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Abstract

Background: Antioxidants are considered essential components in neurodegenerative disease management since they can protect
cells from oxidative damage.
Objectives: The current study aimed at evaluating the intake and serum level of selected antioxidants in subjects possessing mild
cognitive impairment (MCI) compared with a cognitively intact control.
Methods: The current prospective, case-control study was conducted in Tabriz from December 2016 to August 2017 on a total of
45 patients with MCI as a case group and another 45 healthy subjects matched by age and gender were recruited for the control
group. After completing the mini-mental state examination (MMSE-12) questionnaire, the cases with MCI were identified using the
modified Peterson standard. By a semi-quantitative food frequency questionnaire (FFQ), the common dietary intakes during the
previous year were recorded and blood samples were collected.
Results: Of the 90 subjects in the current study, 61% were male and 39% female, with the mean age of 68.8± 5.5 years. There were no
significant differences between the two groups with respect to dietary intakes of vitamin C, beta-carotene, and lycopene (P = 0.079,
P = 0.413, and P = 0.455, respectively). The results of the studied parameters showed that serum beta-carotene and lycopene (P =
0.004 and P = 0.044, respectively) in healthy subjects were significantly higher than those of the elderly people with MCI. There was
a significant correlation between Vitamin C dietary intake and serum level and cognitive scores in MMSE-12 (r = 0.231, P = 0.028 and
r = 0.224, P = 0.033, respectively) and also between serum level of lycopene and cognitive scores(r = 0.388, P = 0.000).
Conclusions: The subjects with mild cognitive impairment had a significantly lower serum levels of lycopene beta-carotene antiox-
idants compared with healthy subjects, and there was a positive correlation between serum level of vitamin C and lycopene and also
vitamin C dietary intake and scores in the MMSE-12 test.
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1. Background

Mild cognitive impairment (MCI) refers to the cogni-
tive impairments that go beyond cognitive decline from a
normal age, but not to the extent that it interferes signif-
icantly with daily activity (1). Although the six basic com-
ponents of cognition (memory and learning, social func-
tion, language, mobility, attention, and performance) po-
tentially can be involved (2, 3), the term “mild cognitive
impairment” is synonymous with memory and cognitive
changes characterized by age or normal aging (4).

The probability of cognitive decline along with other
evidence of nerve degeneration is increasing with the ag-
ing population (some of them earlier than others and oth-

ers more rapidly) (5). The incidence of MCI in people over
65 years old is 10% - 20% according to population studies
(6-10). Diagnosis and early intervention in a mild cognitive
disorder can delay or prevent the onset of dementia (11).
Currently, no drug is approved by the Food and Drug Ad-
ministration for the treatment of mild impairment (12).

Oxidative stress is an essential component in the
pathology of the Alzheimer disease (AD), both in primary
molecular changes and during its progression to the final
stages (13). Oxidative stress induces mitochondrial anoma-
lies that play an important role in degenerative diseases
such as AD (14). Therefore, antioxidants are considered im-
portant components since they play a protective role in
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eliminating free oxygen radicals and preventing neuronal
damage caused by these radicals (15). Although studies on
the role of enzymes and antioxidant properties, the bio-
logical roles of vitamin C on the brain are only recently
described, animal studies examined this biological link.
Particularly, studies focused on marine guinea pigs, since
their inability to biosynthesize vitamin C from glucose is
similar to that of humans (16). In addition, it is proven
that increasing the number of flavonoids inhibit the devel-
opment of AD pathology and incite cognitive impairment
in rodent models, thus suggesting that flavonoids have a
potential therapeutic ability to treat dementia (17). Cross-
sectional and longitudinal studies also show that the in-
take of more flavonoids from food can be accompanied by
a better cognitive and evolutionary course (18, 19).

On the other hand, there is a significant correlation be-
tween the healthy dietary pattern and the lower risk of MCI
or AD (20, 21). This conclusion is further established from
the study on the Mediterranean diet, in which adherence
to this diet is associated with a slower cognitive decline
and a reduced risk of AD (22). It is also shown that the con-
sumption of sufficient fruits, vegetables, and marine prod-
ucts may reduce the risk of MCI in the elderly (23). However,
in a recent review of the relationship between vitamin C
status and cognitive function in healthy people with cogni-
tive impairment, the relationship between vitamin C con-
centration and cognitive function based on mini-mental
state examination (MMSE) was not observed in people with
cognitive impairment (16).

Many studies are conducted on the relationship be-
tween serum antioxidant levels and cognitive status, more
on vitamins C and E, dementia samples and their possible
role in preventing it (24-27), but studies on the role and ef-
fect of other carotenoids, especially in the case of MCI, are
rare.

Recently, much attention is paid to lycopene and its po-
tential protective properties in various models of central
nervous system dysfunction. A nurses’ health study (NHS)
suggested that long-term high levels of lycopene from food
sources were associated with a slower decrease in cognitive
function both on a general and verbal scale (28).

The association of high beta-carotene serum levels
with better comprehension skills among the healthy el-
derly population is also observed (29). Also, in patients
with AD, serum levels of beta-carotene were low in some
studies in comparison with healthy controls, which did
not depend on individuals’ age, age at the onset of AD
symptoms, and individual scores on MMSE (30). However,
in other studies, there was no inverse association between
beta-carotene and flavonoid regimens with impaired or de-
creased cognitive function (31).

Generally, studies on oral intakes and serum levels
of selected antioxidants, especially lycopene and beta-
carotene, in MCI, are cognitively rare with respect to the

healthy elderly, and studies on the healthy or demented el-
derly have conflicting results. It is often subject to restric-
tions (16).

2. Objectives

The current study aimed at evaluating the intake and
serum level of selected antioxidants in subjects possessing
MCI compared with a cognitively intact control.

3. Methods

3.1. Patients

The current prospective, case-control study was con-
ducted on elderly people referred for paraclinical testing
to the Neurology Department of Imam Reza state Hospital
in Tabriz, Iran, from December 2016 to August 2017. Forty-
five urban patients and 45 urban healthy control individu-
als were recruited in the study through non-random con-
vince sampling method.

Patients were included if they had the following crite-
ria: (1) Amnestic MCI diagnosis using the modified Peter-
son standard (Memory problems for a period of at least two
weeks are not very severe symptoms and fulfill Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV) crite-
ria for dementia, cognitive function is 1.5 standard devia-
tions under the soft-moderated age for at least one neuro-
cytogenesis test, and daily life activities are basically pre-
served.) (32), which necessitates cognitive disorder that
is inadequate to be dementia and commonly undamaged
function, (2) age over 65 years, (3) non-acute psychosis, (4)
lack of lethal disease or mental disorders (i.e., depression,
schizophrenia, bipolar disorder, etc.), (5) no intake of any
dietary supplementation recognized to interfere with nu-
trition condition or cognitive function three months be-
fore the study, (6) not living in a nursing home, and (7) ca-
pability to respond to queries. The exclusion criteria in-
cluded the unwillingness of the elderly to participate in
the study and other conditions such as daily calorie intake
less than 800 or more than 3500 (33), intake of supple-
ments and/or certain diets, using psychiatric and/or hyp-
notic drugs, presence of apparent malnutrition, mental ill-
ness, history of dementia in the family, history of brain
surgery, brain injury, and smoking.

Subjects with MCI were categorized into amnestic or
non-amnestic and single or multiple domains according
to the cognitive domain(s) with deficiency, defined as 1.5
SD inferior than age proper reference standards (11). Di-
agnosis of amnestic MCI was primarily knowledgeable by
California verbal learning test, 2nd edition (CVLT-II) short-
form scores (the CVLT-II is an assessment speaking occa-
sional memory with instant and 10-minute hindered recall
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scores (34)), and diagnosis of non-amnestic MCI was knowl-
edgeable by scores on digit span, and category and verbal
fluency tests. Digit span is an examination of considera-
tion with forward and backward scores (35). Category and
verbal fluency measure semantic recall, requiring the par-
ticipant to say as many words as possible appropriate to
a given class (for the WISE examination, “vegetables” and
words that begin with the letter F) in one minute (36). If
the criteria for MCI were encountered but the category of
MCI could not be recognized, the subjects were classified
as indeterminate MCI.

Of the 211 individuals examined for inclusion in the
study, 86 patients were diagnosed with MCI. Six patients
withdrew after further information. Two patients had de-
pression. Five patients had an intake of antioxidant supple-
ments during three months ago, and finally, eight patients
were using psychiatric drugs. Forty-five out of the 65 re-
maining patients were randomly selected and entered into
the study.

Simultaneously, a control group comprising subjects
with no active medical history and no personal or family
history of neuropsychiatric disorders were randomly as-
signed to a hospital by clinical interviews. The reason for
these referrals to the hospital was musculoskeletal disease
(n = 19), ear, throat, and nose problems (n = 10), digestive
disease (n = 12), and general surgery (n = 4). They were func-
tional in the normal range and did not have criteria for MCI
and dementia.

3.2. Measurements

All participants were interviewed accompanied by
their caregivers, and then all of them completed demo-
graphic and lifestyle information questionnaires through
face-to-face interaction with a trained interviewer. The
demographic and lifestyle questionnaire was designed to
provide information on general characteristics of a person
including the age, gender, education, marital status, use of
alcohol, medical history, consumed drugs, dietary supple-
ments, and lifestyle habits. This information was gained
by asking the individual or his/her companion. The exam-
ined individuals were asked to report on the use of any sup-
plements as part of their medications, including vitamins,
fish oil, etc.

Measurement of height in a standing position with-
out shoes to the nearest 0.1 cm using a non-stretched tape
measure (Seca) and weight after overnight fasting, with-
out shoes and wearing minimal clothing, to the nearest
0.1 kg by the use of a digital scale (Seca) was recorded by a
nutrition expert. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared.

The cognitive status of the individuals was examined
by a psychologist and MMSE (37). The translated version of
this questionnaire was provided by the Iranian Research

Centre of Ageing, the University of Social Welfare and Re-
habilitation Sciences, Tehran, Iran. The individuals fall into
either of the categories of dementia (< 21), MCI (21 - 26) and
cognitively healthy (> 26) based on points obtained in the
test. To reject pseudo-dementia cases before completing
the MMSE-12 questionnaire, individuals were examined by
the 15-item geriatric depression scale (GDS-15) and were not
included in the study if they scored 5 or higher. The valid-
ity of the Persian version of GDS-15, used to determine false
dementia, was confirmed through a simultaneous narra-
tive with the composite international diagnostic interview
(CIDE) form, and its reliability was assessed by the Cron-
bach’s alpha coefficient of 0.9 (38).

The common dietary intakes during the previous year
were collected using a semi-quantitative food frequency
questionnaire (FFQ) (39). In summary, the questionnaire
contained 168 food items; the average of its food items was
determined by the average of the serving size consumed by
the Iranian population. To obtain the intake of each item
of food, either the category was never or less than once a
month, one to three times a month, once a week, two to
four times a week, five to six times a week, or once a day,
two to three times a day, four to five times a day, and six
times or more per day, or three sizes: Too small to divide
the share (half of the defined mean or less), medium (equal
to the defined mean), and large (above the defined mean)
(40). The reported frequencies were converted to daily in-
takes for any food based on the amount of home meal mod-
ules. Food and beverage coding, to assess the amount of
energy and nutrients received, was determined using the
Nutritionist IV software, adapted for Iranian foods. The re-
liability was assessed by the Cronbach’s alpha coefficient of
0.87 (41).

3.3. Sample Preparation and Laboratory Evaluations

Blood samples (10 mL) were collected to measure
serum vitamin C, alpha and beta-carotene, and lycopene
at the laboratory of Imam Reza Hospital in Tabriz. All the
necessary guidelines for blood sampling and prevention
of hemolysis of blood during blood collection were ob-
served. Ideal preparation and maintenance conditions in-
cluding protection of samples from light, rapid serum sep-
aration, rapid acidification, and freezing at a temperature
below -20°C were strictly adhered to in the collection of
samples (42). The blood samples were quickly transferred
to the centrifuge apparatus for serum separation and cen-
trifuged at 3500 rpm for 10 to 15 minutes at 4°C. The serum
samples were then frozen at -80°C until biochemical anal-
ysis.

Vitamin C level in the serum was measured using the
colorimetric method introduced by McMurray and Gowen-
lock (43). Total lycopene and beta-carotene concentration
were measured by high-performance liquid chromatogra-
phy (HPLC) with ultraviolet detection (44).
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3.4. Assessment of Physical Activity

The individuals were divided into three groups as per
level of physical activity: Low physical activity (sedentary
lifestyle and limited physical activity limited to cooking,
sewing, computer work, etc.), moderate physical activity
(such as cleaning, childcare and other tasks that require
not too much body movement), and high physical activity
(people accustomed to physical activities such as walking,
running, cycling, and swimming regularly) (45).

3.5. Ethical Consideration

The study protocol was discussed and approved
at the 228th session of the Ethics Committee of the
Tabriz University of Medical Sciences (code number:
IR.TBZMED.REC.1396.62). Before inclusion of participants
in the study, the details of the study protocol were ex-
plained to them. Informed consents were obtained from
all study participants, and they were excluded if they
wished not to undergo the tests.

3.6. Sample Size

In details, the sample size was calculated with G-power
software version 3.1.2 using the Pukak formula to compare
differences between the groups. According to the effect
size of 65% based on the study by Rinaldi et al. (46), a sig-
nificance level of 0.05, and a power of 80%, approximately
40 subjects were estimated for each group. Assuming 10%
drop-out rate, 45 subjects were required for each group. Fi-
nally, a case group of 45 patients with MCI and 45 healthy
subjects were selected from the clients with a MMSE score
of 26, matched by age and gender.

3.7. Statistical Analysis

The data were analyzed with SPSS version 16. The one-
sample Kolmogorov-Smirnov test was performed to deter-
mine the frequency distribution of the studied variables.
In the descriptive statistics section, frequency and percent-
age were used for qualitative variables and mean and stan-
dard deviation (SD) were used for quantitative variables. In
the case of non-normal data, median and (25th percentile
- 75th percentile) was used to measure central tendency
and dispersion of data and also non-parametric statistical
methods were used in analytical statistics.

In order to compare the quantitative demographic
variables and the studied parameters between the two
groups, independent samples t-test (the Mann-Whitney
test if required) was applied. The Chi-square test was used
to compare qualitative demographic variables (the exact
test if required) between the two groups. The relation-
ship between dietary intakes and serum levels of selected
antioxidants with cognitive impairment score were evalu-
ated using the Spearman correlation coefficient. All of the

tests were two-way, and the significance level was consid-
ered as 0.05. Data entries and P-values were obtained via
1000 bootstrap and Monte Carlo samples.

4. Results

In the current study, 90 participants with the mean
age of 68.84 ± 5.31 years and BMI of 26.65 ± 2.92 kg/m2

were recruited. Of the 90 subjects in the study, 54.44%
had higher education (college and university degrees), and
70.0% had physical illness; i.e., diabetes (5%), high blood
pressure (44%), and dyslipidemia (21%). In terms of BMI,
35.55% were in normal status, 42.22% had overweight, and
22.22% had obesity (Class 1).

The descriptive information of the demographic vari-
ables studied in the study is presented in Tables 1 and 2.
Table 1 shows the mean and SD of the quantitative demo-
graphic variables, including age, BMI, and sleep time per
hour. Table 2 shows the frequency and percentage of each
of the qualitative demographic variables. The results of
the independent t-test for quantitative variables and Chi-
square or the Fisher exact test for qualitative variables
showed no statistically significant difference between the
two groups based on demographic characteristics (P >
0.05).

The comparison of studied parameters showed no sig-
nificant differences between the two groups with respect
to dietary intakes of vitamin C, beta-carotene, and ly-
copene (P = 0.079, P = 0.413, and P = 0.455, respectively).

However, serum levels of beta-carotene and lycopene
were significantly higher in the healthy subjects compared
with those of the elderly subjects with MCI (P = 0.004 and P
= 0. 044, respectively), there was no significant difference
with respect to the serum level of vitamin C between the
two studied groups (P = 0.280).

There was a positive and insignificant correlation be-
tween vitamin C intake and its serum level (r = 0.191, P =
0.072); therefore, this association was still positive and in-
significant in each group ((r = 0.136, P = 0.373) for the case
group and (r = 0.214, P = 0.158) for the control group).

There was a positive and significant correlation be-
tween vitamin C intake and MMSE scores (r = 0.592, P <
0.001); therefore, this association was still positive and sig-
nificant in each group ((r = 0.905, P < 0.001) for the case
group and (r = 0.762, P < 0.001) for the control group).

There was a positive significant correlation between
serum vitamin C and MMSE scores (r = 0.224, P = 0.033). The
relationship between the two groups was positively and
significantly correlated with serum vitamin C and MMSE
scores in the case group (r = 0.336, P = 0.024); however, this
relationship was not significant in the control group (r =
0.141, P = 0.355).

There was no significant relationship between beta-
carotene diet and its serum level (r = 0.008, P = 0.940),
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Table 1. Quantitative Demographic Characteristics of the Study Participantsa

Variable Total (N = 90) Case (N = 45) Control (N = 45) P Valueb

Age, y 68.84 ± 5.31 68.13 ± 5.25 69.56 ± 5.34 0.713

Weight, kg 71.75 ± 10.48 70.10 ± 9.35 73.40 ± 11.38 0.503

Height, cm 163.81 ± 6.33 163.20 ± 6.05 164.42 ± 6.62 0.554

BMI, kg/m2 26.65 ± 2.92 26.28 ± 2.74 27.03 ± 3.08 0.779

Sleep duration, h 7.15 ± 1.38 6.96 ± 1.36 7.36 ± 1.40 0.620

a All data are expressed as mean ± SD.
b Independent samples t-test.

and the relationship was not significant in the groups sep-
arately either ((r = 0.141, P = 0.356) in case group and (r =
0.010, P = 0.950) in the control group).

There was a positive and significant correlation be-
tween beta-carotene intakes and MMSE test scores (r =
0.145, P = 0.241), and was still positive and non-significant
in each group ((r = 0.223, P = 0.141) in the case group and (r
= 0.098, P = 0.522) in the control group).

No significant relationship was observed between
serum beta-carotene and MMSE test scores, (r = 0.097, P =
0.363), and it was not significant in each group separately
((r = 0.216, P = 0.153) in the case group and (r = 0.021, P =
0.889) in the control group).

There was no significant relationship between dietary
intake of lycopene and its serum level (r = 0.059, P = 0.581)
((r = 0.128, P = 0.401) in the case group and (r = 0.057, P =
0.710) in the control group).

There was a positive and insignificant correlation be-
tween consuming a lycopene diet and MMSE test scores (r
= 0.178, P = 0.094) and between the two groups ((r = 0.157,
P = 0.303) in the case group and (r = 0.100, P = 0.515) in the
control group).

A positive and significant correlation was observed be-
tween serum lycopene levels and MMSE scores(r = 0.388, P <
0.001), and positive but insignificant between the groups
((r = 0.269, P = 0.074) in case group, and positive and sig-
nificant (r = 0.347, P = 0.020) in the control group).

There was no significant difference in terms of con-
suming fruit between the two studied groups (P = 0.072).
There was a positive and significant relationship between
fruit intake and MMSE scores (r = 0.262, P = 0.012). In the
two groups, this association was still positive, but not sta-
tistically significant ((r = 0.138, P = 0.367) in the case group
and (r = 0.176, P = 0.248) in the control group).

Vegetables intake was significantly higher in the cases
compared with controls (P = 0.048). There was a posi-
tive and significant correlation between consuming veg-
etables and MMSE test scores (r = 0.199, P = 0.059). Also
there was no significant association in each group ((r =
0.008, P = 0.958) in the case group and (r = 0.161, P = 0.290)
in the control group).

No significant correlation was observed between any
of the serum levels and food intakes with BMI (Tables 3 and
4).

5. Discussion

Based on the authors‘ best knowledge, the current
study was one of the few studies investigating dietary in-
takes and serum levels of selected antioxidants (vitamin C,
beta-carotene, and lycopene) and their relationship with
cognitive performance in the elderly people with MCI com-
pared with the elderly with normal cognitive function.
Based on the results of the current study, despite the fact
that different levels of antioxidants were not consumed,
serum levels of antioxidants (beta-carotene and lycopene)
were significantly lower in patients with MCI compared
with the elderly with normal cognitive function. There was
a positive correlation between serum level of vitamin C
and lycopene and also vitamin C dietary intakes and scores
in the MMSE-12 test of the study participants.

According to the currently available knowledge, the
positive impact of dietary intake of vitamins on better
health status seems undeniable (47, 48). However, their
impact on cognitive health is not so obvious. There is a
huge interest among nutrition researchers regarding the
dietary effects on cognitive function and delaying neu-
rodegenerative disease in old age.

With the aging of societies, AD is the most common
neurodevelopmental disorder (49). With recent advances
in medical sciences, life expectancy in the developed coun-
tries increased, resulting in the over 65-year-old popula-
tion being one of the most populated age groups in the
world. The increased burden of these life-threatening con-
ditions (50) and lack of disease-modifying drugs led stud-
ies towards developing preventive strategies.

Many epidemiological studies suggest that nutrition
has the potential of a protective role in arresting the de-
cline of cognitive function (51). Particularly, diets such as
a Mediterranean diet rich in plant foods, namely fruits,
vegetables, beans, and cereals are associated with a de-
creased risk of cognitive impairment and dementia (52).
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Table 2. Qualitative Demographic Characteristics of the Study Participantsa

Variable Total (N = 90) Case (N = 45) Control (N = 45) P Value

Gender 0.834b

Male 45 22 (48.9) 23 (51.1)

Female 45 23 (51.1) 22 (48.9)

BMI, kg/m2 0.897b

Normal weight 32 16 (35.6) 16 (35.6)

Overweight 38 18 (40.0) 18 (40.0)

Obesity (class I) 20 11 (24.4) 11 (24.4)

Marital status 0.569c

Single 4 1 (2.2) 3 (6.7)

Married 63 31 (68.9) 32 (71.1)

Other 23 13 (28.9) 10 (22.2)

Occupational status 0.517c

Workless 43 22 (48.9) 21 (46.7)

Employed 9 6 (13.3) 3 (6.7)

Retired 39 17 (37.8) 21 (46.7)

Educational status 0.684b

Literacy 2 2 (4.4) 0 (0.0)

High school 39 17 (37.8) 22 (48.9)

College level 38 20 (44.4) 18 (40.0)

University level 11 6 (13.3) 5 (11.1)

Physical illness 0.819b

Yes 63 31 (68.9) 32 (71.1)

No 27 14 (31.1) 13 (28.9)

Medical history 0.745b

Diabetes 5 2 (4.44) 3 (6.66)

TIA/stroke 7 5 (11.11) 2 (4.44)

MI 7 3 (6.66) 4 (8.88)

Atrial fibrillation 9 6 (13.33) 3 (6.66)

Hypertension 15 10 (22.22) 5 (11.11)

Psychological illness 0.784b

Yes 16 7 (15.6) 9 (20.0)

No 74 38 (84.4) 36 (80.0)

Family history of cognitive disease 0.816b

Yes 16 9 (20.0) 7 (15.6)

No 74 36 (80.0) 38 (84.4)

Physical activity > 0.999b

Inactive 74 37 (82.2) 37 (82.2)

Moderate active 16 8 (17.8) 8 (17.8)

Active 0 0 (0.0) 0 (0.0)

a All values are expressed as No. (%).
b Chi-square test.
c The Fisher exact test.
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Table 3. Comparison of the Dietary Intake Parameters Between the Two Groupsa

Variable Case (N = 45) Control (N = 45) P Value

Total energy intake, kCal/d 2189.00 (1979.00 - 238.50) 2164.00 (1846.50 - 23.02) 0.134b

Vitamin C intake, mg/d 93.58 (75.11 - 116.55) 106.66 (86.35 - 146.04) 0.079b

Beta-carotene intake, mg/d 945.28 (911.71 - 1074.52) 1029.65 (917.86 - 1180.33) 0.413b

Lycopene intake, µg/d 2884.87 (2072.58 - 4129.63) 2964.45 (1703.37 - 5990.40) 0.455b

Fruit, g/d 167.42 (122.30 - 191.44) 169.50 (103.40 - 218.06) 0.720b

Servings of fruit per day 0.826

0 1 (2.22) 2 (4.44)

1 - 2 16 (35.55) 13 (28.88)

3 - 4 28 (62.22) 28 (62.22)

> 5 0 (0.00) 2 (4.44)

Vegetable, g/d 261.55 (205.60 - 363.65) 318.64 (274.45 - 379.71) 0.09b

Servings of vegetables per day 0.006

< 2 1 (2.22) 0 (0.00)

3 - 4 10 (22.22) 6 (13.33)

> 5 34 (75.55) 39 (86.66)

a Values are expressed as median (25th percentile - 75th percentile) or No. (%).
b The Mann- Whitney U test.

Table 4. Comparison of Serum Parameters Between the Two Groupsa

Variable Case (N = 45) Control (N = 45) P Valueb

Serum vitamin C, mg/dL 14.73 (11.67 - 16.42) 15.88 (14.62 - 18.69) 0.280

Serum beta-carotene, µg/dL 1.58 (1.06 - 2.54) 2.04 (1.39 - 2.91 0.004

Serum lycopene, µg/dL 1.35 (0.91 - 1.86) 1.50 (1.07 - 2.04) 0.044

a Values are expressed as median (25th percentile - 75th percentile).
b The Mann-Whitney U test.

These beneficial effects are partly attributable to nutri-
tional compounds such as vitamin C, polyphenols, and
carotenoids. However, the contribution of each nutrient
to the protective effects of plant food against disorders and
cognitive decline is still not fully understood (53).

Carotenoids are natural pigments produced by plants,
algae, and photosynthetic bacteria. Based on the pres-
ence of oxygen, carotenoids are divided into two groups,
carotene, and xanthophyll. The former does not have oxy-
gen, and the latter has oxygen. Carotenoids owe their an-
tioxidant activity to their dual conjugate bond. In addi-
tion, carotenoids affect cell cycle development, intercellu-
lar communication, growth factor, and the immune func-
tion (54).

Previous studies show the role of vitamin C in periph-
eral blood cells as an antioxidant biomarker in various dis-
eases (55, 56). Based on the results of in vivo and in vitro
studies, vitamin C also acts as a modulator of neuronal
function in cholinergic and glutamatergic neurons (57),

which have a strong association with the cognitive and
pathological functioning of AD (58, 59). Vitamin C exists
in fruit and vegetables, is often added as a preservative to
food products, and is used as a dietary supplement as well
(60).

Based on the results of the current study, vitamin C
antioxidant dietary intake was lower in samples with MCI
compared with controls without cognitive impairment;
however, this difference was not statistically significant.
A significant strong positive correlation was observed be-
tween vitamin C intakes and cognitive scores in MMSE-12
in both groups.

A study on 37 healthy adults in 2015 showed that con-
suming orange juice leads to the reduction of cognitive de-
cline rate (61), which is attributed to high content of or-
ange juice flavones since the association of flavonoids de-
creases the rate of cognitive decline (62, 63). But it is likely
that the concentration of vitamin C in orange juice is in-
volved in the observed effects, since other studies show
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that supplementation of elderly people with vitamins C
and E can maintain cognitive function (64, 65).

In a study in the early 70’s on people aged 65 years and
above, vitamin C supplementation was recommended as
the only predictive factor for cognitive ability (66) in as-
sessing the association between vitamin C intake and cog-
nitive function. However, in a sample of 5182 elderly sub-
jects (aged 55 - 95 years) through a cross-sectional study, no
significant relationship was observed between vitamins C
and E intake and cognitive function (67).

Elders are often unable to prepare their meals and have
problems with chewing; they may have poor and flawed
food choices and do not include fruits and vegetables in
their diet. Also, it should be noted that the assessment of
food intake using a 24-hour dietary recall questionnaire, in
people with cognitive impairment due to disrupted mem-
ory, is not very reliable.

Based on the results of the current study, the serum
level of vitamin C in the elderly with MCI was lower than
that of the elderly in the control group without cognitive
impairment, although it was not significant statistically.
Also, the results showed a weak significant positive cor-
relation between serum levels of vitamin C and scores in
MMSE test. This assessment separated the two groups with
a significant positive correlation in the subject group with
MCI, but not in the healthy controls, wherein they showed
higher serum levels of vitamin C and higher MMSE scores.

Several studies demonstrated significantly lower con-
centration of vitamin C serum level in patients with AD
when compared with healthy controls (68, 69).

Pearson et al. (26), in a cohort of 404 subjects, reported
that lower levels of MCI were observed in individuals with
the highest serum vitamin C concentrations. Compared
with the dietary vitamin C, there was a strong correlation
between the serum levels of vitamin C and cognitive im-
pairment markers (Montreal cognitive assessment (MoCA)
version 7.1).

However, in a number of other studies, in line with the
current study results, there was no difference in serum vi-
tamin C levels in patients with cognitive impairment and
the Alzheimer dementia with those of their matched con-
trols (27, 70-72).

In a cross-sectional study on the Maryland population
in the United States, no correlation was observed between
the serum levels of vitamin C and the cognitive perfor-
mance scores measured with the MMSE (73). Furthermore,
in a study (27) on patients with AD scored 27 - 28 in the
MMSE test, in one of the public hospitals in Tokyo, there
was a weak relationship between the level of vitamin C in
peripheral blood flow and MMSE scores (r = 0.17).

The conflict in the results of previous studies sug-
gested that in the patients with AD, the other pathological
factors affected vitamin C level. It should be always con-
sidered that vitamin C is needed to neutralize free oxygen

radicals and radical recycling of alpha-tocopherol. There-
fore, the observed beneficial effects of vitamin E are often
at least partially dependent on vitamin C levels, although
this effect is not directly observed. All physiological and
biochemical actions of vitamin C are due to their ability
to donate electrons (as a reducing agent). At physiolog-
ical concentrations, vitamin C (ascorbic acid) is a power-
ful antioxidant and a free radical cleanser in various tis-
sue including the central nervous system (74). Oxidative
stress is generally associated with aging, while old age is a
major risk factor for AD. According to recent evidence, ox-
idative stress plays a major role in pre-AD phases, includ-
ing MCI (75). Other basic mechanisms include modulat-
ing neuronal inflammation, inhibiting the amyloid pep-
tide beta (Aβ) fibrillation, and chelation of iron, copper,
and zinc (76). Furthermore, it should be noted that in these
studies, only serum levels of vitamin C were investigated
and vitamin C levels were not studied in lymphocytes and
other blood components.

Regarding the use of carotenoids through diet, lon-
gitudinal studies generally failed to find evidence in fa-
vor of the protective effects of beta-carotene on the risk of
dementia or AD, and the data collected in a recent meta-
analysis from five cohort studies only yielded significant
borderline results (17, 77).

Based on the results of the current study, serum levels
of lycopene in patients with MCI were lower than that of
the healthy controls. This difference was not significant in
terms of dietary intake of this antioxidant. Although the
lycopene was significantly correlated with MMSE-12 score
in the control group, no significant correlation was ob-
served between lycopene and MMSE-12 score in the case
group. The effects of lycopene on the protection of cog-
nitive function are shown in experimental studies on rats
(78). In a study conducted to assess the protective effects
of lycopene on learning and memory impairment and the
potential mechanism for high-fat dietary rats (HFD), ly-
copene significantly reduced the learning and memory im-
pairments and prevented the reduction of dendritic spine
density (79). The results of case-control studies often show
low levels of carotenoids in people with cognitive impair-
ment compared with non-impaired controls. For exam-
ple, Mecocci et al. (80), compared the serum levels of 8-
hydroxy-2’-deoxyguanosine (8-OHdG) and non-enzyme an-
tioxidants in elderly patients with AD and healthy matched
controls in terms of age and gender. Level of 8-OHdG was
significantly higher than oxidative damage index in pa-
tients with AD, which was associated with a decrease in ly-
copene levels (r = 0.560, P < 0.001) in such patients. How-
ever, cross-sectional analyses had contradictory results (29,
81).

Several studies (82, 83) showed that lycopene inhib-
ited the apoptotic mitochondrial pathway and free radi-
cal production of more oxidizing agents. Lycopene can in-
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hibit neuronal inflammation too (84). In a cross-sectional
study, Perrig et al., showed that high serum levels of
beta-carotene were associated with better memory perfor-
mance (reminding, recognition, and vocabulary) in 442
healthy subjects aged 65 - 94 years. Regarding the beta-
carotene regimen, there was no relationship between oral
intake and cognitive decline in the study by Morris et al.
(85), while in subsequent studies low-level beta-carotene
was associated with cognitive impairment measured with
MMSE (67). Zaman et al. (86), in a case-control study,
showed that serum levels of beta-carotene were signifi-
cantly lower in patients with AD and multi-infarction de-
mentia than in healthy controls (< 0.001 µM/L in AD, and
< 0.13 - 0.30 µM/L in multivariate dementia compared to
0.31 - 13.5 µM/L in healthy controls).

In the current study, dietary intake of beta-carotene
was not significantly different between the two groups;
however, the serum level of beta-carotene was significantly
higher in healthy samples than in elderly patients with
MCI. The results of the Pearson correlation coefficient
showed no significant and positive correlation between
consumption and serum beta-carotene levels of cognitive
scores in the MMSE-12 test in either of the groups.

In a number of studies, there was a greater emphasis
on the type of foods to be used for nutrition, and not just
on getting a specific micronutrient. For example, nutri-
tional reminders with cognitive tests were studied and ex-
amined in a study on an over 60-year-old population. A
strong correlation was observed between the ingestion of
fruits and vegetables with cognitive function (87). Chen et
al. (88), in their study on three dominant food patterns
(vegetables, meat, and traditional) in the elderly popula-
tion of China with cognitive function, found their effects
applied to different components of cognitive function. Ac-
cording to the results of this study, the food pattern with
moderate to high scores was associated with significant
protection against logical memory loss (recall I: β = 0.16 -
0.18, odds ratio (OR) = 0.42 - 0.48; recall II: β = 0.17 - 0.21),
while the score pattern of vegetables was associated with
reduced performance (β = -0.22). The pattern of food in-
take of high meat products protected against attention de-
cline (β = 0.20 - 0.22). The traditional Chinese food pat-
terns protected against logic loss and memory (β = 0.20 -
0.22). However, there was no significant relationship be-
tween these food patterns and the global recognition.

The results of this study showed that the fruit and
vegetable intake were not significantly different in sub-
jects with MCI and controls without cognitive impairment.
However, there was a positive correlation between intakes
of fruits and MMSE score that was statistically significant (r
= 0.262, P = 0.012).

In an animal study, the protective effects of spinach
on neuronal function were more powerful than those of
fruits (such as blackberries and blueberries) (89). Green

vegetables are rich in vitamins, folate, flavonoids, and
carotenoids. Tuberous vegetables are rich in protein, vita-
min C, vitamin E, and beta-carotene (90-92).

The current study had limitations that should be con-
sidered in future studies. The observational nature in
which the relationship is not causality was one of the most
important limitations of the current study. While the cur-
rent study focused on the comparison of diet and serum
levels of vitamin C, beta-carotene, and lycopene, diet and
serum levels of other nutrients can play a role in this dif-
ference. Moreover, the dietary questionnaires lack details
on the dietary habits throughout the life of a person, and
documentation of food intake is very difficult for the sub-
jects. Food repellency and its accuracy are more and more
endangered in elderly people with memory and cognitive
function loss, and the shortage of dietary intake may be
due to poor and inadequate dietary intake. It is very dif-
ficult to identify this problem in cross-sectional studies.
On the other hand, the serum concentration of the exam-
ined antioxidants is related to the recent diet, rather than
the long-term intake. The next limitation was the type of
instrument used to evaluate the cognition. MMSE is an
effective tool to measure cognition in patients with neu-
rodegenerative disorders (25), but its sensitivity to detect
cognitive difference is questionable in healthy people (93).
Also, cognitive function is studied in general rather than
in its components. The next limitation was the selection
of healthy cases that should be considered in demographic
studies.

Although, the current study was a single center and
generalization of its results to the whole population is
less reliable, the presence of control group and comparing
data with normal healthy matched people was the strong
point of the study.

5.1. Conclusions

In summary, the results of the current cross-sectional
observational study suggested lower levels of serum ly-
copene and beta-carotene antioxidants in people with MCI
compared with subjects without MCI despite the appar-
ently similar dietary intakes. Also, there was a positive
correlation between the serum levels of vitamin C and ly-
copene antioxidants and cognitive scores in the MMSE-12
test, although this relationship was not significant for di-
etary intakes of antioxidants except for vitamin C. These
results can be the basis of new to investigate the role of an-
tioxidants in protecting healthy cognitive function.
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