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ARTICLE INFO ABSTRACT

Section editor: Ricki Colman Background & aims: Menopausal hormonal changes increase the risk of deficiencies of minerals such as zinc (Zn),
which could further worsen the decreased antioxidant defense of postmenopausal women. This study assesses the
effect of 8 weeks of Zn supplementation upon the antioxidant status and clinical nutritional parameters of a
postmenopausal population.

Methods: Fifty-one postmenopausal women were divided into two groups: placebo (PbG) and zinc supplemen-
tation (ZnG). Mineral status was determined by Flame Atomic Absorption Spectrophotometry (FAAS). Total
Antioxidant Capacity (TAC) and Superoxide Dismutase (SOD) were analyzed by kinetic colorimetric methods.
Glutathione Peroxidase (GPx) was assessed by an enzymatic immunological method.

Results: Poor Zn status was initially observed in erythrocyte samples. Total antioxidant capacity showed a sig-
nificant correlation (r = 0.730; p < 0.05) to erythrocyte Zn after the intervention (ZnG: r = 0.96; p < 0.001).
Moreover, erythrocyte Zn concentration in ZnG was positively correlated to GPx activity after the intervention (r
=0.61; p < 0.01).

Conclusions: The postmenopausal women initially presented Zn deficiency, and the status of this mineral
improved after the intervention. Zinc supplementation may be an effective approach for correcting the observed
deficiencies, enhancing antioxidant defense in this risk population.

Clinical trial registration: The present study is registered at the US National Institutes of Health (ClinicalTrials.
gov), NCT03672513.
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1. Introduction

Menopause is a natural phase of the female aging process, triggered
by the cessation of ovarian hormone secretion. It refers to the disap-
pearance of menstrual cycles and the appearance of physiological
changes, with an increase in the risk of chronic degenerative disorders
(Ruediger et al., 2021). Due to the hormonal alterations, particularly
estrogen depletion, this stage in life is characterized by an increased risk
of deficiencies in the nutritional status of certain nutrients such as Zinc
(Zn) (Nasiadek et al., 2020).

Over the last decades, researchers have postulated that menopause
itself contributes to molecular oxidation caused by free radicals,
particularly Reactive Oxygen Species (ROS) (Cervellati and Bergamini,
2016). Antioxidant status has been reported to be lowered during the
menopausal period (Yang et al., 2014). Estrogens are sexual hormones
that function as antioxidants. In this sense, during menopause, the
lowered estrogen levels could cause a reduction of antioxidant status
(Cervellati et al., 2013). On the other hand, it has been reported that a
lower antioxidant status is involved in the deficient status of Zn (Davis
et al., 2000). Moreover, Superoxide Dismutase (SOD), which depends on
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Zn, has been mentioned to be present at low levels in the menopausal
process. In this regard, expression of SOD can be modulated by estrogen
and progesterone, which are decreased in menopause (Unfer et al.,
2015).

Zinc is widely deficient in the general population, and this consti-
tutes a serious global public health problem (Sian et al., 2002). It acts as
a cofactor of more than 300 enzymes in the human body, regulates
thousands of genes, controls numerous cell-signaling pathways and is
also a key mineral for the immune, nervous and reproductive systems
(King et al., 2016). Zinc participates in antioxidant defense and coun-
teracts the oxidative stress induced by ROS (Lu et al., 2020). In this line,
Zn is an inhibitor of NADPH oxidase, a co-factor of SOD, and an inducer
of metallothionein (Huang et al., 2018).

Cellular Zn regulation is complicated, and could imply several
mechanisms to take into account for controlling cellular Zn turnover
(Lowe et al., 2009). The World Health Organization (WHO) has sug-
gested to further expand on already known clinical markers of Zn status
as there is no universally accepted single measure to assess Zn status and
findings from studies assessing Zn status biomarkers are often contra-
dictory and inconsistent (Cheng et al., 2021). Although cellular bio-
markers such as erythrocyte Zn concentrations may not be a sensitive
and a reliable marker of Zn status over a long period of time (King et al.,
2016), erythrocyte Zn analysis remains informative and easy to use
(Andriollo-Sanchez et al., 2005), presenting a good sensitivity in the
assessment of Zn status in premenopausal women (Ennes Dourado Ferro
et al., 2011). Moreover, Zn in erythrocytes is not influenced by several
factors (e.g., post-meal status, stress, physical efforts and hormones),
revealing more precisely Zn deficiency and being suggested to be a good
marker of Zn status (Arik Yilmaz et al., 2011; Whitfield et al., 2010),
although an increase in erythrocyte Zn concentrations might not
sometimes be a realistic indicator of enhanced Zn status through Zn
supplementation, especially due to the lack of established reference
values, making Zn concentration in erythrocytes to be interpreted with
caution (King et al., 2016).

Previous studies have reported the beneficial effect of a Zn inter-
vention on antioxidant enzymes in adult populations (Mohammadi
et al., 2021). Estrogen depletion in postmenopausal women increases
the risk of Zn deficiency, which could be prevented through Zn sup-
plementation (Bednarek-Tupikowska et al., 2010). Aging is associated
with an accumulation of free radical damage (Kumawat et al., 2012) and
with a decrease in antioxidant minerals as Zn - which could lead to
physiological and clinical modifications - in healthy elderly populations
(Baudry et al., 2020). In fact, it has been demonstrated that a Zn inter-
vention could have beneficial effects upon Total Antioxidant Capacity
(TAC) in aged populations, but this effect has not been demonstrated in a
population at risk of nutritional deficiency such as postmenopausal
women (Hamedifard et al., 2020). Furthermore, due to the Zn mineral
deficiency in postmenopausal women and the key role of this mineral in
several physiological functions, supplementation with Zn in the meno-
pausal setting is highly recommended (Suzuki et al., 2017).

Thus, given the lack of evidence on the effect of key mineral in-
terventions with Zn upon antioxidant status in healthy postmenopausal
women, the present study was carried out to assess the effect of 8 weeks
of a Zn supplementation intervention upon antioxidant defense in this
healthy yet risk population, and its association to nutritional, clinical
and antioxidant parameters. We hypothesized that Zn in erythrocytes
could be correlated to the analyzed antioxidant defense parameters in
our postmenopausal population.

2. Methods
2.1. Study design and intervention
This is an eight-week, double-blinded, placebo-controlled, random-

ized intervention trial. Participants were randomly assigned to one of
two treatment groups: Placebo Group (PbG: 25 women); Zinc Group
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(ZnG: 26 women) - 50 mg/day of Zn (600% of Recommended Dietary
Allowances (RDA)). Zn supplements were supplied by SM Natural So-
lutions, Sabadell, Spain (Number 0B62713821) following the period of
eight weeks, dosage and mode of application recommended by the
manufacturer and based in previous studies with similar dosage and
period of supplementation (Jamilian et al., 2016; Nazem et al., 2019).
Placebo capsules contained lactose and were made of the same size and
colour as Zn supplements for identical appearance and taste. The
intervention was carried out in winter from January 15th to March 15th.
The study was registered at the US National Institutes of Health
(ClinicalTrials.gov) NCT03672513.

2.2. Study participants

Fifty-one healthy postmenopausal women volunteers from the
province of Granada, Spain aged between 44 and 76 were recruited once
had been informed about the protocol. Women were excluded if they
were unwilling to accept the randomization procedure. Women were
included according to the following criteria: (i) to present post-
menopausal status (with at least 12 months of amenorrhea), (ii) not to
present any pathology related to disorders in nutrients absorption and
metabolism that could affect their nutritional status, (iii) not to be
subjected to hormone replacement therapy (HRT), (iv) not to take
vitamin and mineral supplements, (v) not to present systemic inflam-
matory status (C-reactive protein was included as a reference biomarker
to assess inflammation status of the participants at baseline). The pre-
sent study was conducted according to the principles of the Declaration
of Helsinki and the approval by the Ethics Committee of the University
of Granada (149/CEIH/2016), in accordance with the International
Conference on Harmonization/Good Clinical Practice Standards. Writ-
ten informed consent was obtained from all patients taking into account
the approval of the Ethics Committee and the Research Committee of the
Centre. Randomization was performed in a 1:1 ratio using a table of
random numbers, prepared by a researcher who did not participate in
the data collection. Allocation concealment was ensured, as the referred
researcher did not release the randomization code until the participants
were recruited into the trial after all baseline measurements were
completed. Women were randomly assigned (simple randomization) to
study groups (parallel design). In order to ensure comparable distribu-
tion across the treatment arms, women were stratified to balance
baseline covariates including age (> 58 or < 58 years). Both study
participants and investigators were blinded to the group allocation.
Eligible participants of this study are represented in (Fig. 1).

2.3. Compliance evaluation

Adherence/compliance of nutritional intervention was determined
as the percentage of all of the supplement capsules ingested throughout
the study period. Moreover, biochemical and clinical-nutritional pa-
rameters were taken at baseline and follow-up to evaluate the safety of
the product and to verify the adverse effects. In addition, subjects were
asked to keep daily records about side effects or other problems related
to the supplements.

2.4. Data collection

All qualitative data were obtained through the use of manual ques-
tionnaires administered by the interviewer that reflected information on
personal data, sociodemographic aspects, an adequate diagnosis of the
postmenopausal situation, smoking habits and physical activity.

2.5. Body composition analysis
Anthropometric recorded data were height (SECA® Model 274) and

weight (by bioelectrical impedance (Tanita MC-980 Body Composition
Analyzer MA Multifrequency Segmental, Barcelona, Spain). BMI was
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|
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= Completed full Analysis = Excluded from the analysis
intervention (n = 25) by insufficient blood

sample (n = 3)
= Completed full intervention
(n=26)

Fig. 1. Flowchart of participants recruited, enrolled, and involved in the clinical study.

them calculated as (weight in Kg/height in m?). The analyzer complies
with the applicable European standards (93/42EEC, 90/384EEC) for use
in investigation. Participants were informed in advance of the required
conditions prior to the measurement: (i) no alcohol less than 24 h before
the measurement, (ii) no vigorous exercise less than 12 h prior to the
measurement, (iii) no food or drink less than 3 h prior to the measure-
ment, and (iv) no urination immediately before the measurement
(Vazquez-Lorente et al., 2020a).

2.6. Intake rating

A manual 72 h-recall administered by a professional interviewer was
used to assess nutrient intake, taking into account a holiday and two
non-holidays days at baseline and follow-up. Recall accuracy was
recorded with a set of photographs of prepared foods and dishes that are
frequently consumed in Spain (Palma et al., 2008). The Dietowin soft-
ware program (7.1. version, Barcelona, Spain) was used in order to
adjust food intakes to absolute and percentage values of the

Recommended Dietary Intake (RDI) of nutrient intended for individual
subjects. Dietary intake was compared with the RDA for the female
Spanish population within the age range included in our study (Cuervo
et al., 2009).

2.7. Biochemical parameters analysis

A blood extraction performed in the morning in fasting conditions at
baseline and follow-up was centrifuged at 4 °C for 15 min at 3000 rpm
obtaining plasma and erythrocyte compartments. The erythrocytes were
washed 4 times with 3 mL of 0.9% sodium chloride solution, centri-
fuging for 15 min at 3000 rpm after each wash. Then, the supernatant
saline solution was removed from the last wash and the erythrocytes
were obtained with a Pasteur Pipette. The samples were frozen at —80 °C
for further analysis. All samples were measured in one run, in the same
assay batch and blinded quality control samples were included in the
assay batches to assess laboratory error in the measurements. Clinical
parameters were glucose, urea, uric acid, triglycerides, total cholesterol,
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total proteins, transferrin, albumin and C-reactive protein by routine
analytical hospital assays. Zn content was analyzed by Flame Atomic
Absorption Spectrometry (FAAS) (Perkin Elmer A. Analyst'300 Norwalk,
CT, USA) previous wet-mineralised way in the scientific Instrumental
Center (SIC) from the University of Granada. Accuracy of the method
was evaluated by analysis of a certified reference material (Seronorm™
Trace Elements ref. MI0181 SERO AS, Billingstad, Norway). Levels of Zn
were analyzed at different optimal wavelengths for each element (slit
0.7 nm), using a flow rate (Air/CyH3) of 10/1.9 L~min*1, and a five-point
calibration curves (7 = 0.9997) (Vazquez-Lorente et al., 2020b). 7.30
mg/dL was the cut-off point for determining a low erythrocyte Zn con-
tent (Vazquez-Lorente et al., 2021). Antioxidant status parameters
measured were Total Antioxidant Capacity (TAC), GPx and SOD activ-
ities, analyzed by commercial kinetic colorimetric methods. TAC
determination in plasma samples was carried out evaluating the
reduction power of Cu?* from the action of antioxidants present in
samples (TAC kit, Jaica, Shizuoka, Japan). Variability was tested
repeatedly conducting five samples and considering lower variability
than 5% to be included (Vassalle et al., 2004). GPx activity was deter-
mined by enzymatic immunological method using the Bioxytech GPx-
340™ kit (OxisResearch™), an indirect colorimetric assay of the activity
of GPx (Chu et al., 1993). SOD activity was analyzed by colorimetric
method based on cytochrome ¢ reduction using the Randox Ransod kit
(RANDOX Laboratories Ltd., United Kingdom) (Arthur and Boyne,
1985). The reference values for each antioxidant, clinical and mineral
parameter were provided by the manufacturer, the hospital and the SIC,
respectively.

2.8. Statistical analysis

Statistical analyses were completed using the Statistical Package for
the Social Sciences Version 21.0 (SPSS Inc. Chicago, IL, USA). We per-
formed sample size calculation for our primary aim of the double-
blinded, placebo-controlled, randomized intervention based on the in-
fluence of oral Zn supplementation upon antioxidant status in a post-
menopausal population by using G*Power software (version 3.1.9.6,
Kiel, Germany). To the best of our knowledge, there were no available
information on changes in TAC in postmenopausal women treated with
Zn and based on their erythrocyte concentrations. Therefore, the num-
ber of participants to be included in the study was calculated based on
the main statistical method used (unpaired t-test). An a priori power
analysis indicated that at least a total of 82 participants were required.
This calculation was based on a moderate effect size (effect size d =
0.65), an alpha level of 0.05, and a beta value of 0.80 for unpaired t-test
calculating the difference between two independent means (two groups)
(Faul et al., 2007). Categorical variables were summarized as fre-
quencies, and continuous variables using mean and standard deviation.
The hypothesis of normal distribution was accepted using the
Kolmogorov-Smirnov test as a previous step to the execution of a
parametric model or not. To compare the changes intergroup before and
after intervention, unpaired t-test was used. To compare the differences
in change over time among the two groups, paired t-test was employed.
Correlation analyses and partial correlation coefficients were performed
with Pearson test. A p value less than 0.05 was considered statistically
significant.

3. Results

The women included in our intervention showed 100% adherence to
supplementation and reported no side effects during the two-month
intervention. Table 1 describes the baseline characteristics of the
different postmenopausal groups. Based on the BMI, 37.9% of the
postmenopausal women presented type I overweight before the inter-
vention. With regard to the initial adequacy of mineral intake, 40.1%
presented an insufficient intake of Zn (below 75% of the RDA). The rest
of the nutrients were within the RDAs, though energy intake was rather
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Table 1
Baseline characteristics of the study population.

Reference PbG (n = 25) ZInG(n=26) p
values value
Mean + SD Mean + SD
(%RDA) (%RDA)
Sociodemographic
Age (years) - 59.5 + 9.00 57.0 + 8.00 0.327
BMI (kg/mz) 22.0-27.0 28.0 + 4.30 26.2 + 4.50 0.231
Blood pressure
Normal blood - 11 (42) 16 (70) -
pressure n (%)
High blood pressure - 14 (58) 10 (30) -
n (%)
Physical exercise
Sedentary n (%) - 9 (36) 6 (23) -
Non-sedentary n (%) - 16 (64) 20 (77) -
Smoking habit
Non-smoker n (%) - 18 (75) 21 (81) -
Smoker n (%) - 7 (25) 5(19) -
Educational level
Basic educational - 11 (42) 8(31) -
level n (%)
Secondary or high - 14 (58) 18 (69) -
level n (%)
Intake
Energy (Kcal/day) 2000.0 1339.0 + 14879 + 0.121
277.1 (67.0)  385.5 (74.5)
CH (g/day) 275.0 145.5 + 154.0 + 0.452
39.8 (53.2) 39.8 (55.5)
Proteins (g/day) 50.0 59.7 £13.9 63.9 + 14.4 0.307
(145.7) (140.3)
Fats (g/day) 70.0 56.4 + 16.9 67.7 + 26.2 0.076
(77.3) (93.0)
Zn (mg/day) 8.00 6.67 + 5.06 5.80 + 1.40 0.411
(46.0) (40.2)
Biochemical
parameters
Glycemia (mg/dL) 70.0-110.0 96.0 +19.8 90.6 + 16.0 0.295
Creatinine (mg/dL) 0.50-0.90 0.76 + 0.18 0.66 + 0.10 0.012
Urea (mg/dL) 10.0-50.0 36.2 +10.2 33.3 +£8.20 0.262
Uric acid (mg/dL) 2.40-5.70 4.50 £+ 1.00 4.36 +£1.01 0.436
Triglycerides (mg/ 50.0-200.0 115.8 + 98.2 + 82.7 0.419

dL) 68.9

Cholesterol (mg/dL) 110.0-200.0 2241 + 212.8 + 0.279
39.7 33.1

Transferrin (mg/dL) 200.0-360.0 289.9 + 274.2 + 0.381
29.5 49.2

Albumin (mg/dL) 3.50-5.20 4.48 +£0.21 4.37 £0.21 0.069

Total proteins (g/dL)  6.60-8.70 7.10 + 0.42 7.00 + 0.62 0.705

Total bilirubin (mg/ 0.10-1.20 0.50 + 0.13 0.47 £ 0.11 0.533

dL)

Prealbumin (mg/dL) 20.0-40.0 26.6 = 5.03 24.8 £ 6.45 0.133

C-reactive protein 0.02-5.00 0.29 £ 0.25 0.29 £ 0.39 0.994

(mg/L)

Erythrocyte Zn (mg/ 7.30-7.60 6.39 £ 2.12 6.13 £1.94 0.657

dL)

n = 51. Quantitative data are expressed as the mean + standard deviation
(percentage of RDA) unless specified otherwise. Qualitative data are expressed
as n (%) of subjects. Abbreviations: RDA = Recommended Dietary Allowance;
BMI = Body Mass Index; CH = Carbohydrates; Zinc = Zn; PbG = Placebo Group;
ZnG = Zinc Group; Unpaired t-test was used for inter-groups analysis of quan-
titative variables. Statistical significance was considered for p < 0.05.

below the reference values. In the case of Zn status, approximately 60%
of the women in ZnG presented erythrocyte Zn deficiency, which was
corrected to 4% after Zn supplementation. No intergroup differences
were found for the studied parameters at baseline.

Fig. 2 shows the correlation analysis between Zn in erythrocytes and
antioxidant parameters after two months of supplementation. Of the
different antioxidant status parameters considered, TAC showed a sig-
nificant correlation to erythrocyte Zn in the total sample (r = 0.81; p <
0.001) after the intervention (Fig. 2A), and also stratified by ZnG after
the intervention (r = 0.96; p < 0.001) (Fig. 2B). Moreover, erythrocyte
Zn in ZnG was positively correlated to GPx after the intervention (r =
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Fig. 2. Scatter plots of the relationship between erythrocyte zinc concentration after two months of supplementation and the different antioxidant parameters.
Abbreviations: TAC = Total Antioxidant Capacity; GPx = Glutathione Peroxidase; Zn = Zinc; ZnG = Zinc Group. Correlation analyses and partial correlation co-
efficients were performed with Pearson test. A p value less than 0.05 was considered statistically significant. (A) Zn in Erythrocyte-TAC in total population; (B) Zn in

Erythrocyte-TAC in ZnG; (C) Zn in Erythrocyte-GPx in ZnG.

0.61; p < 0.01) (Fig. 2C).

Fig. 3 shows the mean values of the three antioxidant parameters
studied according to median age and the intervened groups following
supplementation. Total antioxidant capacity was significantly lower (p
< 0.05) in those postmenopausal women below the median age (58
years) in ZnG. No significant changes were observed after the inter-
vention in both groups with regard to the rest of the antioxidant
parameters.

4. Discussion

There is a growing interest in maintaining optimal trace element
status in menopause. In this regard, Zn is associated to a number of in-
direct antioxidant functions, suggesting that it may play a preventive
role in certain diseases associated with menopause (Sharif et al., 2015).
The aim of this study was to investigate the effects of short-term Zn
supplementation upon the antioxidant status of a cohort of healthy
postmenopausal women. The results showed that a large percentage of
postmenopausal women had alterations in Zn status that were partially
corrected after the Zn intervention, observing significant improvement
of antioxidant status in those Zn-supplemented postmenopausal women
in the higher age range. Likewise, the observed relationship between the
erythrocyte Zn cocnentrations after supplementation and antioxidant
status (mainly TAC) may contribute to preserve antioxidant defenses
during the postmenopausal process.

In line with other investigations (albeit to a lesser extent), the present
study showed postmenopausal women to have insufficient Zn intake
(Table 1), as previously reported accompanied by low biochemical
levels of this mineral (Nielsen et al., 2011). According to our results, at

baseline the mean erythrocyte Zn concentrations were below the refer-
ence values and improved significantly after the Zn intervention in ZnG.
Regarding Zn supplementation, significantly increased erythrocyte Zn
concentrations were recorded in ZnG over the course of the intervention,
together with the achievement of optimum Zn intake. Supplementation
had a major effect in restoring Zn homeostasis and consequently
reducing the percentage of women who presented low Zn status. In this
sense, a study involving a cohort of 387 middle-aged volunteers (55%
women) aged 55-85 years showed Zn concentration - which increased
significantly in the case of serum Zn following Zn supplementation - to
be no different between supplemented and non-supplemented in-
dividuals in the case of erythrocyte Zn (Intorre et al., 2008). This
observation could be explained in part by the implication of Zn in many
metabolic pathways. Thus, the decrease in the concentration of the
mineral in erythrocytes could be due to the larger demand for the
mineral (King et al., 2016). Therefore, the significant increase observed
in erythrocyte Zn after supplementation in ZnG in our study could
suggest that the demand for this mineral is mainly focused on promoting
the transport of blood Zn to different tissues and enzymatic systems
before restoring the erythrocyte reserves. In this regard, taking into
account that erythrocytes present a lifespan of 3 months, Zn content in
erythrocyte could be a useful biomarker of Zn status according to our 2
months intervention period (Agte et al., 2004). In this line, another
possible explanation could be the potential effect which metallothionein
could perform upon Zn homeostasis, as it is the main regulator of the
intracellular transport and mobilization, storage and transferring of Zn
(Ozcelik et al., 2012). Metallothioneins are more expressed when Zn is in
higher amounts and bind Zn intracellularly, serving as markers of Zn
status (Hennigar et al., 2016). Together with their well-known
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Fig. 3. Mean values of antioxidant parameters after intervention by groups and median age. All data are expressed as the mean (standard deviation). Abbreviations:
PbG = Placebo Group; ZnG = Zinc Group; TAC = Total Antioxidant Capacity; GPx = Glutathione Peroxidase; SOD = Superoxide Dismutase. Paired t-test was used for
comparing intra-groups and unpaired t-test for comparting inter-groups. The model was adjusted for erythrocyte Zn as covariate. Statistical significance considered
for p < 0.05. (A) mean TAC levels by intervened groups and age; (B) mean GPx activity by intervened groups and age; (C) mean SOD activity by intervened groups

and age.
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relationship with Zn homeostasis, metallothioneins are considered too
as antioxidant Zn-related factors due to their influence on decreasing
oxidative damage (Cardova et al., 2017). Regretfully, metallothionein
levels, that could have helped to clarify the assessment of Zn status and
their potential involvement in increasing antioxidant defenses, were not
assessed in this study.

Positive associations were found between erythrocyte Zn and TAC
after the intervention in ZnG (r = 0.96; p < 0.001) (Fig. 2A and B),
confirming the key role of Zn as an antioxidant. Previous evidence
(Nasiadek et al., 2020) points to increased TAC levels after Zn in-
terventions in menopausal populations compared to placebo, demon-
strating the potential influence of Zn upon antioxidant status. Moreover,
erythrocyte Zn was directly correlated to GPx activity in ZnG (Fig. 2C).
Mariani et al. (2008) performed a Zn supplementation in healthy old
population to assess its effect upon GPx activity. In their study, no age
and gender-related differences in the activity of GPx was observed, but,
contrary to our findings, they did not observe a direct relationship be-
tween the Zn intervention and GPx activity. Unfortunately, no rela-
tionship was found between erythrocyte Zn and SOD activity. Opposite
to our findings, one study involving a Zn supplementation in post-
menopausal women, evidenced increased SOD activity after the Zn
intervention, considering SOD as a proper biomarker of Zn status in
postmenopausal women (Davis et al., 2000). In this line, the above-
mentioned study only suggests short period interventions as the one
performed in our study, because of the possible adverse effects of long-
term Zn interventions.

Oxidative stress is a risk factor for clinical outcomes in menopausal
women that could be ameliorated through enhanced antioxidant status
parameters (Rezasoltani et al., 2021). In our study, TAC was signifi-
cantly lower in those postmenopausal women below the median age in
ZnG after the intervention. Metabolic changes occurring with advancing
age may increase oxidative stress because of a decrease in antioxidant
capacity (Ceci et al., 2020). In this sense, the increase in oxidative stress
during menopause may be due to lower levels of hormones and their
antioxidant role (Signorelli et al., 2006). It has recently been demon-
strated that the decrease in antioxidant defense capacity depends on the
time of the menopausal phase, possibly through the mentioned hor-
monal alteration (Kolesnikova et al., 2015). Alterations in metabolism,
redox imbalance, and dysregulation of the inflammatory response in
elderly women can be risk factors in the development, progression and
clinical manifestations of different disease conditions (Bachi et al.,
2019). In this regard, the observed differences in antioxidant status
related to age could be due to the time of the menopausal phase. More
trials are needed to further elucidate our findings.

The present study has strengths and limitations. As limitations,
mention must be made of the use of questionnaires for assessing intake,
without registering images and real weights of food (gold standard)
(Pinheiro Fernandes et al., 2019), which could be affected by recall bias,
since the results are conditioned by the memory and educational level of
the subject. In this regard, the authors considered energy intake to be
underestimated. One of the major limitations of the 72-hour quantitative
recall is based on the fact that the subject tends to report lower intakes
amounts. This could be one reason why no association between mineral
intake and clinical parameters was found. In turn, the present study has
a small sample size, recruiting less women than expected from the
sample size estimation mainly due to the loss of participants during the
follow up. Another limitation is the lack of established reference values
for these cellular zinc concentrations makes interpreting the results
difficult. Moreover, it could have been interesting to include in our study
oxidative stress markers or metallothionein assessment with the aim of
evaluating the influence of increased TAC in ZnG upon oxidative stress
markers as ROS. On the other hand, it would be relevant to reproduce
this study in the context of long-term supplementation. As strengths, this
is a randomized, placebo-controlled study in which intakes of energy,
macronutrients and related Zn mineral were controlled at baseline and
over two months of follow-up. Ours is one of the few studies to have been
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conducted in this context, assessing the effect of a Zn intervention upon
antioxidant parameters in a population such as postmenopausal women,
at risk of suffering deficiencies of key micronutrients.

5. Conclusions

The results of our study show that an 8-week Zn intervention reduces
the high percentage of postmenopausal women with low erythrocyte Zn
concentrations observed in the analyzed population. Zinc in erythro-
cytes was related to TAC levels whether or not the women received Zn
supplementation and was reinforced among those who were supple-
mented. Moreover, Zn in erythrocytes was directly related to GPx ac-
tivity after the Zn intervention. These observations should be
investigated more in depth, due to the lack of evidence of the influence
of Zn supplementation upon antioxidant parameters. Further studies
involving long-term antioxidant mineral interventions, including the
evaluation of oxidative stress parameters, are needed in order to pre-
serve the health of postmenopausal women and improve their quality of
life.
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