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Early detection of genetic neurologic diseases 
remains crucial for improving the quality of life (QoL) of 
patients affected by these diseases. The current issue 
of Revista Mexicana de Neurociencia includes articles 
on two rare genetic neurologic disorders. The first one 
is a retrospective, cross-sectional study by conducted 
Cervantes-Arriaga et al., where they studied the factors 
associated with delays in diagnosing Huntington’s dis-
ease (HD); a study conducted at the National Institute 
of Neurology and Neurosurgery, Mexico City, Mexico, 
including 107  patients with genetically confirmed HD 
treated at their movement disorders clinic between 2003 
and 2018, in their study, finding that neuropsychiatric 
manifestations and younger age at presentations were 
directly associated with a delayed diagnosis. Although, 
as of this date, there is no effective treatment for this 
devastating disease, there are some ongoing basic sci-
ence studies on the role of glial differentiation defects 
in murine HD models, specifically deficits in the tran-
scription factor 7 like 2 (Tcf7l2), a factor that induces 
developmental deficiencies in myelination, mainte-
nance, and remyelination, defects which can be poten-
tially rescued by overexpressing Tcf7l2 as proved by 
Benraiss et al., bringing the light to a potential thera-
peutic target1.

The second study is an interesting review article by 
Briseño-Godínez et al. on transthyretin-related heredi-
tary amyloidosis, also an autosomal dominant disease 

caused by a mutation in the transthyretin (TTR) gene, 
which causes the deposition of mis-folded TTR protein 
in several organs, among them the peripheral and auto-
nomic nervous systems, being cardiomyopathy, sym-
metric length-dependent sensory-motor, and autonomic 
polyneuropathy the hallmark manifestations2. During 
the past decade, multiple disease-modifying molecules 
have been developed and proven to increase the sur-
vival and QoL of these patients3,4. Hence, this review 
provides essential information for the general neurolo-
gist that may help establish an early diagnosis that can 
positively impact the outcomes of these patients.

We hope that this issue will greatly interest our dis-
cerning readership, especially neurologists and non-neu-
rologist interested in genetic neurologic diseases.

Miguel García-Grimshaw
Editor in Biostatistics, Revista Mexicana de Neurociencia
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ORIGINAL ARTICLE

Abstract

Objective: This study aims to identify the possible factors that delay the time-to-diagnosis of Huntington’s disease (HD). 
Methods: A  cross-sectional study in HD patients was carried out. Variables registered were CAG repeats, age of onset, 
primary symptom at onset, age of molecular diagnosis, and time-to-diagnosis, among others. Results: 107 patients (50.5% 
female) with a mean age of 49 ± 12.8 years (y) were included in the study. Median CAG size was 45 (38-73). Mean age of 
onset, mean age of molecular diagnosis, and mean time-to-diagnosis were 39 ± 12.9, 45.1 ± 12.1, and 6.4 ± 6.4 years, res-
pectively. In the comparative analysis, the neuropsychiatric- and the young-onset groups had a longer time-to-diagnosis than 
the motor- and typical-onset groups (p = 0.02 and p < 0.01, respectively). In the linear regression analysis, neuropsychia-
tric-  and young-onset were independent risk factors. Conclusions: Delayed diagnosis showed relation to neuropsychia-
tric- and early-onset in HD.

Keywords: Huntington’s disease. Molecular pathology. Delayed diagnosis. Age of onset.

Inicio neuropsiquiátrico y juvenil como determinantes clínicos para el diagnóstico 
tardío de la enfermedad de Huntington

Resumen

Objetivo: Este estudio tiene como objetivo identificar los posibles factores que retrasan el tiempo de diagnóstico de la enfermedad 
de Huntington (EH). Métodos: Se realizó un estudio transversal en pacientes con EH. Las variables registradas fueron repetidos de 
CAG, edad de inicio, síntoma primario de inicio, edad de diagnóstico molecular y tiempo hasta el diagnóstico, entre otras. Resultados: 
107 pacientes (50.5% mujeres) con una edad media de 49 ± 12.8 años fueron incluidos en el estudio. La mediana de repetidos de 
CAG fue 45 (38-73). La edad media de inicio, la edad media del diagnóstico molecular y el tiempo medio hasta el diagnóstico 
fueron 39 ± 12.9, 45.1 ± 12.1 y 6.4 ± 6.4 años, respectivamente. En el análisis comparativo, los grupos de inicio neuropsiquiátrico y 
juvenil tuvieron un tiempo de diagnóstico más prolongado que los grupos de inicio típico y motor (p = 0.02 y p < 0.01, respectivamente). 
En el análisis de regresión lineal, el inicio neuropsiquiátrico y juvenil fueron factores de riesgo independientes. Conclusiones: El 
diagnóstico tardío mostró relación con un inicio neuropsiquiátrico y la aparición temprana de la EH.

Palabras clave: Enfermedad de Huntington. Patología molecular. Retraso en el diagnóstico. Edad de aparición.
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Introduction

Huntington’s disease (HD) is a common monogenic 
disorder in adulthood1. The previous studies categorized 
the age of onset as young-onset (20-29 y), typical-onset 
(30-59 y), and late-onset (≥ 60 y)2. The primary symp-
tom at onset can be variable, including motor, neuro-
psychiatric, or mixed3. While phenotypic differences at 
its debut have not been well-characterized, the primary 
motor symptom is chorea. Neuropsychiatric symptoms 
are common and impact their quality of life (QoL)4. The 
mean time from symptomatology onset to genetic diag-
nosis varies widely ranging between 2 and 10 years5-7. 
Factors associated with the time-to-diagnosis are 
scarce. Conventionally, the size of trinucleotides CAG 
expansion in the HTT gene is considered the main de-
terminant of disease age of onset but recent studies 
have reported that other factor such as unknown/miss-
ing family history, marital status, living in larger urban-
ized contexts, and having a lower educational level is 
associated to a delayed onset8. Moreover, many of 
these factor can also be related with a delay in the di-
agnosis rather than with a delayed onset. A  timely di-
agnosis is important to better treat the patients but also 
in the context of an autosomal dominant inheritance an 
early diagnosis might result in prompt genetic counsel-
ing. This study aims to identify the possible factors 
contributing to a delay in the diagnosis.

Methods

An observational, retrospective, cross-sectional, and 
analytical study was carried out. The study was ap-
proved by both the Institutional Review Board and the 
Local Ethics Committee. All participants gave their writ-
ten informed consent.

Consecutive HD patients of all ages and severity 
grades attending the Movement Disorder Clinic at the 
National Institute of Neurology and Neurosurgery in 
Mexico City between 2003 and 2018 were recruited.

Clinical HD diagnosis was confirmed by DNA analy-
sis. A  positive genetic test was considered by ≥ 36 
trinucleotides CAG expansion in the HTT by triple prime 
polymerase chain reaction8. Patients with chorea of 
other etiologies and those with a negative molecular 
diagnosis were excluded from the study. Information 
was acquired through physical and electronic records.

The demographic variables registered included gen-
der and age. Positive family history was defined as a 
positive genetic test of one of their relatives, a report 
by the patient at the baseline evaluation, or both.

The clinical variables analyzed included age of onset, 
defined as the patient-reported age when the first 
symptoms appeared, and age of molecular diagnosis, 
defined as the age when genetic testing was per-
formed. Other variables included years of education 
and socioeconomic status following the methodology 
of the Health Ministry (1, lower – 6, higher).9

According to family history, patients were classified 
into de novo cases, defined as no family history, and 
familiar cases, as positive family history. Age of onset 
categorization was young-onset (20-29 y), typical-onset 
(30-59 y), and late-onset (≥ 60 y).

The primary symptom at onset was classified de-
pending on the predominant symptom that affected 
QoL within the 1st year of the presentation. These were 
motor, neuropsychiatric, or mixed. Mixed was selected 
when there was no predominant symptom, and both 
affected QoL equally.

The time-to-diagnosis was defined by the time be-
tween the age of perception of the primary HD symp-
tom referred by the caregiver and patient at the first 
medical consultation (movement disorder and neuro-
psychiatric/behavioral/cognitive disturbance) until the 
age in which a positive molecular diagnosis for HD was 
reported9.

For the statistical analysis, a Kolmogorov–Smirnov 
test was used to test normality. Description of sociode-
mographic data was done with proportions (percentag-
es), measures of central tendency (modes, medians, 
and means), and dispersion ranges (standard devia-
tions and interquartile ranges), according to their distri-
bution. Bivariate analyses were conducted to identify 
the differences between motor, neuropsychiatric, and 
mixed groups. ANOVA test and Kruskal–Wallis test 
were used when comparing quantitative variables. The 
Chi-square test was used when comparing qualitative 
variables. Multivariate linear regression was performed 
to predict the relationship between the most clinically 
relevant variables that reach statistical significance and 
a longer time-to-diagnosis. Time-to-diagnosis was used 
as a dependent variable in the linear regression model. 
Violations of the normality assumption in the error dis-
tributions were assessed using normal probability plot 
or normal quantile plot of the residuals. Multicollinearity 
was assessed using variance inflation factors (VIF). 
Covariables with VIF > 5 were excluded from the anal-
ysis. Hosmer–Lemeshow test was used for goodness 
of fit. Variance explained by the model was assessed 
using the Nagelkerke square R or adjusted square R. 
p < 0.05 was considered for statistical significance. The 
statistical package SPSSv17.0 was used.
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Results

One hundred and seven HD patients (50.5% female) 
with a mean age of 49 ± 12.8  years were included in 
the study. Familiar cases were more prevalent in 84 
individuals (78.5%). The median CAG size was 
45 (38-73). The mean age of onset was 39 ± 12.9 years 
and the mean age of molecular diagnosis was 45.1 ± 
12.1 years. The mean years of education were 8.2 ± 6.8 
and the mean socioeconomic status was 2 ± 0.4. The 
mean time-to-diagnosis was 6.4 ± 6.4  years. Patients 
with HD were categorized regarding the primary symp-
tom at onset, 38 subjects in the motor group (35.5%), 
33 subjects in the neuropsychiatric group (30.8%), and 
36 subjects in the mixed group (33.6%). Table 1 shows 
the complete description of the participants.

In the comparative analysis, performed by family his-
tory, de novo cases tend to have an older-onset (mean 
46.2 ± 11.6 yeras vs. 37.2 ± 12.7  years) and less 
time-to-diagnosis (4 years, IQR 4 vs. 5 years, IQR 5), in 
comparison to familiar cases, without reaching statistical 
significance (p = 0.07). In addition, the young-onset 
group had a longer time-to-diagnosis in comparison to 
the typical-onset group (10.7 ± 10 years vs. 5 ± 3.9 years, 
p < 0.01), and had more frequently neuropsychiatric 
symptoms at onset (51.9%). Motor symptoms were pre-
dominant in the typical-  (39.4%) and late-onset (75%) 
groups. The neuropsychiatric group had longer 
time-to-diagnosis compared to the motor group (mean 
difference 4.2 years, 98.4% CI 0.01-8.44, p = 0.02) and 
a younger-onset (mean difference −10.05 years, 98.4% 
CI −18.5 - −1.6, p < 0.01). Table 2 compares the full clin-
ical characteristics between primary symptoms at onset 
groups and Table 3 shows the comparison between HD 
groups according to the presence of family history.

For the univariate regression analysis, neuropsychi-
atric-onset and young-onset were found as risk factors 
to longer time-to-diagnosis (ß = 1.3, 95% CI 1.56-6.71, 
and ß = 5.828, 95% CI 3.19-8.47, respectively; p < 0.01). 
After being adjusted by gender and family history, neu-
ropsychiatric-onset and young-onset persisted as inde-
pendent risk factors (ß = 2.97, 95% CI 0.4-5.54, and 
ß = 4.97, 95% CI 2.2-7.75, respectively; p = 0.02). Given 
that age and CAG size correlate, these variables were 
excluded from the multivariate analysis and no collin-
earity between predictors was found. Other predictors 
included in the analysis did not show a statistical sig-
nificance influence including years of education and 
socioeconomic status. Table 4 describes the step-wise 
regression models, adjusted by age and family history, 
using time-to-diagnosis as dependent variable, showing 

neuropsychiatric- and young-onset as independent risk 
factors. It should be pointed out that time-to-diagnosis 
was not normally distributed; the deviation from the ref-
erence line was due to outliers. The main goal of the 
regression analysis was to estimate its coefficients by 
minimizing the mean squared error and goodness-of-fit 
and residual analysis were carried out. Both probability 
plot and normal quantile plot (observed vs. predicted 
values, residuals vs. predicted values, and residuals 
versus individual independent variables) were consid-
ered within acceptable range so nonlinear transforma-
tion was not required.

Discussion

HD symptoms result in a progressive condition that 
impacts activities of daily living, which translates into a 
poor QoL10. Due to the absence of an effective dis-
ease-modifying therapy, the current management of HD 
is centered on treating symptoms. However, since the 
introduction of genetic testing, persons with pre-symp-
tomatic HD could be treated earlier, providing the op-
portunity for the future potential disease modification. 
On this matter, new clinical trials with early-onset can-
didates aim to halt or slow the progression, supporting 
the importance of an earlier diagnosis11.

Table 1. General clinical characteristics of HD patients. 
(n = 107)

Characteristics

Female, n (%) 54 (50.5)

Age, mean (SD) 49 (± 12.8)

CAG, median (interval) 45 (38‑73)

Familiar cases, n (%) 84 (78.5)

Novo cases, n (%) 23 (21.5)

Age at onset, mean (SD) 39 (± 12.9)

Age at molecular diagnosis, mean (SD) 45.1 (± 12.1)

Time to diagnosis, mean (SD) 6.4 (± 6.4)

Onset by symptoms groups, n (%)
Motor
Neuropsychiatric
Mixed

38 (35.5)
33 (30.8)
36 (33.6)

Age at onset groups, n (%)
Young
Typical
Late

27 (25.2)
76 (71)
4 (3.7)

HD: Huntington’s disease, SD: standard deviation.
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The present study reports demographic and clinical 
data from Mexican individuals with molecular diagnosis 
of HD. Few studies of HD in the Mexican population 
have been conducted. For instance, Alonso et al. report-
ed an age-at-onset of 37.4 ± 12.9 years from a series of 
691 subjects12. In our study, a similar age-at-onset was 
found (39 ± 12.9 years). Unlike other series from a mul-
ticenter study13, and Spanish7 and Argentinian14 studies, 

our study population had an earlier onset of disease (41 
± 13, 43.7 ± 15, and 45 ± 16 years, respectively). How-
ever, the earliest age of onset has been reported in the 
Venezuelan series from Maracaibo Lake, with an age 
of onset of 35.5 years15.

Regarding CAG repeats, our series found a median 
of 45 (38-73), similar to the previously reported Mexican 
series (47.2 ± 5.39) and series from Canada, Spain, 

Table 2. Comparison between HD groups according to the primary symptom at onset

Characteristics Motor
(n = 38)

Neuropsychiatric
(n = 33)

Mixed
(n = 36)

p‑value

Female, n (%) 22 (51.6) 25 (52.7) 17 (47.3) 0.9***

Age, mean (SD) 54 (± 8.8) 48.6 (± 12.6) 43.7 (± 14.9) < 0.01** 

CAG, median (interval) 44.2 (39‑62) 47 (38‑61) 48 (40‑73) 0.05*

Familiar cases, n (%) 26 (68.4) 30 (90.1) 28 (77.8) 0.07***

Age at onset, mean (SD) 44.7 (± 11.1) 34.7 (± 12.5) 37.3 (± 13.3) < 0.01**

Socioeconomic level, mean (SD) 1.9 (± 0.3) 1.9 (± 0.5) 2.1 (± 0.4) 0.34

Years of education, mean (SD) 4.5 (± 6.6) 7.7 (± 6.8) 8.9 (± 6.5) 0.57

Age at molecular diagnosis, mean (SD) 49.7 (± 11) 42.8 (± 10.7) 42.4 (± 13.4) 0.01**

Time‑to‑diagnosis, median (IQR) 4 (3.25) 6 (5) 5 (3.75) 0.03*

Age‑at‑onset groups, n (%)
Young
Typical
Late

5 (13.2)
30 (78.9)

3 (7.9)

14 (42.4)
19 (57.6)

0 (0)

8 (22.2)
27 (75)
1 (2.8)

***
0.02
0.11
NA

HD: Huntington’s disease, IQR: interquartile range, SD: standard deviation.
*Kruskal–Wallis test.
**ANOVA test.
***Chi‑square test.

Table 3. Comparison between HD groups according to the presence of family history

Characteristics Positive family history
(n = 84)

Negative/Unknown family history
(n = 23)

p‑value

Female, n (%) 78 (92.8) 17 (73.9) 0.23

Age, mean (SD) 47 (± 11.7) 55.6 (± 14) < 0.01

CAG, mean (SD) 46.5 (± 6.4) 47.8(± 5.4) 0.63

Age at onset, mean (SD) 41.7 (± 19.5) 49 (± 13.4) 0.06

Socioeconomic level, mean (SD) 1.9 (± 0.3) 1.9 (± 0.5) 0.34

Years of education, mean (SD) 9.8 (± 5.2) 8.4 (± 3.8) 0.1

Time‑to‑diagnosis, mean (SD) 5.1 (± 2.8) 6.7 (± 4.5) 0.07

Age‑at‑onset groups, n (%)
Young
Typical
Late

23 (27.4)
60 (71.5)

1 (0.1)

4 (17.4)
16 (69.6)

3 (13)

0.32
0.86
0.01

HD: Huntington’s disease; SD: standard deviation.
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and Argentina, 43.9 (39-64), 46.3 (38-70), and 45.1 (36-
80), respectively6,7,12,14. Similarities between haplotype 
(hap) variants, where European ancestry populations 
more frequently presented the hap 1-3 variants16, 
similar to Latin American populations17, could explain 
this phenomenon. Therefore, the earlier presentation of 
disease in our population suggests the existence of 
modifier genes that may contribute to the CAG instabil-
ity, in the addition of the CAG size5,18-20.

The Canadian and Portuguese series report positive 
family history in 70.2% and 80.1%, respectively6,21. 
These data are similar to our series, in which family 
history was positive in 78.5% of the cases. Hence, this 
indicates no relationship between family history and 
time-to-diagnosis.

Ramos-Arroyo et al. previously justified the later diag-
nosis in their series to the difficulties in verifying the 
family history due to the absence of national registries 
of patients with HD7, which could be one of the leading 
causes of delay22. The same situation could apply to our 
population. The importance of having this registry is 
mediated by how difficult anamnesis could be in some 
patients or caregivers, and fully trust their reported family 
history. Strategies for awareness of HD are necessary. 
Many patients in our population have a low educational 
level, while most of the time showing disinterested be-
havior, which could be due to apathy. These are factors 
that could be avoided by having a national database.

The mean time-to-diagnosis was 6.4 years. This time 
is not well-described in the literature. However, some 
series report it indirectly by describing the age of onset 
and the age of molecular diagnosis. In the present 

study, the time-to-diagnosis was longer than previously 
reported (2 years vs. 5.9 years)1,6. Notwithstanding, a 
longer time-to-diagnosis than ours was outlined by Ra-
mos-Arroyo et al. (8.8 y) in the Spanish population7. 
Many factors could influence a longer time-to-diagno-
sis, as a public institution and a low-income population 
make it difficult to enter medical care, resulting in no 
access to molecular diagnosis23 and a limitation that 
could translate into an increased time-to-diagnosis.

Another pertinent issue could be the absence of a 
trustworthy record of familiar history. Regarding the age 
of onset, the young-onset group had a longer time-to-di-
agnosis and was characterized as having a neuropsy-
chiatric presentation. The lack of recognition of HD 
symptoms, often attributed to a different disease by 
patients and family members24, results in a delayed 
time to seek medical attention.

A burden of neuropsychiatric symptoms is evident in 
HD. These prevalent symptoms can majorly impact the 
patient at the onset. As described, persons with HD 
have a considerable disturbance in identifying their 
symptoms, being the caregiver who notices the motor 
or neuropsychiatric disorders before the patient can be 
aware of it25. The general unawareness of the HD full 
spectrum, in terms of the neuropsychiatric symptoms 
and the possibility of a young-onset, could be respon-
sible for the longer delay in the time-to-diagnosis. These 
factors could additionally be challenging for the first-con-
tact physician, even for a neurologist or neuropsychia-
trist to diagnose HD. Neuropsychiatric symptoms could 
present years before the onset of classic motor symp-
toms, apart from a young-onset of the disease. Thus, 
leading to an increased time-to-diagnosis.

This delay in the diagnosis could deprive patients of 
being included in clinical trials that focus their interven-
tions on slowing the progression of the disease. Know-
ing the time-to-diagnosis and the factors that could 
delay it leads to developing possible strategies that 
could be applied to reduce this time. Moreover, this can 
lead to an earlier diagnosis and prompt treatment on 
behalf of improving patients’ and caregivers’ QoL.

Some limitations can be listed. Time-to-diagnose has 
been described by the literature, although it is not stan-
dardized. The fact that this time is rarely directly mea-
sured makes the comparison between series difficult. 
A memory bias in our patients was found based prac-
tically on subjects’ testimony or on physician medical 
notes on the electronic or physical records. Emphasiz-
ing patients’ insight could be needed by developing 
questionnaires to understand why many patients do not 
want to undergo the molecular test once the clinical 

Table 4. Step‑wise regression models, adjusted by age 
and family history, using time‑to‑diagnosis as dependent 
variable, showing neuropsychiatric and young‑onset as 
independent risk factors

Model ß Exp 
(ß)

95% CI p‑ 
value

1. Gender
Family history

−1.04
1.62

−0.81
0.10

−3.53
−1.41

1.45
4.66

0.41
0.29

2. Gender
Family history
Neuropsychiatric‑ 
onset

−1.17
0.69
4.02

−0.09
0.04
0.29

−3.58
−2.29
1.38

1.23
3.68
6.67

0.34
0.65

< 0.01

3. Gender
Family history
Neuropsychiatric‑ 
onset
Young‑onset

−0.76
−0.33
2.97

4.97

1.15
−0.02
0.21

0.33

0.50
−3.22
0.40

2.19

−3.05
2.55
5.54

7.75

1.52
0.82
0.02

< 0.01
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diagnosis has been established. This situation might be 
due to fear of its heritability and their descendants’ likely 
involvement. Finally, several factors such as access to 
health services, years of education, and socioeconomic 
status may play a role in the time-to-diagnosis; unfortu-
nately our study is subject to referral bias as most of 
the subjects shared similar features as shown by the 
lack of differences in terms of schooling and socioeco-
nomic status. Further studies with a more diverse social 
background are needed to better address these 
factors.

The delay in the diagnosis of HD impacts the pa-
tient’s QoL and their entire support group. The impor-
tance of an early diagnosis has been reported, affect-
ing the impairment in professional and social life. 
Likewise, early treatment could improve the progno-
sis25-27. Hence these findings stand out the importance 
of knowing well the characteristics of our population 
with HD and promoting a national registry. 

Conclusion

The mean time-to-diagnosis of HD was 6.4  years. 
A  delayed diagnosis was related to a neuropsychiat-
ric- and an early-onset of the disease. An improvement 
in the identification of the full spectrum of HD could 
reduce this time, translating into earlier treatment and 
a potential improvement in the QoL of the patients. 
Implementing a national bank or database could be a 
strategy for recognizing relatives at risk.
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México City, Mexico

Revista Mexicana de Neurociencia

ORIGINAL ARTICLE

Abstract

Progressive multifocal leukoencephalopathy (PML) is an infectious and opportunistic disease caused by the John Cunnin-
gham virus (JCV), in a immunusupresion state, JCV can be reactivated. In patients with recurrent remitting multiple sclerosis 
(RRMS), the immunosuppressants or immunoregulators are administered as disease-modifying treatment, one of them is 
natalizumab, unfortunately, it has been associated with the development of PML. The quantification of JCVAb is of particular 
interest since it has been directly proportionally associated with the development of PML. This study objective was to deter-
mine the prevalence of JCVAb seropositivity in a sample of patients with MS in Mexico and their behavior of seroconversion. 
Methods: The antibody index was determined using the STRATIFY JCV TM test, enzyme-linked immunosorbent assay (ELI-
SA) in a reference laboratory, Quest Diagnostics Infectious Disease, Inc., California. Results: A total of 93 patients with RRMS 
who had at least one JCVAb determination were included from November 2015 to November 2020 Discussion: Factors such 
as age and gender do not contribute to seroconversion, we understand the importance of extending the measurement of 
other elements that could influence in the behavior of the VJC status, this study identified a prevalence of JCVAb seroposi-
tivity of 67.7%, the positive seroconversion rate was lower than reported.

Keywords: Multiple Sclerosis. Index JC virus. Natalizumab. Mexico. Seroprevalence.

Seroprevalencia y seroconversión de anticuerpos contra el virus JC en una cohorte de 
pacientes mexicanos con esclerosis múltiple

Resumen

La leucoencefalopatía multifocal progresiva (LMP) es una enfermedad infecciosa y oportunista causada por el virus John 
Cunningham (JCV), en estado de inmunosupresión, el JCV puede reactivarse. En pacientes con esclerosis múltiple remitente 
recurrente (EMRR), los inmunosupresores o inmunorreguladores se administran como tratamiento modificador de la enferme-
dad, uno de ellos es el natalizumab, lamentablemente se ha asociado con el desarrollo de LMP. La cuantificación de JCVAb 
es de especial interés ya que se ha asociado directamente con el desarrollo de LMP. El objetivo de este estudio fue deter-
minar la prevalencia de seropositividad para JCVAb en una muestra de pacientes con EM en México y su comportamiento 
de seroconversión. Métodos: El índice de anticuerpos se determinó utilizando la prueba STRATIFY JCV TM, ensayo inmu-
noabsorbente ligado a enzimas (ELISA) en un laboratorio de referencia, Quest Diagnostics Infectious Disease, Inc., California. 
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Introduction

Progressive multifocal leukoencephalopathy (PML) is 
an infectious and opportunistic disease caused by the 
John Cunningham virus (JCV), which attacks oligoden-
drocytes and astrocytes, causing demyelination of the 
central nervous system (CNS) and significant disability 
in the patient1.

The JCV, isolated for the 1st  time in 1971, is a poly-
omavirus that belongs to the Polyomaviridae family and 
is composed of Deoxyribonucleic acid2,3. Contact and 
primary infection occurs in childhood, it is typically 
asymptomatic, and the virus remains latent in the kid-
neys and lymphoid organs4. However, in an immuno-
suppression state, JCV can be reactivated5.

In patients with recurrent remitting multiple sclerosis 
(RRMS), an autoimmune, inflammatory, and demyelin-
ating disease of the CNS, the immunosuppressants 
or immunoregulators are administered as disease-modifying 
treatment. One of them is natalizumab, a monoclonal anti-
body that binds to the α4β1 integrin on the surface of 
autoreactive lymphocytes, preventing its binding with 
endothelial VCAM-1 and its passage through the blood-
brain barrier6. Due to its efficacy, this drug is widely used 
throughout the world. Unfortunately, it has been asso-
ciated with the development of PML. At present, three 
risk factors have been proposed for developing an infec-
tion in RRMS patients treated with natalizumab: (1) level 
of anti-JC virus antibodies (JCVAb); (2) more than 
2 years of treatment; and (3) previous history of immu-
nosuppressive therapies7-9.

The quantification of JCVAb is of particular interest 
since it has been directly proportionally associated with 
the development of PML10. Reports of seropositivity 
prevalence for JCVAb in different countries were 
between 30% and 90%11,12. In Spain, a multicenter study 
was carried out with a large sample, finding a preva-
lence of seropositivity of 55.3% without identifying dif-
ferences with other regions studied at that time13. 
Another study in Poland reported a prevalence of 63.1%, 
one of the highest in Europe14. While in Korea, the prev-
alence was up to 80%15, and in Kuwait, it was low, falling 
at the lower limit of the ranges established worldwide16. 

About Latin America (LATAM), a systematic search 
identified a JCVAb seroprevalence study conducted in 
Brazil in 2013, being the only study from LATAM17. No 
publication was identified in Mexico.

This study objective was to determine the prevalence 
of JCVAb seropositivity in a sample of patients with MS 
in Mexico and their behavior of seroconversion.

Methods

The Instituto Mexicano del Seguro social Ethics Com-
mittee approved the study (R-2017-3601-14); all data were 
obtained from the clinical record and handled according 
to the privacy laws of personal data. An observational and 
retrospective study conducted at the Hospital Centro 
Médico Nacional Siglo XXI in Mexico City, a highly spe-
cialized center, where were included patients with RRMS 
(McDonald criteria 2017)18, older than 18 years, who had 
at least one serum JCVAb determination, from the period 
of November 2015 to November 2020.

Serum samples were taken before the start of treat-
ment with natalizumab and continued to be performed 
periodically, on average, every 6–12 months in patients 
who merited and accepted it. The antibody index was 
determined using the STRATIFY JCV ™ test, enzyme-
linked immunosorbent assay (ELISA) in a reference 
laboratory, Quest Diagnostics Infectious Disease, Inc., 
California19. The test consists of a two-step ELISA and 
a complimentary confirmatory test.

The JCVAb result was expressed as an antibody 
index (≤ 0.2 was considered negative, ≥ 0.4 positive 
and between 0.21 and 0.39 indeterminate). The sam-
ples with indeterminate levels were subjected to a con-
firmatory test by the Quest Diagnostics Infectious 
Disease laboratory. Based on the publications of risk 
staging, the JCV index measurement was considered 
according to their level of risk of developing PML as 
next: ≤ 0.9 low, 0.91 to 1.49 moderate, and ≥ 1.5 high20.

Statistical analysis

We used the SPSS version 25 program for Mac. Sero-
prevalence was reported as percentage. Qualitative 

Resultados: Se incluyeron un total de 93 pacientes con EMRR que tenían al menos una determinación de JCVAb desde 
noviembre de 2015 hasta noviembre de 2020. Discusión: Factores como la edad y el sexo no contribuyen a la seroconversión, 
entendemos la importancia de ampliar la medición de otros elementos que pudieran influir en el comportamiento del estado 
VJC, este estudio identificó una prevalencia de seropositividad JCVAb del 67.7%, la positividad la tasa de seroconversión fue 
más baja que la informada.

Palabras clave: Esclerosis múltiple. Índice virus JC. Natalizumab. México. Seroprevalencia.
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variables were reported as frequencies and percent-
ages; quantitative variables were expressed as mean 
and standard deviation. For the bivariate analysis, the 
Shapiro–Wilk test was used to evaluate the normal dis-
tribution, being an abnormal distribution. Therefore, the 
data were analyzed using non-parametric tests; Chi-
square was used for qualitative variables. Linear regres-
sion analysis was also performed to evaluate the 
influence of JCVAb index and variables; p ≤ 0.05 was 
defined as statistical significance.

Results

A total of 93  patients with RRMS who had at least 
one JCVAb determination were included from Novem-
ber 2015 to November 2020. It was also analyzed 
whether there was a relationship between the high 
index and the patient’s age without finding a statistically 
significant relationship.

We studied seroconversion in a subgroup of 40 patients 
who had at least two measurements of anti-JCVAb anti-
bodies. The average index of the second determination 
was 1.45 ± 1.33 (min 0.05 - max 4.19). About 87.5% (n 
= 35) remained stable in their serological status, with an 
average follow-up duration of 25.3 ± 13.87  months. In 
this subgroup, 15  patients were in a seronegative or 
indeterminate state, of which 12 (80%) remained without 
changes in their status, and 20% (3) seroconverted to 
positive in a mean time 15.2 ± 9.6  months. Of the 

seropositive patients in the initial determination, only 
2  (5%) changed to an indeterminate state, and none 
reached a negative conversion. The third determination 
was carried out in 29 patients, with an average index of 
1.26 ± 1.20 (min 0.06-max 3.59) figure 1. Only one 
patient presented seroconversion from positive to inde-
terminate. We did not identify statistically significant fac-
tors that influenced the conversion to positives such as 
age or gender compared to the group that remained 
negative.

Discussion

In our study, we identified a prevalence of JCVAb 
seropositivity (≥ 0.4) of 67.7%, which is positioned as 
one of the highest reported in various studies that range 
from 40.6 to 69% according to the country21. However, 
other studies place this general prevalence between 
30% and 90%22. At present, several regional or multi-
center studies have measured the prevalence of positive 
JCVAb. However, their comparison may generate bias 
because some have methodological differences in the 
cutoff points to define positivity and the number of 
patients. Even so, we consider it worthwhile to determine 
the differences between these studies and our results. 
We identified countries with JCVAb prevalence in the 
lower range, such as Australia 48.6%, UK 48.8%12,21, 
Kuwait 44.2%21,23, and Norway 47.4%11,21. While the 
countries that share similar JCVAb prevalence to Mexico 
were: Austria 66.7%11,12, Portugal 69.5%, Belgium 
66.7%12, Turkey 67.7%11, and Korea up to 80%, although 
the vast majority countries are between 55 and 70%15,21.

We do not know the reasons for this variability of 
results between countries, although it has been pro-
posed to attribute it to different ethnic groups. However, 
the JEMS multicenter study did not identify a statisti-
cally significant difference between the races studied 
and positive seroprevalence12.

Regarding gender and age, some studies have asso-
ciated a higher frequency of positivity and a higher 
JCVAb index in male and older people13,24. However, 
we did not observe a significant difference in our pop-
ulation concerning gender and age regarding seropos-
itivity, behaving in this respect similar to the Korean 
population15.

We analyzed patients according to PML risk stratifi-
cation, finding a higher frequency in the index range 
between 1.5 and 3. Fortunately, there were no cases 
of PML in the population studied over 5 years.

Regarding the behavior of the serological status in 
the longitudinally studied subgroup, 87.5% remained 

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

0.4 a 0.9 0.9 a 1.49 1.5 a 3 > 3.1

First determination (n = 93)

Second determination* (n = 40)

Third determination** (n = 29)

Figure 1. Classification of patients according to the 
degree of JCV antibody index. 
*Second determination: it was carried out on average 11 
(± 7.1) months after the first determination. 
**Third determination was carried out on average 19.3 
(± 6.6) months after the first determination.
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unchanged, similar to the 84.5% reported in the study 
by Alroughani et al.16. While only 3 (3.2%) seronegative 
patients changed their status to seropositive, different 
from the results obtained in Spain with a seroconver-
sion of 7% and in Kuwait of 11.8%13. Thus, our rate of 
being positive conversion was lower than reported.

In our study, factors such as age and gender do not 
contribute to seroconversion. It is possible that the 
switch to seropositivity depends on the immunological 
status of the patient. This is influenced by different ele-
ments such as treatment (for example, natalizumab or 
fingolimod), comorbidities, and nutrition. By proposing 
this theory, we understand the importance of extending 
the measurement of other elements that could influ-
ence in the behavior of the VJC status.

Our study has some limitations due to the sample 
size compared to other studies, especially multicenter 
studies, because we carried it out in a single center. 
However, as we do not have much information on the 
subject in the LATAM population, our study provides 
one of the few prevalence references in LATAM.

In summary, this study identified a prevalence of 
JCVAb seropositivity of 67.7%, located in the upper 
range globally, without finding a relationship between 
the antibody index and age. The positive seroconver-
sion rate was lower than reported. A multicenter study 
is required to extrapolate our results.
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Abstract

Transthyretin-related hereditary amyloidosis (ATTR) is a systemic disease result of an autosomal dominant mutation in the 
transthyretin (TTR) gene. This mutation will cause the deposition of misfolded TTR protein in several organs, leading to its 
dysfunction. The disease has been described worldwide, although it is still considered rare. It has a region-dependent gen-
otype-phenotype correlation. Cardiomyopathy and a symmetric length-dependent sensory-motor and autonomic polyneurop-
athy are the hallmark manifestations. However, in non-endemic areas, the diagnosis will challenge the neurologist because 
some systemic manifestations are usually attributed to more common disorders. Therefore, in the approach of a patient with 
polyneuropathy, the presence of family history, early autonomic dysfunction (cardiovascular, genitourinary, or gastrointestinal 
features), cardiac involvement, and inexplicable weight loss should be considered red flags that point toward ATTR. After 
diagnosis, the goal will always be to have a multidisciplinary approach, including a complete neurologic, autonomic, and 
cardiologic assessment, to establish a short- and long-term strategy for treatment, including symptomatic and disease-mod-
ifying medications that are now available. In that way, the increased awareness among specialists will positively impact the 
patient quality of life and survival by accomplishing an earlier diagnosis and treatment.

Keywords: Transthyretin. ATTRv amyloidosis. Neuropathy. Neurologist.

Lo que un neurólogo debe de saber sobre la amiloidosis hereditaria por TTR

Resumen

La amiloidosis hereditaria por transtirretina (ATTR) es una enfermedad sistémica que resulta de una mutación autosómica 
dominante en el gen de la transtirretina (TTR). Esta mutación ocasiona que la proteína TTR mal plegada afecte a los distin-
tos órganos llevándolos a su disfunción. Actualmente, la enfermedad ha sido descrita a nivel mundial, aunque sigue siendo 
considerada una enfermedad rara. Los pacientes con diagnóstico de ATTR pueden desarrollar diferentes grados de cardio-
miopatía y polineuropatía sensitivo-motora y autonómica. Existe una estrecha correlación genotipo-fenotipo que se verá in-
fluenciada por la región geográfica. En zonas no endémicas, el diagnóstico representa un reto para el neurólogo, debido a 
que las manifestaciones sistémicas pueden ser confundidas con enfermedades más comunes. Por lo que dentro del abor-
daje de un paciente con polineuropatía la presencia de historia familiar, disfunción autonómica temprana (cardiovascular, 
genitourinaria o gastrointestinal), síntomas cardiacos y una inexplicable pérdida de peso deberán ser considerados como 
banderas rojas que hagan sospechar de ATTRv. Posterior al diagnóstico la meta será realizar un abordaje multidisciplinario 
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Introduction

Amyloid transthyretin (ATTR) amyloidosis is a genetic 
disease resulting from misfolded TTR protein deposition 
in multiple organs. Its prevalence has been described 
worldwide1. Cardiomyopathy and sensory-motor and 
autonomic neuropathy are the hallmark manifestations, 
leading to progressive morbidity and a fatal outcome if 
they remain unrecognized and untreated. Besides, 
there is high variability among symptoms even in indi-
viduals of the same family, which could make the diagno-
sis challenging2,3. Therefore, a complete neurological 
and autonomic assessment will be essential for these 
patients’ early diagnosis.

Introduction to amyloid and  
amyloidosis

Amyloid is a sub-microscopic fibrillary structure com-
posed of low-molecular-weight subunits of various se-
rum proteins with a mean diameter of 10  nm. It is 
characterized by an antiparallel B-pleated sheet struc-
ture, binding to Congo red, leading to apple green bi-
refringence under polarized light. Amyloidosis is a ge-
neric term that refers to the disease caused by the 
deposition of this material on the extracellular surface 
of organs and tissues. It may be hereditary, secondary 
to a spectrum of inflammatory conditions, or a member 
of plasma cell neoplasm4,5.

At present, 18 proteins appearing as systemic amy-
loidosis and 22 as localized forms have been identi-
fied. In terms of nomenclature, the amyloid fibril protein 
is designed as protein A and followed by a suffix, an 
abbreviated form of the parent or precursor protein 
name. Relevant systemic amyloid types are shown in 
figure  1. The most common forms are those 
amyloid fibrils derived from immunoglobulin light chains 
(AL), amyloid transthyretin (ATTR), and serum amyloid 
(AA)5,6.

Hereditary amyloidosis

TTR is a tetrameric protein composed of 127 amino 
acids synthesized in the liver. It is a transporter of thyroxin 

(T4) and retinol (Vitamin A)-binding protein. The produc-
tion also occurs in the brain’s choroid plexus and the 
eye’s retinal pigment epithelium2. TTR gene alterations 
cause dissociation of the tetramer into monomers, form-
ing amyloid deposits in several organs, producing organ 
dysfunction, and resulting in ATTR amyloidosis. There 
are two major forms of ATTR amyloidosis: hereditary 
ATTR amyloidosis named ATTRv (v for variant), wild-
type  ATTR amyloidosis (ATTRwt), and acquired ATTR 
amyloidosis in domino liver transplantation3.

Although there are other forms of hereditary amyloi-
dosis, ATTR amyloidosis is the most common. Less 
common hereditary forms include apolipoprotein I am-
yloidosis (AApoAI), cystatin C amyloidosis, and fibrino-
gen alpha amyloidosis, among others. There are nearly 
136 genetic variants for ATTR amyloidosis and 60 for 
the other types6 (Fig. 1).

Genetics and demographics of ATTRv 
amyloidosis

ATTRv amyloidosis was first described in a fisher-
man’s town in Portugal in 1952. In the following two 
decades, cases were reported in other parts of the 
world, particularly in Japan and Sweden. Today is been 
diagnosed worldwide1.

The TTR gene is located in chromosome region 
18q12.1. Point mutations in this gene cause ATTRv 
amyloidosis which has autosomal dominant inheri-
tance with variable phenotypic expressions and pen-
etrance1,2,7; some evidence states that affected wom-
en transmit higher disease penetrance. Genetic 
anticipation has been observed in endemic regions. 
More than 130 variants were described, and their 
prevalence depends on geographic region1. Val30Met 
is the most prevalent ATTRv amyloidosis mutation in 
the world, with the largest cluster of individuals locat-
ed in North Portugal1,7. In Mexico, the most prevalent 
mutations are Ser50Arg, Gly47Ala, and Ser52Pro, 
which were found mainly in Guerrero, Morelos, and 
Guanajuato7,8.

The prevalence in Europe is estimated at 1/100,000 
individuals1 but is highly variable as in endemic areas 

incluyendo una evaluación neurológica, autonómica y cardiológica completa, para establecer una estrategia a corto y a 
largo plazo para el tratamiento sintomático y el tratamiento modificador de la enfermedad que se encuentran disponibles. 
De esta manera, logrando diagnósticos e inicios de tratamiento más tempranos, se impactará positivamente en la calidad 
de vida y supervivencia de estos pacientes.

Palabras clave: Transtirretina. ATTRv amiloidosis. Neuropatía. Neurólogo. 
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such as North Portugal is up to 151/100,000 individu-
als9 and in Mexico is 0.89/100,000 individuals7.

The age at onset of disease-related symptoms varies 
between the second and ninth decades of life, with 
significant disparity across different populations. Por-
tugal and Japanese foci of patients have traditionally 
been described as early-onset (mean age, 33 years), 
meanwhile Swedish as late onset (56 years)1,9. Mexi-
can population reported a mean age at onset of 
35 years7. Patients with early onset may present high 
penetrance10. The male-to-female ratio is of 1:11,2,7,9. 
The mean duration of the disease is approximately 
10 years, ranging from 6 to 12 years. Nevertheless, the 
Mexican series reported between 1 and 4 years since 
disease diagnosis, as 10% of their patients were diag-
nosed in advanced stages7. The cause of death is 
frequently either sudden death or cardiac failure1,10.

Clinical spectrum

As mentioned before, ATTRv amyloidosis differs con-
siderably between patients, depending on the mutation, 
age at onset, and if it is an endemic zone2,3,10; it could 
vary even within the same family. In addition, epigene-
tic and environmental factors can play a role11.

Genotype and phenotype correlations

Genotype and population origin are essential 
determinants of symptoms. Some mutations will induce 
cardiomyopathy as the predominant feature (e.g., Val-
122Ile, Ile68Leu, Thr60Ala, and Leu11Met), while others 
are associated primarily with neuropathy (e.g., Val-
30Met), but both manifestations can be present in dif-
ferent proportions1,10,12 (Fig. 2).

Figure 1. Systemic amyloidosis types by target organ involvement and specific clinical features. ATTRv: transthyretin 
variants; AL: immunoglobulin light chain; AA: (Apo) serum amyloid A; Aβ: Aβ protein precursor; ACys: cystatin C; AGel: 
gelsolin; ATTRwt: transthyretin wild type; AApoAI: apolipoprotein AI; Afib: fibrinogen; ALys: lysozyme; Aβ2M: β‑2 
macroglobulin; AApoAII: apolipoprotein AII; AApoAIV: apolipoprotein A IV; ALECT2: leukocyte chemotactic factor‑2; 
CNS: central nervous system; CV: cardiovascular; PNS: peripheral nervous system; GI: gastrointestinal.
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The endemicity of a region will be another determi-
nant factor, as endemic areas show an earlier onset, 
higher penetrance, more severe manifestations, and a 
higher index of detection7,10,13.

However, the genotype-phenotype correlation is more 
complex as the clinical presentations can also be influ-
enced by other factors such as non-coding variations of 
the TTR gene and the expression in tissues13. The most 
striking example of inter-population diversity is the Val-
30Met mutation. In Val30Met Portuguese families, the 
disease shows early onset, substantial severity, and 
high penetrance, whereas Val30Met in Swedish patients 
has late onset and low penetrance10,13.

In Mexico, the mutations described Ser50Arg, Gly-
47Ala, Ser52Pro, and V122I/Y116H behave similarly 
to endemic populations as the onset of clinical man-
ifestations is very early (35 years), the picture is more 
aggressive in males than females, and the manifes-
tations appear earlier in younger generations7.

Neurological manifestations

PeriPheral neuroPathy

In both endemic and non-endemic areas, a symmetric 
axonal length-dependent sensory-motor and autonomic 
polyneuropathy is a hallmark manifestation but not al-
ways the debut10.

Amyloidosis typically affects first distal small myelin-
ated and unmyelinated nerve fibers altering pain and 
temperature sensation, which may manifest as pares-
thesia, dysesthesia, allodynia, or hyperalgesia in the 
feet. In addition, the clinical examination may detect 
impaired thermal sensitivity in the feet with decreased 
pinprick sensation1,11.

Axonal degeneration then progresses relentlessly in 
a distal to proximal pattern reaching upper limbs, usu-
ally 4-5 years after. Within a few years, larger myelin-
ated sensory and motor nerves become affected, and 
impairment of light touch, vibrations, and position sen-
sation and motor deficit appears in the distal lower 
limbs. Thus, they start with gait disturbances charac-
terized by sensory ataxia and weakness that prog-
ress until they become wheelchair dependent or bed-
ridden. Motor deficits also follow length-dependent 
progression1,10,11,14.

Wang et al. described five patterns of polyneuropathy in 
patients with amyloidosis. The most frequent in his series 
was polyneuropathy with pain and generalized autonomic 
failure (GAF), followed by polyneuropathy and GAF without 
pain, and somatic small-fiber neuropathy and GAF. The 
GAF-only pattern was less common than those above15.

The peripheral autonomic nervous system is suscep-
tible to amyloid infiltration and injury, whereas the cen-
tral nervous system remains almost unaffected; the 
reason has not been elucidated16.

Figure 2. Genotype‑phenotype correlation in ATTRv amyloidosis. ATTRv, and transthyretin variants.
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Autonomic neuropathy

One significant finding that is present more often in 
ATTRv amyloidosis than in other types of amyloidosis 
is autonomic neuropathy, which has been only reported 
in 10-14% of patients with AL amyloidosis and is con-
sidered exceedingly rare in the AA form. Therefore, 
autonomic symptoms are vital components of ATTRv 
amyloidosis, contributing enormously to the burden of 
the disease in 73% of patients10,17.

As mentioned before, unmyelinated and small myelin-
ated nerves are affected before large fibers. Thus, auto-
nomic dysfunction appears very early, even before somat-
ic sensory symptoms manifest. In addition, more extensive 
amyloid deposits have been found in the spinal ganglion 
and the posterior root of the spine than in the anterior root. 
There is also peripheral catecholamine depletion16,17.

Autonomic dysfunction affects the cardiovascular, 
gastrointestinal, urinary, ocular, and sudomotor sys-
tems, among others15-18.

CardiovasCular disturbanCes

The most dangerous autonomic manifestation is car-
diovascular autonomic neuropathy due to amyloid infil-
tration of nerves controlling peripheral blood flow and 
blood pressure. The primary manifestation is neurogen-
ic orthostatic hypotension, in which we can see a fall in 
blood pressure >20/10 mmHg while standing with a lack 
of pulse response. Moreover, amyloid deposits in the 
heart’s conductive system provoke cardiac arrhythmias, 
which in association with diminished sympathetic re-
sponses and parasympathetic denervation supersensi-
tive, can lead to sudden death16-18.

Another objective marker of autonomic dysfunction in 
these patients is the low heart rate variability (HRV) 
which depicts parasympathetic failure and can be af-
fected very early in the disease16,18.

Gastrointestinal symPtoms

Gastrointestinal manifestations are common in ATTRv 
amyloidosis, and patients invariably develop severe dis-
turbances during the disease10,16,17. These manifesta-
tions result from a loss in the inhibitory and increase in 
the excitatory enteric neurons, which may result mainly 
in gastroparesis and dysmotility17.

The initial symptoms, severity, and evolution depend 
on the genetic variant, but classically, patients have 
pronounced constipation with bouts of diarrhea. In the 
end stages of the disease, the patients suffer from 

continuous diarrhea and fecal incontinence, often ac-
companied by postprandial vomiting; they become un-
able to retain a sufficient food intake.

After the onset of gastrointestinal dysfunction, con-
tinuous weight loss is observed, leading patients to 
severe malnutrition, which correlates with survival16.

Genitourinary funCtion

Early damage of the sacral parasympathetic fibers 
contributes to genitourinary dysfunction, starting from 
increased urine retention to nycturia, incomplete blad-
der emptying, and urgency up to overflow incontinence 
due to the progressive involvement of motor sympathet-
ic and somatic nerves. Urinary tract infections contribute 
to the morbidity17,18. Erectile dysfunction is another early 
manifestation in males16-18. Kidney involvement is rare 
unless is consequence of chronic urine stasis or cardio-
renal syndrome10,16.

PuPillomotor and sudomotor funCtions

Amyloid deposits also can be found in perivascular 
areas, in and around the nerves, and stoma of the extra 
bulbar tissue, ciliary body, choroid, retina, and the vit-
reous body. Vitreous opacity is a typical manifestation 
of the disease in certain families16. Pupillary abnormal-
ities are induced by autonomic dysfunction due to 
deposits and the destruction of the nerves. The sympa-
thetic predominance in pupil control decreases its diam-
eter at rest. Scalloped pupils, defined as bilateral, irreg-
ular pupillary margins and fringed edges, are a unique 
sign17. Dry eye is another early autonomic symptom1.

Patients have inappropriately cold hands and feet with 
discoloration, suggesting that the vasoregulation of the 
peripheral vessels is impaired. These vasomotor chang-
es, in addition to pain insensitivity, result in chronic ul-
ceration and mutilation of the acral extremities17.

Carpal tunnel syndrome

Carpal tunnel syndrome can be present in up to two-
thirds of patients with ATTRv amyloidosis neuropathy and 
can precede the diagnosis by several years. This finding 
is caused by compression of the median nerve due to 
amyloid deposition in the flexor retinaculum19. It should be 
noted that many patients are erroneously diagnosed with 
simple carpal tunnel syndrome, progressive symptoms, or 
lack of improvement after carpal tunnel release surgery 
and the coexistence with other systemic symptoms should 
raise the suspicion of ATTRv amyloidosis1,19.
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Cns manifestations

The acknowledgment of the leptomeningeal form of 
ATTRv amyloidosis is recent. In this case, it is believed 
that the source of variant TTR is not the liver but the 
choroid plexus1. Moreover, several studies show CNS 
symptoms arise as a typical late complication in pa-
tients with the V30M mutation after at least 14 years of 
symptomatic peripheral nerve disease. Manifestations 
in these cases involve transient focal neurologic epi-
sodes, hemorrhagic and ischemic stroke, cognitive de-
cline, and cranial nerve dysfunction1,20.

Cardiac manifestations

In both hereditary and non-hereditary TTR amyloido-
sis, as in AL amyloidosis, amyloid can infiltrate any or all 
of the cardiovascular structures, including the conduction 
system, the atrial and ventricular myocardium, valvular 
tissue, and the coronary and large arteries. Myocardial 
infiltration progressively increases the thickness of the 
left and right ventricular walls and interventricular sep-
tum. Cardiac amyloidosis is generally considered cardio-
myopathy with a hypertrophic phenotype and restrictive 
pathophysiology. The left ventricular ejection fraction is 
normal or only mildly reduced. The involvement of cardi-
ac valves leads to the formation of nodules or diffuse 
thickening of the leaflets, accompanied by variable de-
grees of valvular regurgitation. Regarding the conduction 
system, bundle branch block, atrioventricular, and si-
noatrial blocks are the most frequent findings1,12,21.

Patients with ATTR cardiomyopathy (ATTR-CM) com-
monly present with dyspnea, fatigue, and edema but 
with preserved ejection fraction. On the echocardio-
gram, moderate-to-severe left ventricular thickening 
(wall thickening > 14  mm) should trigger consideration 
of ATTR-CM, especially if there is discordance between 
wall thickness and QRS voltage on ECG. Elevated tro-
ponins or N-terminal pro-brain natriuretic peptide 
(NT-proBNP) levels that are out of proportion to the clin-
ical context and evidence of the right-sided heart failure 
with intolerance to ACE inhibitors or beta-blockers are 
some other pitfalls that should raise suspicion12,21.

Skin manifestations

In ATTRv amyloidosis, cutaneous involvement is not as 
frequent as in AL. The most common findings are xerosis, 
seborrheic dermatitis, acne, neurotrophic ulcers, and peri-
orbital purpura. These symptoms are usually present only 
in later stages22.

Red flags and differential diagnosis

Patients with ATTRv amyloidosis present with 
non-specific symptoms that are frequently attributed to 
more common disorders, predominantly in the initial 
stages; this creates a challenge for a correct and early 
diagnosis1,10.

Characteristic features that can be useful in identify-
ing this disease are heritability and general multi-symptom 
involvement. Therefore, it is vital to obtain a complete 
clinical history with details of symptoms of systemic 
disease and the family history. The presence of a pro-
gressive and symmetrical length-dependent senso-
ry-motor polyneuropathy and at least one of the follow-
ing may raise suspicion: family history of neuropathy, 
early autonomic dysfunction regarding cardiovascular, 
genitourinary, or gastrointestinal features, cardiac in-
volvement, inexplicable weight loss, refractory carpal 
tunnel, or vitreous opacity10,11.

The most frequent combination of early symptoms are 
predominantly small-fiber peripheral polyneuropathy with 
autonomic features, such as erectile dysfunction, gastro-
intestinal dysfunction with weight loss, and peripheral 
polyneuropathy with cardiac manifestations11. Length-de-
pendent pattern of symmetric sensory-motor and auto-
nomic polyneuropathy in ATTRv amyloidosis is not unique. 
The most common neuropathic misdiagnosis for the spo-
radic form is chronic inflammatory demyelinating polyneu-
ropathy (CIDP). It has been reported in different series 
that up to 20% of patients were initially misdiagnosed with 
CIDP. Although CIDP is generally characterized by demy-
elinating nerve damage, once an extensive axonal injury 
is present, electrophysiological characteristics of ATTRv 
amyloidosis can resemble those of CIDP due to second-
ary demyelination. On the other hand, protein levels in 
cerebrospinal fluid can also be elevated in both diseases, 
but more markedly in CIDP patients. Although the poor 
response to immunomodulatory treatment in patients is 
first classified as CIDP, it is another feature that should 
make the clinician consider other possibilities10,11.

Another common differential diagnosis of the sym-
metrical axonal sensory-motor and autonomic polyneu-
ropathy is diabetic polyneuropathy, which also affects 
small somatic fibers in a length-dependent way first. 
Nevertheless, the long evolution of non-control diabe-
tes should be essential with the autonomic dysfunction 
in the later stages of the disease. The severe weight 
loss combined with the initial sensory polyneuropathy 
could make us consider paraneoplastic neuropathy 
first. However, the prominent ataxia in the early stages, 
the usually non-length dependent sensory loss, and a 
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negative PET and negative anti-onconeural antibody 
panel should make us consider other possibilities10.

Conversely, monoclonal gammopathy in elderly pa-
tients or false immunolabeling of amyloid deposits could 
lead to misdiagnosed AL amyloidosis instead of ATTRv 
and result in inappropriate chemotherapy treatment. Be-
sides, a substantial proportion of patients with ATTRv 
also have MGUS. This situation can be avoided by 
careful typifying of the amyloid precursor protein11,23,24.

Wild-type amyloidosis

Several amyloidosis are associated with aging, in-
cluding systemic and localized forms. The development 
of these amyloidosis may be related to the age-related 
reduced effectiveness of the protein folding quality con-
trol systems. With aging, the TTR tetramer becomes 
less stable, releasing misfolded intermediates that form 
amyloid deposits, mainly in the heart24.

ATTR derived from the wild-type protein (ATTRwt), 
formerly called “senile systemic amyloidosis,” is likely 
the most common type of cardiac amyloidosis. The me-
dian age at diagnosis is 75  years, and approximately 
90% of patients are men – two-thirds of affected indi-
viduals present with heart failure, atrial flutter or fibrilla-
tion, and other conduction abnormalities. Furthermore, 
carpal tunnel syndrome, often bilateral lumbar spinal 
stenosis and bicep tendon rupture, is present in 30-50% 
of patients. Other organs, albeit less symptomatic, can 
be involved and may include peripheral nerve, lungs, 
gastrointestinal tract, gallbladder, prostate, and bladder. 
The median survival of ATTRwt is 3.6 years23,24.

Diagnosis

Neurological and autonomic evaluation

The neurologic examination in a patient with suspicion of 
ATTRv amyloidosis should encompass the complete 
neuropathy assessment, including nerve conduction ve-
locities with electromyographic testing to evaluate large 
fibers, quantitative sensory testing for small somatic fi-
bers, and proper autonomic testing1.

Regarding cardiovascular autonomic evaluation, HRV 
is a good marker of parasympathetic dysfunction and is 
proportional to the severity of the neurologic disability. 
HRV can be assessed with the heart rate deep breathing 
test, the Valsalva index, spectral analysis, and time-do-
main indices by 24 h Holter17,18,25.

The cardiovascular sympathetic system could be eval-
uated with the Valsalva phases in a blood pressure 

beat-to-beat monitoring and with the tilt test. Further, an 
active orthostatic test could be done at the bedside, 
asking the patient to lie down for 5 min and then stand 
up while recording the brachial systolic and diastolic 
blood pressure and heart rate in both positions17,18.

Other useful method is the cardiac 123I-meta-iodo-
benzylguanidine scintigraphy, a sensitive method for 
the detection of postganglionic sympathetic denerva-
tion of the heart, which will show no uptake in patients 
with ATTRv amyloidosis17,18.

Some scales have been developed to measure the 
extent of disability of the neuropathic burden in these 
patients. The firsts used were the familial amyloidotic 
polyneuropathy staging system and the polyneuropathy 
disability scoring system. However, these scores in-
volve a greater separation of disease stages, making 
them insensitive to tracking disease progression over 
shorter periods and impractical for use as primary 
outcome measures in clinical trials. Therefore, the neu-
ropathy impairment score (NIS) and its variations the 
NID-lower limb (NIS-LL) and the NIS+7 are more sen-
sitive instruments, as this last scale includes nerve 
conduction studies and quantitative sensory and auto-
nomic endpoints (Fig. 3)26.

Cardiac evaluation

All patients with suspicion of ATTRv amyloidosis should 
be referred to an amyloid expert cardiologist. Cardiac 
evaluation should include ECG, echocardiography, BNP, 
and troponin measurement, and if possible, the cardiac 
resonance can be useful in tissue characterization and 
distinguishing amyloid from non-amyloid wall-thickening 
disorders. However, myocardial scintigraphy with bone 
avid tracers as 99mTechnetium-pyrophosphate (99mTc-
PYP) and 99mTechnetium-3,3-diphosphono-1,2-propan-
odicarboxylic acid (99mTc-DPD), has a higher sensitivity 
and specificity for cardiac ATTR amyloid deposits12,27. The 
99mTc-DPD scintigraphy has demonstrated greater bind-
ing avidity since the early stages27. Nowadays, with these 
new image techniques, cardiac biopsy has become the 
last resort21.

Biopsy

Deposition of amyloid in the tissue can be demon-
strated by Congo red staining of biopsy specimens. 
Amyloid deposits show a characteristic green birefrin-
gence under polarized light. Fat tissue has been the 
most accessible for diagnosis, but its yield is amyloid 
type dependent, ranging from 15% to 80%. Other 
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typical tissue sources are the gastrointestinal mucosa 
with 85% sensitivity, minor salivary gland, kidney, sural 
nerve, and bone marrow1,10,24.

A negative biopsy does not exclude the existence of 
amyloid deposits, given the high rate of false-negative 
results. In the same line, a positive biopsy is seldom 
needed to begin treatment in clinically symptomatic 
carriers of the mutation, but may be still a legal/regula-
tory requirement in some countries28.

The amyloid deposits in all forms of amyloidosis are 
histologically similar. Therefore, amyloid typing is crucial; 
the most reliable method is mass spectrometry (MS) pro-
teomic-based analysis, which directly identifies the pro-
tein subunit in the deposit (AApoAIV, ALECT2, and AA). 

This technique is expensive and not widely available. 
Although less sensitive and specific than MS, immunohis-
tochemistry, immunofluorescence, and immunoelectron 
microscopy are acceptable alternative methods23,24.

Genetic diagnosis

More than 130 mutations in the TTR gene can occur, 
most of which are pathogenic. Thus, DNA sequencing 
is usually required to know the site and kind of amino 
acid substitution in several disease-related TTR gene 
mutations, which will play an essential role in defining 
the disease course and prognosis1,10.

Figure 3. Polyneuropathy disability scoring system and neuropathy impairment scores.
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Treatment

Disease-modifying treatments

Disease-modifying treatments have only been tested in 
clinically symptomatic ATTRv patients; pre-symptomatic 
treatment of gene carriers is not an accepted indication 
at this time. These patients should be followed up annu-
ally, and if they show any early sign of sensory-motor 
neuropathy, carpal tunnel, autonomic symptoms, unex-
plained weight loss, cardiac hypertrophy, arrhythmias, 
cardiomyopathy, renal abnormalities, or ophthalmologic 
manifestations, they must initiate treatment. Early bio-
markers of the disease are under investigation, particu-
larly amyloid deposits in skin biopsies, decreased in-
traepidermal nerve fibers, and serum neurofilament light 
chain29. In patients with cardiac involvement, Tc99 or PYP 
PET scan is excellent tools that aid in the diagnosis of 
ATTR infiltration in the heart30.

liver transPlant

Available therapeutic approaches comprise reducing 
and stabilizing circulating TTR to prevent the dissociation 
of tetramers into monomers. The liver is the primary 
source of circulating TTR, so orthotopic liver transplantation 
became in 1990, one of the leading options for treatment. 
Its use has declined since the availability of disease mod-
ifying treatments; however, it is still an option in countries 
where other modifying treatments are not affordable. The 
long-term efficacy from the survival point of view has been 
proven and will depend on the mutation, the patient’s age, 
and the disease stage. In some cases, the progression 
of cardiomyopathy and neuropathy resulting from wild-
type TTR deposition may occur even after, particularly in 
late-onset male patients. Overall patient survival rate at 
10  years is 74% in Val30Met patients versus 44% in 
non-Val30Met1-3. Combined liver-heart/kidney has been a 
life-saving approach for patients with advanced 
disease1,3.

ttr stabilizers

TTR stabilizers aimed to stabilize the native quater-
nary structure of TTR tetramers using small molecules 
that bind to thyroxin-binding sites to avoid protein 
misfolding3.

In the early 2010s, tafamidis and diflunisal, two oral 
TTR stabilizers, demonstrated by randomized con-
trolled trials their efficacy for ameliorating the progres-
sion of neuropathy31,32.

Tafamidis has proven its long-term efficacy and safe-
ty for up to 6 years33 due to ATTRv and ATTRwt amy-
loidosis34. Compared with placebo, it has decreased 
30% mortality for all causes and admissions due to 
cardiovascular complications by 32%. This medication 
is also approved for ATTRv Stage 1 polyneuropathy; 
the results have been variable in patients with Val30Met 
ATTRv in advanced stages and non-Val30Met patients 
at any stage33.

Diflunisal, a nonsteroidal anti-inflammatory drug, demon-
strated its efficacy by decreasing neuropathy progres-
sion measured by the NIS+7 scale, but chronic use can 
cause renal disease, and it is not approved for use3,32.

ttr Gene-silenCinG druGs

TTR seems to exert harmful effects even when fibril-
lar structures recognized as amyloid fibrils are not 
formed; it can induce microangiopathy, which plays a 
role in organ damage. Thus, the development of 
gene-silencing therapeutics, including small interfering 
RNA (siRNA) and antisense oligonucleotide (ASO), 
aims to eliminate circulating TTR3.

Inotersen is a second-generation subcutaneous ASO 
that demonstrated significantly better primary endpoints 
represented by neuropathy impairment and quality of life 
scores for 8 months of use with a TTR reduction of 79%. 
Nevertheless, glomerulonephritis and severe thrombocy-
topenia were reported as severe adverse events; hence, 
close monitoring of renal function and platelet count is 
required in every patient receiving this drug35.

Patisiran is an intravenous siRNA formulated in a lipid 
nanoparticle delivered to the liver; it reduces mutated 
TTR production interfering with mRNA by the RNA-in-
duced silencing complex. The response to treatment 
was observed broadly with decreased TTR production 
in 84% at 18  months and an improvement in almost 
every endpoint, including autonomic symptoms, com-
pared to placebo. This medication requires pre-medica-
tion; the adverse events most frequently reported were 
peripheral edema and infusion-related reactions36.

Vutrisiran is a subcutaneous formulation that utilizes 
the same siRNA approach as patisiran to target variant 
and wild-type  TTR synthesis. This medication signifi-
cantly improved multiple disease-relevant outcomes for 
ATTR amyloidosis versus external placebo, with an 
acceptable safety profile. Furthermore, TTR reduction 
was non-inferior to within-study patisiran and resulted 
in a reduced peak-to-trough fluctuation37. Consequent-
ly, the FDA approved Vutrisiran in June 2022 to treat 
the polyneuropathy of ATTRv amyloidosis in adults38.
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Symptomatic treatment

Once patients have developed symptoms, treatment 
should also focus on alleviating them using specific 
medications for each complication, that is, fludrocortisone 
or midodrine for orthostatic hypotension, pacemaker 
implantation, and antiarrhythmic drugs for arrhythmias 
and prokinetics for gastroparesis, among others1,3,17. 
The use of diuretics, antihypertensive medications like 
angiotensin-converting enzyme inhibitors, or inhibitors 
of phosphodiesterase type  5 for erectile dysfunction 
should be used with extreme caution to avoid increasing 
orthostatic hypotension.

The goal will always be to have a multidisciplinary 
approach and establish a short- and long-term strategy 
for treating these patients.

Conclusions

ATTRv amyloidosis is a challenging genetic disease 
with neurological and systemic manifestations frequent-
ly misdiagnosed. As a result, it could severely affect 
the quality of life resulting in fatal outcomes in a rela-
tively short time. As leading referring physicians, neu-
rologists play a key role in changing the natural course 
of this illness by promoting early recognition and treat-
ment. Therefore, future guidelines should focus on rais-
ing awareness of the diagnostic pitfalls and current 
disease-modifying treatments of ATTRv amyloidosis.
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Abstract

Ketone bodies such as β-hydroxybutyrate, acetoacetate, and acetone are produced mainly in the liver from fatty acids. In this 
way, they can be used by the body as an alternate source of energy. However, their properties go beyond an alternate sour-
ce of energy. For many years, ketogenic therapies have been implemented for the treatment of certain neurological diseases, 
such as epilepsy. History shows us that its implementations were beneficial, minimizing the severity of seizures despite ig-
noring their mechanisms of action. At present, their applications and mechanisms are beginning to be understood.

Keywords: Ketone bodies. β-hydroxybutyrate. Ketogenic diet. Inflammasome. Neuroprotection.

Resumen

Los cuerpos cetónicos como el β-hidroxibutirato, el acetoacetato y la acetona se producen principalmente en el hígado a 
partir de ácidos grasos. De esta forma, pueden ser utilizados por el organismo como fuente alternativa de energía. Sin em-
bargo, sus propiedades van más allá de una fuente alternativa de energía. Durante muchos años, las terapias cetogénicas 
se han implementado para el tratamiento de ciertas enfermedades neurológicas, como la epilepsia. La historia nos muestra 
que sus implementaciones fueron beneficiosas, minimizando la gravedad de las convulsiones a pesar de ignorar sus me-
canismos de acción. En la actualidad, se empiezan a entender sus aplicaciones y mecanismos.

Palabras clave: Cuerpos cetónicos. β-hidroxibutirato. Dieta cetogénica. Inflamosoma. Neuroprotección
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Introduction

Ketosis is a state of metabolism where the body uses 

fats as a source of energy1. Prolonged fasting ( > 72 h) and 

ketogenic diets1, which can be characterized by ingesting 

large amounts of fat and restricting carbohydrates. Ketosis 

should be differentiated from ketoacidosis characterized by 

metabolic acidosis1,2. In general, we can describe three 

main ketone bodies, acetoacetate (AcAc), β-hydroxybutyr-

ate (βOHB), and acetone. In typical conditions, they range 

between 0.05 mmol/L and 0.4 mmol/L1, but they can reach 
1-2 mM after 2 days with a ketogenic diet, and range be-
tween 6 and 8 mM during prolonged fasting.

Neonates usually present high levels of βOHB rang-
ing between 3 and 4 mM during the first days of birth3. 
Recently, several studies on the applications of ketone 
bodies in different pathologies have been published, 
but their applications come from years ago4. Possibly, 
the first ketogenic therapies were used to treat epilepsy 
and came from the Greeks4.

2604-6180 / © 2022 Academia Mexicana de Neurología A.C. Published by Permanyer. This is an open access article under the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Between 1911 and 1921 continued fasting treatments 
in adults and children, and in 1921 in the Emergency 
Center in Chicago, Ronald T. Woodyatt discovered fast-
ing and high-fat diets can increase acetone and βOHB 
levels4. In 1970, Robert C. Atkins developed a diet and 
a treatment for a young girl with epilepsy, showing a 
decrease over 3 years5.

In 2001, doctors Kristopher J. Bough and Douglas 
pointed out the importance of treating epilepsy with 
ketogenic diets since their biggest advantage over 
drugs was that they did not have neurotoxic effects, 
unlike valproic acid and phenytoin4. Finally, in 2006, the 
ketogenic diet was formalized and given a name5.

Ketogenesis

Ketogenesis is one of the metabolic pathways in the 
body that provides an alternative source of energy us-
ing fatty acids6. We know that most of the ATP produc-
tion is carried out in the mitochondria and for each 
glucose molecule, 32 ATP molecules are formed7. 
When glucose is scarce, ketone bodies are produced 
in the liver and transported into the cell by monocar-
boxylate transporters (MCT’s) also known as proton 
MCT’s. Ketone bodies can cross the blood-brain barrier 
and be used as energy, especially when the levels of 
body ketones are high, they can provide energy to the 
brain and meet 60% of its requirements8. When the 
body cannot use glucose for energy, either due to in-
sulin resistance or a decrease in bloodstream glucose, 
the liver breaks down free fatty acids and produces 
acetoacetate and βOHB9. The ketone body that pre-
dominates in the blood and the urine when ketosis 
occurs is βOHB9,10 (Fig. 1).

Even though ketone bodies are produced in the liver, 
this organ is not able to use them as it lacks succi-
nyl-CoA: 3-CoA transferase (SCOT) which is essen-
tial12. Pathological concentrations of ketonic bodies are 
presented in the diabetic population with poor glucose 
control or partial insulin resistance11,13.

Once this process is completed in the liver, the path-
way continues in extrahepatic tissues (Fig. 2). Once the 
ketone bodies are produced, they will be carried by 
MCTs14. The family of MCTs is formed by 14 members, 
with MCT1-4 being the ones responsible for pro-
ton-monocarboxylate transport, as L-lactate, pyruvate, 
and short-chain fatty acids across the plasma mem-
brane14. MCT1 and MCT4 are the two main lactate 
transporters under physiological and pathological con-
ditions. MCT1 is expressed in almost all tissues of the 
body and its main physiological function is to facilitate 

the entry or exit of lactate from cells, the difference with 
MCT4, which is more specific since it is found in glyco-
lytic tissues such as white skeletal muscle fibers, as-
trocytes, white blood cells, and chondrocytes14.

MCT1 localization is in the apical and basolateral 
membrane, MCT2 is found in the kidney, liver, skeletal 
muscle, heart, brain, spleen, and testis, and their sub-
cellular localization is in the apical and basolateral mem-
branes, MCT3 is found in the pancreas and retinal pig-
ment epithelium, and their subcellular localization is only 
in the basolateral membrane. MCT4 is found in the kid-
ney, skeletal muscle, and intestine, and their subcellular 
localization is only in the basolateral membrane15.

Regarding its presence in the nervous system, we 
can find that MCT2 is the one that is most expressed 
in neurons, while MCT4 is in astrocytes16. Although 
there is a presence of MCT1 in astrocytes, microvas-
cular endothelial cells, and oligodendrocytes16. Even 
the participation of MCT in astrocytes is related to 
memory through the lactate transport by MCT116. Re-
garding its presence in the nervous system, we can find 
that MCT2 is the one that is most expressed in neu-
rons, while MCT4 is in astrocytes16.

One of the greatest difficulties in the study of ketone 
bodies is how to raise them without having to fast. 
Faced with this situation researchers sought to develop 
a ketone body precursor or analog capable of raising 
ketone levels within minutes17, they could be a key el-
ement for the future therapies.

When ketosis is induced through a ketogenic diet, the 
production of ketone bodies increases, and βOHB 
reach plasma levels between 4 and 5 mM. In these 
ranges, it can have a neuroprotective effect, in some 
studies, it has been observed that it has such an effect 
on diseases such as Alzheimer’s, Parkinson’s, and 
amyotrophic lateral sclerosis18,19. However, a diet keto-
genic can induce changes in the gut microbiome too. 
Recently was described that microbiota could be mod-
ified due to the lack of consumption of grains, vitamins, 
minerals, and iron19. Another observation that has been 
made in pediatric epileptic patients, is that consuming 
a ketogenic diet as a treatment has a beneficial effect 
on the microbiota, by increasing the Bacteroidetes by 
24%, even in obese patients who undergo a ketogenic 
diet to lose weight, it has been observed that their mi-
crobiota has positive changes19.

However, there are limitations for some patients who 
want to use a ketogenic diet. Especially, patients who live 
with liver failure, pancreatitis, congenital disorders of fat 
metabolism, deficiency of carnitine palmitoyl transferase, 
carnitine translocase, porphyria, and pyruvate kinase will 
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Figure 1. Ketogenesis. The two acetyl‑CoA molecules condense to form acetoacetyl‑CoA by a thiolase reversal reaction, 
acetoacetyl‑CoA with acetyl‑CoA by 3‑hydroxy‑3‑methylglutaryl‑CoA synthase forms 3‑hydroxy‑3‑methylglutaryl‑CoA 
(HMG‑CoA). After this reaction, acetyl‑CoA is cleaved from HMG‑CoA by 3‑hydroxy‑3‑methylglutaryl‑CoA lyase, leaving 
acetoacetate free11,12.

Figure  2. Ketolysis. Acetoacetate is activated into acetoacetyl‑CoA by succinyl‑CoA‑acetoacetate‑CoA transferase. 
CoA transferase is derived from succinyl‑CoA to form acetoacetyl‑CoA. When added CoA, thiolase cleaves acetoacetyl‑
CoA to form two acetyl‑CoA and thus be oxidized in the citric acid cycle11.

not be candidates for a ketogenic diet20. An additional 
limitation of the implementation of a ketogenic diet is that 
during the adaptation period, they could have side effects 

such as fatigue, headache, dizziness, nausea, vomiting, 
constipation, and low tolerance to exercise, even this 
symptomatology has been called the keto flu20.
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Table 1. Ketone bodies levels. Quantification of the 
ketone bodies in different nutritional events

Ketone bodies Basal 
levels (mM)

Fasting or diet 
levels (mM)

Ester 
(mM)

β‑Hydroxybutirate 0.02‑0.05 4‑5 > 6‑8

Acetoacetate 0.05 1‑3 > 6‑8

Acetone 0.02‑0.05 0.5 ‑

Diet attachment is complicated, due to the difficult 
period of adaptation and limitation of food products. In 
this sense, a synthetic ketone monoester (R)-3-hy-
droxybutyrate and (R)-1, 3-butanediol has been proven 
to increase the levels of ketone bodies in plasma, as 
you can see in table 1 in comparison with other meth-
ods21,22, with the advantage that the ester can elevate 
the ketones level in a short period21, for example, it was 
observed that a single dose of 573 mg/kg of this mon-
oester induces an increase in of ketone bodies around 
3 mM after 10 min, reaching a maximum concentration 
of 6 mM after 20 min21.

Although they are not the only mechanisms by which 
we can increase the levels of ketone bodies. They can 
be described as two exogenous methods to perform 
this action, one of them ketogenic salts and the other 
method is with the use of esters or monoesters, the 
difference between them can be due to the levels in-
crease much more with the use of the monoester than 
with salts23.

The ester is administrated orally, when it reaches the 
small intestine, the monoester will be subjected to hy-
drolysis by carboxylesterases and esterases located in 
this part of the intestine, this will give rise to D-β-hy-
droxybutyrate and R-1-3-butanediol, these two com-
pounds plus acetoacetate will be metabolized by alco-
hol and aldehyde dehydrogenase in the liver24. Some 
effect observed with the use of esters, especially in 
rats, is that their application has a direct effect on glu-
cose levels causing a decrease of almost 50%, like 
insulin levels which is a positive effect on insulin 
sensitivity2.

One of the advantages of applying a monoester, 
apart from increasing the levels of ketone bodies in a 
very short time, is that it will not generate chronic 
changes in pH25. In mice studies, it was observed that 
the administration of a monoester increases the levels 
of acetyl-CoA, some intermediates of the tricarboxylic 
acid (TCA) cycle25.

Both the diet and the monoester are effective; how-
ever, a relevant difference is that the diet takes time to 
induce ketosis22.

Implications of ketone bodies in nervous 
tissue

In several investigations where ketone bodies have 
been used, it has been observed that they have a neu-
roprotective effect on nervous tissue26. However, the 
growing evidence is related solely to the treatment of 
neurodegenerative diseases.

In the nervous system, ketone bodies will also come 
from astrocytes, which have the particularity of being 
the largest glucose sequestrant and being responsible 
for metabolic regulation with the capacity to synthesize 
ketone bodies like hepatocytes27. The local production 
of ketonic bodies is not the only protective source of 
ketone bodies; in vivo experiments in rodents show that 
the increase in circulant levels has a neuroprotective 
effect, neurogenesis is also potentiated, together with a 
decrease in cerebral edema as well as a reduction in 
infarct zones, especially in those models of hypoxia27.

In the case of epilepsy, it was shown that ketone 
bodies increase glutamate, levels altering and produc-
ing an increase in inhibitory neurotransmitters, espe-
cially γ-aminobutyric acid28. However, this excitability 
suffered by neurons is also affected by ketone bodies, 
especially acetoacetate and β-hydroxybutyrate, which 
influence potassium channels dependent on ATP 
(KATP channels) with the presence of these ketone 
bodies they can open, producing depolarization of the 
cell29.

Similarly, the levels of ROS are reduced when ketone 
bodies are oxidized. It is thought that this is due to a 
decrease in the reduced form of coenzyme Q and be-
cause they can increase the proportion of NADPH/
NADP+. By these mechanisms, the ketone bodies inter-
vene as antioxidant agents29. This effect of altering the 
mitochondria is reflected in some models of neuropa-
thies in peripheral nerves, it is believed that due to the 
accumulation of ROS and producing lipoperoxidation, 
affecting mitochondrial functions, it cause axonal degen-
eration, but when they exposed to a ketonic environ-
ment, some genes expressions of complexes I and IV, 
NADH dehydrogenase, and cytochrome C oxidase, re-
spectively, of the respiratory chain reducing the genera-
tion of ROS and improving mitochondrial functions30.

Another mechanism where ketone bodies are in-
volved is in the reduction of oxidative stress damage 
related to the epigenetic effect of β-hydroxybutyrate. 
This ketone body regulates histone deacetylase (HDAC) 
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1, 3, and 428,29, by inhibiting HDAC, it increases the 
transcription of genes that are related to oxidative 
stress, especially FOXO3A, SOD2, and metallothionein 
2, and protect against free radicals28,29.

In the case of Alzheimer’s, which is linked to mito-
chondrial dysfunction, hypometabolism, inflammation, 
oxidative stress, calcium concentrations, autophagy de-
regulation, hypoperfusion, arteriosclerosis, changes in 
the blood-brain barrier, and an increase in β-amyloid 
(Aβ) deposits forming amyloid platelets which in high 
concentrations produces neurotoxicity resulting in loss 
of neurons and its counterpart having low levels pro-
motes neurogenesis31.

When the body undergoes ketosis, there is an im-
provement in the production of ATP, restoring the func-
tions of the mitochondria, as mentioned before, ketone 
bodies decrease ROS, inflammation, and decrease Aβ 
levels31,32.

In the case of Parkinson’s disease, it is mentioned 
that during this disease, there is an accumulation of 
α-synuclein, the death of dopaminergic neurons, espe-
cially in the black matter of the midbrain and it has also 
been possible to verify that in the mitochondria, the 
complex I of the respiratory chain is affected33,34. Other 
pathological mechanisms include Lewy bodies and 
neurites’ presence and the characteristic symptoms 
related to motor dysfunctions35. Some models in vivo 
have observed that ketone bodies protect against the 
neurotoxin 6-hydroxydopamine (6-OHDA), and the met-
abolic change induces the expression of genes with 
antioxidant properties36.

In addition, an anti-inflammatory effect was seen af-
ter ketone bodies administration by inhibiting the 
NLRP3 inflammasome. In spinal cord injuries, it has 
been found that the neurons express NLRP3 and when 
this inhibited a rapid recovery ensues37. This inflamma-
tory complex is formed by the NLRP3 protein, the union 
of apoptosis-associated speck-like protein (ASC) and 
procaspase-1. It activates the IL-1β and IL-1838,39. β-hy-
droxybutyrate inhibits said the formation of the inflam-
masome, which, is being increased and present in the 
nervous system in avoiding the potassium cells release 
and prevents oligomerization with ASC39. Evidence 
suggests that the effect of ketone bodies is specific 
against this inflammasome since studies on NLRC4, 
found these effects are not replicable39.

On the other hand, evidence suggests potential ben-
efits for migraine and psychiatric disorders. Studies with 
humans or animals reported that being exposed to a 
ketogenic diet or some supplement can help patients 

suffering from schizophrenia, anxiety, and even 
depression27.

Among some types of acute damage where the in-
teraction of ketone bodies has been studied, we can 
mention spinal cord damage and brain trauma. As pre-
viously mentioned, ketone bodies produce an 
anti-inflammatory and antioxidant effect. In studies of 
spinal cord injury in murine models, it has been ob-
served that both NLRP3 and some proinflammatory 
cytokines, such as IL-1β, IL-6, and TNF-  α decrease 
their expression40, these mechanisms are involved in 
both recovery and pain from these conditions25,41. In 
brain trauma, the anti-inflammatory and antioxidant ef-
fect also protect from ischemia and reperfusion42.

Another possible cause of the protection provided by 
ketone bodies in this type of injury is that, due to their 
presence, the concentrations of succinate increase, 
this being an intermediary of the citric acid cycle as a 
source to be able to stabilize HIF-1α, eliminating the 
activity of the prolyl hydroxylase enzyme, which stabi-
lizes HIF-1α and consequently, protects the organ from 
the ischemia41,43.

Finally, ketone bodies could inhibit tumor growth 
studies on glioblastoma, suggest they promote apopto-
sis of tumor cells44. More specifically the interaction of 
acetoacetate as a regulator of the mitochondrial uncou-
pling protein 2 (UCP2) which, by increasing its expres-
sion, stops the production of ATP and therefore the 
intermediates of citric acid accumulate, producing gly-
colytic inhibition44. In the same way, it has been report-
ed that the combination of ketones/radiation increases 
survival in murine models, in another treatment, the 
combination of ketones with chemotherapy demon-
strates an effect on the blood vessels of the tumors 
reducing their density, likewise intracranial hemorrhag-
es are decreased and in combination with bevacizum-
ab, it is observed an antitumor effect in murine mod-
els45,46. Knowing that glioblastoma requires the 
glycolysis pathway for tumor growth, subjecting pa-
tients to ketogenic diets produces an inhibitory effect 
on glycolysis and glutaminolysis, in that way, the glio-
blastoma cells cannot proliferate due to the deficiency 
of both metabolic routes47.

Conclusions

Due to their fuel and signaling effects, ketone bodies 
can be an important alternative for some neurodegen-
erative diseases and other acute and chronic neurolog-
ical pathologies.
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