome1 

 Placebo  Agraz Repeated Measures ANOVA p-value 

 Before  After  Before  After 
Time Intervention Time * Intervention 

 Mean ± SD  Mean ± SD  Mean ± SD  Mean ± SD 

Overweight                   
Weight (Kg) 69.6 ± 7.2  70.3 ± 7.5  69.8 ± 7.3  69.9 ± 7.6 0.346 0.054 0.231 
BMI (kg/cm2) 27.9 ± 1.2  28.2 ± 1.5  27.9 ± 1.2  28.0 ± 1.3 0.276 0.062 0.272 
Waist Circumference (cm) 96.8 ± 3.5  97.3 ± 4.1  96.5 ± 3.9  96.7 ± 4.2 0.307 0.414 0.69 
SBP (mm Hg) 113 ± 13  114 ± 12  114 ± 13  112 ± 12 0.541 0.979 0.284 
DBP (mm Hg) 73 ± 10  74 ± 9  73 ± 8  72 ± 10 0.275 0.952 0.422 
Fasting glucose (mg/dL) 95.0 ± 6.1  95.0 ± 7.8  96.6 ± 7.9  95.2 ± 7.6 0.364 0.543 0.268 
TC (mg/dL) 232.9 ± 38.1  226.9 ± 41.9  226.8 ± 44.6  223.8 ± 46.8 0.182 0.374 0.83 
HDL-c (mg/dL) 44.2 ± 7.9  43.0 ± 6.6  43.1 ± 6.3  43.5 ± 6.9 0.659 0.613 0.339 
Triglycerides (mg/dL) 224.7 ± 79.3  227.9 ± 92.7  198.1 ± 73.3  201.7 ± 74.0 0.009 0.752 0.987 
TG/HDL ratio ‡ 5.2 ± 2.0  5.5 ± 2.7  4.7 ± 2.2  4.8 ± 2.0 0.050 0.846 0.983 
LDL-c (mg/dL) 143.7 ± 32.0  138.4 ± 39.1  144.4 ± 41.2  139.9 ± 44.0 0.781 0.391 0.991 
Non HDL-c (mg/dL) 188.7 ± 34.5  184.0 ± 39.2  183.8 ± 43.6  180.3 ± 45.2 0.186 0.386 0.927 

Obese                   
Weight (Kg) 84.5 ± 10.3  84.8 ± 10.6  85.0 ± 10.3  84.7 ± 10.4 0.269 0.975 0.104 
BMI (kg/cm2) ‡ 33.0 ± 2.9  33.1 ± 3.0  33.1 ± 2.9  33.0 ± 3.0 0.772 † 
Waist Circumference (cm) 106.8 ± 10.5  105.5 ± 10.9  106.3 ± 10.7  105.3 ± 10.7 0.479 0.077 0.87 
SBP (mm Hg) 124 ± 12  122 ± 12  118 ± 11  120 ± 10 0.012 0.778 0.138 
DBP (mm Hg) 80 ± 8  79 ± 9  77 ± 8  78 ± 9 0.034 0.763 0.157 
Fasting glucose (mg/dL) ‡ 93.8 ± 6.9  96.3 ± 8.3  97.1 ± 8.6  96.8 ± 8.6 0.120 0.309 0.040 
TC (mg/dL) 210.1 ± 37.8  213.6 ± 40.7  210.8 ± 41.2  206.8 ± 42.2 0.230 0.952 0.283 
HDL-c (mg/dL) 40.4 ± 5.3  40.2 ± 4.9  39.9 ± 6.1  39.6 ± 6.2 0.334 0.678 0.926 
Triglycerides (mg/dL) 204.2 ± 80.8  222.3 ± 115.2  200.2 ± 80.3  208.7 ± 97.6 0.706 0.232 0.676 
TG/HDL ratio ‡ 5.2 ± 2.3  5.8 ± 3.3  5.2 ± 2.6  5.6 ± 3.0 0.515 0.739 0.999 
LDL-c (mg/dL) 128.9 ± 33.8  129.4 ± 29.8  129.9 ± 35.0  121.2 ± 35.8 0.109 0.302 0.241 
Non HDL-c (mg/dL) 169.7 ± 36.9  173.5 ± 40.9  170.9 ± 40.1  167.3 ± 42.1 0.311 0.981 0.280 
1Women were classified according to BMI [28] and ATP-III (4). ‡ Log-transformed variable; † p-value from Friedman test; significance p<0.05 
Abbreviations: p25, percentile 25; p75, percentile 75; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-c, 
HDL-cholesterol; LDL-c, LDL-cholesterol; TC, total cholesterol; TG, triglycerides. 

 
Significance p<0.05. Abbreviations. HDL-c, high-density lipoprotein-cholesterol; LDL-c, low-density lipoprotein-colesterol; Apo, apolipoprotein; TC, 
total cholesterol. 

Figure S1. Pearson correlations between changes in cardiometabolic factors after agraz consumption, in obese women with MetS 
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Abbreviations. WC, waist cercumference; PON1, paraoxonase 1; hs-CRP, high sensitivity- C reactive protein; HDL-c, high-density lipoprotein-
cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance index; DPPH, 2,2-Diphenyl-1-Picrylhydrazyl; CAT, catalase. 

Figure S2. Correlations between changes in antioxidant markers and changes in cardiometabolic factors after agraz consumption, in obese women with 
MetS. Significance <0.05. A, C and F, Pearson correlations; B, D and E, Spearman correlations. 

 
Abbreviations. BMI, body mass index; ORAC, Oxygen radical absorbance capacity; DPPH, 2,2-Diphenyl-1-Picrylhydrazyl; PON1, paraoxonase 1; 
SOD, superoxide dismutase; 8-OHdG, 8-hydroxy 2 deoxyguanosine; FRAP, ferric reducing ability of plasma. 

Figure S3. Correlations between changes in antioxidant markers, cardiometabolic factors and oxidative stress markers, after agraz consumption, in 
overweight women with MetS. Significance p<0.05; A and B Spearman correlations; C and D Pearson correlations. 
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