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Abstract

Background: The association between serum zinc levels and cognitive impairment is a controversial issue.
Objectives: The association between serum zinc levels and cognitive impairment was investigated in the elderly population of
Amirkola city, northern Iran.
Methods: The data of this cross-sectional study came from a large cohort study, known as the Amirkola health and ageing project
(AHAP). The sample included 1004 eligible participants aged 60 years or older (486 females and 518 males). The staff of healthcare
centers interviewed the participants and completed the Persian version of the Mini Mental State Examination (MMSE). Their serum
zinc levels were measured using the ZishChem diagnostic kit.
Results: Of all of the participants, 347 (33.3%) had cognitive impairment. Furthermore, 254 participants (25.2%) were classified as
having mild cognitive impairment, 82 (8.2%) moderate, and 11 (1.1%) severe. A total of 160 females (32.9%) and 180 males (34.7%) were
within the normal range of serum zinc (80 to 120 µg/dL), 133 females (27.4%) and 121 males (23,4%) were within the high range of
serum zinc (> 120 µg/dL), and 193 males (39.7%) and 217 males (41.9%) were at low range of serum zinc (< 80 µg/dL). There was no
difference between the 2 groups of the elderly population (normal MMSE and abnormal MMSE) with respect to the level of serum
zinc.
Conclusions: The results do not support the belief that serum zinc levels may be associated with cognitive function in the elderly
population.
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1. Background

Cognitive impairment is an important part of the di-
agnostic criteria for neurodegenerative disorders (NCDs),
and it is also is a risk factor for NCDs (1). Furthermore, NCDs
are a common illness in the elderly, and they represent one
of the most important factors in disability and mortality
(2). The prevalence of NCDs is estimated to range from 2%
to 8% in the elderly population (3). Studies on NCDs have
shown that many factors are associated with this disorder.
These factors include a history of cardiovascular disease or
hypertension, depression, and osteoporosis (4-6).

Epidemiological studies have found that nutritional
factors are linked with NCDs (7). Studies support that
vitamin E and selegiline could slow or stop Mild Cogni-
tive Impairment (MCI) to moderate/severe NCD conver-
sion (8, 9). Zinc is an element that has widespread func-
tion within neurons, including binding to metal-binding
proteins, and the modulation of presynaptic, synaptic,

and postsynaptic neurotransmitter receptors, such as N-
methyl-d-aspartate and Gamma-aminobutyric acid (10-12).
Therefore, the homeostasis of zinc has a critical role in the
maintenance of normal cellular processing. Intracellular
zinc has an important role in the pathophysiology of neu-
rodegenerative disorders because it is a major contributor
of oxidative stress in brain aging and cell death. Numerous
studies have indicated that an increase of intracellular zinc
is linked with oxidative stress and age-related neurodegen-
eration (13, 14). Also, the effectiveness of supplements like
zinc (Clioquinol) in abrogating some of the pathological
consequences of NCDs in a clinical trial indicates the piv-
otal role of metals in the progression of NCDs (15). How-
ever, a number of studies have found that zinc therapy has
no effect on cognitive impairment in the elderly popula-
tion (16-18).

Moreover, the association between serum zinc and cog-
nitive impairment is a controversial issue. Although exten-
sive literature investigated the role of metals in NCDs (7-9,
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13, 14), a few studies focused on the relationship between
zinc and NCDs (15, 19). To date, no information is available
about serum zinc levels in the Iranian elderly population
and its relationship with NCDs. The primary purpose of
the present study was to assess the relationship between
zinc and cognitive impairment in a large sample size of Ira-
nian elderly. The secondary purpose was to evaluate the re-
lationship between cognitive status and the level of serum
zinc.

2. Methods

This cross-sectional study was carried out at the social
determinants of health research center of Babol University
of Medical Sciences of Amirkola city (north of Iran). It is
part of a large cohort study known as the “Amirkola Health
and Ageing Project” (AHAP) (20). The Medical ethics com-
mittee of Babol University of Medical Sciences approved
the project. Informed consent was obtained from all of the
participants or their relatives.

A three-stage process was used to conduct the study.
When this study began, Amirkola had an elderly popula-
tion of 2234 (1158 males and 1076 females). First, healthcare
center staff invited the elderly to enter the project through
posters distributed throughout the city. The staffs of the
healthcare centers visited the participants in their homes
and completed the demographic questionnaire. On the
next day, the elderly came to the SDHRC of Babol Univer-
sity of the Medical Sciences in Amirkola and completed the
other questionnaires. The staff used standardized forms
to collect demographic information, medical and familial
data, with the help of patients’family members. The study
had a total of 1616 elderly participants. In this study, 612
people were excluded because of incomplete information.
Therefore, the data of 1004 participants was included in
the analysis (Figure 1).

In the second stage, all of the participants took part
in cognitive function test assessments performed by 2
trained healthcare practitioners. The practitioners inter-
viewed the people to complete the Persian version of the
mini mental state examination (MMSE). The healthcare
practitioners participated in a workshop to train them re-
garding the use of the Persian version of the MMSE. The
MMSE is a brief screening test for cognitive impairment,
which has been widely used for the elderly. The MMSE in-
cludes questions that test the skills of attention, memory,
orientation, language, and visual-spatial ability. The total
scores range from 0 to 30. The most widely accepted indica-
tor of the presence of cognitive impairment was a score of
≤ 24. A cut-off score of 24 by age and educational level was
selected using the score adjustment coefficients proposed

by Magni et al. (21). In this study, 4 levels of cognition sta-
tus were described, including normal (25 to 30), mild cog-
nitive impairment (20 to 24), moderate cognitive impair-
ment (10 to 19), and sever cognitive impairment (≤ 9) (22).
The MMSE questionnaire is very dependent on the level of
education, and a large number of the study population was
illiterate. Therefore, to avoid the confounding effects of the
impact of literacy levels on cognitive impairment detec-
tion results, the MMSE was completed through interviews
and using images, instead of written statements.

In the third stage, serum zinc was measured by venous
blood samples. At first, blood samples were frozen and
stored at -80°C. Then, serum zinc was measured according
to the instructions provided in the kit (ZishChem Diagnos-
tics, Iran, detection limit 400 µg/dL, sensitivity 4.0 µg/dL)
using a spectrophotometer. Sample and standard com-
pounds were prepared according to the manufacturer’s in-
structions and after drawing a standard curve; zinc con-
centrations were calculated and were reported as micro-
grams per deciliter.

Statistical analysis was performed using the SPSS soft-
ware for windows version 18 (SPSS Inc, Chicago, IL, USA).
Descriptive analyses were conducted to compute the per-
centages, means, and standard deviations for all variables.
The Chi-square test was used to identify the relationship
between cognitive status and level of serum zinc in the el-
derly.

2.1. Ethical Approval

This paper was retrieved from a doctoral thesis in
Medicine. The deputy research of Babol University of Med-
ical Sciences approved and supported the study.

3. Results

The demographic characteristics of the study popula-
tion are mentioned in Table 1. Of the 1004 participants, 486
(48.4%) were female and 532 (53.6%) were under 70 years
old.

Figure 1 also shows the flow chart of the participants
from the entrance of the study to the analysis.

Table 2 shows the levels of serum zinc and MMSE. Of the
1004 participants, 347 (33.3%) had cognitive impairment,
254 participants (25.2%) were classified as having mild cog-
nitive impairment, 82 (8.2%) had moderate impairment,
and 11 (1.1%) had severe impairment. The normal range
of serum zinc (80 to 120 µg/dL) was found in 160 females
(32.9%) and 180 males (34.7%). The high range of serum zinc
(> 120µg/dL) was found in 133 females (27.4%) and 121 males
(23.4%), while a low range of serum zinc (< 80 µg/dL) was
seen in 193 females (39.7%) and 217 males (41.9%).
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Figure 1. Flowchart of the Subjects From Entrance to Analysis of the Study

Table 3 shows the relationship between cognitive sta-
tus and the level of serum zinc. The serum zinc of the pop-
ulation was compared in 2 levels, lower than 80 µg/dL and
30 µg/dL. There was no difference between the 2 groups of
elderly populations (normal MMSE and abnormal MMSE)
with respect to the level of serum zinc.

4. Discussion

The results did not support the theory that there is a
correlation between serum zinc and cognitive status in the
elderly. Also, when the participants were analyzed by gen-
der, a statistically significant difference in the zinc concen-
tration between groups with healthy cognitive function
and those with decreased cognitive function was not ob-
served.

The lack of an association between the level of serum
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Table 1. Demographic Characteristics of the Study Population

Variables No. (%)

Gender

Female 486 (48.4)

Male 518 (51.6)

Age, y

60 to 64 329 (32.8)

65 to 69 209 (20.8)

70 to 74 179 (17.8)

75 to 79 172 (17.8)

80 to 84 74 (7.4)

85 to 99 41 (4.1)

Education

Illiterate 661 (65.8)

Primary school 274 (27.3)

High school/University

Marital Status 69 (6.9)

Married 158 (15.7)

Single 846 (84.3)

Table 2. Frequency and Percentages of Serum Zinc and Cognition Status of the
Populationa

Variables Mean± SD

Level of serum zinc

< 80 24.74 ± 4.79

80 - 120 25.20 ± 3.90

> 120 24.83 ± 3.92

MMSE

Normal 94.83 ± 46.52

Mild cognitive impairment 97.08 ± 48.58

Moderate cognitive impairment 88.36 ± 46.98

Severe cognitive impairment 86.64 ± 35.26

Abbreviation: MMSE, mini mental state examination.
aRanges: normal: 25 - 30; mild cognitive impairment: 20 - 24; moderate cogni-
tive impairment: 10 - 19; and sever cognitive impairment: ≤ 9.

zinc and cognitive status found in this research is consis-
tent with some previous findings. Rembach et al. (2014)
investigated the distribution of zinc in a large cohort
study and reported that serum zinc did not show a sig-
nificant difference between healthy controls and patients
with mild cognitively impairment or Alzheimer’s disease
(23). Another study found that zinc levels were not sig-
nificantly different between groups of healthy people,

Table 3. The Relationship Between Cognitive Status and Level of Serum Zinc in El-
derly

Level of SerumZinc MMSE P Value

Normal Abnormal

≥ 80 396 (66.7) 198 (33.3)
0.3

< 80 261 (63.7) 149 (36.3)

≥ 30 619 (65.5) 326 (34.5)
0.8

< 30 38 (64.4) 21 (35.6)

those with mild cognitive impairment, and those with
Alzheimer’s disease (24). Ozcankaya reported that no sta-
tistically significant difference in serum zinc was found be-
tween healthy people and patients with Alzheimer’s (25).
Kuyumcu (2013) revealed no significant difference in zinc
levels between patients with Alzheimer’s disease and pa-
tients with normal cognitive function (26). A meta-analysis
reported that there was no significant effect from zinc in-
take on cognitive function (27).

In contrast with our findings, studies have reported
that there is a correlation between serum zinc and cogni-
tive status in older populations. Vural et al. (2010) reported
that zinc levels were significantly lower in patients with
Alzheimer’s compared with controls (28). Markiewicz-
Zukowska et al. (2015) reported that zinc concentration
correlated to being statistically significantly higher in
older people with normal cognitive function and without
depressive symptoms than in older people with cognitive
impairment and depressive symptoms (29). Baum et al.
(2010) reported that serum zinc decreased in Alzheimer’s
disease compared to the controls (30). Brewer et al. (2010)
reported that blood zinc in patients with Alzheimer’s and
Parkinson’s was significantly lower than in the controls
(31).

It is important to determine why the findings of the
current study did not support the association between zinc
and cognitive impairment. The reason is attributable to
the nature of both the population and information about
the zinc mechanism in the brain. First, recent research
has forced a rethinking of the role of serum zinc in cogni-
tion. To date, the functional role of synaptic zinc in learn-
ing and memory is unknown. This information will be es-
sential for further progress in understanding the role of
zinc pathways to regulate memory formation in the brain
(32). Second, there is not enough evidence to support the
beneficial effect of zinc supplementation on cognition in
the older population. A large, randomized controlled trial
treatment with 80 mg of zinc and copper did not have a sig-
nificant effect on cognitive performance in an older pop-
ulation (19). Also, studies have reported that zinc therapy
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has no effect on cognitive impairment in elderly adults (16-
18). Third, the data from this study came from a cohort
study. Lastly, the nature of the population differed from
other cross-sectional case-controlled studies (33).

This study, due to the nature of correlational studies,
had some specific potential confounders and limitations.
In this study, some of the potential confounders could be
controlled while others were not controlled. For example,
in this study, the impact of illiteracy on the diagnosis re-
sults was controlled by changing the way the interview was
conducted. However, the measurement of zinc was done in
the serum. It is recommended for further studies to be con-
ducted using nails, as nails are more accurate for measure-
ment and they show changes within the past 3 months.

Another limitation of the study was being a correla-
tional and not causal study. Therefore, future studies are
needed with a longitudinal cohort design to answer the
question of elderly people with a zinc deficiency having a
higher likelihood of increased impairment in regards to
cognition. Also, the data of cognitive impairment was col-
lected by the MMSE. There is no certainty about the truth
of the cognitive status of the population. Future research
might include a complete view on cognitive impairment
of the elderly, and this might be obtained by using alterna-
tive methods, such as clinical diagnosis by a physician. An-
other confounding factor was that approximately 612 peo-
ple (37%), who were eligible for inclusion in the study, were
excluded because of incomplete information. Thus, it is
not possible to determine whether this sample is represen-
tative of the population. In future studies, the staff need to
have more training in data gathering to prevent this lack
of accuracy of information.

4.1. Conclusions

This study does not support the idea that zinc serum
levels may be associated with

cognitive impairment in the elderly population.
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