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No Geographic Correlation between
Lyme Disease and Death Due to 4
Neurodegenerative Disorders,
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Associations between Lyme disease and certain neurode-
generative diseases have been proposed, but supportive
evidence for an association is lacking. Similar geographic
distributions would be expected if 2 conditions were etio-
logically linked. Thus, we compared the distribution of Lyme
disease cases in the United States with the distributions of
deaths due to Alzheimer disease, amyotrophic lateral scle-
rosis (ALS), multiple sclerosis (MS), and Parkinson disease;
no geographic correlations were identified. Lyme disease
incidence per US state was not correlated with rates of
death due to ALS, MS, or Parkinson disease; however, an
inverse correlation was detected between Lyme disease
and Alzheimer disease. The absence of a positive correla-
tion between the geographic distribution of Lyme disease
and the distribution of deaths due to Alzheimer disease,
ALS, MS, and Parkinson disease provides further evidence
that Lyme disease is not associated with the development
of these neurodegenerative conditions.

Lyme disease is a complex, multisystem tickborne illness
caused by the spirochete Borrelia burgdorferi (1). Each
year in the United States, >30,000 cases are reported, but
the actual number of infections may be 10-fold higher (7,2).
Lyme disease cases are most commonly reported from the
Northeast, mid-Atlantic, and upper Midwest regions of the
United States (3). Central nervous system infection resulting
in early neurologic Lyme disease, and more rarely late neuro-
logic Lyme disease, is well documented (4,5). Because of the
neurotropism of Lyme disease, speculative websites and ar-
ticles and even peer-reviewed journals have purported causal
associations between Lyme disease and several neurodegen-
erative disorders, including Alzheimer disease, amyotrophic
lateral sclerosis (ALS), multiple sclerosis (MS), and Parkin-
son disease (6—17). Researchers have critically evaluated
these proposed biologic associations between Lyme disease

Author affiliations: Centers for Disease Control and Prevention,
Fort Collins, Colorado, USA (J.D. Forrester, K.J. Kugeler, A.E. Perea,
D.M. Pastula, P.S. Mead); Centers for Disease Control and
Prevention, Atlanta, Georgia, USA (J.D. Forrester, D.M. Pastula)

DOI: http://dx.doi.org/10.3201/eid2111.150778

2036

and Alzheimer disease, ALS, MS, and Parkinson disease,
but none have found evidence of an association (/2-217). We
hypothesized that, if there is a link between B. burgdorferi
infection and subsequent development of Alzheimer disease,
ALS, MS, or Parkinson disease, the geographic distribution
of these neurodegenerative disorders should correlate with
that of Lyme disease. To determine if such a correlation
exists, we compared the distribution of confirmed cases of
Lyme disease in the United States with the distribution of
deaths due to these 4 neurodegenerative disorders.

Methods

We compared Lyme disease incidence rates in each state
with death rates for Alzheimer disease, ALS, MS, and Par-
kinson disease. Reports of confirmed Lyme disease cases
submitted to the National Notifiable Diseases Surveil-
lance System during 2001-2010 (2) were used to calcu-
late state-specific, age-adjusted incidence rates of Lyme
disease. Age-adjusted death rates of Alzheimer disease,
ALS, MS, and Parkinson disease during the same time pe-
riod were obtained from the CDC WONDER (Centers for
Disease Control and Prevention Wide-ranging Online Data
for Epidemiologic Research) database (http://wonder.cdc.
gov/WelcomeT.html). Codes for underlying cause of death
from the International Classification of Diseases, Tenth
Revision, Clinical Modification (http://www.cdc.gov/nchs/
icd/icd10cm.htm), were as follows: G30, Alzheimer dis-
ease; G12.2, motor neuron disease (ALS); G35, MS; and
G20, Parkinson disease. We standardized the Lyme disease
incidence rates and neurodegenerative disease death rates
to the 2000 US population by using 10-year age groups
(http://www.census.gov/2000census/data/).

We used the Moran’s I test for spatial autocorrela-
tion to assess geographic clustering of state incidence rates
of Lyme disease and of death rates for the 4 neurologic
disorders by using ArcGIS 10.1 (ESRI, Redlands, CA,
USA). Geographic correlation between Lyme disease in-
cidence and death rates for each of the other conditions
was assessed by using the Spearman rank correlation (r,) to
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compare pairwise state rates. A subanalysis comparing
pairwise state rates by sex was similarly performed. Rates
for male patients who died of MS in Hawaii and the District
of Columbia were not included in the analysis because of
CDC WONDER data use restrictions. Analyses were con-
ducted by using SAS version 9.3 (SAS Institute, Inc., Cary,
NC, USA). Because this analysis used publicly available
data, human subjects research approval was not sought.

Results

During 2001-2010, a total of 256,373 confirmed Lyme
disease cases were reported in the United States. The me-
dian age of patients was 42 years; 137,377 (55%) patients
were male. As expected, Lyme disease cases were concen-
trated in the Northeast, mid-Atlantic, and upper Midwest.
Standardized state-specific Lyme disease incidence rates
ranged from <1 case per 100,000 person-years for 34 states
to 19-73 cases per 100,000 person years for 13 high-inci-
dence states in the Northeast, mid-Atlantic, and upper Mid-
west (overall median incidence 0.4 cases/100,000 person-
years) (Figure).
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During the study period, 705,735 deaths were attrib-
uted to Alzheimer disease (median patient age 86 y, 29%
male), 59,769 to ALS (median patient age 69 y, 54% male),
34,298 to MS (median patient age 60 y, 34% male), and
190,428 to Parkinson disease (median patient age 82 vy,
58% male). Overall, disease-specific, age-adjusted median
death rates ranged from a low of 1.1 deaths per 100,000
person-years for MS (range across states 0.2-2.1) to a high
of 24.5 deaths per 100,000 person years for Alzheimer dis-
ease (range across states 9.6—41.2) (Figure)

All 5 diseases demonstrated positive spatial autocor-
relation by the Moran’s I test: Lyme disease I index 0.49
(p<0.0001), Alzheimer disease I index 0.21 (p = 0.01),
ALS I'index 0.25 (p = 0.003), MS I index 0.56 (p<0.0001),
and Parkinson disease I index 0.21 (p = 0.001). Neverthe-
less, Lyme disease incidence per state was not correlated
with rates of death due to ALS (r, = 0.19, p = 0.19), MS
(r,=0.20, p = 0.17), or Parkinson disease (, = -0.14, p =
0.34). An inverse correlation was detected between Lyme
disease and Alzheimer disease (», = -0.35, p = 0.01). Find-
ings were similar when evaluated with Pearson correlation

Figure. Geographic distribution

of Lyme disease compared with

that for deaths due to amyotrophic
lateral sclerosis (ALS), Parkinson
disease, multiple sclerosis (MS),

and Alzheimer disease. One dot
represents 1 case (Lyme disease) or
1 death (ALS, Parkinson disease, MS,
and Alzheimer disease) per 100,000
person-years; dots are placed
randomly within the respective states.
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coefficients, when subanalysis by sex was performed, and
when analysis was limited to states with >1 Lyme disease
case per 100,000 person-years (data not shown).

Discussion

As with other vectorborne diseases, Lyme disease is highly
focal in its geographic distribution. If Lyme disease was
etiologically linked to Alzheimer disease, ALS, MS, or
Parkinson disease, rates of death attributed to these dis-
eases would be expected to correlate geographically with
the geographic incidence of Lyme disease. Our findings
show, on a coarse geographic scale, no correlation between
Lyme disease and these neurodegenerative conditions. The
inverse correlation between the rates of Lyme disease and
death from Alzheimer disease is in line with findings from a
previous report (21); although this finding is of unclear sig-
nificance, it supports a lack of positive correlation between
these conditions.

Positive spatial clustering was demonstrated for each
disease. This finding indicates that for each disease, states
with high rates are nearer than would be randomly expect-
ed to other states that also have high rates of the disease.
However, we showed that the clustering of rates of death
from the 4 neurodegenerative conditions does not correlate
with state-specific Lyme disease incidence, indicating that
underlying processes that contribute to geographic cluster-
ing of neurodegenerative conditions are unrelated to Lyme
disease. Each of the diseases, including Lyme disease, has
a unique and nonrandom geographic distribution; the dis-
tributions of the neurodegenerative disorders do not mirror
that of Lyme disease.

As for ALS and Parkinson disease, Lyme discase
patients are more commonly male; MS and Alzheimer
disease patients are more commonly female (3,22-25). It
is conceivable that variations between states in sex dis-
tribution of the population could contribute to the lack
of observed correlation between Lyme disease and the 4
neurodegenerative disorders. However, even when we ex-
amined sex-specific, age-adjusted rates by state, no corre-
lation was identified between the geographic distribution
of Lyme disease and any of the 4 neurodegenerative disor-
ders. This finding suggests that differences in the distribu-
tion of the sexes by state did not affect the lack of correla-
tion that we observed.

Our study had several limitations. First, our analysis
was based on data from death certificates, which are limited
by inconsistent practices in the completion of cause-of-death
statements (26). Underlying cause of death is defined as the
disease that initiated the chain of events resulting in death
(27). Thus, our analysis did not include the prevalence of
neurodegenerative disorders not resulting in death, and
could therefore underestimate the incidence of these disor-
ders. Nevertheless, this potential underestimation is unlikely
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to differentially affect the age-adjusted distribution of the
deaths by state, and the death rates should proportionally re-
flect the prevalence of specific neurodegenerative disorders
across states. Second, this cross-sectional ecologic study
cannot be used to determine person-level causality. Third,
the study did not account for persons who may have ac-
quired Lyme disease in | state and subsequently moved to
another part of the country before receiving a diagnosis of
and dying from a neurodegenerative disorder. In such in-
stances, state classification would be misclassified because
of the latent period between exposure and development of
disease. This direction of misclassification would reduce any
observed correlation between neurodegenerative disorders
and Lyme disease. Last, in historically low-incidence areas
where Lyme disease has since spread, any potential time lag
between infection and development of a neurodegenerative
disorder would reduce the observed correlation in these ar-
eas. A limitation of the dataset was that we could not assess
associations for the time from infection with Lyme disease to
development of a neurodegenerative disorder.

In conclusion, although associations between Lyme
disease and Alzheimer disease, ALS, MS, and Parkinson
disease have been proposed by writers of speculative web-
sites and articles, supportive evidence for such an associa-
tion is lacking. The absence of a positive correlation in the
geographic distributions of these conditions provides fur-
ther evidence against an association between Lyme disease
and deaths from these 4 neurodegenerative conditions.
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