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Abstract

Obijectives: The current study was designed to investigate the relationship between the soil
arsenic (As) concentration and the mortality from Alzheimer’s disease (AD) in mainland China.

Study design: Ecological study.

Methods: Twenty-two provinces and 3 municipal districts in mainland China were included in
this study. The As concentrations in soil in 1990 was obtained from the China State Environmental
Protection Bureau; the data on annual mortality of AD from 1991 to 2000 were obtained from the
National Death Cause Surveillance Database of China. Using these data, we calculated the
spearman correlation coefficient between soil As concentration and AD mortality, and the relative
risk (RR) between soil As levels and AD mortality by quartile-dividing study groups.

Results: The spearman correlation coefficient between As concentration and AD mortality was
0.552 (p=10.004), 0.616 (p=0.001) and 0.622 (p = 0.001) in the A soil As (eluvial horizon), the C
soil As (parent material horizon), and the Total soil As (A soil As + C soil As), respectively. When
the A soil As concentration was over 9.05 mg/kg, 10.40 mg/kg and 13.10 mg/kg, the relative risk
was 0.835 (95 % CI: 0.832, 0.838), 1.969 (95 %Cl: 1.955, 1.982), and 2.939 (95 % CI: 2.920,
2.958), respectively; when the C soil As reached 9.45 mg/kg, 11.10 mg/kg and 13.55 mg/kg, the
relative risk was 4.349 (95 % ClI: 4.303, 4.396), 6.108 (95 % ClI: 6.044, 6.172), and 9.125 (95
%Cl: 9.033, 9.219), respectively. No correlation was found between lead, cadmium, and mercury
concentration in the soil and AD mortality.

Conclusion: There was an apparent soil As concentration dependent increase in AD mortality.
Results of this study may provide evidence for a possible causal linkage between arsenic exposure
and the death risk from AD.
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1. Introduction

Alzheimer’s disease (AD) is the most common neurodegenerative disease and the first
leading cause of dementia in the elderly population, which accounts for 60%—-80% of
dementia cases worldwide [1]. Clinically, the disease is characterized by the loss of memory
and other cognitive functions, and the presence of two separate hallmarks, extracellular
amyloid-B (ApB) plagues and neurofibrillary tangles within neurons [2,3]. The prevalence of
AD ranges from affecting 3 % of people 60-74 years old to 50 % of people over 85 years
old [4], and doubles every five years after the age of 60. As population ageing, AD imposes
a significant burden on the society.

Although the etiology of AD is not fully understood, environmental factors including
exposure to metals seem to play an important role in the development of AD. Arsenic (AS) is
a well-known neurotoxin with adverse effects on neurodevelopment and cognitive function
in child [5,6]. However, its role in the development of AD in the elderly is rarely evaluated
to date. Literature data have reported that levels of As in the ventricular fluid are higher in
postmortem samples of AD patients than those obtained from non-demented elderly subjects
[7]. A study (Frontier project) conducted in rural-dwelling adults and elders in Texas, U.S.,
reports that long-term exposure to low levels of As is correlated with significantly poorer
performance in the domains of global cognition, language, executive functioning, and
memory, which reflects the earliest manifestations of AD [8]. Correlation analyses
conducted in European countries also show that slight variations in environmental
concentration of arsenic are associated with increases in the morbidity and mortality from
AD and other dementias [9]. In animal studies, As exposure has been shown to cause
morphologic and neurochemical alterations in the hippocampus and other memory-related
neuronal structures, as well as learning and memory deficits [10-12].

To date, most of human studies about As and AD are focused on the association between As
exposure in drinking water and the risk of cognitive deficit [13-15]. The current study aimed
to investigate the possible association between As exposure in soil and the mortality from
AD. Data from 22 provinces and 3 municipal districts in mainland China were used to
estimate the relative risk (RR) of AD mortality with As concentrations in the soil, and the
correlation coefficient between them. This study may provide evidence for the involvement
of As in the development of AD in mainland China.

2. Materials and methods

2.1. Data resource

The present study include 22 provinces and 3 municipal districts in mainland China,
including Anhui; Fujian; Guangdong; Gansu; Guizhou; Hebei; Henan; Heilongjiang; Hubei;
Hunan; Jilin; Jiangxi; Jiangsu; Liaoning; Ningxia; Qinghai; Sichuan; Shaanxi; Shandong;
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Sinkiang; Tibet; and Zhejiang provinces, as well as Beijing; Shanghai and Tianjin municipal
districts.

The record of AD deaths and surveillance population in China from 1991 to 2000 was
obtained from the National Death Cause Surveillance Database of China [16], which was
provided by the Chinese Public Health Science Data Center [16]. From 1991-2000, the
Chinese Death Cause Surveillance Web covered 145 surveillance points and 10,000,000
people by stratified cluster random sampling. The AD annual mortality was calculated by
dividing the number of AD deaths by the surveillance population over 40 years of age in
each district, age and gender were adjusted by the standard population (the year 2000 China
population).

The As concentrations in the soil of different provinces and municipal districts were
obtained from “Chinese Soil Element Background”, which is published in 1990 by China
Environmental Science Press, and the work was conducted by China State Environment
Protection Bureau [17]. In the current study, the soil metal concentration included the soil
As concentration in the eluvial horizon (A soil As), the soil As concentration in the parent
material horizon (C soil As), and the Total soil As concentration (A soil As + C soil As).
The A soil layer (the eluvial horizon) is the surface horizon, the zone in which most
biological activity occurs. The C soil layer (the parent horizon) refers to the lower layer of
the soil and is the soil parent material that has not been significantly affected by the soil
development process [18].

2.2. Statistical analysis

The data was constructed and analyzed by the SPSS 17.0 software. The division of
provinces and municipal districts to clusters with the Total As concentration was determined
by cluster analysis using K-Mean’s method. The ArcGIS 10.1 was used to create the
statistical map. Spearman’s correlation was used to estimate the relationship between the
soil As concentration and AD mortality. We divided AD deaths and surveillance population
into four groups with local soil arsenic concentration by quartile (Q1-Q4). The relative risk
(RR) of AD was calculated by dividing AD mortality of higher metal areas (Q,, Qs, Q4) by
AD mortality of baseline areas (Q1). 95 % confidence interval for relative risk (RR) was
calculated by Woolf method.

3. Results

3.1.

Distribution of soil As concentrations in mainland China

Detailed information for As and other metals concentrations in the soil is shown in Table 1.
A large variation in the As concentrations among the different regions in mainland China
was observed, from 6.30 mg/kg to 20.00 mg/kg, from 7.30 mg/kg to 28.50 mg/kg, and from
13.60 mg/kg to 48.50 mg/kg, in A soil As, C soil As, and the Total soil As concentrations,
respectively. The median of each layer of soil was 10.40 mg/kg and 11.10 mg/kg in A soil
As and C soil As concentrations, respectively. The detailed information for As concentration
among the different regions in China were shown in Table 2. The highest A soil, C soil and
total soil As concentrations were found in Guizhou province, which reached 20.0 mg/kg,
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28.5 mg/kg and 48.5 mg/kg, respectively (Table 2). The lowest A soil, C soil, and Total soil
As concentrations were found in Fujian Province, with the value of 6.3 mg/kg, 7.3 mg/kg
and 13.6 mg/kg, respectively.

A cluster analysis divided mainland China into three clusters by the Total As concentration
in the soil (Fig.1). The Total As concentration in the soil of the first cluster region was
between 13-19.9 mg/kg, including 11 districts (light-shaded area). The second cluster was
between 20-31 mg/kg, including 12 districts (moderate-shaded area), and the third cluster
represented the region with the Total As concentration more than 31 mg/kg, including 2
districts (dark-shaded area) (Fig. 1). Based on this distribution analysis, it was evident that
the regions containing higher As concentrations were mainly in the middle and western
areas of mainland China. In contrast, most of the low soil As concentration areas, except for
Sichuan province, were found in the eastern part of mainland China along the coast.

Positive correlation existed between As concentration in the soil and AD mortality in

mainland China

Detailed data on the AD mortality, soil lead, cadmium and mercury concentration were
shown in Table 2. We calculated the spearman correlation coefficients between AD annual
mortality and metal concentration in the soil. As shown in Table 3, the AD annual mortality
was significant correlated with the A soil As concentration (5= 0.552, p=0.004), C soil As
concentration (7= 0.616, p=0.001), and Total soil As concentration (r;=0.622, p=0.001).

As reported in several previous articles, lead, cadmium, and mercury are associated with
Alzheimer’s disease [19-23]. So we also studied the correlation between the concentration
of these metals in the soil and the mortality of Alzheimer’s disease (Table 3). We found that
lead and mercury concentration in the soil were not correlated with mortality from AD. The
spearman correlation coefficients between AD annual mortality and A soil lead
concentration, C soil lead concentration, and Total soil lead concentration is 0.324 (p =
0.114), 0.344(p = 0.092), 0.342(p = 0.094), respectively. The spearman correlation
coefficients between AD annual mortality and A soil mercury concentration, C soil mercury
concentration, and Total soil mercury concentration is 0.200 (p = 0.337), 0.333(p = 0.104),
0.265(p = 0.201), respectively. A soil cadmium concentration was found to be correlated
with AD mortality (r;= 0.429, p=0.032). We also found positive correlations between the
A soil As concentration and the A soil cadmium concentration (7= 0.450, p=0.024). To
further reveal their relationship, a partial correlation analysis by controlling the effect of A
soil cadmium concentrations was conducted, and the results showed that the partial
correlation coefficient of AD annual mortality with the A soil As concentration was still
significant (rs= 0.563, p =0.004). When we controlled the effect of A soil As concentration,
the correlation between A soil cadmium concentration and mortality from AD disappeared
(rs=0. 146, p =0.497). These results suggested that significant correlations between the soil
As concentrations and the AD mortality seemed unlikely to be mediated by cadmium, but
rather a direct effect of As in soil.
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3.3. Relative risk between As concentration in the soil and AD annual mortality in
mainland China

To investigate the relative risk of soil As in the AD mortality, we further divided the studied
regions into four groups with their A soil As concentration (Qa1-Qa4), C soil As
concentration (Qc1-Qc4) and Total soil As concentration (Qt1-QT4) by quartiles. The AD
annual mortality of Qa1, Qc1. Q1 Was set as a baseline, from which to estimate the relative
risk and 95 % confidence intervals (95 % CI) of the other groups (Qa2-Qaa, Qc2-Qcs, QTo-
Qr4). The baseline data were summarized in Table 4. When the A soil As concentrations
were between 6.30-9.05 mg/kg, the AD mortality rate was 31.43/100,000; when the C soil
As concentrations were between 7.30-9.45 mg/kg, the AD mortality rate was
10.12/100,000; when the Total soil As concentrations were between 13.60-18.55 mg/kg, the
AD mortality rate was 28.09/100,000. Data in Table 4 showed that when the A soil As
concentrations exceeded 9.05 mg/kg, 10.40 mg/kg and 13.10 mg/kg, the RR was 0.835 (95
% CI: 0.832-0.838), 1.969 (95 % ClI: 1.955-1.982), and 2.939 (95 % CI: 2.920-2.958),
respectively. When the C soil As concentrations exceeded 9.45 mg/kg, 11.10 mg/kg and
13.55 mg/kg, the RR was 4.349 (95 % CI: 4.303-4.396), 6.108 (95 % CI: 6.044-6.172) and
9.125 (95 % Cl: 9.033-9.219), respectively. Moreover, when the Total soil As concentrations
exceeded 18.55 mg/kg, 20.20 mg/kg and 26.70 mg/kg, the RR was 1.044 (95 % CI: 1.036-
1.053), 2.202 (95 % ClI: 2.187-2.218) and 3.288 (95 % CI: 3.266-3.310), respectively.
Noticeably, the mortality risk of AD was increased, in a dose-dependent fashion, with the
increase of As concentrations in soil in mainland China.

4. Discussion

In the present study, an ecological study was conducted to quantitatively examine the
association between the mortality from AD and the arsenic concentration in soil in mainland
China. Results from both correlation analyses and the relative risk studies demonstrate a
strong positive association between arsenic concentrations in the soil and the mortality from
AD, suggesting an involvement of As in the etiology of AD. In addition, the quartile risk
analyses shows a likely soil As concentration-dependent risk of AD in the general Chinese
population.

The current study collected both soil As data and the AD mortality rate in China in 1990s.
During and prior to that period of time, people in China were not migrating as frequently as
they do today. Therefore, the exposure to As in the soil in local inhabitants would most
likely lead to a life-long accumulation of As in the body, which may become one of the
causes of AD death. While the neurotoxic consequences of As exposure in the etiology of
AD or the aging process in general remain to be explored, our data appear to suggest that the
chronic As exposure may serve as a factor in the early biological processes leading to AD.

Several studies in literature have shown that arsenic exposure induces changes that coincide
with the features of AD. Arsenic toxicity is associated with the reduced neurodevelopmental
and cognitive functions in children and adolescents [5,6]. A seminal study led by J. Graziano
(2007) reveals that exposure to As from drinking water in 6-year-old children in Bangladesh
leads to a reduced intellectual function before and after other interfering factors, such as
water Mn, blood lead levels, and sociodemographic characteristics known to contribute to
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intellectual function are excluded [6]. Whether and how the early As exposure and ensuing
neurotoxicities taking place in young children may ultimately lead to the AD etiology in
later life are unknown; yet the data from animal studies have provided a clue for the
association between As and AD pathology. Arsenic and its metabolites can generate free
radicals causing the oxidative stress and neuronal death [24], and they can activate the
inflammatory response [25]. These findings are in a good agreement with the oxidative and
inflammatory hypotheses of AD [26]. Arsenic exposure is known to induce the hyper
phosphorylation of protein tau [27], and increase the production of amyloid-g [28], both of
which are involved in the formation of neurofibrillary tangles and brain amyloid plaques
[29]. Arsenic is a well-known cardiovascular toxicant that causes cardiovascular diseases
[30,31], which is in agreement with the vascular hypothesis of AD. The current vascular
hypothesis of AD proposes that the AD is the result of vascular damages which reduces the
cerebral blood perfusion rate and therefore indirectly impairs neuron [32,33].

The link between lead, cadmium, mercury with AD has been described in lots of previous
studies [19,34]. A case-control study conducted between patients with AD and healthy
people showed that AD patients have higher blood lead levels than normal people, and
exposure to lead may be a cause of AP protein production, with the accumulation of amyloid
beta (Ap) proteins in the form of plaques that cause molecular and cellular alterations in the
brain which is the prominent characteristic of AD [35,36]. In a cross-sectional study, they
found that increased blood cadmium was associated with worse cognitive function in adults
aged 60 years or older in the USA [37]. An analysis of data from the 1999-2004 Third
National Health and Nutrition Examination Survey (NHANES) indicated that higher levels
of blood cadmium at baseline showed marginally significant association with increased AD
mortality in patients over 60 years of age, which total exhibited a 3.83-fold increased risk of
AD mortality [21]. In a research experiment, they found that Mercury interacted directly
with amyloid beta proteins, which was most important component of senile plaques [38].
Unfortunately, in our study we found that lead, cadmium and mercury in the soil were not
associated with mortality from AD.

Soil arsenic was hypothesized to be transferred to the body by foods and water [18,39,40].
Soil-to-plant transfer is an important route of human exposure to metals through food chain,
and the metal status of the soil also impacts the metal contents in meat, milk and other
animal food because animal feed was grown in the soil [39]. For example, vegetables can
uptake and accumulate metals in their entire body including both edible and inedible parts.
As to drinking water, soil arsenic was hypothesized to be transferred to body by water since
enough evidence suggests ingestion of arsenic in drinking water is the cause of AD [6,11].

The current study has several limitations. First, the current study only adjusted age, gender
and metal ions as confounder. Some important confounders, such as smoking, diet, obesity,
physical activity and genetic factor, were not controlled. It has been reported that decrease in
the incidence of smoking reduced the later prevalence of AD [41]. In overweight and obese
subject, cerebral white-matter volume was observed to be associated with more degree of
atrophy [42]. In regarding to genetic factor, APOE genotype are well-documented that be
associated with increased cerebral Ap deposition [43]. As an etiology study, the information
of above covariates were not provided in the database, and then unable to adjust them.
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Second, data on As levels in drinking water were not available. Therefore, the comparison
with As levels in drinking water is not possible. Considering the natural exchange of metals
between soil and water, a high soil As may lead to a high As level in drinking water. Future
studies are needed to seek the association between As drinking water exposure and the AD
occurrence. Also, As present in the body in multiple species, i.e., arsenite (As3*), arsenate
(As®*), monomethylarsonate (MMA), and dimethylarsinate (DMA) [44]. The current study
is incapable of differentiating in what species As contributes to its neurotoxicity.

In summary, the results of this study may provide an evidence for a possible causal linkage
between arsenic exposure and the death risk from AD. A higher level of As in soil
apparently leads to a higher mortality from Alzheimer’s disease, and further large-scale
cohort studies are needed to confirm this causal association.
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Arsenic concentration in the soil
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Fig. 1.
Distribution of arsenic concentration in mainland China determined by cluster analysis using

Ward’s method. (AH, Anhui; BJ, Beijing; CHQ, Chongging; FJ, Fujian; GD, Guangdong;
GS, Gansu; GX, Guangxi; GZH, Guizhou; HAIN, Hainan; HEB, Hebei; HEN, Henan; HLJ,
Heilongjiang; HK, Hong Kong; HUB, Hubei; HUN, Hunan; IM, Inner Mongolia; JL, Jilin;
JX, Jiangxi; JS, Jiangsu; LN, Liaoning; MAC, Macao; NX, Ningxia; QH, Qinghai; SCH,
Sichuan; SHAX, Shaanxi; SHD, Shandong; SHH, Shanghai; SHX, Shanxi; SK, Sinkiang;
TIB, Tibet; TJ, Tianjin; TW, Taiwan; Yunnan, YN; ZHJ, Zhejiang).
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Table 1

Metal concentration in the soil in mainland China (mg/kg).

Metal Soil horizon Mean Median SD Range
Arsenic A soil horizon 11.36  10.40 3.44 6.30-20.00
C soil horizon 12.01 11.10 431 7.30-28.50
Total soil horizon  23.37  20.20 7.56  13.60-48.50
Lead A soil horizon 26.06  25.40 5.78 18.80-41.30
C soil horizon 25.68 24.40 6.80 18.60-47.50
Total soil horizon  51.74  49.00 12.30  38.00-88.80
Cadmium A soil horizon 0.09 0.09 0.02  0.06-0.14
C soil horizon 0.08 0.08 0.02  0.04-0.14
Total soil horizon  0.19 0.17 0.04  0.09-0.27
Mercury A soil horizon 0.06 0.04 0.06 0.02-0.29
C soil horizon 0.06 0.02 0.08  0.01-0.42
Total soil horizon  0.12 0.08 0.14  0.03-0.70
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Note: SD: Standard deviation, A soil horizon is the soil concentration in the eluvial horizon, C soil horizon is the soil concentration in the parent

material horizon, Total soil horizon is the soil concentration in the eluvial horizon plus the soil concentration in the parent material horizon.
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Correlation between metal and the mortality of Alzheimer’s disease.

Table 3

Metal Soil horizon Spearman correlation coefficient P value
Arsenic A soil horizon 0.552 0.004
C soil horizon 0.616 0.001
Total soil horizon  0.622 0.001
Lead A soil horizon 0.324 0.114
C soil horizon 0.344 0.092
Total soil horizon  0.342 0.094
Cadmium A soil horizon 0.429 0.032
C soil horizon 0.395 0.051
Total soil horizon  0.388 0.055
Mercury A soil horizon 0.200 0.337
C soil horizon 0.333 0.104
Total soil horizon  0.265 0.201
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Note: A soil horizon is the soil concentration in the eluvial horizon, C soil horizon is the soil concentration in the parent material horizon, Total soil

horizon is the soil concentration in the eluvial horizon plus the soil concentration in the parent material horizon.
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Table 4

The relative risk (95 % CI) of AD mortality according to soil As concentrations.

soil concentration (mg/kg) Mortality (1/100,000) RR (95%Cl)

A soil As concentration

Qn1 (6.30-) 3143 1.000

Qa2 (9.05~) 26.25 0.835 (0.832, 0.838)
Qaz (10.40~) 61.87 1.969 (1.955, 1.982)
Qag (13.10~) 92.37 2.939 (2.920, 2.958)
C soil As concentration

Qc1 (7.30) 10.12 1.000

Qc; (9.45~) 44.02 4.349 (4.303, 4.396)
Qcs3 (11.10~) 61.82 6.108 (6.044, 6.172)
Qc4 (13.55~) 92.37 9.125 (9.033, 9.219)
Total soil As concentration

Qr1 (13.60~) 28.09 1.000

Qr, (18.55~) 29.33 1.044 (1.036, 1.053)
Q3 (20.20~) 61.87 2.202 (2.187, 2.218)
Q4 (26.70~) 92.37 3.288 (3.266, 3.310)

Note: RR: relative risk. QA1-QA4: All districts were divided into four groups with their A soil As concentration; QC1-QcC4: All districts were
divided into four groups with their C soil As concentration; QT1-QT4: All districts were divided into four groups with their Total soil As
concentration.
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