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Abstract
Objectives—To review the contributions of cardiovascular disease to Alzheimer’s disease and
Vascular Dementia.

Methods—Review of the literature

Results—Alzheimer’s disease and Vascular Dementia both share significant risk attributable to
cardiovascular risk factors. Hypertension and hypercholesterolemia at midlife are significant risk
factors for both subsequent dementia. Diabetes and obesity are also risk factors for dementia.
Stressful medical procedures, such as coronary artery bypass and graft operations also appear to
contribute to the risk of Alzheimer’s disease. Apolipoprotein E is the major risk factor for
Alzheimer’s disease. Apolipoprotein E does not appear to contribute to Alzheimer’s disease by
increasing serum cholesterol, but it might contribute to the disease through a mechanism involving
both Aβ and an increase in neuronal vulnerability to stress.

Discussion—The strong association of cardiovascular risk factors with Alzheimer’s disease and
Vascular dementia suggest that these diseases share some biological pathways in common. The
contribution of cardiovascular disease to Alzheimer’s disease and Vascular Dementia suggest that
cardiovascular therapies might prove useful in treating or preventing dementia. Anti-hypertensive
medications appear to be beneficial in preventing vascular dementia. Statins might be beneficial in
preventing the progression of dementia in subjects with Alzheimer’s disease.
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Introduction
Heart disease is the major killer of people in the developed world. Death is frequently not
the only outcome of disease processes, though. The vascular insufficiency associated with
heart disease impairs the function of many organs, including the brain. Multiple studies
indicate that cerebral blood flow declines with age and is exacerbated in individuals with
AD. Cerebral blood flow can decrease due to systemic (e.g., cardiac insufficiency) or more
localized effects (e.g., loss of elasticity associated with atherosclerotic buildup; direct
blockage of cerebral blood flow by plaque formation in the cerebral vasculature). Reduced
cerebral blood flow can directly impair cognitive function and leads to a syndrome termed
vascular dementia (VaD), which is prevalent in the elderly. Declines in cerebral blood flow
are also associated with Alzheimer’s disease (AD), the most common form of dementia in
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the elderly. The causes of the loss of cerebral blood flow in AD are poorly understood, but
are likely to result both from cardiovascular disease and from the accumulation of β-amyloid
in and around the cerebral vasculature. The vascular insufficiency that occurs in VaD and
AD also renders the brain more susceptible to stroke, which can further impair cognitive
function. The effects of the vasculature on the brain are more severe than on other organs
because our cognitive function is what defines our identity. The body can tolerate a 50%
loss of renal or hepatic function without serious consequences or fundamentally changing
our interaction with world. A 50% loss of cognitive function, though, causes a devastating
loss of our ability to socialize, to carry out activities of daily living and to function as a
human being. All of these different outcomes emphasize the critical dependence of cognitive
function on vascular function.

VaD and AD: Two different pathologies
The differing etiologies of VaD and AD are emphasized by the strikingly different
pathologies of these two disorders. AD is associated with the accumulation of inclusions in
the neuropil. The pathology of AD is defined by the accumulation of neuritic plaques in the
extracellular neuropil and neurofibrillary tangles in neurons [1]. Neuritic plaques are
composed of a small peptide, termed Aβ, while neurofibrillary tangles are composed of
fibrils of tau protein. Aβ is derived from its parent protein, amyloid precursor. A small
fraction of amyloid precursor is cleaved to yield a peptide that is 40 amino acids long,
termed Aβ40 [2]. Approximately 5% of the Aβ is slightly longer, and is termed Aβ42; this
longer form of Aβ has a much greater tendency to aggregate and tends to form the seed for
larger accumulations of Aβ [3]. Plaques and tangles tend to accumulate in the cerebral
cortex, and correspondingly, the cerebral cortex is the area of the brain that exhibits the
greatest reduction in volume during the course of AD. Vascular pathology is frequently
observed in cases of AD, but the pathology that is present tends to occur in the cortex [4].
Vascular dementia, by definition, is associated with vascular pathology. Subjects with VaD
exhibit abundant white matter intensities and abundant small infarcts. The infarcts, though,
are commonly subcortical. AD and VaD also share some features in common [4]. Both AD
and VaD share the pathology of a cholinergic deficit. Heart disease is a risk factor for both
AD and VaD, and the two diseases can occur concurrently [5]. Many individuals with
dementia that cannot be accurately classified are either AD or VaD [6]. The overlap between
the two diseases raises the possibility that the two illnesses share some aspects of their
pathophysiology in common. The weakened state caused by reduced cerebral blood flow
likely provokes neuronal dysfunction in VaD and exacerbates damage caused by oligomeric
Aβ and tau in AD.

Heart Disease and AD
Multiple epidemiological studies demonstrate that patients with heart disease are at higher
risk of AD. The incidence of AD in subjects over 65 years is 2.2%/yr, but this figure jumps
to 3.4%/yr in subjects with hypertension and 5.7%/yr in those with peripheral artery disease
[7]. Apolipoprotein E4 (apo E4), which is single most important genetic risk factor for AD
(this is discussed in more detail below), exacerbates this effect. Subjects positive for the apo
ε4 allele and cardiovascular disease perform worst on cognitive exams [8]. The more the
number of cardiovascular risk factors the greater risk of AD. Subjects who have diabetes,
hypertension, heart disease and smoke have a risk of incident AD that is elevated 3.4-fold,
compared to subjects without cardiovascular risk factors [5]. Hypertension and CVD are
intimately linked with cholesterol metabolism. Mutations in genes required for processing of
cholesterol in the circulation, such as the low-density lipoprotein receptor, greatly increase
levels of cholesterol and also greatly increase heart disease [9]. Cholesterol is also important
to the general population. Increased levels of cholesterol are strongly associated with
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increased vascular and heart disease. Serum cholesterol levels also affect the incidence of
AD, however the linkage between cholesterol and AD is not nearly as strong as is the
linkage between cholesterol and heart disease [10, 11]. Elevated cholesterol is associated
with AD, but factoring out the effects of apo E4, which increases cholesterol, eliminates
effect observed in elderly subjects but leaves a strong signal for midlife [12, 13].

Analyses of midlife factors related to heart disease highlight the fact that AD is a disease
that evolves slowly. Indices related heart disease, such as obesity, hypertension and
cholesterol show a strong relationship between elevation during midlife and subsequent
incidence of AD [12, 14]. For instance, obesity at midlife exhibits almost a 2-fold increase
in risk of AD [15]. Hypertension at midlife shows over a 3-fold elevation of risk, and
elevated cholesterol at midlife shows a 2.1-fold increase in risk [12]. The striking effect at
midlife, particularly for cholesterol, contrasts with ambiguous data from late-life studies
where obesity and cholesterol, in particular, are not associated with increased incidence of
AD [16]. The midlife association might seem puzzling, because AD doesn’t appear until
years after midlife. The best explanation appears to be that the stresses associated with
vascular disease affect the pathophysiology of AD only a chronic stress. Acute stresses
might injure the brain, but the type of injury associated with an acute stress might not lead to
the accumulation of neuritic plaques and neurofibrillary tangles, which are required for the
diagnosis of AD. These data are consistent with a model in which the neuritic plaques and
neurofibrillary tangles that are associated with AD require many years to form.
Cerebrovascular insufficiency associated with elevated cholesterol or hypertension might be
insufficient to cause neurodegeneration on its own, but might be sufficient to augment
production of Aβ, accumulation of Aβ or accumulation of fibrillar tau. This augmentation
would increase the incidence of AD by accelerating the accumulation of pathology. In this
model, cardiovascular disease might enhance this pathology only when present over many
years, such as would occur in individuals with midlife elevation of blood pressure or
cholesterol.

Diabetes and AD
Diabetes represents one of the strongest risk factors for AD. Subjects with diabetes at
midlife show increased rates of cognitive decline [17, 18]. The presence of diabetes at
midlife almost doubles the risk of incident AD later in life [19]. In addition, co-morbidity of
diabetes and cardiovascular risk factors (hypertension, elevated cholesterol) increases the
risk of AD in subjects over 3-fold [5]. Whether the pathophysiology of diabetes directly
stimulates the pathophysiology of AD remains an open question. Insulin clearly modulates
pathways that could directly affect Aβ deposition and neurodegeneration. Insulin crosses the
blood brain barrier where it acts on neurons. Insulin stimulates glucose uptake and
stimulates the signal transduction cascade mediated by the kinase Akt, which is associated
with neuronal survival [20, 21]. Insulin is degraded by insulin degrading enzyme (IDE), and
IDE levels are reduced in AD and in animal models of AD [22, 23]. IDE degrades Aβ in
addition to degrading insulin [24]. The reduced levels of IDE in AD might increase the
accumulation of Aβ. Reduced IDE in AD does not explain the link between diabetes and AD
because IDE levels are increased in type II diabetes, particularly those on hypoglycemic
medications. The alternative possibility is that diabetes increases the risk of AD by
increasing cardiovascular disease. Cardiovascular disease is a frequent outcome of diabetes,
and the discussion above presented the case suggesting that CVD increases the risk of AD.

Diabetes also frequently occurs in combination with obesity, hypercholesterolemia and
hypertension. This syndrome is termed metabolic syndrome (Table I) [25]. Metabolic
syndrome is rapidly becoming a major health issue, especially in developed countries, and
the incidence of metabolic syndrome is expected to rise dramatically in the coming decades.
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The increasing rates of metabolic syndrome in an aging population will undoubtedly lead to
increasing rates of AD because the factors that make of metabolic syndrome are also the risk
factors for AD.

Cerebral Blood Flow
Severe cardiovascular disease is associated with reduced blood flow to end organs. Reduced
cerebral blood flow has emerged as one of the most consistent observations among subjects
with AD. Subjects with AD have a 7–10% reduction in blood flow [26, 27]. The reduction in
cerebral blood flow correlates strongly with indices of cognition. Among subjects with mild
cognitive impairment, those with the greatest cognitive decline had the largest decreases in
cerebral blood flow [28]. Volumes of the hippocampal and amygdala also correlate with
cerebral blood flow, with reduced cerebral blood flow being associated with smaller
volumes. One of the critical questions is whether the reduction in cerebral blood flow is
driven only by the cardiovascular disease or whether the process of AD also contributes to
the reduction in cerebral blood flow. Studies of subjects with mild cognitive impairment
indicate that reduced cerebral blood flow is present at this relatively early stage, and that the
blood flow correlates with the cognitive status and future progression [28]. This result
indicates that reductions in blood flow occur early in the course of AD and raise the
possibility that the process of AD leads to reduced cerebral blood flow, although it does not
rule out the possibility that vascular disease is driving the changes. A strong case can be
made for the argument that decreased blood flow caused by cardiovascular disease would
increase stress on the brain, which could speed the course of AD. The critical factor appears
to be delivery of blood to sites distal from the heart. The type of CVD that is most tightly
linked to cognitive decline and incidence of AD is peripheral vascular disease [7]. For
example, Newman and colleagues showed that incident dementia is increased by about 50%
in subjects with CVD without peripheral artery disease, but by 150% in subjects with CVD
plus peripheral artery disease [7].

Coronary Artery Bypass and Graft Operations: A source of stress on the
brain?

Another source of stress on the brain is iatrogenic. Major heart surgery, such as coronary
artery bypass operations (CABG), is commonly associated with a short period in which
cognitive function is depressed. The cognitive loss associated with major surgery is termed
post-operative cognitive decline. This decline occurs in 20–50% of individuals within 12
weeks after a CABG [29, 30]. The decline is transient, and cognitive function typically
recovers by 12 months after the operation. Whether the recovery is truly complete, though,
remains an open question. Subjects at risk for AD might recover sufficiently from the stress
of the operation to exhibit normal cognition, as judged by a simple cognitive test. This
apparent recovery, though, might mask an underlying deficit that becomes apparent only the
aging/neurodegenerative process proceeds. To test this, we examined the incidence of AD
among patients receiving surgical treatment for the coronary artery disease [31]. We
compared the incidence of AD in subjects who whose coronary artery disease was treated
with a CABG operation to those whose coronary artery disease was treated with insertion of
stents. After controlling for confounding factors, such as co-morbid illnesses, length of
hospital stay, age and gender, we observed an increased incidence of AD that became
statistically significant 5 years after the operation. By this time point, subjects receiving
CABG operations exhibited a 50% increase in the incidence of AD [31]. Only one other
study has followed cases this far past the CABG operation, and this study failed to observe
an increase in the incidence of AD associated with CABG operations [30]. The difference
between the two studies might lie in the nature of the population. Our study focused on the
Veterans Affairs population, which is a population that generally has a larger number of co-
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morbid illnesses than the typical American. If other studies confirm that the incidence of AD
is increased among patients receiving major operations, part of the future decision tree for
treatment of coronary artery disease might include an assessment of the risk for incident AD,
perhaps based on family history, apo E genotype and co-morbid illnesses.

Apo E, Cholesterol and AD: Distinguishing between neurobiology and
vascular biology

The importance of apo E has been alluded to throughout this article. The apo ε4 genotype is
overwhelmingly the single strongest genetic risk factor for late onset AD. Over 1200 studies
have confirmed this observation, and factoring the effect of apo E4 is now standard for study
examining risk factors for AD. These studies indicate that the apo ε4 allele is associated
with an increased incidence of AD in a dose dependent manner [32]. The increased
incidence appears to occur because the apo ε4 genotype reduces the age of onset of AD by
about 10 years [33]. Individuals with apo E tend to get AD between age 55–65, instead of
the typical age of onset, which is ages 65–75 [33]. Apo E functions as a lipid transport
protein [34]. It acts with apo AI in forming lipoprotein particles in the peripheral circulation
and is the major lipid transport protein for cholesterol in the central nervous system, where
apo AII is absent. Apo E has three isoforms in human, termed apo E2, 3 and 4. Expression
of the apo E4 protein in humans leads to hypercholesterolemia [35]. The function of apo E
in the brain, however, is more complicated because apo E is important for synaptic
maintenance and apo E also binds Aβ [36, 37]. Multiple studies have examined the relative
importance of the function of apo E4 in transporting cholesterol compared to the other
actions of apo E4, such as promoting Aβ oligomerization. In each of these studies, the higher
incidence of AD correlates with the apo ε4 genotype rather than elevated levels of serum
cholesterol [38]. The linkage of AD with the presence of apo E4, rather than with serum
cholesterol levels, suggests that apo E4 is increasing risk of AD through a mechanism
unrelated to serum cholesterol. Two types of mechanism could account for the tendency of
apo E4 to reduce the age of onset of AD. One possibility is that apo E4 is directly harmful to
neurons (e.g., by reducing axonal outgrowth), a second possibility is that apo E4 increases
the accumulation of aggregated Aβ. In experimental models apo E4 reduces neurogenesis
[39]. Apo E4 also appears to render humans more vulnerable to neurological disease. Apo
E4 increases the risk of dementia after traumatic brain injury [40, 41]. Apo E4 also increases
the risk of Parkinson disease [42]. However, apo E4 does not increase the risk of other
neurodegenerative diseases, such as Huntington disease [43]. On the other hand, a large
body of data consistently support the hypothesis that apo E4 reduces the age of onset of AD
by promoting the accumulation of Aβ. Apo E binds Aβ, and apo E4 increases Aβ
fibrillization and also reduces uptake of Aβ (and cholesterol). Transgenic mice that over-
express apo E4 show increased accumulation of aggregated Aβ and more severe pathology.
Data are clearly present for both mechanisms, and both mechanisms account for how apo E4
contributes to the pathophysiology of AD.

Vascular Dementia and AD
Vascular dementia (VaD) complements AD as one of the main causes of dementia in the
elderly. The incidence of stroke increases dramatically with advancing age at roughly half
the rate of that that seen for AD. The incidence of stroke doubles every decade beyond the
age of 55, while the incidence of AD doubles every five years of age beyond 65 [44]. The
prevalence of post-stroke dementia (PSD) is about 30%, with 7% occurring within the first
year and up to 48% of stroke patients developing dementia after 25 years [45]. Dementia
developing from strokes, though, is just one aspect of vascular disease. Micro-infarcts
represent an important contribution to dementia, producing VaD. The occurrence of VaD is
strongly linked to untreated hypertensive illness [4]. The pathology associated with VaD
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differs distinctly from that of AD because the infarcts tend to occur in sub-cortical regions
such as the amygdala, thalamus or white matter tracts [4]. The high prevalence of stroke,
VaD and AD, combined with shared cardiovascular risk factors, create a large degree of co-
morbidity of these disorders in the aging population [6]. Subjects with mixed dementia
respond to medications that benefit AD subjects, but the medications are less effective than
with cases of pure AD. Given the aging of the population and improved survival post-stroke,
it is likely that the incidence and prevalence of PSD will increase in the coming decades.

Treatment
The strong linkage between cardiovascular disease and dementia has important treatment
implications (Table II). If hypertension and cholesterol had causal roles in dementia, one
might expect that therapies reducing hypertension and lowering cholesterol would be
beneficial. The clinical data generated to date, however, are surprisingly ambiguous for
pharmacotherapy of AD, although epidemiological studies suggest that non-pharmacological
approaches might also benefit AD. Multiple studies indicate that exercise is beneficial for
the vascular system, and it appears that the brain is much like the vascular system. Exercise
appears to be protective against AD [46], and the protection is particularly for individuals
who carry the apo ε4 allele [47].

Interest in the potential use of statins for therapy of AD stem in part from cross-sectional
epidemiological studies indicating that subjects taking statins had a lower incidence and
prevalence of AD [10, 48–50]. The case for the potential benefit of statins in treating AD is
particularly interesting because of the multiple intersection lines of evidence suggesting that
statins should be beneficial. As I will outline below, the clinical data are surprisingly
ambiguous despite extensive preclinical data suggesting that statins should work. The role of
apo E4 in AD necessarily sparked interest in the potential role of cholesterol in AD. This
work lead to the discovery that production of Aβ is highly dependent on cellular cholesterol
metabolism. Studies demonstrated that decreasing cellular cholesterol, either by treatment
with statins or by treatment with β-cyclomethyldextran, also decreased secretion of Aβ. The
exact mechanism depends on the mode of cholesterol reduction. Production of Aβ is also
regulated by other sterol species linked to the cholesterol metabolic pathway. For instance,
oxysterols, which are oxidative products of cholesterol, decrease Aβ production in neurons.
Inhibiting the enzyme that produces cholesterol esters, decreases Aβ production. The reason
for the linkage appears to be that Aβ modulates sphingomyelin metabolism and also
modulates cholesterol production, though to a lesser degree. This work also extends to the in
vivo setting. Statins decrease Aβ production in guinea pigs and mice, and inhibiting
cholesterol production reduces the accumulation of neuritic plaques in mice genetically
engineered to over-produce human Aβ.

The problem with the cholesterol-AD link appears to lie in the translation from the animal to
the human context. Statins appear able to reduce cholesterol metabolism in the brain because
subjects treated with statins (lovastatin, simvastatin or pravastatin) for 6 weeks all show a
20% reduction in the brain selective oxysterol, 24(S) hydroxycholesterol [51]. Whether the
reduction of cholesterol metabolism translates to a reduction in Aβ levels is ambiguous. One
study found a reduction in Aβ associated with statin treatment [52]. Two studies show
changes but were insufficiently powered to determine the significance of the change [53,
54]. Two other studies have failed to observe decreases in Aβ associated with statin usage
[55, 56]. Studies determining whether statins offer a the therapeutic benefit to subjects with
AD or at risk for AD are similarly ambiguous. As mentioned above, the initial wave of
epidemiological studies suggested that statin use is associated with a reduced risk of AD.
However, recent studies have examined the issue using analyses based on multiple wave
formats or prospective hazard curves [57–59]. These studies fail to observe any benefit of
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statins, when the data are analyzed using the prospective formats, although the data do show
a reduced association of statins and AD in cross-sectional analyses of the data. These results
suggest that the reduced association of statins with AD observed in the earlier studies was
the result of uncorrected bias in the databases. Prospective clinical trials of statins and AD
are also ambiguous. Two large studies failed to observe any reduction in the incidence of
dementia among statin users [60, 61]. Incident dementia might be somewhat different than
progression of dementia because studies of incident dementia examine subjects who do not
have AD, while studies of the progression of dementia examine studies who have AD. One
difference between the two paradigms might be the relative importance of inflammation.
Statins are known to reduce inflammation [62]. Our own studies of AD subjects who were
either on or off statin therapy indicated no difference in the amount of plaque pathology, but
a significant reduction in the amount of inflammatory pathology [63]. Two small studies
have observed delayed progression of some parameters of cognition in subjects with AD.
Simons and colleagues noted that simvastatin reduces the progressive loss of cognitive
function with one test (mini-mental status test), but not with a second test (ADAS-Cog) [53].
Sparks recently observed that AD subjects treated with Atorvastatin showed reduced
cognitive loss for most measures of cognition, but the reduction only achieved statistical
significance for the global depression scale [54]. These data raise the possibility that statins
might not prevent AD, but might reduce the progression of AD.

The clinical data in favor of anti-hypertensive therapy for prevention of dementia appears to
be stronger than that for statins. One reason might be that anti-hypertensive therapy has a
clear benefit for subjects with VaD. Multiple studies show a clear reduction in incidence of
dementia among users of anti-hypertensive therapies [64, 65]. The reduction, though, might
be greatest for those with vascular dementia. Forette and colleagues observed that dementia
was reduced among those on anti-hypertensive medications, but only in subjects who had
evidence of strokes [66]. The reason for this difference might lie in the differing etiologies
of AD compared to VaD or stroke. The pathologies of AD and VaD are strikingly different.
Classic AD typically lacks micro-infarcts, while VaD is characterized by micro-infarcts. If
anti-hypertensive therapy primarily protects against the occurrence of micro-infarcts, then
one might expect anti-hypertensive therapy to benefit only subjects at risk for VaD. This
distinction emphasizes the increasing importance of accurate clinical tests to identify
dementia and distinguish between different types of dementia. If therapies have different
outcomes depending on whether the patient has AD or VaD, then we must be able to
distinguish between these two diseases accurately. Three strategies are being pursued to
develop accurate clinical tests to differentiate AD from VaD. The most promising avenue of
research lies with neuroimaging. AD is characterized by the accumulation of aggregated Aβ,
which is a material that has strong β-pleated sheet structure. Klunk and colleagues have
generated a brain permeable analog of thioflavine, which can be labeled for imaging by
positron emission tomography and is a compound that binds β-pleated sheets. Preliminary
evidence suggests that this compound, Pittsburgh compound-B, identifies subjects with AD
[67]. A second approach is to use ELISA assays based on levels of tau and Aβ in
cerebrospinal fluid [68]. This approach also holds promise, although it is unclear whether
routine use of lumbar puncture would be accepted in the clinic. A final approach is to use
high throughput technology, such as SELDI mass spectroscopy, to identify biomarkers in
human serum. Many investigators are pursuing this approach, but no consensus has
developed over a group of markers to use for clinical testing.

Summary
The pathology of AD differs greatly from that of VaD or stroke. AD exhibits cortical
pathology with the accumulation of neuritic plaques and neurofibrillary tangles. VaD
exhibits subcortical pathology characterized by abundant white matter intensities and
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abundant small infarcts. Despite these differing pathologies, both diseases share in common
risk factors associated with cardiovascular disease (fig. 1). Hypertension, obesity and
diabetes are all associated with increasing levels of AD and VaD. The association of
hypertension and cholesterol with AD is only strongly apparent when examined at midlife,
which suggests that only chronic vascular factors elicit pathology characteristic of AD.
Therapies for cardiovascular disease appear to be quite beneficial for subjects at risk for
VaD. The value of medicines for treating cardiovascular disease in treating AD is being
examined in detail. Statins offer a possibility of reducing the progression, but not incidence,
of AD. Anti-hypertensive therapy is less beneficial to cases of pure AD, but since many
individuals have mixed dementia, this type of therapy might be quite valuable for many
patients suffering from dementia.

Abbreviations

AD Alzheimer’s disease

Apo E Apolipoprotein E

CVD Cardiovascular disease

CABG Coronary Artery Bypass and Graft

IDE Insulin Degrading Enzyme

PSD Post Stroke Dementia

VaD Vascular Dementia
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Figure 1.
Summary of positive and negative factors influencing the incidence or progression of AD
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Table I

Metabolic syndrome (ATPIII) criteria:

• excess weight around the waist (waist measurement of more than 40 inches for men and more than 35 inches for women)

• triglycerides blood level of 150 mg/dL or more

• HDL cholesterol levels below 40 mg/dL for men and below 50 mg/dL for women

• blood pressure of 130/85 mm HG or higher

• prediabetes (a fasting blood sugar between 100 and 125) or diabetes (a fasting blood sugar level over 125 mg/dL).
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Table II

Common Risk Factors for Cardiac Disease and AD

Advancing age

ApoE4 allele

Elevated cholesterol and LDL

Hypertension

Diabetes (especially insulin-dependent)

Cigarette smoking

Elevated homocysteine or low folate levels
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