
In conclusion, this study yields first evidence from longitu-
dinal data of individual patients for the potential of iron and
ferritin as progression marker in PD. A validation of our find-
ings in a larger cohort, more advanced PD patients and a lon-
ger follow-up period is warranted.
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Lower Circulating Lymphocyte
Count Predicts ApoE ε4-Related
Cognitive Decline in Parkinson’s

Disease

Neuroinflammatory changes in the brain, including infiltration
of lymphocytes, particularly T cells, play a critical role in the path-
ogenesis of Parkinson’s disease (PD).1,2 Interestingly, in the periph-
eral blood of PD patients, a decrease in circulating lymphocyte
counts occurs, mainly due to a decrease in T cells.1,3 Furthermore,
it has recently been reported that lower lymphocyte count might
be causally related to the subsequent development of PD.4 Inspired
by these observations, we aimed at assessing whether low lympho-
cyte count is associated with the subsequent development of the
keymilestones in PD’s disease course, specifically cognitive impair-
ment, with a particular attention to the apolipoprotein E (ApoE)
ε4 allele, a crucial modifying factor in cognitive impairment.5,6

In this retrospective cohort study, using the Parkinson’s
ProgressionMarkers Initiative data, 167 de novo PD patients were
enrolled (Fig. S1) and were followed up for 2 years (Tables S1 and
S2; Text S1). R scripts made for the analysis are freely available at
http://dx.doi.org/10.17632/7s8sng9yn8.2 or https://github.com/
KazutoTsukita/Mov_Disord_2021.
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We primarily used the multivariate linear mixed-effects
model adjusted for various covariates (age, sex, levodopa-
equivalent dose, disease duration, and baseline severity of
smell deficit and rapid-eye-movement sleep behavior). We
observed that only in PD patients carrying ApoE ε4 allele,
baseline lymphocyte count had significant interaction effect
on the longitudinal decline in the Montreal Cognitive
Assessment (MoCA) total score, such that lower baseline
lymphocyte count was associated with accelerated MoCA
score decline (carrier, the standardized fixed-effects coeffi-
cient of the interaction term (βinteraction) = 0.17 [95% confi-
dence interval, CI: 0.04, 0.30], P = 0.01; noncarrier,
βinteraction = �0.00 [95% CI: �0.10, 0.09], P = 0.94).
When PD patients, with and without ApoE ε4 allele, were
dichotomized using the median of baseline lymphocyte
count (carrier, 1.72 � 103/μL; noncarrier, 1.74 � 103/μL)
(Table S3), the interaction effect was apparent only in PD
patients carrying ApoE ε4 allele (carrier, βinteraction = 0.45
[95% CI: 0.20, 0.71], P < 0.001; noncarrier,
βinteraction = �0.03 [95% CI: �0.22, 0.15], P = 0.72)
(Fig. 1A,B). The interaction effects of baseline lymphocyte
count on the progression of specific domains of cognitive
impairment did not reach statistical significance (Fig. 1C).
Sensitivity analyses confirmed the robustness of our result in
a range of follow-up periods (Table S4) and even when
missing values were imputed (Table S5).
An interesting aspect of the present result is that baseline

lymphocyte count was clearly associated with subsequent cog-
nitive decline only in PD patients carrying ApoE ε4 allele.
Given the importance of ApoE ε4 allele in blood–brain barrier
(BBB) dysfunction and the role of circulating T cells in PD
pathogenesis (Text S2),1,7 our result might indicate the cooper-
ative pathological role of BBB dysfunction and circulating lym-
phocytes in PD. Alternatively, the brain cortex of patients
carrying ApoE ε4 allele may be particularly vulnerable to lym-
phocyte infiltration. Admittedly, this study has some limitations
(Text S3); however, because many covariates were adjusted
for, we believe that our result indicates that biological phenom-
enon reflected by the decrease in the lymphocyte count might

actively exacerbate the pathology driving cognitive dysfunction
in synergy with the APOE ε4 allele, thereby providing impor-
tant clinical and pathophysiological implications.
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Screening of GBA Mutations in
Nigerian Patients with Parkinson’s

Disease

Heterozygous mutations in the β-glucocerebrosidase
(GBA) gene are reported in 5% to 30% of patients with
Parkinson’s disease (PD) across White and Asian
populations with a relative absence of studies in other
populations.1,2 Nigeria is the most populated African
country and has more than 5 million people who are aged
older than 65 years.3 To date, the only GBA screening
reported in Sub-Saharan Africa populations was performed
in Black South African patients4; two novel missense vari-
ants (p.F216L and p.G478R) and three previously
described (p.K(�27) R, p.T36del, and p.Q497*) variants
were identified in 30 patients with PD.4 The aim of this
study was to assess the frequency of GBA mutations in a
series of Nigerian patients with PD and controls by gene
sequencing.

Blood specimens were collected and participants were clini-
cally characterized by the movement disorder specialists
(O.O. and S.A.O.) in the Division of Neurology at Lagos
State University Teaching Hospital, Lagos, Nigeria. The
patients were diagnosed according to the UK Brain Bank
criteria.5 The study protocol was approved by the Institu-
tional Review Board of Lagos State University Teaching
Hospital and Mayo Clinic Florida. For 92 patients and
51 controls, the 11 exons of GBA were polymerase chain
reaction amplified using previously described primers.6 The
identified variants were labeled according to GBA reference
sequence (NM_001005742). The pathogenicity of non-
synonymous variants was assessed with in silico tools (Com-
bined Annotation Dependent Depletion, PolyPhen-2, Sorting
Intolerant From Tolerant, ClinVar); the Genome Aggregation
Database (gnomAD) was used to assess the published variant
frequencies.

The demographic characteristics of the studied population
are in Table 1. In the PD group, there were 10 variants (5 mis-
sense, 4 synonymous, and 1 loss of function) and 4 in controls
(3 missense and 1 intronic) (Table 1). The most frequently
observed variant in both groups was K(�27) R (6.0% in cases
and 4.0% in controls). Using in silico pathogenicity prediction
tools, the potential disease-related variants (p.W184R, n = 1;
p.L383PfsX3, n = 2; and p.L444P, n = 3) were observed in
six PD cases (6.5%), and no likely pathogenic variants were
seen in controls.

A limitation of our study is the relatively low number of
samples from the Nigerian population; however, studies in
Sub-Saharan Africa can be challenging due to access and
availability of healthcare. In addition, although our case
control study is the first GBA screening of patients with
PD from Nigeria, we only have limited clinical details.
Further genetic studies are needed in Sub-Saharan Africa,
and there are still many populations in this region in
which no genetic analysis has been performed. The recog-
nition of population-specific mutations responsible for PD
may also lead to new biomarker discoveries and support
clinical genetic advances in Sub-Saharan populations.7 The
expansion of current international consortia (eg, Human
Heredity and Health in Africa, International Parkinson’s
Disease Genomics Consortium Africa, and Genetic Epide-
miology of Parkinson’s Disease) and the Global
Parkinson’s Genetics Program efforts should help to create
large, deeply phenotyped clinical cohorts for future
studies.
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