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Abstract
Background  Copper is associated with mild cognitive impairment (MCI). However, there is a lack of relevant population 
studies with large sample sizes.
Aims  This study used baseline data from a cohort study to determine the distribution characteristics of MCI in the elderly 
and to estimate the association between whole blood copper concentrations and MCI.
Methods  MCI status was screened by the Mini-Mental State Examination (MMSE) scale and Activities of Daily Living 
(ADL) scale. The concentration of copper in whole blood was determined by Inductively Coupled Plasma Mass Spectrom-
eter (ICP-MS).
Results  A total of 1057 subjects with an average age of 71.82 ± 6.45 years were included in this study. There were 215 
patients with MCI, and the prevalence of MCI was 20.34%. After adjusting for general demographic variables, logistic 
regression analysis showed that the risk of MCI in the elderly with high copper level was 1.354 times higher than that in the 
elderly with low copper level (OR 1.354, 95% CI 1.047–1.983, P = 0.034).
Conclusion  In this study, it was found that the prevalence of MCI was different in gender, age, education level and other 
aspects, and a higher copper level in the elderly was significantly related to the occurrence of MCI. The association was 
stronger in older adults and men.

Keywords  The elderly · Mild cognitive impairment · Whole blood · Copper · Inductively coupled plasma mass 
spectrometer

Introduction

Mild cognitive impairment (MCI) is a clinical transition 
state between normal aging and dementia, and is a cog-
nitive disorder syndrome [1, 2]. Its main characteristics 

are cognitive decline, including memory impairment and 
learning or concentration difficulties, and objective cog-
nitive function tests can detect abnormalities, but do not 
meet the criteria for dementia [3, 4]. With the increase 
in the aging population, the incidence and prevalence of 
MCI in China are increasing year by year. The annual 
incidence of MCI ranges from 1 to 6%, while the annual 
prevalence estimates range from 3 to 22% [5], which is 
much higher than in developed countries such as Germany 
(3.1%) and Canada (1.03%) and Finland (5.3%) [6]. Stud-
ies have shown that most patients with MCI would con-
vert to Alzheimer’s disease (AD) without any intervention 
within 4–6 years [7]. Its rate of onset was 10 times that 
of healthy elderly people. If a patient with MCI converts 
to AD, it would cause irreversible damage to the patient, 
severely reduce their quality of life, and bring a huge bur-
den of disease to the family and society[8, 9]. To date, no 
monocausal treatment has reached its primary clinical end-
points [10], and its pathogenesis is not yet clear [11–13]. 

Ling Gu and Jinhui Yu are equally contributed to this work.

 *	 Jie Sheng 
	 shengj@ahmu.edu.cn

1	 School of Public Health, Anhui Medical University, 
Hefei 230032, Anhui, China

2	 Changzhou Center for Disease Control and Prevention, 
Changzhou 213000,  Jiangsu, China

3	 Anhui Provincial Center for Disease Control and Prevention, 
Hefei 230601, Anhui, China

4	 MOE Key Laboratory of Population Health Across Life 
Cycle/Anhui Provincial Key Laboratory of Population Health 
and Aristogenics, Hefei 230032, Anhui, China

http://orcid.org/0000-0002-5482-1619
http://crossmark.crossref.org/dialog/?doi=10.1007/s40520-021-02034-3&domain=pdf


1008	 Aging Clinical and Experimental Research (2022) 34:1007–1019

1 3

Therefore, understanding the epidemiological character-
istics and influencing factors of MCI, early intervention 
and control or delay of the development of MCI and its 
conversion to AD will help improve the quality of life 
of the elderly, and reduce the burdens on the family and 
social economy. This has important practical significance 
for achieving healthy aging.

Copper is one of the earliest metals used by humans 
and has had a profound impact on the progress of human 
civilization. In 1996, the World Health Organization listed 
copper as a basic element and recommended that the mini-
mum intake for preventing copper deficiency is 0.9 mg/day 
[14]. However, with the acceleration of industrialization and 
urbanization, the health threat caused by metals has attracted 
increasing attention. Although the geological background of 
heavy metals in the soil in China is relatively low, they are 
widely distributed in the environment due to the rise of min-
ing, the development of the smelting industry and the large-
scale use of metal-containing compounds in daily life and 
production industries, and most of them are discharged into 
the environment. Internationally, the results of studies on 
the impact of copper on cognitive function are also different. 
A cohort study showed that subjects with MCI who had a 
serum copper level above 1.6 mmol/L were three times more 
likely to convert to AD than normal subjects after 4 years of 
follow-up.[15]. Another large community prospective study 
showed that there was an association between copper intake 
and mental decline in healthy people whose diets were rich 
in saturated fats and trans fats. For example, people who 
consumed an average of 2.75 mg of copper a day had more 
than a 50% decrease in intelligence compared to those who 
consumed 0.88 mg of copper a day [16]. A case–control 
study showed that serum nonceruloplasmin nonalbumin 
copper was elevated in MCI and dementia due to AD [17]. 
High dietary intake of copper in conjunction with a diet 
high in both saturated and trans fats may be associated with 
accelerated cognitive decline [16]. However, there are some 
different voices about whether copper intake is related to 
cognitive function [18]. The reason for this different conclu-
sion may be that the human body’s absorption rate of cop-
per changes with increasing in intake [19]. There have been 
a number of studies showing that an imbalance of copper 
in AD can be improved, and genes that control the copper 
pathway play an important role in the development of AD 
[10, 20, 21]. Population studies are also needed to confirm 
these observations.

To further understand and explore the association 
between cognitive function and copper, the research group 
collected data from a baseline survey of the Elderly Health 
and Environment Risk Factor Cohort (EHERFC), which 
was conducted in Lu’an, Anhui Province, China. A total 
of 1080 whole blood samples were collected, the copper 
content was determined by inductively coupled plasma mass 

spectrometer (ICP-MS), and the association between whole 
blood copper levels and cognitive function was estimated.

Materials and methods

Study population

The data reported in this article were from a baseline sur-
vey of the EHERFC, in Lu’an city, Anhui Province, China, 
carried out from June 2016 to September 2016. A cluster 
sampling method was used to identify the samples to explore 
the health and environmental factors of the elderly. Two 
administrative districts were selected, and a community was 
randomly selected. All respondents who met the inclusion 
criteria in the community completed a household question-
naire survey and were admitted to a designated hospital for 
physical examination. The investigator determined whether 
the survey object met the inclusion criteria. The inclusion 
criteria were as follows, (1) age over 60 years old, (2) living 
in the local area for more than 6 months, (3) consciously and 
abled to complete the questionnaire, (4) voluntarily partici-
pated in the study and signed the informed consent form, 
and (5) a clear consciousness, no serious neuropsychiatric 
disease, and sufficient understanding and expression skills 
to complete the investigation. The exclusion criteria were as 
follows, (1) communication barriers, (2) poor compliance, 
or (3) groups with severe brain diseases or taking drugs con-
taining related trace elements (such as copper gluconate, 
copper acetate, copper citrate, etc.). The investigator intro-
duced the research purpose and research content in detail 
to the survey subjects who met the inclusion criteria after 
respondents signed the informed consent form launching an 
investigation. A total of 1080 pieces of information were 
collected. According to the purpose of this study, 23 people 
in whom blood samples were not collected were excluded, 
the detection rate of copper was 93.80%, and 1013 blood 
samples were finally included in the correlation analysis.

The diagnostic criteria of MCI

ADL (activity of daily living scale) scale [22] was used 
to assess the ability of the elderly performing activities 
of daily living. The scale includes 10 items for eating, 
bathing, grooming, dressing, stool control, urination con-
trol, toileting, transfer, walking on level ground and going 
up and downstairs. Each item is divided into 0, 5, and 
10 points, with a full score of 100 points. If the score is 
greater than 60 points, it will be regarded as basic self-
care, a score of 40–60 is judged that needed help in life, a 
score of 20–40 is judged to be dependent on others for life, 
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and scores less than 20 are divided into living completely 
dependent on others.

The mini-mental state examination (MMSE) scale [23] 
was currently one of the most influential and popular cog-
nitive impairment screening tools in the world. The scale 
includes orientation, immediate memory, attention and 
calculation, short-term memory, language and visual space 
structure ability, a total of 30 items. The correct answer or 
operation is given a score of one, whereas the opposite is 
given a score of zero. The standard for dividing the normal 
threshold were, when the score of illiteracy ≤ 17 points, 
the score of the education level of primary school ≤ 20 
points and middle school education or above ≤ 24points 
[24]. Those who meet the following conditions were 
judged as MCI [25], (1) respondents or family members 
reported clues to memory impairment in the past year, 
(2) basically take care of their own daily life, ADL scale 
score was greater than 60 points, (3) MMSE score, illit-
eracy ≤ 17 points, elementary school ≤ 20 points, middle 
school and above ≤ 24 points, (4) not meet the diagnostic 
criteria for dementia.

Collection of whole blood samples

The subjects were required to take blood samples in the 
morning in a designated hospital. Before that they should 
fast for up to 8 h. Medical staff used two types of anticoagu-
lant and non-anticoagulant vacuum blood-collecting vessels 
to collect peripheral venous blood. Centrifuged the blood in 
the non-anticoagulated blood collection tube at 4000 rpm 
for 5 min, and taken the upper layer of serum to detect vari-
ous blood biochemical indicators. The blood in the antico-
agulated blood collection tube is transferred into a 2 mL 
polypropylene tube after routine blood testing, each sample 
was stored in 3 tubes, and sent to Lu'an City Center for Dis-
ease Control and Prevention – 80 ℃ refrigerator for storage 
immediately. Finally, the cold chain was used to transport 
samples to the laboratory of Anhui Medical University.

Laboratory analysis

Experimental apparatus

Inductively coupled plasma-mass spectrometer (Per-
kin Elmer NexION 350X, Shelton, CT, USA), Ultrapure 
water meter (Cascada 1, Pall Corporation, USA), Elec-
tronic analytical balance (AB265-S, METTLER TOLEDO, 
Switzerland).

Experimental reagent

Up-S grade nitric acid (Jingrui Corporation, China), Tri-
tonX-100 (Sigma Corporation, USA), 25% Tetramethyl 

Hydroxyl Ammonia Solution (Gelinda Corporation, China), 
10 µg/mL copper standard solution (PerkinElmer Corpora-
tion, USA) and 10 µg/mL internal standard mixed standard 
solution (PerkinElmer Corporation, USA) are prepared.

Sample processing

Removed the blood sample from the – 80 ℃ refrigerator and 
thaw it in the 4 ℃ refrigerator. Taken 1 mL blood sample 
in 50 mL disposable centrifuge tube, weigh it as M, then 
diluted the weight to 25 M with No. 1 solution (mix 7.4 mL 
of 68% concentrated nitric acid, 25 mL of TMAH and 5 mL 
of 5% tritonX-100 solution, and dilute to 500 mL). After 
mixing thoroughly, wait for 5 min for testing.

Instrument related parameters

Instrument parameters were shown in Table 1.

Sample determination

1.	 Turned on the argon gas and the cooling circulating 
water, wait for the instrument to stabilize for 15–20 min, 
then started the torch.

2.	 Measure blank control, 10 μg/L, 25 μg/L, 50 μg/L, 
100 μg/L standard solution in sequence, the correlation 
coefficients of the standard curve were all greater than 
0.999, Otherwise, the standard curve needs to be re-
tested until the requirement was met.

3.	 After each batch of samples was measured, clean the 
instrument with No. 1 solution for 30 min, and then 
rinsed with ultrapure water for 15 min.

Table 1   Instrument operating conditions of ICP-MS NexION350X

Parameters Conditions

Plasma gas velocity 15 L/min
Flow rate of carrier gas (Ar) 0.92 L/min
Auxiliary gas velocity (He) 1.2 L/min
Radio-frequency power 1100 Wt
Curve types Simple linear
Background deduction After adding 

the internal 
standard

Detector mode Dual detector
Collision model KED
Chemical element Cu29

Scan 20times
Repeat times 3 times
Sample concentration μg/mL
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Quality control

Quality control of field investigation

All survey subjects were required fasting blood sampling, 
no food after 20:00 one day before the examination, no 
water after 22:00, and avoided staying up late or greasy 
food. Registered the detailed home address on the cover of 
the questionnaire, mobile phone number or fixed telephone 
of the respondent and other contact methods to ensure that 
problems encountered can be returned and resolved in 
time. A quality control team was set up to supervise and 
guide the survey respondents to fill out the questionnaire, 
and quality check on the questionnaire.

Quality control of laboratory testing

1.	 Elimination of pollution during the experiment
	   As the experimental utensils made of glass were easy 

to adsorb metal ions, which would affect the results of 
the experiment, so plastic products made of polypropyl-
ene were used in this experimental.

2.	 Reducing instrument interference
	   At the end of each test the instrument was cleaned by 

No. 1 solution for 20 min. Before measuring the sample 
next day, washed the instrument again to ensure that 
the background signal value reached the minimum and 
remains stable.

3.	 Sample quality control
	   After every 20 samples were tested, the whole blood 

metal element quality control standard of Seronorm 
Company was used for quality control. If it was found 
that the measured value of the quality control sample 
exceeded the given standard range, stopped the test and 
investigate the cause in time.

4.	 Linear relationship, blank detection limit, instrument 
detection limit, quantification limit, spike recovery rate, 
intra-day precision and inter-day precision

In order to reducing the interference of the whole blood 
matrix in the detection process, the standard curve was 
prepared with the whole blood diluted 25 times as the 
matrix solution. The spiked concentrations of copper 
in the above-mentioned matrix solution were 10 μg/L, 

25 μg/L, 50 μg/L, and 100 μg/L, respectively. Within this 
concentration range, the signal value (y) of the copper ele-
ment had a good linear relationship with the concentration 
(x) (r ≥ 0.999). The relative precision of the instrument is 
shown in Table 2. Specific methods were shown in refer-
ences [26, 27].

Statistical analysis

Pearson’s chi-square test was used to evaluate the signifi-
cance of the difference in the prevalence of MCI among dif-
ferent population characteristics. Normal tests showed that 
the blood copper concentration did not conform to a normal 
distribution. After converting the logarithm of the whole 
blood copper concentration, the t-test or variance was used 
to compare the distribution differences in general demo-
graphic data, health-related behaviors, and chronic diseases. 
Spearman's rank correlation analysis was used to evaluate 
the association of the whole blood copper concentration with 
the MMSE score. A logistic regression model was used to 
evaluate the relationship between copper concentration and 
MCI risk. The copper concentration of the population was 
divided into three groups of high, middle and low according 
to tertiles. A stratified analysis was conducted for age and 
gender (The subjects were divided into three age groups: 
60–69, 70–79, 80 years old and above).

The SPSS statistical software package (version 23.0) 
was used for all statistical analyses. All reported p values 
were bilateral, and p < 0.05 was considered statistically 
significant.

Ethical basis

The EHERFC strictly followed ethically related proce-
dures. Before the investigation, relevant information, such 
as research purpose and research content was introduced to 
the respondents, and the investigation began only after the 
respondents signed the informed consent form. The research 
scheme was verified by the Ethics Committee of Anhui Med-
ical University.

Table 2   Precision test of instrument

Chemical Ele-
ment

LOB (μg/L) LOD (μg/L) LOQ (μg/L) Adding standard 
recovery (%) 10 
(μg/L) 200 (μg/L)

Intra-day precision (%) Inter-day precision (%)

Cu 0.3437 0.0095 0.2375 99.00 100.28 1.51 0.72
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Results

Characteristics of the study population

A total of 1057 subjects were included in this study. Among 
them, 481 subjects (45.5%) were males and 576 subjects 
(54.5%) were females; 500 people (47.3%) were aged 60–69, 
420 people (39.7%) were aged 70–79, and 137 people 
(13.0%) were aged 80 and above; 486 people (46.0%) were 
illiterate, 257 people (24.3%) were in elementary school, and 
314 people (29.7%) were in junior high school and above; 
148 persons (14.0%) lived alone and 909 persons (86.0%) 

did not live alone; 750 subjects (71.0%) were married and 
307 subjects (29.0%) were unmarried or widowed; 294 
people (27.8%) participated in physical exercise and 763 
(72.2%) did not participate in physical exercise. See Table 3 
for detailed demographic information.

The prevalence and influencing factors of mild 
cognitive impairment

In the study, 215 people were assessed as having MCI, and 
842 people were classified as the normal population. The 
results of this study showed that the distribution of MCI was 
statistically significant with regard to gender, age, educa-
tion level, region, residence status, marital status, physical 
exercise, and family monthly income (p < 0.05). There was 
no statistically significant difference in smoking or drinking 
(Table 4).

Distribution of blood copper levels and influencing 
factors

A total of 1057 whole blood samples were tested, and the 
detection rate was 100%. The geometric mean copper con-
centration in whole blood was 0.910 μg/mL, the standard 
deviation was 0.115 μg/mL, the median was 0.772 μg/mL, 
the minimum was 0.5391 μg/mL, and the maximum was 
1.1824 μg/mL. The total blood copper concentration of the 
elderly had statistically significant differences in relation 
to the distributions of gender, age, education level, region, 
marital status, smoking, drinking, physical exercise and fam-
ily monthly income (all p < 0.05) Table 5).

Correlation analysis between blood copper level 
and MMSE score

Figure 1 shows the MMSE scores of the study subjects. 
Spearman's rank correlation analysis was used to analyze the 
correlation between whole blood copper concentration and 
the MMSE score. The scatter diagram is shown in Fig. 2. 
The results of Spearman's rank correlation analysis showed 
that the correlation coefficient r = − 0.189 (p < 0.001).

Association between the blood copper level 
of the general population and the risk of mild 
cognitive impairment

Univariable logistic regression analysis showed that com-
pared with low levels of copper, elderly people with high 
levels of copper had 1.566 times the risk for MCI (OR 1.566, 
95% CI 1.075–2.281, p < 0.05) (Table 6).

After adjusting for gender, age, area of residence, educa-
tion level, smoking, drinking, depression, physical exercise, 

Table 3   Characteristics of the subjects (n = 1057)

Variate Number Composi-
tion ratio 
(%)

Gender
Male 481 45.5
Female 576 54.5
Age
60–69 500 47.3
70–79 420 39.7
≥ 80 137 13.0
Education level
Illiteracy 486 46.0
Primary school 257 24.3
Middle school or beyond 314 29.7
Area
City 460 43.5
Village 597 56.5
Living conditions
Living alone 148 14.0
Not live alone 909 86.0
Marital status
Married 750 71.0
Unmarried or widowed 307 29.0
Smoking status
Yes 849 80.3
No 207 19.7
Drinking status
Yes 631 59.7
No 426 40.3
Physical exercise
Yes 294 27.8
No 763 72.2
Family monthly income (Yuan)
< 3000 242 22.9
3000–6000 134 12.7
> 6000 681 64.4
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income status, and marital status, the risk of MCI for the 
elderly with a high level of copper was 1.354 times that of 
the elderly with a low level of copper (OR 1.354, 95% CI 
1.047–1.983, p < 0.05).

At the same time, the results of the multivariate analy-
sis showed that elderly people with advanced age (OR 
2.192, 95% CI 1.382–3.475, p < 0.001; OR 4.113, 95% CI 
1.382–3.475, p < 0.001), living in a city (OR 1.690, 95% 
CI 1.007–2.835, p = 0.047), smoking (OR 1.651, 95% CI 
1.053–2.581, p = 0.029), depressive symptoms (OR 1.478, 
95% CI 1.027–2.58, p = 0.036), and high monthly household 

income (OR 1.575, 95% CI 1.002–2.478, p = 0.049) were at 
higher risk for MCI (Table 6).

Association between the whole blood copper level 
of the elderly of different genders and the risk 
of mild cognitive impairment

The univariate logistic regression analysis of male results 
showed that the risk of MCI in the elderly with high levels of 
copper was 1.888 times that in the elderly with low levels of 
copper (OR1 1.888, 95% CI 1.117–3.191, p = 0.018) (Fig. 3). 
After adjusting for age, area of residence, education level, 

Table 4   Distribution of 
MCI in the elderly based on 
demographic characteristics

a 5–10 cigarettes/daily
b More than once a week
c More than half an hour a day

Variate Normal population MCI χ2 p value

(N = 842) (N = 215)

Gender N % N % 4.189 0.038
Male 397 47.15% 84 39.07%
Female 445 52.85% 131 60.93%
Age 50.279 < 0.001
60–69 436 51.78% 64 29.77%
70–79 323 38.36% 97 45.12%
 ≥ 80 83 9.86% 54 25.12%
Education level 46.453 < 0.001
Illiteracy 344 40.86% 142 66.05%
Primary school 232 27.55% 25 11.63%
Middle school or beyond 266 31.59% 48 22.33%
Area 24.426 < 0.001
City 399 47.39% 61 28.37%
Village 443 52.61% 154 71.63%
Living conditions 10.049 0.002
Living alone 103 12.23% 45 20.93%
Not live alone 739 87.77% 170 79.07%
Marital status 15.059 < 0.001
Married 621 73.75% 129 60.00%
Unmarried or widowed 221 26.25% 86 40.00%
Smoking statusa 0.703 0.386
Yes 681 80.88% 168 78.14%
No 160 19.00% 47 21.86%
Drinking statusb 1.612 0.186
Yes 494 58.67% 137 63.72%
No 348 41.33% 78 36.28%
Physical exercisec 19.195 < 0.001
Yes 259 30.76% 35 16.28%
No 583 69.24% 180 83.72%
Family monthly income (Yuan) 42.496 < 0.001
< 3000 159 18.88% 83 38.60%
3000–6000 103 12.23% 31 14.42%
> 6000 580 68.88% 101 46.98%
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smoking, drinking, depression, physical exercise, income 
status, and marital status, the risk of MCI in the elderly with 
a high copper level was 1.429 times that of those with a low 
copper level (OR2 1.429, 95% CI 1.058–2.501, p = 0.039) 
(Fig. 4).

Association between the whole blood copper level 
of the elderly of different ages and the risk of mild 
cognitive impairment

The results of the univariable logistic regression analysis 
of 60–69 years old people showed that before and after the 
adjustment of related variables, the risk of MCI in the elderly 

with moderate and high copper levels was not statistically 
correlated with that in the elderly with low copper levels.

The results of univariable logistic regression analysis of 
70–79 years old people showed that the risk of MCI in the 
elderly with a high level of copper was 1.842 times that 
in the elderly with a low level of copper (OR 1.842, 95% 
CI 1.040–3.263, p = 0.036). After adjusting for related vari-
ables, the risk of MCI in the elderly with a high level of 
copper was 1.330 times that in the elderly with a low level 
of copper, but there was no statistical association (OR 1.330, 
95% CI 0.704–2.514, p = 0.380) (Fig. 6).

The results of univariable logistic regression analysis of 
elderly people aged 80 years and above showed that the risk 
of MCI in elderly people with high levels of copper was 

Table 5   Distribution of whole 
blood copper concentrations 
(μg/mL) in the elderly 
with different demographic 
characteristics

Variate Geometric mean Interquartile range t/F p value

p25 p50 p75

Total population 0.910 0.776 0.930 1.087
Gender 1.402 < 0.001
Male 0.856 0.709 0.883 1.038
Female 0.959 0.822 0.979 1.138
Age 3.549 0.025
60–69 0.890 0.765 0.902 1.059
70–79 0.922 0.791 0.938 1.108
≥ 80 0.952 0.801 1.001 1.163
Education level 37.009 < 0.001
Illiteracy 0.967 0.829 0.979 1.121
Primary school 0.896 0.782 0.932 1.103
Middle school or beyond 0.819 0.666 0.852 1.001
Area 56.984 < 0.001
City 0.844 0.680 0.855 1.054
Village 0.960 0.841 0.975 1.109
Living conditions 3.022 0.084
Living alone 0.944 0.798 0.968 1.097
Not live alone 0.905 0.766 0.926 1.087
Marital status 7.264 0.007
Married 0.897 0.763 0.910 1.075
Unmarried or widowed 0.944 0.801 0.975 1.141
Smoking status 4.580 0.032
No 0.877 0.713 0.895 1.076
Yes 0.918 0.791 0.934 1.094
Drinking status 4.693 0.031
No 0.890 0.753 0.895 1.068
Yes 0.924 0.795 0.958 1.109
Physical exercise 7.224 0.007
No 0.925 0.794 0.939 1.096
Yes 0.872 0.715 0.876 1.073
Family monthly income (Yuan) 22.447 < 0.001
< 3000 0.981 0.855 0.995 1.154
3000–6000 0.981 0.889 1.008 1.122
> 6000 0.873 0.730 0.888 1.064
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2.052 times that in elderly people with low levels of copper 
(OR1 2.052, 95% CI 1.297–3.756, p = 0.018) (Fig. 5). After 
adjusting for related variables, the incidence of MCI in the 
elderly with a high level of copper levels was 1.983 times 
that in the elderly with low copper levels (OR2 1.983, 95% 
CI 1.156–3.545, p = 0.024) (Fig. 6).

Discussion

With the aging of the Chinese population, the incidence 
of MCI is increasing gradually. This study shows that the 
overall prevalence of MCI in the elderly over 60 years old 
is 20.34%. In the largest epidemiological study to date in 

China, a survey of 10,276 community populations aged 65 
and over found that the total prevalence of MCI in China was 
approximately 20.8% (95% CI 20.0–21.6%) [28].

Another community study of elderly people over 60 years 
old in Shanghai also showed that the prevalence of MCI 
was 20.1% [29]. The prevalence of MCI reported in other 
countries varies widely, ranging from 1.74 to 45.5% [30–32]. 
Representative research results have shown a 9.8% preva-
lence of MCI in the United States, and a study from Saudi 
Arabia showed that a prevalence of MCI as high as 38.6%. 
The main reasons for the large difference in prevalence may 
be as follows:

1.	 The criteria for judging MCI are inconsistent. Studies 
have shown that the prevalence of MCI varies greatly 
across criteria [33].

2.	 There are differences in research methods. Some studies 
are retrospective studies, using MCI diagnostic criteria 
to identify previously collected data, while prospective 
studies first identify diagnostic criteria and then collect 
and identify data for newly enrolled patients.

3.	 Because MCI is highly correlated with age [31], the 
prevalence of MCI varies greatly among people of dif-
ferent ages.

4.	 The choice of study subjects can also affect the preva-
lence of MCI. The prevalence of MCI in the community 
population was lower but higher than that in the hospital 
population [30].

At present, there are few reports on the association 
between whole blood copper concentration and MCI in the 
elderly. A case–control study showed significantly higher 
concentrations of copper in the red blood cells of patients 
with dementia when compared to that in the normal con-
trol group (p < 0.0001) [34]. Another cross-sectional study 
showed that older adults with high levels of copper in their 
nails had a 1.275 times greater risk of cognitive impairment 
than those with low levels of copper (OR 1.275, 95% CI 
1.047–1.552, p < 0.05) [35].

The main sources of copper in the human body are food 
and drinking water. The elderly surveyed in this study 
had lived in the local area for many years, and the expo-
sure source was relatively stable. The relationship between 
copper levels and MCI was analyzed by measuring copper 
concentrations in the whole blood of older adults using 
baseline data from a cohort study. The results showed that 
older adults with higher copper levels had a higher inci-
dence of MCI, and men and the elderly had a higher risk 
of MCI. Many epidemiological studies and animal experi-
ments have shown that copper affects cognitive function [36, 
37], and hypothetical mechanisms of the effect of copper on 
cognition have been summarized and preliminarily estab-
lished[38]. The formation of insoluble fibrils as a result of 

Fig. 1   MMSE score distribution of the elderly in China

Fig. 2   The scatter diagram between MMSE score and copper concen-
tration
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amyloid β-protein (Aβ) aggregation is the main pathological 
incident in AD [39–41]. Aβ first forms dimers and oligomers 
and then forms aggregates, leading to neurodegeneration. 
At the same time, it accumulates phosphorylated tau pro-
tein in cells to form neurofibrillary tangles [42]. Normally, 
excess Aβ in the brain is eliminated by lipoprotein receptor-
related protein-1. Singh [43] found that low-dose copper 
can destroy the function of lipoprotein receptor-associated 
protein-1 through oxidation and regulate the Aβ to cross the 

blood–brain barrier, which ultimately leads to the forma-
tion of Aβ plaques and neurotoxicity. Reports show that Aβ 
aggregation is a consequence of the interactions of Aβ and 
metals, such as copper [44]. It is important to maintain the 
balance of all metal ions, especially copper, which has redox 
activity and can produce reactive oxygen species (ROS) 
involved in oxidative damage. It has been proven that cop-
per plays a critical role in the formation of β-sheet structures, 
which are considered to be an initial step of the formation 

Table 6   Logistic regression 
model to explore the effect of 
copper on the probability of 
having MCI

OR1: crude odds ratio
OR2: adjusted the OR value for gender, age, area of residence, education level, smoking, drinking, depres-
sion, physical exercise, income status, marital status

Variate OR1 p value OR2 p-value

The concentration of the copper
Low (< 0.854) 1 1
Mid (0.854–1.013) 1.099 (0.771–1.566) 0.602 1.071 (0.699–1.640) 0.752
High (> 1.013) 1.566 (1.075–2.281) 0.019 1.354 (1.047–1.983) 0.034
Gender
Male 1 1
Female 0.719 (0.530–0.976) 0.034 0.688 (0.455–1.041) 0.077
Age
60–69 1 1
70–79 2.173 (1.441–3.278) < 0.001 2.192 (1.382–3.475) < 0.001
≥ 80 4.442 (2.872–6.809) < 0.001 4.113 (2.500–6.768) < 0.001
Area
City 1 1
Village 2.274 (1.641–3.150) < 0.001 1.690 (1.007–2.835) 0.047
Education level
Illiteracy 1 1
Primary school 2.288 (1.589–3.293) < 0.001 1.399 (0.745–2.968) 0.693
Middle school or beyond 3.831 (2.427–6.047) < 0.001 1.120 (0.677–1.852) 0.659
Smoking status
No 1 1
Yes 1.191 (0.825–1.718) 0.350 1.012 (0.699–1.467) 0.949
Drinking status
No 1 1
Yes 1.273 (0.907–1.687) 0.178 1.651 (1.053–2.587) 0.029
Depression
No 1 1
Yes 1.573 (1.124–2.201) 0.008 1.478 (1.027–2.587) 0.036
Physical exercise
No 1 1
Yes 0.438 (0.296–0.647) < 0.001 0.699 (0.427–1.144) 0.155
Family monthly income (Yuan)
< 3000 1 1
3000–6000 1.734 (1.027–2.807) 0.025 1.23 (0.73–2.075) 0.436
> 6000 2.998 (2.135–4.209) < 0.001 1.575 (1.002–2.478) 0.049
Marital status
Married 1 1
Unmarried or widowed 1.873 (1.370–2.562) < 0.001 1.066 (0.733–1.552) 0.738
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of toxic aggregates of the Aβ fibrillar form. Therefore, cop-
per binding to Aβ has been recognized to play an important 
role in the neurotoxicity of the Aβ [45, 46]. In addition, 
recent research shows that the amyloid hypothesis is strongly 
intertwined with copper imbalance because the Aβ precur-
sor (AβPP)/Aβ are probable copper/zinc-binding proteins 
with a potential role as natural copper/zinc buffering proteins 
(loss of function), and via the plausible pathogenic role of 
copper-Aβ [38]. Another genetic theory is further perfecting 
the generation of the AD copper subtype theory. The study 
points out that patients with AD fail to maintain a copper 
metabolic balance and reveals the presence of a percentage 
of patients with AD carrying the ATP7B AG haplotype and 
presenting Non-Cp copper excess, which suggests that a sub-
set of subjects with AD is prone to copper imbalance [10].

There is strong evidence tying the ingestion of inor-
ganic copper as a causal factor in AD, and includes AD 
animal model data where trace amounts of inorganic cop-
per in the drinking water markedly worsened AD. Human 
studies where the ingestion of copper supplements, along 
with a high-fat diet, are associated with a marked loss of 
cognition [47]. Reducing dietary and environmental cop-
per intake is of great significance to prevent the occurrence 
and development of AD. Numerous animal studies have 
shown that adding copper to the diet results in significant 
reductions in memory and cognitive function [48–51].

In a nutritional study of people in a large Chicago popu-
lation, the intake of nutrients was studied while cognition 
was measured over time. It was found that those in the 
highest quintile of copper intake if they also ate a high-
fat diet as many Americans do, lost cognition at several 
times the rate of other groups [49]. A paper showed that 
almost all food copper is copper-1; that is, the copper-2 
of foods reverts to the reduced copper-1 form at death or 
harvest. The body has an intestinal transport system for 
copper-1 and Ctr1, which channels copper-1 through the 
liver and into safe channels. Ctr1 cannot absorb copper-2, 
and some copper-2 bypasses the liver, ends up in the blood 

Fig. 3   Logistic regression analysis of correlation between whole 
blood copper concentrations (μg/mL) and MCI stratify by gender

Fig. 4   Logistic regression analysis of correlation between whole 
blood copper concentrations (μg/mL) and MCI stratify by gender. 
OR1: crude odds ratio; OR2: adjusted the OR value of gender, age, 
area of residence, education level, smoking, drinking, depression, 
physical exercise, income status, marital status

Fig. 5   Logistic regression analysis of correlation between whole 
blood copper concentrations (μg/mL) and MCI stratify by age

Fig. 6   Logistic regression analysis of correlation between whole 
blood copper concentrations (μg/mL) and MCI stratify by age
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quickly, and is toxic to cognition. Humans have evolved to 
handle copper-1 safely, but not copper-2. AD is, at least 
in part, a copper-2 toxicity disease [52]. The two sources 
of copper-2 ingestion are drinking water and multimineral 
supplement pills containing copper. It has been shown that 
enough copper is leached from copper plumbing in most 
households to cause AD, using AD animal model studies 
as a guide to toxic levels [53]. Therefore, the copper con-
tent in drinking water and food should be valued.

Air pollution is another important factor contributing 
to increased copper intake [54]. Copper is one of the main 
metal elements of the air pollutant PM2.5 [55]. With the 
increase in environmental pollution, the passive intake of 
copper from the air has gradually increased [56]. We should 
pay attention to air pollution and reduce the concentration of 
heavy metals in the air, as well as reduce the body's exces-
sive intake of copper from the environment.

In this study, the association between whole blood copper 
levels and the risk of MCI was assessed. The research object 
was the elderly in the community, whose exposure source 
was stable and more representative. This study also con-
ducted a stratified analysis to further analyze and explain the 
association between the whole blood copper levels and the 
occurrence of MCI in the elderly of different ages and gen-
ders. However, this study also has shortcomings. Because 
the baseline data of the cohort study were used, the causal 
association between copper exposure and MCI could not 
be determined. The sample size is still not large, and it is 
not ruled out that found associations may be accidental. 
Extrapolation from other populations requires careful inter-
pretation. This result has not yet been validated in a large 
sample cohort study.

Conclusions

This study shows that the prevalence rate of MCI among 
the elderly in Lu'an was 20.36%. The geometric mean, 
standard deviation, median, minimum, and maximum val-
ues of copper concentrations in the whole blood of subjects 
were 0.910 μg/mL, 0.115 μg/mL, 0.772 μg/mL, 0.5391 μg/
mL, and 1.1824 μg/mL, respectively. Gender, age, area of 
residence, education level, smoking, drinking, dysfunction 
of daily activities, and family income can affect the whole 
blood copper level of the elderly. The prevalence of MCI was 
different with regard to gender, age, education level, etc., and 
a higher copper level in the elderly was significantly related 
to the occurrence of MCI. The association was stronger in 
older adults and men.
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