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The Association between Neurocysticercosis and Hippocampal Atrophy Is Related to Age
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Abstract. Neurocysticercosis (NCC) has been associated with hippocampal atrophy, but the prevalence and patho-
genic mechanisms implicated in this relationship are unknown. Using a population-based, case—control study design,
residents in a rural village (Atahualpa) aged > 40 years with calcified NCC were identified as cases and paired to NCC-
free individuals (control subjects) matched by age, sex, and level of education. Cases and control subjects underwent
magnetic resonance imaging for hippocampal rating according to the Scheltens’ scale for medial temporal atrophy and
were interviewed to identify those with a clinical seizure disorder. The prevalence of hippocampal atrophy was com-
pared between cases and control subjects by the use of the McNemar's test for correlated proportions. Seventy-five
individuals with calcified NCC and their matched control subjects were included in the analysis. Hippocampal atrophy
was noted in 26 (34.7%) cases and nine (12%) control subjects (odds ratio: 4.4; 95% confidence interval: 1.6-14.9,
P < 0.0021). Stratification of pairs according to tertiles of age revealed an age-related trend in this association, which
became significant only in those aged > 68 years (P = 0.027). Only five cases and one control had recurrent seizures
(P = 0.221); three of these five cases had hippocampal atrophy, and the single control subject had normal hippocampi.
This study confirms an association between NCC and hippocampal atrophy, and shows that this association is stronger

in older age groups. This suggests that NCC-related hippocampal atrophy takes a long time to develop.

INTRODUCTION

Hippocampal atrophy has been associated with intractable
epilepsy.” In these cases, the development of mesial temporal
lobe epilepsy results from neuronal loss (mainly involving
CA1 and CA3 hippocampal layers) and is often preceded
by an initial precipitating injury (perinatal trauma, febrile
seizures, traumatic brain injury) occurring years before.?
Hippocampal atrophy may also occur in individuals with
no evidence of a seizure disorder, with one series reporting
a 9.3% prevalence of fortuitously discovered hippocampal
atrophy in a population younger than 50 years.®

Several clinical series and a few controlled studies suggest
an association between neurocysticercosis (NCC) and hippo-
campal atrophy.““7 However, it is not yet clear whether this
association is related to repetitive seizure activity or to mech-
anisms of local or remote inflammation.2~'® We recently
reported the association between calcified NCC and hippo-
campal atrophy in a population of 248 older adults living in
rural Ecuador." This report expands the studied population
to 663 individuals, including 318 aged 40-59 years, to explore
whether this association persists at a younger age.

METHODS

The study was conducted in a rural Ecuadorian village
(Atahualpa) where NCC is endemic.'® The institutional
review board of Hospital-Clinica Kennedy, Guayaquil (FWA
00006867), approved the study. All individuals aged > 40
years enrolled in the Atahualpa Project were invited to
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participate and those who provided informed consent were
enrolled. Women of child-bearing age underwent a preg-
nancy test before the study.

During the first phase of the study, all participants
underwent a non-contrast head computed tomography (CT)
at Hospital-Clinica Kennedy. All exams were performed with
a Philips Brilliance 64 CT scanner (Philips Medical Systems,
Eindhoven, The Netherlands) following a protocol described
elsewhere."" A neurologist (Oscar H. Del Brutto) and a neuro-
radiologist (Julio Lama), with extensive experience in NCC,
independently read all CT scans. Lesions of interest included
parenchymal brain calcifications as well as other intracranial
lesions suggestive of NCC."® Rounded and homogeneous
nonphysiological supratentorial calcifications, measuring < 1 cm
in diameter, not associated with other neuroimaging find-
ings suggestive of alternative etiologies, and not explained
by any other causes, were considered to be of cysticercotic
origin." Cohen’s kappa for inter-rater agreement was 0.91
(95% confidence interval [CI]: 0.86—0.96). Digital images cor-
responding to positive cases were sent to another expert
(Héctor H. Garcia) for further confirmation, and disagree-
ments were resolved by consensus.

The second phase focused on individuals with calcified
cysticerci (cases) and their control subjects, selected from
participants with no evidence of NCC on CT scans. The latter
were matched 1:1 by age (2 years), sex, and level of educa-
tion (up to primary or secondary/higher school education) to
cases. Both cases and control subjects were invited to
undergo a brain magnetic resonance imaging (MRI) with the
use of a Philips Intera 1.5T machine (Philips Medical Systems,
Eindhoven, The Netherlands). MRI included two-dimensional
multi-slice turbo spin echo T1-weighted, fluid attenuated inver-
sion recovery, T2-weighted, and gradient-echo sequences in
the axial plane, as well as a T1-weighted sequence oriented
in the sagittal plane and a T1-weighted inversion recovery
sequence oriented in the coronal plane and perpendicular to
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the long axis of the temporal bone, as previously described."
The latter was used for hippocampal evaluation by the use
of the Scheltens’ medial temporal atrophy scale (Figure 1).°
Each temporal lobe was rated separately, and any asymme-
try > 1 point was noted. Two expert neuroradiologists (Perla
Salgado, Julio Lama) independently read all MRlIs blinded to
case—control status. Cohen’s kappa for inter-rater agree-
ment was 0.81 (95% CI: 0.71-0.91), and disagreements
were resolved by consensus.

All individuals undergoing MRI were then interviewed by
a neurology resident (Victor J. Del Brutto) blinded to neuro-
imaging findings. History taking focused on any evidence of
a seizure disorder. In addition, cognitive performance was
assessed by the use of the Spanish version of the Montreal
Cognitive Assessment (MoCA) test (www.mocatest.org;© Z.
Nasreddine MD, version 07, November 2004).

Ficure 1. T1-weighted inversion recovery magnetic resonance
imagings oriented in the coronal plane showing different grades of
hippocampal atrophy according to Scheltens’ medial temporal atro-
phy scale. Width of choroid fissure, width of temporal horn, and
height of hippocampus are graded on a 5-point visual rating scale
ranging from 0 (no atrophy) to 4 (severe atrophy). Up to 1 point for
persons < 75 years of age, and 2 points for persons > 75 years are
considered age-related changes.

Descriptive statistics are presented as means with standard
deviations (SDs) for continuous variables and as percentages
with 95% ClI for categorical variables. In univariate analyses,
continuous variables were compared by linear models and
categorical variables by x? or Fisher's exact test as appro-
priate. Using the McNemar’s test for correlated proportions
(matched-pair analysis), we evaluated differences between
the prevalence of hippocampal atrophy and a seizure dis-
order across cases and their matched control subjects.

RESULTS

Figure 2 shows enrollment and reasons for not including
potentially eligible individuals. Of 830 individuals aged
> 40 years enrolled in the Atahualpa Project from June 2012
to December 2015, 679 (82%) underwent a head CT. Rea-
sons for not performing CTs included refusal to participate
(N = 72), death or emigration between enrollment and the
invitation (N = 61), severe disability (N = 17), and pregnancy
(N = 1). Motion and metal artifacts (mostly dental implants)
precluded accurate CT interpretation in 16 of the scanned
persons, and these subjects were not included.

BBBBB
Door-to-door surveys
(830 Atahualpa residents aged 240 years)

Died or emigrated between
enrollment and invitation (n=61) <
= Declined to participate (n=72)
Severily disabled (n=17) «<——
——=> Pregnancy (n=1)

679 transported for CT

Motion/metal artifacts (n=16) «——

663 participants

77 (11.6%) with
calcified cysticercosis

——> Claustrophobia (n=2)

75 matched controls
without cysticercosis

75 case-patients with
calcified cysticercosis

MRI

26(34.7%) with
hippocampal atrophy

9 (12%) with
hippocampal atrophy

Ficure 2. Flow diagram showing the process of enrolliment and
the number of participants in this study.
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Mean + SD age of the 663 participants was 60.4 + 12.8 years,
374 (56%) were women, and 387 (58%) had primary school
education only. CT showed calcified cysticerci in the brain
parenchyma in 77 individuals (11.6%, 95% CI: 9.4—14.3%).
There was a single cerebral calcification in 58 cases, between
two to four calcifications in 16, and the remaining three had
five or more calcifications. Degenerating cysticerci (granular
cysts) were noticed in only one individual with a single calcifi-
cation and in another with multiple calcifications. There
were no living parenchymal brain cysts or extraparenchymal
NCC in any case. The prevalence of individuals with calcifi-
cations was evenly distributed across groups of scanned
individuals stratified by decades: 14/157 (8.9%) in individuals
aged 4049 years, 20/161 (12.4%) in those aged 50-59 years,
22/191 (11.5%) in those aged 60-69 years, and 21/154
(13.6%) in those aged > 70 years.

MRI was performed in 75 of the 77 individuals with calcifi-
cations (claustrophobia precluded the practice of MRI in
two of them). MRI identified the calcifications in 45 cases
(60%), particularly in the T2-weighted and gradient-echo
sequences. The two degenerating cysticerci seen on CT
were also identified on MRI. No additional cysticerci-related
lesions were noticed on MRI. Seventy-five control subjects
were selected from the 586 individuals with no evidence of
cysticercosis on CT. MRIs confirmed a cysticercosis-free
status in all of them. As expected, cases and their control
subjects were similar in regard to the matched variables,
including age (61.4 + 12.1 versus 60.8 + 11.4 years), sex
(67% women in each group), and education (57% primary
school in each group). Twenty-eight of these 75 matched
pairs (cases and control subjects) had been included in
our preliminary report of hippocampal atrophy and NCC
conducted in older adults.

Five cases and only one control subject had history of
recurrent seizures (P = 0.221; McNemar's test). Age of
onset ranged from 12 to 62 years. All cases with epilepsy

[N

had a single parenchymal brain calcification, and the con-
trol subject with epilepsy had a cavernous angioma as the
most likely cause of the seizure disorder. Four of these indi-
viduals had > 20 lifetime seizures and three of them had
active epilepsy. Seizures were tonic—clonic generalized in
five cases (one with complex partial seizures) and simple
partial in one; no individual had a history of status epi-
lepticus. Mean scores on the MoCA were similar between
cases and control subjects (21.5 + 4.8 versus 21.9 + 4.6,
respectively; P = 0.603).

Twenty-six of 75 cases (34.7%, 95% Cl: 24.9-45.9%)
and 9/75 control subjects (12%, 95% CI: 6.4-21.3%) had
hippocampal atrophy. According to the McNemar's test,
there were 48 concordant pairs (four pairs in which both
the case patient and the control subject had hippocampal
atrophy, and 44 pairs in which neither did), as well as 27 dis-
cordant pairs; in 22 (81.5%) pairs, the case patient had
hippocampal atrophy but the control did not (odds ratio
[OR]: 4.4, 95% CI: 1.6—14.9, P = 0.0021).

Mean + SD points in the Scheltens’ scale for all rated
hippocampi (N = 150 in each group) were 3.1 = 1.3 for
cases and 2.4 + 0.9 for control subjects (P < 0.001). Of the
35 individuals with hippocampal atrophy, 14 cases and
seven control subjects had symmetrical atrophy, and 12 cases
and two control subjects had asymmetrical or strictly uni-
lateral atrophy. All cases with asymmetrical atrophy had at
least one calcification ipsilateral to the more affected hippo-
campus (Figure 3). However, calcification burden in cases
with hippocampal atrophy was similar to the burden in cases
with normal hippocampi (1.5 + 1.2 versus 1.5 + 1.0 calcifica-
tions per person, respectively).

Cases with hippocampal atrophy were older (69 + 9.7 versus
57.4 = 11.2 years, P < 0.001) and less educated (77% versus
49% subjects with primary school education only, P = 0.019)
than those with normal hippocampi, but the percentage of
women (65.4% versus 67.3%, P = 0.864) was similar across

Ficure 3. Neuroimaging of a study participant with unilateral hippocampal atrophy and calcified neurocysticercosis. Plain computed
tomography (left column) shows single calcified cysticercus deep in the right side of the brain. Fluid attenuated inversion recovery (center)
and T1-weighted inversion recovery magnetic resonance imaging sequence (right) show ipsilateral hippocampal atrophy, characterized by
increased width of the choroid fissure and decreased height of hippocampal formation.
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TaBLE 1
Percentages (with 95% CI) of participants with hippocampal atrophy according to case—control status

Hippocampal atrophy% (95% ClI)

Tertiles of age Cases Controls Significance*
40-54 years (26 pairs) 7.7 (2.1-24.1) 3.9 (0.7-18.9) OR =2;95% Cl = 0.1-118; P = 1
55-67 years (25 pairs) 40 (23.4-59.3) 12 (4.2-29.9) OR = 4.5; 95% Cl = 0.93-42.8; P = 0.07

68-86 years (24 pairs) 58.3 (38.8-75.5) 20.8 (9.2-40.5) OR = 5.5; 95% Cl = 1.2-51; P = 0.027

Cl = confidence interval; OR = odds ratio. Stratification of pairs according to tertiles of age reveals an age-related trend in the association between neurocysticercosis and hippocampal atrophy.

*Analyses performed by the use of the McNemar's test for correlated proportions (matched-pair analyses).

both groups. Control subjects with hippocampal atrophy were
also older (68.3 + 10.1 versus 59.8 + 11.2 years, P = 0.034)
and had a nonsignificant trend for being less educated (77.8%
versus 50% subjects with primary school education only, P =
0.052) than those without atrophy, but there were no sex-
related differences across both groups (66.7% women in each
group). Among cases, epilepsy was present in three with bilat-
eral hippocampal atrophy and in two with normal hippocampi.
The single individual with epilepsy from the control group
had normal hippocampi.

Exploratory analysis demonstrated an influence of age on
the relationship between case—control status and the pres-
ence of hippocampal atrophy. When stratified above and
below the median age (60.5 years), the frequency of hip-
pocampal atrophy was not statistically different between
younger cases and control subjects (10.5% versus 5.4%;
OR: 2.1, 95% CI: 0.35-12, P = 0.674). In older individuals,
however, hippocampal atrophy was significantly more prev-
alent among cases than control subjects (59.4% versus
18.4%; OR: 6.5, 95% CI: 2.3-18.6, P < 0.001). Stratifying
pairs of participants into tertiles of age showed that the
odds for hippocampal atrophy among cases compared with
control subjects increased with age (Table 1).

DISCUSSION

This population-based study shows a robust association
between NCC and hippocampal atrophy and confirms the
findings of our initial study.' The addition of a younger
study population in this report allowed us to assess the
effect of age on NCC-associated hippocampal atrophy. To
begin with, the prevalence of NCC was similar across age
groups, which together with the fact that all NCC cases
identified in the study population had calcifications and no
viable cysts suggests that infection occurred during the
first decades of life, an expected finding due to trans-
mission dynamics of helminths observed in highly endemic
villages.'® Second, despite a similar prevalence of NCC
across age groups, hippocampal atrophy was only more prev-
alent in cases than in control subjects among older individ-
uals. This age dependence suggest that NCC-associated
hippocampal atrophy takes years to develop.

The design of the present study reduces the possibility
that other causes of hippocampal atrophy could otherwise
obscure the importance of NCC-associated atrophy. Patients
with NCC were matched to NCC-free individuals for age,
sex, and levels of education. In addition, all the subjects lived
in a similar rural setting where ethnicity, lifestyle, and socio-
economic factors were nearly homogeneous.'” More than
95% of the participants were born in Atahualpa and had
always lived in the village. Cognitive performance was

also similar among the case and control groups, making
it unlikely that fewer individuals with degenerative dis-
eases of the central nervous system (associated with
hippocampal atrophy) were inadvertently allocated to the
control group. The MoCA is highly reliable for the detec-
tion of individuals with mild cognitive impairment,'® and
has proven to be of value for the recognition of this condi-
tion and its correlation with structural brain damage among
Atahualpa residents.'®2° In addition, a previous study showed
that cognitive performance is not compromised in individuals
with hippocampal atrophy associated with NCC.2" Given the
similarity in the demographics of the case and control groups,
there is no apparent reason—other than NCC—to explain
the higher prevalence of hippocampal atrophy in the case-
patient group.

While this is a cross-sectional study and a cause-and-effect
relationship cannot be definitively established, the above-
mentioned evidence—together with biological plausibility—
suggest that cysticercosis infection of the brain parenchyma
occurs first and then over time induces the development of
hippocampal atrophy. Indeed, some authors have suggested
that NCC itself can act as an initial precipitating injury for the
subsequent development of hippocampal atrophy.® These
results are in line with recent studies showing that other
infective agents, particularly viruses, may be related to the
late development of hippocampal atrophy.?? However, the
mechanism by which infection induces hippocampal atrophy
is unclear. In patients with viral infections, the most likely
mechanism is the occurrence of prolonged febrile seizures,
which, together with chronic inflammation, can lead to hip-
pocampal damage.?®

Data from a tertiary care epilepsy surgical service in Brazil
suggest that hippocampal atrophy in patients with NCC
is related to repetitive seizure activity.*® Although this is
a plausible pathogenic trigger for hippocampal atrophy, it
is difficult to draw broad conclusions from a population
limited to cases of medically intractable epilepsy. A plausi-
ble alternative involves inflammation-mediated damage as
the causative mechanism for hippocampal atrophy. Peri-
odic release of antigens trapped within calcified cysticerci
might lead to inflammation-mediated hippocampal dam-
age, not requiring recurrent seizures as a causative factor.®
In a murine model, recurrent exposure to endotoxins and
increased levels of pro-inflammatory cytokines correlate
with hippocampal damage independent of seizures.?* In
another murine model, intraperitoneal inoculation of Taenia
crassiceps metacestode factor (a parasite akin to Taenia
solium) in a mice model induces apoptosis of hippocampal
cells due to complex inflammatory mechanisms.?® The
low prevalence of individuals with recurrent seizures in our
series would favor the above-described seizure-independent
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inflammatory hypothesis, although we cannot rule out the
presence of subclinical paroxysmal activity.

Strengths of the present study include the unbiased
selection of participants, the homogeneous characteris-
tics of Atahualpa residents regarding race/ethnicity and living
habits, the case—control design, and the high rates of inter-
rater agreement for both CT and MRI readings. On the other
hand, our study has some limitations. As stated, subclinical
seizure activity in individuals with brain calcifications cannot
be ruled out. The use of a visual scale for rating hippocampal
atrophy, instead of volumetric assessment, could be seen as
another potential limitation. However, the reliability of the
Scheltens’ visual scale for grading hippocampal atrophy is
comparable to that of volumetric assessment.?® Although
visual assessment would not be appropriate for categorizing
subfield hippocampal atrophy (which requires high-resolution
MRI including voxel-based morphometric analyses of hippo-
campi), it is sufficient for estimating the severity of atrophy.
Because of the population-based design of our study, we
did not perform contrast-enhanced MRIs. However, the use
of gadolinium might have shown additional evidence of
blood—brain barrier disruption or inflammation.

This study adds to a growing body of evidence pointing to
an association between NCC and hippocampal atrophy. Longi-
tudinal studies are needed to determine whether a causal rela-
tionship exists, to characterize the pathogenetic mechanisms
involved and to identify potential biomarkers of neuronal dam-
age in patients with NCC-related hippocampal atrophy.
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