
Editorial 
Neutrophil to lymphocyte ratio and stroke. What should we know? 193
Fernando Barinagarrementeria

Original articles 
Main reasons for hospital admission in patients with Parkinson’s disease and their relationship 
with the days of hospitalization 195
Gerardo Marín, Osvaldo Torres-Pineda, Carlos Castillo-Rangel, Dylan L. Diaz Chiguer, Cristofer J. Zarate-Calderon,  
Juan G. Torres-Pasillas, Iraís Viveros-Martínez, Lizbeth Vásquez-Celaya, Zuleyma S. Hernández Briones,  
Helena G. Vega-Quesada, Luis A. Vega-Quesada, and Luis I. García-Hernández

Neutrophils/lymphocytes index compared to mean platelets volume/platelets count index,  
as long hospital stays and survival indicator of stroke. How much is little? 202
Juan J. Gómez Piña and Amairani Sierra Hernandez

Association between dopaminergic-induced complications and life satisfaction in Parkinson’s disease 207
Daniel Martinez-Ramirez, Alejandro Almaraz-Espinoza, Alejandro Banegas-Lagos, Paola Bazan-Rodriguez,  
Edna S. Velazquez-Ávila, Arnulfo González-Cantú, Amin Cervantes-Arriaga, and Mayela Rodriguez-Violante

Review articles
Models of neural processing of consciousness: insights from cognitive and systems neuroscience 214
Norton Contreras Paredes

Stimulant drugs to promote the awake state and cognitive performance: do they really work? 223
Paul Carrillo-Mora, Yesenia Lugo Rodríguez, Kenia F. Franyutti-Prado, Marlene A. Rodríguez-Barragán, and Nelly G. Cervera-Delgadillo

PERMANYER
www.permanyer.com

VOLUME 23 - NUMBER 6 / November-December 2022 – ISSN: 2604-6180

www.revmexneurociencia.com

Revista Mexicana de

Neurociencia
Publicación oficial de la Academia Mexicana de Neurología A.C.



193

Neutrophil to lymphocyte ratio and stroke. What should we 
know?
Fernando Barinagarrementeria
Department of Neurology, Hospital H+ de Queretaro, Queretaro, Mexico

Revista Mexicana de Neurociencia

Editorial

Correspondence: 
Fernando Barinagarrementeria  

E-mail: fbarinaga@icloud.com

Available online: 02-12-2022 

Rev Mex Neuroci. 2022;23(6):193-194 

www.revmexneurociencia.com

Date of reception: 20-10-2022

Date of acceptance: 25-10-2022

DOI: 10.24875/RMN.M22000092

Inflammation has been recognized as a key compo-
nent in pathophysiology of stroke. More information are 
needed for detailed understanding of the role of syste-
mic inflammation in acute stroke and in particular after 
reperfusion therapies. Recently, several serum biomar-
kers have been described the measure the intensity of 
inflammation.

Blood neutrophil-to-lymphocyte ratio (NLR) is a sim-
ple marker of subclinical inflammation that can be ea-
sily obtained from the differential white blood count1. 
The NLR has emerged in the past years as a prognos-
tic marker in patients with cancer and coronary artery 
disease2,3. NLR is influenced by many conditions inclu-
ding age, race, and medication such as steroids, as 
well chronic conditions (e.g., diabetes)4.

As mentioned before, ethnic differences in NLR have 
been reported, particularly between Asian and non-
Asian population. In Mexico, the present study by Go-
mez-Piña and Hernández Amainari published in this 
issue of Revista Mexicana de Neurociencias is the first 
one to my knowledge to report NLR in a clinical series. 
In this work, the authors confirmed the prognostic role 
of NLR in stroke in Mexican population.

The normal range of NLR is in the range of 
1-2  (0.8-2.2). The values above 3.0 and below 0.7 in 
adults are abnormal. NLR with values between 2.3 and 
3.0 could be a warning regarding a pathological condi-
tion such as cancer, atherosclerosis, subclinical infec-
tion, or inflammation5.

Regarding the role of NLR in stroke populations, the-
re is growing evidence of their use as prognostic factor 
in several stroke categories such as ischemic and he-
morrhagic stroke, prognosis in thrombolised patients, 
among other circumstances.

Tokgoz et al reported in a retrospective series of 
255  patients with acute cerebral infarction that NLR 
was significantly increased in the mortality group ver-
sus the survival group (median 11.5  vs. 3.79)6. In an 
observational study included 855 consecutive patients 
with intracerebral patients, an elevated NLR (>4.66) 
was linked to unfavorable baseline clinical (NIHSS, and 
radiological parameters (larger hematoma volume) as 
well as increased risk of infectious complications as 
well association with higher mortality7. Another similar 
study was published by Lattanzi et al. in which NLR 
was directly and independently related to the risk of 
adverse 3-month outcome. In this study, the best pre-
dictive cutoff NLR value was 4.588.

Systemic inflammation has been related to severity 
of cerebral edema after reperfusion therapy in stroke9. 
Ferro et al. found an association between NLR and 
degree of cerebral edema after reperfusion therapy and 
was associated with poor functional status at 90 days 
(NRL > 7)10. The authors concluded that NLR convey 
early warning alerts for patients at risk of neurological 
complications after stroke.

Song et al. published recently a meta-analysis regar-
ding the role of basal NRL and acute ischemic and 
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hemorrhagic stroke11. Thirty-seven studies with 47,979 pa-
tients were included. Higher LRL levels were correlated 
with increased risk of ischemic stroke, unfavorable func-
tional outcome at 3  months, and increase mortality in 
patients with ischemic stroke. Regarding hemorrhagic 
stroke high NLR affected negatively mortality. Li et al. 
published a systematic review and meta-analysis in which 
among 27,124  patients, elevated NRL was significantly 
associated with poor prognosis in stroke patients12.
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abstract

objective: It is necessary to study the main comorbidities of Parkinson’s disease that causes this increase in hospitalization. 
The aim of the study was to compare the mean days of hospital stay of patients with Parkinson’s disease plus a comorbidi-
ty against the mean days of hospital stay without that comorbidity and to report those which were statistically significant. 
Methods: Taking patients with PD from “1 de octubre” Hospital, an observational, retrospective, cross-sectional, and analytical 
study was carried out in which the relationship of days of hospitalization with and without comorbidities was evaluated, finding 
which would be the comorbidities that were they become a factor of protection or risk of prolonging the hospital stay of 
patients with Parkinson’s disease (PD) and thus suggest the priority of treating these conditions. results: Of the 37 patients, 
14 different comorbidities were found, of which hypothyroidism ( x = 2), acute myocardial infarction/dyslipidemia ( x = 4), and 
traumatic brain injury ( x = 4) present a decrease in the number of days hospitalized patients with respect to the mean of 
patients who do not have these comorbidities, in comparison, sacral ulcer ( x = 32.5) and pneumonia ( x = 31) show an in-
crease in the days of hospitalization with respect to the mean. Conclusion: Fourteen comorbidities were found in PD. Patients 
with sacral ulcer and pneumonia are hospitalized for a longer time compared to the different comorbidities. It is recommen-
ded to pay special attention and care to prevent/treat these pathologies to reduce the number of days of hospitalization.

Keywords: Parkinson’s disease. Comorbidities. Hospitalization. Disorders. Clinical studies.

Principales motivos de ingreso hospitalario en pacientes con enfermedad de Parkinson 
y su relación con los días de hospitalización

resumen

objetivo: Es necesario estudiar las principales comorbilidades de la enfermedad de Parkinson que provocan este aumen-
to de hospitalizaciones. Comparar el promedio de días de estancia hospitalaria de los pacientes con enfermedad de 
Parkinson más una comorbilidad contra el promedio de días de estancia hospitalaria sin esa comorbilidad e informar 
aquellos que fueron estadísticamente significativos. Metodología: Tomando pacientes con EP desde el Hospital “1 de 
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introduction

Parkinson’s disease (PD) is a complex neurodegen-
erative disease that manifests itself through a variety 
of motor (resting tremors, rigidity, bradykinesia, and 
postural instability) and non-motor symptoms1. Its inci-
dence increases with age and due to this, manifestation 
of this condition among the population depends on this 
factor2-5. As far the non-motor manifestations during the 
course of PD, many patients experience neuropsychi-
atric disorders (depression, anxiety, sleep disturbanc-
es, psychosis, behavioral changes, etc.)6-10.

For PD to exacerbate to a severe disease, the ap-
pearance of comorbidities presents a risk factor, where 
some of these include hypertension, diabetes mellitus, 
pneumonia, dementia, cancer, high blood pressure, 
sepsis, edema, and heart failure, among others11,12. 
Furthermore, up to 80% of PD patients had five or more 
comorbidities13. The importance of this lies not only in 
patient complications, but also in the concomitant 
therapy of these medical diseases, given that it can 
seriously influence the success of the overall treatment 
or the mortality rate due to the administration of medi-
cations that involve alterations of the dopaminergic 
system.

From an observational and perspective, the reports 
that have been prepared involve three main study sub-
groups, which are: medical comorbidity (regardless of 
the underlying disease), clinical symptoms that arise as 
a result of the autonomic denervation associated with 
the disease, and the side effects of PD9-45 an interest-
ing area of focus is the analysis of the relationship 
between these comorbidities and length of hospital stay 
in patients with PD, given that in case–control and 
retrospective studies it has been shown that the risk of 
PD exacerbation depends on some comorbidity14. The 

analysis of the relationship between PD patients and 
their length of hospital stay based on comorbidities is 
undoubtedly a key study to learn more about Parkin-
son’s and patients’ length of hospital stay.

Methodology

Study subjects

All patients (n = 57) were selected from the Mexico 
City database who presented PD plus comorbidity that 
forced them to be hospitalized during the year 2021 
(January 1-December 31). An observational, retrospec-
tive, cross-sectional, and analytical study was carried 
out, which evaluated the days of hospitalization in the 
presence of comorbidities. The patients were divided 
into two groups, those with the comorbidity in question 
(e.g., With sepsis) and those without the comorbidity 
(e.g., Without sepsis). Each group was given the aver-
age days of hospitalization and its standard deviation. 
The number of individuals chosen for the final study 
included those with a complete clinical history, where 
a total of 37 subjects with PD had some type of comor-
bidity that led them to hospitalization. The exclusion 
criteria were patients who were initially hospitalized for 
PD and not for their comorbidity or who had an incom-
plete or confusing medical record (20  patients). The 
dependent variable was the days of hospitalization (dis-
crete quantitative variable) that were found in the 
comorbidities of Parkinson’s disease, this data were 
obtained through electronic records during January 
2022. Days of hospitalization were defined as the 
1st  day in which the patient was admitted to internal 
medicine or another specialty until the last day, he was 
discharged. The objective of this article is to compare 

octubre”, se realizó un estudio observacional, retrospectivo, transversal y analítico en el que se evaluó la relación de los 
días de hospitalización con y sin comorbilidades, encontrando cuáles serían las comorbilidades que se convierten en un 
factor de protección o riesgo de prolongar la estancia hospitalaria de los pacientes con EP y así sugerir la prioridad del 
tratamiento de estas condiciones. resultados: De los 37 pacientes se encontraron 14 comorbilidades diferentes, de las 
cuales Hipotiroidismo ( x = 2), Infarto agudo de miocardio/dislipidemia ( x = 4), TCE ( x = 4), presentan una disminución en 
el número de días Pacientes hospitalizados con respecto a la media de pacientes que no presentan estas comorbilidades, 
en comparación, úlcera sacra ( x = 32,5) y neumonía ( x = 31) muestran un aumento de los días de hospitalización con 
respecto a la media. Conclusión: Se encontraron 14 comorbilidades en la enfermedad de Parkinson. Los pacientes con 
úlcera sacra y neumonía son hospitalizados por más tiempo en comparación con las diferentes comorbilidades. Se reco-
mienda prestar especial atención y cuidado para prevenir/tratar estas patologías para reducir el número de días de hos-
pitalización.

Palabras clave: Enfermedad de Parkinson. Comorbilidades. Hospitalización. Trastornos. Estudios clínicos.



197

G. Marín et al.: Main reasons for hospital admission in patients with Parkinson’s disease

the mean days of hospital stay of patients with Parkin-
son’s disease plus a comorbidity (e.g., sepsis) against 
the mean days of hospital stay without that comorbidity 
(e.g., without sepsis) and to report those which were 
statistically significant. The distribution of the study pa-
tients is shown in table 1.

Statistical analysis

To demonstrate normality in the data, the Kolmogorov– 
Smirnov test reinforced with Lilliefors was used, which 
yielded a p = 0.08. The Shapiro–Wilk hypothesis test 
was performed for homogeneity of variances, where p 
= 0.0006 was obtained, so it was decided to perform a 
non-parametric chi-square test to compare the average 
hospital stay for all comorbidities and the mean length 
of hospital stay for each PD comorbidity. Statistical anal-
ysis was obtained using the R statistical package and 
the IDE R studio.

results

The most of the patients with PD were older adults, 
as expected, given that it is a risk factor for this dis-
ease. There were no differences between men and 
women.

Of the 37  patients, 14 different comorbidities were 
found. Hypothyroidism, acute myocardial infarction 
(AMI)/dyslipidemia, and cranioencephalic trauma (CET) 
have a lower average number of hospitalization days 
with regards to the mean of patients who do not have 
these comorbidities, on the other hand, sacral ulcer and 
pneumonia have a higher average of hospitalization 
days with regards to the mean (Table 2).

discussion

In this study, 14 individual or combined comorbidity 
risk factors were identified in patients with PD, who 
belonged to the database of the Hospital 1 de octubre. 
These associated comorbidity factors may be of patho-
genic importance in PD. In this analysis, we found 
important relationships based on the comorbidities as-
sociated with PD patients, where it was detected that 
those with factors such as sacral ulcer and pneumonia 
had a longer hospitalization mean than those who ex-
hibited comorbidities such as Hypothyroidism, 
AMI/dyslipidemia, and CET whereby their hospitaliza-
tion relationship was less prolonged. Therefore, the 
association relationship is due to a chain of pathologi-
cal effects that are discussed below:

Pneumonia as a factor associated with 
longer hospitalization days in Parkinson’s 
disease patients

Pneumonia is lung inflammation in which the air 
sacs are filled with infectious secretions and other 
fluids, making it difficult for oxygen to reach the blood; 
in PD patients, pneumonia is not only an associated 
and risk factor, but it is also one of the main associ-
ated comorbidities that exacerbate the patient’s health, 
which coincides with our study15,16. It has been studied 
that aspiration pneumonia cases have a higher inci-
dence in individuals with PD, representing up to a 70% 
death rate of these patients, especially due to aspira-
tion pneumonia that leads to oropharyngeal 
dysphagia17,18. In addition, it is known that aspiration 
pneumonia has a multifactorial effect in PD in which 
old age, male gender, region of residence, DM, con-
gestive heart failure, tuberculosis, atrial fibrillation, 
cerebrovascular disease, dementia, seizure disorders, 
and use of antidiabetic drugs are associated with an 
increased risk of pneumonia and as risk factors for 
hospitalization5,9,18,19. The foregoing is consistent with 
the data from our study in which various associated 
comorbidities are observed (Table  2), showing that 
pneumonia is a relevant comorbidity factor that pro-
longs the length of hospital stay of PD patients. In our 
study, the exhibited pneumonia was due to aspiration, 
since it is known that PD patients exhibit esophageal 
hypomotility.

The link between the various comorbidities, including 
pneumonia, with the risk of prolonged hospitalization is 
important to identify and personalize the patient’s med-
ical care, given that it has been observed that with 
treated dental cavities there is also a link of decreased 
risk of hospitalization due to pneumonia in PD patients, 
where this is a protective factor when it comes to im-
plementing the treatment18,19.

Table 1. Number of PD patients who belong to the 
Hospital 1 de octubre 

Variables Frequency Percentage

Sex
Males
Females

19
18

51.4
48.6

Age
≤ 59
≥ 60

6
31

16.2
83.8

PD: Parkinson’s disease.
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It is important not to underestimate the fact that pneu-
monia in PD patients leads to other risk factors for 
longer hospitalization, such as chronic heart failure, 
kidney disease, and oral hygiene. Sepsis is an addi-
tional factor not only due to the presence of pneumonia 
but also as a comorbidity that can trigger its develop-
ment5,20, implying that the length of hospitalization in-
creases as a result of the treatments and the patient’s 
recovery time; therefore, early recognition and immedi-
ate handling of physical illnesses/comorbidities such as 
pneumonia in PD patients can help reduce the risk or 
decrease hospitalization and, therefore, the burden of 
the disease.

Sacral ulcer, an important comorbidity 
factor associated with the length of 
hospitalization days of Parkinson’s disease 
patients

Given the fact that some of the main PD symptoms 
involves the incidence of involuntary tremors of certain 
body parts, slow movement, and rigid and inflexible 

muscles, they worsen as the disease progresses, 
which plays a relevant and treatment role in cases 
where PD patients are hospitalized, since the immobil-
ity of their stages due to the disease or other comor-
bidities leads to the development of sacral ulcers or 
pressure ulcers that, together with urinary/fecal incon-
tinence, increase the risk of these types of ulcers21,22. 
In addition, the appearance of ulcers is not exclusively 
or directly associated with the immobility of PD pa-
tients during their hospitalization, instead the contrac-
ture or stiffness given their resting position, or the lack 
of movement or inclination are also factors that enable 
the development of these lesions23-26. As far as hospi-
talization, the result reflects what was observed in 
(Nicholson et al., 1988) in which it has been shown 
that the incidence of pressure ulcers is inversely relat-
ed to the amount of movement performed at night in 
PD patients, whereby this factor notably increased in 
those individuals with PD and who also suffered from 
another comorbidity, such as dementia. Finally, this 
entails a series of medical implications regarding the 
treatment that is to be applied, causing the length of 

Table 2. Average of days of hospitalization of patients with different comorbidities and the Chi‑square test of 
independence

Comorbidity Frequency Hospital days W/C Hospital days Wo/C χ2 p‑value

x  (SD) x  (SD)

Hypothyroidism 2 2 (2) 17 (19) 11.8 < 0.001

AMI/dyslipidemia 3 4 (4) 17 (19) 8.04 < 0.001

CET 2 4 (0.7) 17 (19) 8.04 < 0.001

Sacral ulcer 6 32.5 (27) 13 (15) 8.35 0.03

Pneumonia 8 31 (34) 12 (9) 8.39 0.03

Epilepsy 2 8 (5) 17 (19) 3.24 0.07

CVE 9 9 (8) 18 (20) 3 0.08

Cancer 1 23 (23) 16 (19) 1.25 0.20

UTI 12 20 (20) 14 (18) 1.05 0.30

Dementia 5 20 (16) 15 (19) 0.7 0.30

Delirium 11 19 (19) 15 (19) 0.47 0.49

Sepsis 3 15 (5) 16 (19) 0.03 0.80

SAH/hypertensive urgency 19 16 (23) 16 (13) 0 1

T2DM/diabetic cetoacidosis/hyperosmolar non‑ketotic 
hyperglycemia

10 16 (25) 16 (16) 0 1

AMI: acute myocardial infarction; CET: cranioencephalic trauma; CVE: cardiovascular event; PD: Parkinson’s disease; SAH: systemic arterial hypertension; SD: standard 
deviation; T2DM: type 2 diabetes mellitus; UTI: urinary tract infection; W/C: with comorbidity; Wo/C: without comorbidity.



199

G. Marín et al.: Main reasons for hospital admission in patients with Parkinson’s disease

hospital stay to be prolonged for a greater period of 
time as opposed to those who do not exhibit this 
comorbidity.

Impact and development of other 
comorbidities in Parkinson’s disease 
patients and hospitalization days

In an in-depth analysis of the study, the history and 
presence of the studied comorbidities would be of great 
interest, since in some cases, PD patients are suscep-
tible to developing other diseases that can become 
high-risk comorbidities thus prolonging the length of 
stay hospital, as observed in PD patients with pneumo-
nia or sacral ulcer. However, analyzing the cases where 
comorbidities have a lower relationship average with 
regards to the length of hospital stay mean implies 
knowing the background that lead to said situation. In 
our study, among the comorbidity cases that presented 
a significant difference below the mean were the cases 
of PD patients with hypothyroidism, AMI/dyslipidemia, 
and CET.

There is an association of PD patients who are suf-
fering from hypothyroidism and a short hospital stay 
due to hormonal therapy with L-thyroxine to control the 
thyroid hormone (TH) levels since it reduces the motor 
symptoms of bradykinesia and Parkinson’s hypo-
mimia27-29 which leads to the fact that development of 
hypothyroidism in PD patients can often go unnoticed, 
given that the course of both diseases implies similar 
clinical characteristics. When seen at the molecular 
level, it is suggested that a possible role of the thyroid 
gland and thyroperoxidase in the nitrosylation of serum 
proteins is what influences Parkinsonian nitrosative 
stress30. Therefore, the shorter hospital stay is directly 
related to the application of a TH treatment, such as 
the levothyroxine sodium, which reduces motor symp-
toms and it even has a potential effect with an oral 
solution dose of levodopa/carbidopa/ascorbic acid at 
hourly intervals31.

In the case of AMI/Dyslipidemia, which are joint co-
morbidities that when they were present in PD patients 
in our study, it was observed that the hospital stay was 
shorter than the average in comparison when said co-
morbidity was not present. At an initial stage, AMI can 
be caused by dyslipidemia and it has already been 
studied that this condition represents a high risk factor 
in PD patients32,33. However, when said comorbidities 
are present to the point of needing hospitalization and 
resulting in a short length of stay, there is still no ex-
planation for this. There may be different reasons 

where the medical treatment for AMI is mainly involved, 
such as the use of statins that is related to a protective 
effect against PD34, which causes a speedy recovery 
in PD patients; however, it is still necessary to delve 
into this comorbidity and the relationships with the 
length of hospital stay of PD patients.

As far as the incidence of CET, it is known that this 
event places the individual at a risk zone of suffering 
from PD35, in our case, the patients were already suf-
fering from PD and in view of this comorbidity, it was 
observed that their length of hospital stay was short in 
contrast with PD patients who did not exhibit such co-
morbidity, thus making it necessary to thoroughly find 
out the medical treatment that was administered or the 
level of trauma and thus analyze the ways in which the 
patient would have a speedy recovery, in addition to 
following up given the fact that CETs imply a suscepti-
bility to ischemic stroke that can exacerbate the stage 
of PD in patients36.

It is important to note that in terms of the other co-
morbidity factors, also known as typical average dis-
eases that appear during the 1st  years of the disease 
such as diabetes mellitus, joint diseases, and fractures, 
although they are related to PD, an increase in comor-
bidity cannot be found until a after period of 
10-15  years13. On the contrary, other intercurrent dis-
eases such as pneumonia or cardiovascular diseases 
are the main cause of death17,18.

Moreover, one of the observations that have been 
studied is the appearance of infectious diseases or 
their severity in PD patients37. Infections that affect the 
central nervous system (CNS) and sepsis are good 
research candidates because they can affect the risk 
of having or exacerbating PD, since pathological effects 
such as intense fever, inflammatory vascular alter-
ations, or coagulation activation can cause the death 
of dopaminergic neurons leading to a severe PD 
process38-40.

Context and limitations

The present study must be contextualized within the 
COVID-19 pandemic, where it has been seen that there 
is a high mortality rate in patients with neurological 
impairment41,42-44. In the results of our patients, we have 
not found neurological impairment; however, these re-
sults could vary in a post-pandemic scenario, so in the 
following sections, we will address key points as to why 
the pandemic may not have an impact on the comor-
bidities found in Parkinson’s patients.
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Castillo et al. 202141 found patients with Parkinson’s 
disease among the comorbidities of COVID-19, it 
should be noted that, in this research, suffering from 
Parkinson’s disease was not a risk factor for death or 
hospital admission, in our study, none of the patients 
who were admitted as a hospital admission due to 
COVID-19. In contrast to another Mexican study, on 
COVID-1943 and comorbidities, it was observed that 
the mean age was 51 years, as well as the comorbid-
ities in patients with COVID-19 for hospitalization and 
death were: Systemic arterial hypertension and trans-
plant. This age and comorbidities do not correspond 
to our patients, since 83.8% are over 60 years of age, 
as expected in patients with PD, and none of our co-
morbidities coincide with those of the study. These 
arguments suggest that Parkinson’s disease patients 
in the present study were hospitalized for comorbidi-
ties other than COVID-19. We attribute this phenome-
non, in which Parkinson’s patients do not usually pres-
ent COVID-19 as a hospital admission (at least in our 
hospital), to their motor disability, since, for this rea-
son, they may not leave the house and in this way, its 
contagion is rare.

The main limitation of this study consisted of a 
small number of the population, despite the fact that 
all the patients in the database were taken; however, 
in the future publications, a multicenter study will be 
carried out to avoid this bias. It was impossible to 
establish a control group, since, if they had not had 
comorbidity, they would not have been hospitalized 
and would have been excluded from the study, per-
haps in the future a control group of patients with PD 
without comorbidity who were hospitalized for an ex-
acerbation of the disease could be added. Same Par-
kinson’s disease will be compared with the mean days 
of hospitalization in patients with PD plus comorbidity 
who are hospitalized.

Conclusion

Fourteen comorbidities were found in PD. Patients 
with sacral ulcer and pneumonia are hospitalized for a 
longer period of time in comparison to the different 
comorbidities. Special attention and care in preventing/
treating these pathologies are recommended to reduce 
the number of hospitalization days, such that compli-
cations related to a prolonged stay and consequently, 
a reduction in resources spent on PD patients will be 
avoided.
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Neutrophils/lymphocytes index compared to mean platelets 
volume/platelets count index, as long hospital stays and 
survival indicator of stroke. How much is little?
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abstract

introduction: Stroke is one of the main causes of disability in elderly, and the main cause of neurological emergencies. Mean 
platelet volume (MPV) has a positive correlation with prothrombotic diseases, highlighting thrombotic events and venous 
thrombosis disease. aim: We aim to determine the relation between neutrophil/lymphocyte (N/L) index and MPV/platelet 
count (PC) index with prognosis in cerebral vascular events in the Mexican population. Methods: We included 236 patients 
with 137 males (74-78 years) and 81 females (64-72 years); 58 hemorrhagic cases, 44 parenchymal, eight subarachnoid, and 
6 subdural; 160 ischemic cases, including 149 ischemic, 2 lacunar, and 9 Transient Ischemic Attack (TIA). All patients had 
brain imaging, initial, and follow-up hematic cytometry to determine indexes and compare it between them. 
results: Neutrophils/lymphocytes index lower than 3 (p = 0.015) and MPV/PC index higher than 0.031 (p = 0.001) increase 
significantly in stroke during the first 48 h. MPV > 10 fl increase mortality (p = 0.014); considering all strokes; receiver ope-
rating characteristic curve showed AUC values of MPV/PC 0.822  (0.760-0.885) (p = 0.001) and N/L 0.661  (0.579-0.742) 
(p = 0.001) with a significant difference between AUC values (p = 0.001). Conclusions: In our study, mortality rises in patients 
over 70 years old, especially in hemorrhagic events, females; and patients with higher N/L and MPV/PC indexes. The MPV/
PC is better at predicting severity and long hospital stay in stroke compared to the N/L index. The high platelets levels are 
related to stroke as well as other studies before; however, this is related to the worst prognosis, increasing mortality and long 
hospital stay in our population.

Keywords: Mean platelet volume. Neutrophils lymphocytes ratio. Neutrophils/lymphocytes. Stroke. Mortality.

Índice de neutrófilos/linfocitos en comparación con MPV/PC, así como estancias 
hospitalarias prolongadas e indicador de supervivencia de eventos cerebrovasculares. 
¿Cuánto es poco?

resumen

introducción: Los eventos vasculares cerebrales (EVC) son una de las principales causas de discapacidad en los adultos, 
además de ser la principal emergencia neurológica. El VPM tiene una correlación positiva con enfermedades protrombóticas, 
destacando los eventos cerebrovasculares trombóticos y la enfermedad de trombosis venosa. objetivo: Determinar la aso-
ciación del índice N/L (Neutrófilo/Linfocito) y el índice VPM/PT (Volumen Plaquetario Medio/Plaquetas totales) con el pronóstico 
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introduction

Stroke occurs when blood perfusion is reduced, lead-
ing to neuron death; ischemic events present around 
85% and hemorrhagic in 15%. Ischemic events are 
classified into embolic, thrombotic, or lacunar1. Al-
though hypertensive decontrol is the main etiology, 
some others as clotting disorders, carotid dissection, 
or drugs must be investigated2.

Chronic inflammation led to higher platelet levels and 
lower lymphocytes levels, increasing the risk of stroke 
events3. Platelets reflect inflammation, and the mean 
platelet volume (MPV) express platelet activation, this 
marker is elevated in stroke and is associated with poor 
outcome; on the other hand, the level of platelet count 
(PC) is inversely proportional to MPV in stroke, this 
might be related to the increasing consumption in the 
process of thrombus formation4.

The MPV/PC index is a better indicator of inflamma-
tion and platelet activation compared to MPV or PC 
alone5. This inflammation is even found in some tumors, 
including hepatocellular carcinoma, pancreatic cancer, 
and lung cancer, increasing the MPV/PC index6.

High levels of MPV and neutrophils lymphocytes ratio 
(NLR) are found in carotid artery stenosis and cardiac 
arrest7. However, NLR and MPV are higher when ca-
rotid artery stenosis is between 70 and 99%7.

Platelet size plays an important role as a cardiovas-
cular risk factor, while NLR and platelet/lymphocyte 
index express systemic inflammation8. Low platelets 
levels are related to thrombosis events, increasing car-
diac events and mortality9. Furthermore large platelets 
are more reactive than small platelet10.

Previously some other indexes were studied, special-
ly the MPV, NLR, and erythrocyte sedimentation rate 

(ESR) which are related with C-reactive protein (CRP) 
in stroke events; males keep better relation between 
CRP/NLR and ESR indexes, while females have a good 
relation between CRP/MPV and NLR/ESR indexes11.

The MPV expresses platelet production and inflam-
mation, increasing the prothrombotic events12. Howev-
er, there is a direct relation between platelet size in 
cardiovascular events, increasing the cardiovascular 
risk in patients with large platelets8.

The MPV and MPV/PC are higher in stroke events, 
even in patients who suffered cardiac arrest or post-
AMI stroke13. Opposite to acute inflammation, lower 
levels of MPV express chronic inflammation and rheu-
matic diseases14. The increase in MPV and NLR/PLT 
predicts severity of stroke and TIA at admission and 
after 3 months15.

Despite the fact that MPV increases in stroke events, 
this may be increased in other diseases such as hyper-
tension, diabetes, and atrial fibrillation, increasing the 
risk of stroke16. The MPV predicts outcomes in stroke 
events, and even during the following 90  days after 
thrombolysis events17. The MPV is higher in acute 
non-lacunar than lacunar ischemic strokes, and this is 
directly related to the MPV and lesion size18.

The high platelet levels are increased in all cardio-
vascular events, especially in myocardial infarction and 
ischemic stroke, this fact increases mortality in all 
stroke events19. The MPV, as an expression of platelets 
activation, is useful for prognosis of cardiovascular and 
stroke20. On the other hand, platelets activation ex-
presses inflammation which produces brain damage 
and leads to spread microvascular dysfunction, edema 
enlargement, and eventually worsen functional out-
comes21; this is reflected with higher MPV levels, which 
are found in all stroke types22.

de población mexicana con EVC. Métodos: El estudio actual incluyó a 236 pacientes, incluidos 137 hombres (74-78 años) y 
81 mujeres (64-72 años); se desarrollaron 58 eventos hemorrágicos, incluidos 44 parenquimatosos, 8 subaracnoideos y 6 
subdurales; así como 160 eventos isquémicos, incluidos 149 isquémicos, 2 lacunares y 9 AIT (Ataque Isquemico Transitorio). 
A todos los pacientes se les realizaron tomografía de cráneo así como biometría hemática inicial y de seguimiento, determi-
nando ambos índices y comparándolos entre ellos. resultados: El índice de neutrófilos/linfocitos menor a 3 (p = 0.015) y un 
índice de plaquetario medio/plaquetas totales mayor a 0.031 (p = 0.001) aumentaron significativamente en pacientes con EVC 
durante las primeras 48 horas del evento. Mientras que valores mayores a 10 fl de VPM se asociaron l incremento de morta-
lidad (p = 0.014); considerando todos los EVC. La curva ROC mostró área bajo la curva de la relación VPM/PT 0.822 (0.760-
0.885) (p = 0.001) y neutrófilos/linfocitos 0.661 (0.579-0,742) (p = 0.001) con una diferencia significativa entre los valores de 
área bajo la curva (p = 0.001). Conclusiones: La mortalidad es mayor en pacientes mayores de 72 años, en EVC hemorrá-
gico, pacientes mujeres, así como aquellos con valores altos de índices neutrófilos/linfocitos y VPM/PT; el índice VPM/PT es 
mejor que el índice neutrófilos/linfocitos como marcador de gravedad en EVC, relacionado con mayores días de estancia 
intrahospitalaria. Estos índices podrían utilizarse para predecir la mortalidad y estancia prolongada en pacientes con EVC.

Palabras clave: VPM. INL. Neutrófilos/linfocitos. EVC. Mortalidad.
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Methods

This is a cross-sectional study that was done during 
the period from April 2020 to January 2022. Patients 
with ages over 18 years old were included into the anal-
ysis, including all types of strokes, demonstrated with 
imaging study (brain tomography or brain magnetic res-
onance) during the first 48 h of the event, with hematic 
cytometry at hospital admission, and interned into any 
hospital service. Hemorrhagic events were considered 
as stroke; however, just ischemic events were consid-
ered in the final analysis. We collect laboratory param-
eters from all hematic cytometry of WBC, MPV, neutro-
phils, lymphocytes, platelets; demographic parameters, 
sex, age; and stroke events, type of stroke, hospital stay 
days, hospital stay until discharge, die, or alive. All these 
parameters were analyzed and we obtained a relation 
between number of neutrophils and lymphocytes (N/L), 
which were considered normal with values between 
0.78 and 3.53, and was divided into three three groups, 
low risk < 1.5, intermediate risk 1-5-3, and high risk > 3. 
The VPM was considered normal with values from 7 to 
10 fl, a relation between VMP and platelets count was 
obtained, with a VPM/PC index was normal if the rela-
tion was lower than 0.031. Hematic cytometry was col-
lected at admission and during hospitalization. Kaplan–
Meier survival statistics and the log-rank test were used 
to compare stroke events according to sex, N/L, and 
MPV/PC index and type of stroke. A plot for comparison 
of receiver operating characteristic curve (ROC) curves 
among MPV/PC and N/L index was done. All the tests 
were two-sided and p-value < 0.05 was considered sig-
nificant. All analyses were done using SPSS 20.0 
(SPSS, Inc., Chicago, IL, USA).

results

We collected 236  patients including 137  males 
(74-78  years) and 81  females (64-72  years); with 58 
hemorrhagic cases, including 44 parenchymal, eight 
subarachnoid, and six subdural; and 160 ischemic cas-
es, including 149 ischemic, 2 lacunar, and 9 TIA. Only 
18 patients were discharged to other health-care cen-
ters, excluding these patients from final analysis. 
A neutrophils/lymphocytes index lower than 3 (p 0.015) 
had a 68.4% of sensitivity and 83.2% of specificity, with 
a PPV of 72% and NPV of 89%; and a MPV/PC index 
higher than 0.031 (p = 0.001) with a 71.2% of sensitivity 
and 84.9% of specificity, with a PPV of 62% and NPV 
of 94%; both indexes increased significantly in stroke 
patients during the first 48 h from the event, increasing 

hospital stay days at medium of 15 days (13-18 days). 
The correlation between serum parameters and mor-
tality in stroke according to sex group is presented in 
Kaplan–Meier graph (Fig.  1). Values > 10 fl of MPV 
were found to increase significantly in dead patients 
(p = 0.014); considering all strokes, a total of 37  pa-
tients died (63.7%) because of a hemorrhagic event, 
and 92  (57.5%) because ischemic event, this mainly 
related to complications of long hospital stay. However, 
both indexes had a good specificity to predict mortality 
and long stay days in ischemic events, being useless 
in hemorrhagic events; ROC analysis showed that ar-
eas under the curve (AUC) values were MPV/PC 
0.822 (0.760-0.885) (p = 0.001) and N/L 0.661 (0.579-
0.742) (p = 0.001) with a significant difference between 
AUC values (p = 0.001).

discussion

The relation between platelets and thrombotic 
events is well studied; however, platelets play an im-
portant role in inflammation, it has been reported that 
MPV is a good indicator of platelet size and activity, 
helping as an inflammatory marker in cardiovascular 
events and stroke23. However, the MPV values are 
useful as the severity index of stroke, while the N/L 
index helps to express systemic inflammation24. 
Thereby leukocytes help into the atheroma formation; 
while leukocytosis is involved into plaque destabiliza-
tion, inducing acute thrombotic events as stroke 
events, so lower N/L index could be related with a 
good prognosis. We found that the N/L index was 
significantly lower, while the MPV/PC index was high-
er during the first 48 h of stroke; these indexes can 
help to distinguish between systemic inflammation 
and local thrombosis mainly during the first 48  h of 
the event; however, both indexes are an independent 
predictor of long hospital stay and morality in stroke 
patients, even ischemic events had a high mortality, 
the hemorrhagic events are still the more lethal 
events, so MPV/PC and N/L indexes are useless to 
predict mortality in those events.

The clinical data showed that patients with in-hospital 
strokes were more likely to have long hospital stay days 
and high mortality; this is directly related to high MPV 
levels, as well as, high MPV/PC index, and lower N/L 
index, which were found in our study population during 
stroke events. The main finding of our study relates to 
the association of N/L index and MPV/PC index 
as accessible and non-invasive indexes of prognosis in 
stroke patients.
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Figure 1. A: Kaplan–Meier plots showing. Increase in mortality in patients with neutrophils/lymphocytes index lower than 
3. B: increase in mortality in patients with MPV/PC index higher than 0.031. C: increase in mortality in patients with 
hemorrhagic stroke, compared to ischemic stroke. D: mortality according to sex. E: increase in mortality of patients with 
levels higher than 10 fl of MPV. F: ROC curve comparing MPV/PC and neutrophils/lymphocytes indexes predicting mortality.
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abstract

objective: The aim of this study was to assess the association between dopaminergic-induced complications and satisfac-
tion with life in patients with Parkinson’s disease. Methods: A cross-sectional study was carried out. Subjects were recruited 
from two movement disorders clinics in Mexico, from May to October 2019. Dopaminergic drug-induced complications were 
assessed with the movement disorders society – unified Parkinson’s disease rating scale items 4.1-4.5 where satisfaction 
with life scale score was used as the outcome variable. Correlation coefficients were utilized. results: Sixty-eight patients 
were included in the study. The mean satisfaction with life scale score was 25.7 (SD = 5.3), with 66.1% of them scoring higher 
than average scores. Age at diagnosis (rs = 0.256, p = 0.035), education (rs = 0.240, p = 0.048), geographic region (r2 = 0.180, 
p = 0.034), movement disorders society - unified Parkinson’s disease rating scale part I (rs = −0.378, p = 0.002) and II 
(rs = −0.280, p = 0.021), and Hoehn and Yahr stage (rs = −0.295, p = 0.015) were significantly correlated with satisfaction 
with life scale scores. Partial correlation coefficient analysis revealed a statistically significant but moderate correlation be-
tween motor fluctuations and satisfaction with life scale scores (rs = −0.408, p = 0.001). No significant correlation was ob-
served with dyskinesias. Conclusions: Motor fluctuations but not dyskinesias have a detrimental effect on patients’ life sa-
tisfaction. Strategies to reduce motor fluctuations and better understanding the contribution of these to patients’ lives may 
help minimize the negative impact of these complications on patients with PD.

Keywords: Well-being. Satisfaction with life. Motor fluctuations. Dyskinesia.

Asociación entre las complicaciones inducidas por la dopamina y la satisfacción vital 
en la enfermedad de Parkinson

resumen

objetivo: El objetivo de este estudio es evaluar la asociación entre las complicaciones inducidas por dopaminérgicos y la 
satisfacción con la vida en pacientes con enfermedad de Parkinson. Métodos: Se realizó un estudio transversal. Los sujetos 
fueron reclutados de dos clínicas de trastornos del movimiento en México, de mayo a octubre de 2019. Las complicaciones 
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introduction

Parkinson’s disease (PD) is a complex neurodegen-
erative disorder characterized by a wide range of motor 
and non-motor symptoms.1 Research in PD has mainly 
focused on the investigation of possible neuroprotec-
tion, disease modifiers, and management of motor and 
non-motor symptoms2-4. Recently, a few number of 
studies have gone beyond and investigated emotional 
wellness of the affected people, specifically how per-
sons with PD feel about their own lives5. Well-being can 
be defined as the experience of health, happiness, and 
prosperity and is distinguished two components of 
well-being. The psychological component refers to in-
ter- and intrapersonal characteristics such as autono-
my, environmental mastery, personal growth, personal 
relationships, purpose in life, and self-acceptance that 
could help individuals to achieve an optimal level of 
functioning in their daily life6,7. The subjective compo-
nent reflects the cognitive component of satisfaction 
with life as a whole, and the presence of positive and 
absence of negative emotions as affective compo-
nents8,9. Most studies used life satisfaction as an indi-
cator of well-being. Life satisfaction (LS) is defined as 
a global assessment of person’s quality of life accord-
ing to his own criteria10. There is an increasing interest 
in studying life satisfaction as an indicator of subjective 
well-being in persons with PD11. Assessing LS could be 
key in persons with PD as it has significant influence 
on the process of living with PD and can serve as an 
indicator of quality of life12,13.

The satisfaction with life scale (SWLS) in persons with 
PD is a valid instrument for measuring LS in PD. SWLS 
has shown good convergent validity with other LS scales 
and good internal consistency and reliability14. The 

SWLS is considered a psychometrically comprehensive 
and suitable tool to assess LS in persons with PD15,16. 
A recent study utilizing the SWLS analyzed factors as-
sociated with LS in persons with mild-to-moderate PD, 
reporting significant correlations of LS with individuals 
sense of coherence and disease duration17. Other instru-
ments have been developed to measure LS and have 
been utilized in few research studies of patients with PD. 
In general, these studies have reported significant asso-
ciations of motor and non-motor symptoms and of em-
ployment status with individuals LS18-21. However, ques-
tions regarding the impact of other clinical characteristics 
which may also affect patient’s quality of life or LS in 
persons with PD remain unanswered.

Therefore, the aim of this study was to determine 
the correlation between dopaminergic-induced complica-
tions, including dyskinesias and motor fluctuations, with 
LS in persons with PD. We hypothesize that dopaminer-
gic-induced motor complications will have a negative im-
pact on patients LS. We also investigated the relationship 
of non-motor and motor aspects of experiences of daily 
living, and of motor symptoms with their LS.

Materials and methods

An observational cross-sectional study to investigate 
the association of dopaminergic-induced complications 
of patients with PD with their LS was carried out. Con-
secutive subjects were recruited from two movement 
disorders clinics in Mexico, including the National Insti-
tute of Neurology and Neurosurgery in Mexico City and 
Tecnologico de Monterrey in Monterrey, during the time 
period comprised from May to October 2019. Subjects 
included had a clinical diagnosis of PD made by a neu-
rologist with training in movement disorders using the 

inducidas por fármacos dopaminérgicos se evaluaron con la escala de calificación unificada de la enfermedad de Parkinson 
de la sociedad de trastornos del movimiento ítems 4.1 al 4.5. La variable desenlace se obtuvo por medio de la escala de 
satisfacción con la vida. Se utilizaron coeficientes de correlación. resultados: 68 pacientes fueron incluidos en el estudio. La 
puntuación media de la escala de satisfacción con la vida fue de 25.7 (DE = 5.3), con un 66.1% de ellos con una puntuación 
superior a la media. Observamos que la edad al momento del diagnóstico (rs = 0.256, p = 0.035), educación (rs = 0.240, 
p = 0.048), región geográfica (r2 = 0.180, p = 0.034), escala unificada de calificación de la enfermedad de Parkinson, parte I 
(rs = −0.378, p = 0.002) y II (rs = −0.280, p = 0.021) y el estadio de Hoehn y Yahr (rs = −0.295, p = 0.015) se correlacionaron 
significativamente con las puntuaciones de la escala de satisfacción con la vida. El análisis del coeficiente de correlación 
parcial reveló una correlación estadísticamente significativa pero moderada entre las fluctuaciones motoras y las puntuaciones 
de la escala de satisfacción con la vida (rs = −0.408, p = 0.001). No se observó una correlación significativa con las discinesias. 
Conclusiones: Las fluctuaciones motoras, pero no las discinesias, tienen un efecto perjudicial sobre la satisfacción con la vida 
de los pacientes. Las estrategias para reducir las fluctuaciones motoras y comprender mejor la contribución de estas a la vida 
de los pacientes pueden ayudar a minimizar el impacto negativo de estas complicaciones en los pacientes con Parkinson.

Palabras clave: Bienestar. Satisfacción con la vida. Fluctuaciones motoras. Discinesias.
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movement disorders society (MDS) clinical diagnostic 
criteria for PD22. Patients were excluded if they were 
not able to answer the questionnaires.

Demographic variables, including gender, age, edu-
cation, marital status, living condition, employment sta-
tus, geographic region, comorbidities, physical activity, 
recreational/social activities, and physical therapy were 
recorded. Clinical variables, including age at symptom 
onset, age at diagnosis, disease duration, PD motor 
subtype, Hoehn and Yahr (H&Y) stage, Schwab and 
England (S&E) scale score, and the MDS-Unified Par-
kinson’s Disease Rating Scale score (MDS-UPDRS), 
were also collected. All patients provided a written in-
formed consent and the study was approved by an 
Institutional Review Board.

Outcome scales

To assess the dependent variable LS, we utilized the 
Spanish version of the SWLS23. The SWLS evaluates 
LS as a global summation of an individual’s life situa-
tion, inquiring about individual’s subjective evaluation 
of ideal life, a wish for change, and satisfaction with 
past and current situation24. It consists of five questions 
rated on a seven-point Likert scale ranging from 
“strongly disagree” to “strongly agree.” The responses 
are added to a total sum score that ranges from 5 to 
35 points.

The MDS-UPDRS is a comprehensive scale assess-
ing both motor and non-motor symptoms associated with 
PD25. It is divided into four parts with a total summed 
score. Part  I evaluates the non-motor experiences of 
daily living; part  II evaluates the motor experiences of 
daily living; part  III consists of the motor examination 
which was obtained during off medication periods; and 
part IV evaluates motor complications. All items have five 
possible responses ranging from 0 = Normal, 1 = Slight, 
2 = Mild, 3 = Moderate, and 4 = Severe. Higher scores 
indicate greater impact of PD symptoms.

To analyze the main independent variable dopami-
nergic-induced complications, we utilized the MDS-UP-
DRS scale part  IV. To assess the time spent and the 
functional impact of dyskinesias, we used items 4.1 and 
4.2, respectively, and to assess the time spent in the 
off state, the functional impact of fluctuations, and the 
complexity of motor fluctuations, terms 4.3, 4.4, and 4.5 
were used, respectively. The MDS-UPDRS part  I and 
II total scores were used to determine the non-motor 
and motor aspects of experiences of daily living of pa-
tients with PD, respectively. The MDS-UPDRS part  III 
and the PD motor subtype were used in the study to 

determine the characteristics of the motor symptoms of 
patients with PD. The motor subtype was obtained by 
summing together the MDS-UPDRS items within each 
subtype, including tremor-dominant (TD), postural in-
stability and gait disorder (PIGD), and indeterminate 
(IT), to obtain a subscore for each subtype. The final 
subtype was determined based on ratios of subtype 
scores26. Then, if the TDsubscore/PIGDsubscore was > 1.15, 
the TD subtype was assigned, if it was < 0.9, the PIGD 
subtype was assigned, and if the ratio was in between 
0.9 and 1.15, the IT was assigned.

Statistical analysis

Measures of central tendency and variability were 
used for descriptive statistics. The assumption for nor-
mality was evaluated using the Shapiro–Wilk test. 
A  Spearman’s rank-order correlation coefficient was 
used to assess correlation between independent contin-
uous variables (age, age at onset, age at diagnosis, 
education, disease duration, S&E, H&Y stage, and 
MDS-UPDRS scores) with the dependent continuous 
variable SWLS score. A Mann–Whitney U-test was used 
to assess the difference between two groups of inde-
pendent categorical variables (gender; marital status; 
living status; employment status; chronic diseases; phys-
ical activity; social/recreational activities; rehabilitation 
therapy; and PD motor subtype) and dependent contin-
uous variable (SWLS score). To evaluate the difference 
between three or more groups of independent categor-
ical variables (geographic region) and dependent con-
tinuous variable (SWLS score), a Kruskal–Wallis was 
used. A partial correlation coefficient was then utilized 
to estimate the correlation between the independent 
variables (MDS-UPDRS items 4.1, 4.2, 4.3, 4.4, and 4.5) 
with the outcome variable (SWLS score) after controlling 
for possible confounding variables, which were selected 
if p < 0.05 from univariate analyses. The IBM Statistical 
Package for the Social Sciences software version  25 
was utilized for analysis.

results

A total of 68 subjects with PD were included in the 
study. Main demographic and clinical characteristics 
are presented in tables 1 and 2. The mean SWLS score 
was 25.7 (SD = 5.3), with most of them reporting a high 
score 42.6% (n = 29), and a very high score 23.5% 
(n = 16) regarding satisfaction with their lives. Figure 1 
shows a divided bar chart showing proportions of the 
SWLS scores in our PD cohort.
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Table 1. Correlations of demographic variables with satisfaction with life scale scores

Variables n = 68 SWLS, mean (SD) p value Effect size

Age, years (SD) 64.9 (13.0) 25.7 (5.3) 0.194 rs = 0.160

Gender
Female, n (%)
Male, n (%)

29 (42.6)
39 (57.4)

25.8 (4.3)
25.6 (5.9)

0.672 rpb  =  −0.020

Education, years (SD) 11.8 (4.7) 25.7 (5.3) 0.048* rs = 0.240

Marital status
Single, n (%)
Married or cohabited, n (%)

24 (35.3)
44 (64.7)

25.8 (5.0)
25.6 (5.5)

0.787 rpb = −0.018

Living situation
Alone, n (%)
With company, n (%)

12 (17.6)
56 (82.4)

24.3 (6.6)
26.0 (5.0)

0.434 rpb = 0.121

Employment status
Employed, n (%)
Retired/unemployed, n (%)
Comorbidities, n (%)

No
Physical activity, n (%)

No
Recreational/social activities, n (%)

No
Physical therapy, n (%)

No

24 (35.3)
44 (64.7)
32 (47.1)
36 (52.9)
37 (54.4)
31 (45.6)
16 (23.5)
52 (76.5)
8 (11.8)

60 (88.2)

26.8 (5.2)
25.1 (5.3)
25.2 (5.7)
26.2 (4.9)
26.7 (5.4)
24.5 (4.9)
27.1 (5.7)
25.3 (5.1)
27.4 (5.0)
25.5 (5.3)

0.181

0.518

0.060

0.182

0.445

rpb = 0.147

rpb = −0.099

rpb = 0.208

rpb = 0.144

rpb = 0.116

Geographic region
Center, n (%)
Northeast, n (%)
Gulf, n (%)
South, n (%)
West (%)
Foreigner, n (%)

38 (55.9)
19 (27.9)

4 (5.9)
3 (4.4)
2 (2.9)
2 (2.9)

24.3 (4.9)
27.2 (5.8)
25.0 (4.5)
26.0 (1.7)
31.0 (2.8)
33.5 (2.1)

0.034* η2 = 0.180

PD motor subtype
Tremor‑dominant subtype, n (%)
PIGD or indeterminate, n (%)

49 (72.1)
19 (27.9)

25.2 (5.1)
27.0 (4.4)

0.351 rpb = 0.154

*p < 0.05.

Figure 1. Divided chart bar showing proportions of the SWLS score of our PD cohort, n = 68.
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Table 2. Correlations of clinical variables with 
satisfaction with life scale scores

Variables Mean, 
(SD)

SWLS 
score

p value Effect 
size

Age at onset 56.0 (14.9) 0.218 0.073 rs = 0.219

Age at diagnosis 58.9 (13.5) 0.236 0.035* rs = 0.256

Disease duration 8.9 (8.4) −0.203 0.059 rs = ‑0.230

MDS‑UPDRS I 
score

9.1 (6.7) −0.276 0.002* rs = ‑0.378

MDS‑UPDRS II 
score

10.9 (7.4) −0.258 0.021* rs = ‑0.280

MDS‑UPDRS III 
off meds score

31.4 (15.0) −0.149 0.072 rs = ‑0.220

MDS‑UPDRS IV 
score

2.6 (3.7) −0.177 0.219 rs = ‑0.151

Hoehn and Yahr 
stage

2.5 (0.7) −0.291 0.015* rs = ‑0.295

Schwab & 
England score

73.4 (14.1) −0.239 0.050 rs = 0.238

*p < 0.05. PD: Parkinson’s disease; PIGD: postural instability with gait disturbance; 
MDS‑UPDRS: movement disorders Society–Unified Parkinson’s disease rating 
scale.

Low-to-moderate statistically significant correlations 
were observed between age at diagnosis (rs = 0.256, 
p = 0.035), education (rs = 0.240, p = 0.048), MDS-UP-
DRS part I score (rs = −0.378, p = 0.002), MDS-UPDRS 
part  II score (rs = −0.280, p = 0.021), and H&Y stage 
(rs = −0.295, p = 0.015) with SWLS scores.

A Kruskal–Wallis test was conducted to determine the 
difference between geographic region and SWLS 
scores revealing a small significant association between 
variables (η2 = 0.180, p = 0.034). The post hoc analysis 
revealed that the SWLS scores of patients living in the 
northeast region of Mexico (27.2, SD = 5.8 vs. 24.3, SD 
4.9; p = 0.030) or foreigners outside of Mexico (33.5, 
SD = 2.1 vs. 24.3, SD = 4.9; p = 0.014) were significantly 
higher than that of patients living in the center region of 
Mexico. A Mann–Whitney U-test to determine the differ-
ence between other demographic and clinical variables 
with SWLS scores revealed no significant differences.

A partial correlation coefficient was conducted to es-
timate the correlation between the MDS-UPDRS items 
4.1, 4.2, 4.3, 4.4, and 4.5 scores with SWLS scores 
after controlling for age at diagnosis, education, 
MDS-UPDRS part I and II scores, H&Y stage, and geo-
graphic region. The analysis revealed a moderate sta-
tistically significant correlation between the functional 

impact of motor fluctuations (MDS-UPDRS part  4.4) 
and SWLS scores (rs = −0.408, p = 0.001). No signifi-
cant correlations were observed between the time 
spent in off state, the complexity of motor fluctuations, 
the time spent with dyskinesias, or the functional im-
pact of dyskinesias with SWLS scores. Scatterplots 
depicting these correlations are shown in figure 2.

discussion

We conducted an observational analytical cross-sec-
tional study in a Mexican sample of persons with PD 
to correlate dopaminergic drug-induced complications 
and their LS. Our study revealed a statistically signifi-
cant negative correlation between the functional im-
pact of motor fluctuations (MDS-UPDRS part 4.4) and 
SWLS scores, when controlling for possible confound-
ing variables. No significant correlations were ob-
served with other characteristics of motor fluctuations 
(MDS-UPDRS part  4.3 and 4.5) or with dyskinesias 
(MDS-UPDRS part 4.1 and 4.2).

Our results suggest that motor fluctuations but not 
dyskinesias, impact on life satisfaction in persons with 
PD. To the best of our knowledge, this is the first study 
investigating an association between dopaminergic 
drug-induced complications and life satisfaction, so com-
parison with other studies is problematic. Our results are 
in line with the previous studies which measured quality 
of life as clinical outcome, reporting that motor complica-
tions may decrease patient’s quality of life27. Strategies 
to reduce motor fluctuations and better understanding 
the contribution of these to persons’ lives may help min-
imize the negative impact of these complications on hap-
piness or well-being. In regard to dyskinesias, data have 
shown that the majority of subjects had a mild and 
non-troublesome dyskinesias that can be adequately 
treatable28. Our results suggest dyskinesias may not 
have as much impact on person’s life satisfaction as 
compared with motor fluctuations. The lack of significant 
correlation between dyskinesia scores and SWLS scores 
may also be explained due to the poor awareness of 
these involuntary movements patients usually have29.

In addition, we observed higher than average SWLS 
scores, which are around 26. This is higher than previ-
ously reported scores which ranged between 21.1 and 
24.214-17. It should also be noted that it has been report-
ed that Hispanics show greater life satisfaction than 
non-Hispanics possible related to a higher spirituality 
among Hispanics30.

We also observed significant correlations between 
ages at diagnosis, years of education, geographic 
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region, and clinical markers of disease severity such 
as MDS-UPDRS parts I and II and H&Y stage, with 
SLWS scores in our cohort of Mexican PD patients. 
Although the majority of the previous studies investi-
gating life satisfaction in patients with PD utilized other 
scales to measure life satisfaction, our results are con-
sistent with these previous reports stating that patient’s 
life satisfaction is significantly correlated with non-mo-
tor and motor aspects of daily living, with the stage of 
the disease, and with years with PD diagnosis17-21. 
Based on these data, providing better control of 
non-motor and motor symptoms of patients with PD 

may have a beneficial effect on patients’ life satisfaction 
or well-being.

Our study is the first to report a significant association 
between years of education and geographic region with 
life satisfaction. A  previous study has shown that 
well-being of individuals differed in terms of geographic 
location, which may be associated to different econom-
ic, social, and health indicators31. These information 
may help clinicians detect those patients prone to not 
feel satisfied with their own lives. Thus, we should con-
sider these factors when managing patients with PD to 
enhance their life satisfaction.

Figure 2. Scatterplot showing correlation between movement disorders society – unified Parkinson’s disease rating scale 
(MDS‑UPDRS) items 4.1‑4.4 with satisfaction with life scale 25 (SWLS) scores. A: shows a non‑significant zero correlation 
between time spent with dyskinesias and SWLS. B: shows a non‑significant zero correlation between functional impact 
of dyskinesias and SWLS. C: shows a non‑significant negative correlation between time spent in the off state and SWLS. 
D: shows a medium significant negative correlation between functional impact of motor fluctuations and SWLS. E: shows 
a non‑significant negative correlation between complexity of motor fluctuations and SWLS.
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Several limitations of the present study need to be 
mentioned before interpretation of results. The issues 
related to observational cross-sectional studies such 
as selection and memory bias need to be considered. 
The participants might not be representative of the tar-
get population. Some data might be inaccurate since 
the scales utilized to measure outcomes might not have 
the highest precision. We attempted to prevent possible 
interviewer bias using different interviewers. Moreover, 
other factors not analyzed in the study, including miss-
ing caregiver’s point of view, might have a confounding 
effect. Although some of the biases mentioned cannot 
be controlled, the statistical methods were utilized to 
control for possible confounders during data analysis.

Conclusions

LS was correlated to the functional impact of motor 
fluctuations but not to dyskinesias in our PD cohort. 
Moreover, geographic region, education, and clinical 
factors related to PD were also correlated to LS. Strat-
egies to reduce the functional impact motor fluctuations 
and better understanding the contribution of these to 
patients’ lives may help minimize the negative impact 
of these complications on patient with PD.

Funding

None.

Conflicts of interest

None.

Ethical disclosures

Protection of human and animal subjects. The 
authors declare that no experiments were performed 
on humans or animals for this study.

Confidentiality of data. The authors declare that no 
patient data appear in this article.

right to privacy and informed consent. The au-
thors declare that no patient data appear in this 
article.

references
 1. Kalia LV, Lang AE. Parkinson’s disease. Lancet. 2015;386:896-912.
 2. Schapira AH, Olanow CW, Greenamyre JT, Bezard E. Slowing of neuro-

degeneration in Parkinson’s disease and Huntington’s disease: future 
therapeutic perspectives. Lancet. 2014;384:545-55.

 3. Fox SH, Katzenschlager R, Lim SY, Barton B, de Bie RM, Seppi K, 
et al. International Parkinson and movement disorder society eviden-
ce-based medicine review: update on treatments for the motor symptoms 
of Parkinson’s disease. Mov Disord. 2018;33:1248-66.

 4. Seppi K, Ray Chaudhuri K, Coelho M, Katzenschlager R, Lloret SP, 
Weintraub D, et al. Update on treatments for nonmotor symptoms of 
Parkinson’s disease-an evidence-based medicine review. Mov Disord. 
2019;34:180-98.

 5. Vescovelli F, Sarti D, Ruini C. Subjective and psychological well-being in 
Parkinson’s disease: a systematic review. Acta Neurol Scand. 
2018;138:12-23.

 6. Ryff CD. Psychological well-being revisited: advances in the science and 
practice of eudaimonia. Psychother Psychosom. 2014;83:10-28.

 7. Keyes CL, Shmotkin D, Ryff CD. Optimizing well-being: the empirical 
encounter of two traditions. J Pers Soc Psychol. 2002;82:1007-22.

 8. Diener E. Subjective well-being. The science of happiness and a propo-
sal for a national index. Am Psychol. 2000;55:34-43.

 9. Seligman ME, Csikszentmihalyi M. Positive psychology. An introduction. 
Am Psychol. 2000;55:5-14.

 10. Shin DC, Johnson DM. Avowed happiness as an overall assessment of 
the quality of life. Soc Indic Res. 1978;5:475-92.

 11. Cools CI, de Vries NM, Bloem BR. Happiness: a novel outcome in Par-
kinson studies? J Parkinsons Dis. 2020;10:1261-6.

 12. Veenhoven R. Qualities of life and happiness. Ned Tijdschr Tandheelkd. 
2011;118:130-2.

 13. Ambrosio L, Portillo MC, Rodriguez-Blazquez C, Rojo JM, Martinez-Mar-
tin P, EC-PC Validation Group. Influencing factors when living with Par-
kinson’s disease: a cross-sectional study. J Clin Nurs. 2019;28:3168-76.

 14. Lovereide L, Hagell P. Measuring life satisfaction in Parkinson’s disease 
and healthy controls using the satisfaction with life scale. PLoS One. 
2016;11:e0163931.

 15. Rosengren L, Jonasson SB, Brogardh C, Lexell J. Psychometric proper-
ties of the satisfaction with life scale in Parkinson’s disease. Acta Neurol 
Scand. 2015;132:164-70.

 16. Lucas-Carrasco R, Den Oudsten BL, Eser E, Power MJ. Using the satis-
faction with life scale in people with Parkinson’s disease: a validation study 
in different European countries. ScientificWorldJournal. 2014;2014:680659.

 17. Rosengren L, Brogardh C, Jacobsson L, Lexell J. Life satisfaction and 
associated factors in persons with mild to moderate Parkinson’s disease. 
NeuroRehabilitation. 2016;39:285-94.

 18. Cubi-Molla P, de Vries J, Devlin N. A study of the relationship between 
health and subjective well-being in Parkinson’s disease patients. Value 
Health. 2014;17:372-9.

 19. Dural A, Atay MB, Akbostanci C, Kucukdeveci A. Impairment, disability, and 
life satisfaction in Parkinson’s disease. Disabil Rehabil. 2003;25:318-23.

 20. Gustafsson H, Nordstrom P, Strahle S, Nordström A. Parkinson’s disea-
se: a population-based investigation of life satisfaction and employment. 
J Rehabil Med. 2015;47:45-51.

 21. Rosqvist K, Hagell P, Odin P, Ekström H, Iwarsson S, Nilsson MH. 
Factors associated with life satisfaction in Parkinson’s disease. Acta 
Neurol Scand. 2017;136:64-71.

 22. Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, Oertel W, et al. 
MDS clinical diagnostic criteria for Parkinson’s disease. Mov Disord. 
2015;30:1591-601.

 23. Vazquez C, Duque A, Hervas G. Satisfaction with life scale in a repre-
sentative sample of Spanish adults: validation and normative data. Span 
J Psychol. 2013;16:E82.

 24. Diener E, Emmons RA, Larsen RJ, Griffin S. The satisfaction with life 
scale. J Pers Assess. 1985;49:71-5.

 25. Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-Mar-
tin P, et al. Movement disorder society-sponsored revision of the unified 
Parkinson’s disease rating scale (MDS-UPDRS): scale presentation and 
clinimetric testing results. Mov Disord. 2008;23:2129-70.

 26. Eisinger RS, Hess CW, Martinez-Ramirez D, Almeida L, Foote KD, Okun 
MS, et al. Motor subtype changes in early Parkinson’s disease. Parkin-
sonism Relat Disord. 2017;43:67-72.

 27. Hechtner MC, Vogt T, Zollner Y, Schröder S, Sauer JB, Binder H, et al. 
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abstract

This review article aims to provide a general and up-to-date view of the neural processing models of consciousness, a topic 
that has aroused particular interest from the neuroscientific community to understand various phenomena associated with 
human behavior. It begins with the general statements about the concept of consciousness, the linked evolutionary and 
neuropsychological elements, the concept of consciousness defined as a state and as content experience, and also referring 
to its neural correlate. Finally, a general overview is given on how artificial intelligence is linked to the concept of conscious-
ness and the main advances that have occurred so far. The aim of this review is to give the reader a global overview of the 
subject and its future projections, which are based on being a contribution to current knowledge on the subject and linking 
it to understanding human behavior in different contexts, ending in the approach of how machines they could resemble 
human behavior in the short or long term.

Keywords: Consciousness. Neural model of consciousness processing. Default network. Artificial intelligence.

Modelos de procesamiento neuronal de la conciencia: miradas desde la neurociencia 
cognitiva y de sistemas

resumen

El presente artículo de revisión pretende dar una visión general y actualizada acerca de los modelos de procesamiento 
neuronal de la conciencia. Un tema que ha concitado un particular interés por parte de la comunidad neurocientífica para 
poder comprender diversos fenómenos asociados a la conducta humana. Se comienza por los planteamientos generales 
sobre el concepto de conciencia, los elementos evolutivos y neuropsicológicos vinculados, el concepto de conciencia de-
finida como estado y como experiencia de contenido y también haciendo referencia a su correlato neuronal. Para finalizar 
se entrega una panorámica general sobre cómo se vincula la inteligencia artificial con el concepto de conciencia y los 
principales avances que ha habido hasta el momento. Con esta revisión se pretende otorgar al lector una panorámica global 
del tema y sus proyecciones futuras, que se sustentan en ser un aporte al conocimiento vigente sobre el tema y vincularlo 
a comprender el comportamiento humano en diferentes contextos, finalizando en el abordaje de cómo las máquinas podrían 
asemejarse a la conducta humana en el corto o largo plazo.

Palabras clave: Conciencia. Modelo neuronal de procesamiento de la conciencia. Default network. Inteligencia artificial.
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introduction

In recent decades, neuroscientists have shown a 
particular interest in studying the causal relationship 
between consciousness and underlying neural activity. 
The relationship between the nervous system and be-
havior has generated various questions about how our 
brain generates various patterns of perception second-
ary to the stimuli that we receive from the external 
environment and how the brain’s neural networks pro-
cess information. Precisely, the purpose of this work is 
to provide an overview of the neural bases of con-
sciousness and the main neural processing models of 
it that are in force to this day.

Consciousness could be defined as a physiological 
state that varies according to the temporal and spatial 
domain of its neuronal operations, finally allowing the 
appearance of complex and conscious behaviors1. In 
this sense, it is also possible to specify that conscious-
ness is not an attributable element exclusively to hu-
man beings. In this sense, a series of theoretical pos-
tulates that refer to this fact have been offered over 
time, fundamentally through the concept of “Neural 
Darwinism” or also known as Theory of Selection of 
Neural Groups, and a concept that has been widely 
raised and supported by three methodological assump-
tions that are set out below2:
−  The physicalist assumption, which points out that 

consciousness is a particular form of physical pro-
cess that arises from the structure and functioning 
of certain animal brains.

−  The evolutionary assumption, which states that both 
the structure and the function of the nervous system 
as well as consciousness are the result of natural 
selection processes.

−  The assumption of qualia, alluding to the qualitative 
characteristics of conscious experience and denoting 
the properties of certain mental states3, which are 
real, internal and private states and to which only the 
individual himself has access. With this, they cannot 
be communicated directly by any scientific theory.

the evolution of consciousness 
according to neural darwinism

In this sense, Edelman has affirmed that there is neu-
ronal activity underlying the phenomenal experience. 
Moreover, in this way, he argues that there are two 
linked concepts: primary consciousness and secondary 
(or higher order) consciousness. Both are intended to 
explain the origin and evolution of consciousness.

In the first place, primary consciousness is defined 
as the ability to establish a mental scene that integrates 
a large amount of different information with the aim of 
guiding a present or imminent behavior2 and has the 
following characteristics:
−  It occurs in species that have brain structures similar 

to humans.
−  It occurs in animals that are capable of constructing 

a specific mental scene, but that lack highly complex 
semantic or symbolic elements.

−  Short-term memory is required for its appearance.
−  Individuals who possess it are unable to report their 

own qualias or those of other subjects.
Second, secondary or higher order consciousness is 

conceived as the consciousness of the conscious being 
and is established as a characteristic of human be-
ings2. It is characterized as follows:
−  Consider the prior existence of a primary 

consciousness.
−  It is accompanied by a sense of one’s own identity 

and the ability to construct past and future scenes in 
the midst of a waking state.

−  Unlike primary consciousness, it requires higher or-
der cognitive processing, with greater semantic and 
symbolic resources.

−  It allows to develop the concepts linked to one’s own 
subjective identity (the self), past and future elements.
In this way, it is possible to appreciate that the con-

cept of consciousness has been coined over time as 
an element closely related to psychology, philosophy, 
and even within terms associated with evolutionary bi-
ology. Over time the proposals on this concept have 
been refined and proposing new conceptual bases.

Consciousness as a state and as an 
experience of a content

In this line, it is possible to appreciate that our brain 
establishes mechanisms that allow us to be in a certain 
mental state, constituting itself as an geological theory 
of consciousness, where the ego or the self-accounts 
for and is part of a certain content of phenomenally 
conscious states4. Based on this, it is possible to con-
sider consciousness from two quite clear perspectives: 
the level of alertness or arousal, where the existence 
of energy levels or bodily and mental activation that a 
subject possesses at a given moment is appreciated, 
and on the other hand the experience of a content or 
consciousness where the subject is perceiving their 
own internal states as well as the different stimuli that 
are present in the environment and that generate an 
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impact on behavior5. With this, our brain always pro-
cesses an experience that in any case involves the 
existence of a subject of experience, who is fully aware 
that he is in a certain mental state. Both elements, both 
the level of alertness and the experience of a content, 
are subject to neuronal activity6.

An example of the above is the existence of different 
states of brain activity that occur under the influence of 
anesthetics and also in the perceptual mechanisms. 
Regarding the first point, it is possible to determine that 
the existence of anesthetic drugs have an important 
influence on neuronal physiology, such as propofol and 
entomidate7,8. In this case, the levels of cerebral alert-
ness are considerably reduced. In this regard, interest-
ing techniques for monitoring neuronal activity in this 
state have been considered, such as electroencepha-
lography (EEG), which allow recording while the subject 
is under the effect of anesthesia. The signals generated 
by the application of this procedure have oscillatory 
characteristics and are analyzed within five frequency 
bands. This oscillatory activity is usually modified when 
the state of consciousness changes, where neural net-
works exhibit a reduction in their beta rhythm and an 
increase in alpha rhythm9.

It is interesting to note in this regard that, although 
the subject is in a prolonged state of rest, it is not pos-
sible to completely rule out the existence of certain 
levels of neuronal activity, demonstrated by studies 
carried out applying functional magnetic resonance im-
aging in anesthetized subjects10,11. This also shows the 
emergence of intrinsic brain activity during rest and 
based on synchronized neuronal activity patterns12. 
From this point of view, it can be seen that the levels 
of arousal are largely regulated by neural networks that 
supply the attentional tone in corticosubcortical areas 
linked to the right hemisphere, where the anterior cin-
gulate acts as the central coordinator13. On the other 
hand, the existence of a controller of arousal levels is 
also indicated, such as the right prefrontal cortex in 
conjunction with the participation of the anterior cingu-
late and some frontal medial structures14. This also 
proposes a neurotransmission network based on dis-
charges of noradrenergic neurons and, to a lesser ex-
tent, serotonergic neurons of the nigrostriatal system of 
the right hemisphere. At the level of the left hemi-
sphere, an important participation of dopaminergic and 
cholinergic networks (the latter to a lesser extent) has 
been seen15. In this way, the arousal levels may present 
various tonic changes linked to signal improvement or 
noise reduction and also phasic changes, which are 
linked to variations in information processing and status 

updating in tune with the type of activity being carried 
out, which has a direct impact on the subject’s alert-
ness levels. This is where various subcortical areas 
and neurotransmission systems that regulate the locus 
coeruleus and noradrenergic networks are also 
involved16.

We must consider here two important concepts: the 
persistent vegetative state and the minimally conscious 
state. The persistent vegetative state implies a clinical 
situation of total ignorance of oneself and the environ-
ment, with the presence of sleep-wake cycles, and 
complete or partial maintenance of hypothalamic and 
brainstem autonomic functions. On the other hand, the 
state of minimal consciousness is a condition, in which 
patients have cognitively mediated and minimal re-
sponses such as following simple instructions, verbal, 
or gestural yes/no responses, among others17. Based 
on the above, some studies have also been carried out 
related to the vegetative state and in people who exhibit 
a minimal state of consciousness, entities directly re-
lated to consciousness understood as a state. A study 
carried out by Noe et al., in 2019, indicates that people 
who have been in a state of minimal consciousness 
have been able to get out of this state and recover 
within a hospital environment and with important ther-
apeutic support in different axes such as sensory and 
physical stimulation for at least 2 h daily. This recovery 
process was much more favorable than for those peo-
ple who were in a persistent vegetative state. This in-
dicates that both the persistent vegetative state and the 
minimally conscious state are clinical entities that differ 
in both diagnosis and prognosis18. In children, some 
findings have also been seen when they have been 
affected by a persistent vegetative state. The evidence 
shows that there is a diffuse decrease in cerebral me-
tabolism thanks to the application of neuroradiological 
studies19. However, there is little evidence showing the 
evolution of children affected by persistent vegetative 
state and/or minimally conscious state, so updated 
studies are required to contribute to decision-making 
regarding treatment of the pediatric population suffering 
from these neurological conditions.

When we refer to consciousness as an experience of 
content, that is, according to the awareness concept 
mentioned above, it is conceived as an experience of an 
individual type and that, therefore, it is not possible to be 
transferred, although we can interpret and understand it 
from the behavior20. This element has acquired a partic-
ular relevance in recent times, becoming a true represen-
tational theory of consciousness. From this point of view, 
it is possible to define what is known as phenomenal 
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consciousness, which certainly combines the qualities 
felt or experienced (such as a cloudy sky or a particular 
aroma) together with the subjective nature of said expe-
rience and how the subject appropriates it or also, how 
the phenomenon impacts on the individual21.

If we delve into this aspect, there is much to say, 
especially when we refer to the neuronal changes that 
occur in a conscious process linked to content. If we 
consider that this is generated in the presence of a 
stimulus, we can find several neural circuits that partic-
ipate and with different states of activity:
−  When a stimulus arrives through the sense organs, 

the information passes through the thalamus and 
reaches the primary sensory cortex after 20 ms after 
the presentation of said stimulus22.

−  If this neuronal activity is intense enough, it will 
spread to what is known as the “global workspace” 
(an area made up of distributed and interconnected 
neurons, with long-range axons and a set of modular 
perceptual processors, motor activity, memory, eval-
uation, and attention)23.

−  When the above occurs, feedback will be generated 
from the global workspace to the primary sensory area, 
80–100 ms after the stimulus is presented. It is import-
ant to highlight that the neuronal activity of the primary 
sensory cortex must occur in order for the conscious 
perception of the stimulus to be generated24,25.

−  Only if a motor action is required to inform the con-
scious perception or non-perception of the stimulus, 
the prefrontal cortex will have a high role, a few mil-
liseconds after receiving the stimulus26,27.
As mentioned, the activity of the primary sensory cortex 

increases considerably in a conscious process, especially 
in the indicated feedback process. Corticocortical synaps-
es in the primary sensory cortex generate important local 
field potentials (LFPs), which are large extracellular elec-
tromagnetic fields produced when several presynaptic 
axon terminals act synchronously by contacting the den-
drites of neocortical pyramidal neurons28.

This is where the concern then arises as to why the 
individual action potentials of the neurons of the prima-
ry sensory cortex are not related to conscious process-
es29,30 and local field potentials do31,32. The answer lies 
in the fact that the individual action potentials of these 
neurons are of short duration and do not propagate far 
from where they are generated, considering that this 
activity is measured extracellularly. That is why it is 
perfectly possible to think that conscious experiences 
can be transient spatial patterns of LFPs or transient 
spatial patterns of electromagnetism28.

Neural correlates of consciousness

At a general level, it is possible to define this aspect as 
the set of events that are seen in the human brain when 
a conscious mental state occurs that can be observed or 
measured with different brain imaging techniques33.

For many years, different theoretical lines have been 
presented regarding the study of consciousness. This has 
led to the development of models that allow the under-
standing of different mechanisms of neuronal interaction 
and neurofunctional levels that support the conscious 
process. In this way, it is possible to consider a series of 
loops that correspond to this neurofunctional model.

The first of them is made up of the ascending retic-
ular activator system, connected with the nonspecific 
nuclei of the thalamus34 and also with the hypothala-
mus35. This network allows the subject to control the 
physiological activation of the individual and makes the 
higher brain structures also operate physiologically36. 
With this, it is possible to appreciate that, to generate 
states of higher processing of consciousness, it is nec-
essary previously to have structures that serve as a 
basis for this purpose.

Second, we have another neuronal loop, made up of 
the thalamus and its main structures, which are the 
non-specific nuclei of the thalamus and the neuronal 
connections that they maintain with the entire cerebral 
cortex and also with subcortical areas. These connec-
tions are bidirectional in nature, maintaining important 
levels of interrelation between the different structures 
that comprise it37. In this way, this neural network causes 
an important distribution of information to be generated 
in cortical and subcortical areas, increasing the neural 
substrate for it. There is also a network made up of a 
thalamic nuclear axis composed of a thalamic reticular 
nucleus, the intralaminar nuclei, and the nuclei of the 
midline of the thalamus37 and which is responsible for 
distributing information globally, through the entire brain, 
to cover all its structures within synchronized time pat-
terns. With this, it is already possible to have a truly in-
tegrated neural system that regulates a large cognitive 
domain, within which attention processes, alertness, 
motor programming, and memory and emotion process-
es are considered. With this, the individual is capable of 
having a unique neurophysiological substrate and that 
allows him to generate different cognitive abilities that in 
turn allow the appearance of other higher-level behaviors 
such as language, thinking, and social cognition38.

Then, we have a third organizational loop, constituted 
by the so-called negative task networks, which domi-
nates the well-known self-referenced thoughts and is 
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linked to the posterior cingulate cortex and the precu-
neus39. With this, this third loop is constituted as an 
important brain region in the experience of conscious-
ness5. Other structures participating in the processing 
of consciousness have also been proposed and are 
shown in the following figure 1.

Finally, a fourth loop of neural networks is consid-
ered, which involves tasks of greater cognitive de-
mand and is known as positive task networks41. Nor-
mally, these positive task networks, when executing 
tasks of greater cognitive demand, superimpose their 
activity states to the negative task network when the 
subject must process information from outside to gen-
erate conscious strategies42. With this, important 
brain mechanisms such as the central executive net-
work, the dorsal attentional network, and the rele-
vance assignment network are constituted as sys-
tems that dominate the previously described43. In this 
way, another interesting dimension arises, where the 
prefrontal cortex becomes not only a regulator of 
emotions or impulses but also as a brain network that 
has even broader attributes, among which are the 
formation of concepts and introduction to conscious 
action plans44. Even the experience of consciousness 
would also be determined by the levels of connectivity 
that the prefrontal cortex establishes with the hind-
brain45. This is how attention and consciousness are 
two phenomena that are closely related. Attention 
alone is not enough to specify the conscious repre-
sentation of content, but it is a fundamental cognitive 
resource for conscious access. There is evidence that 
phenomenal attention and awareness involve syn-
chronized and overlapping patterns of neural activity 
in the parietal and temporal cortices. It has also been 
seen that there are representations distributed in 
many places in the brain, with neuronal activity whose 
discharge converges mainly in the parietal, temporal, 
and occipital areas46 (Fig. 2).

The neurochemistry of consciousness has been widely 
discussed and many neurotransmitters have been in-
volved in the process, such as glutamate, acetylcholine, 
gamma amino butyric acid (GABA), norepinephrine, do-
pamine, and histamine. Glutamate is seen to be exten-
sively involved in the control of the sleep-wake system. 
For its part, acetylcholine would participate in memory 
processes. GABA acts in the cerebral cortex and also in 
the regulation of the sleep-wake cycle. Norepinephrine is 
also involved in the sleep-wake cycle, the regulation of 
moods and attention. Dopamine broadly influences the 
functioning of the system related to motivation and initia-
tive, along with its impact on the functioning of the 

prefrontal cortex. Histamine favors the appearance of 
drowsiness if H3 receptors are activated, while if H1 re-
ceptors are activated, alertness will be facilitated48 
(Fig. 3).

Brain phenomena attributed to self-
awareness

One of the phenomena most considered lately is not 
based solely on analyzing the conscious experience or 
the state of consciousness itself, but also with regard 
to self-consciousness. This concept refers, in the words 
of George Prigatano, as “the ability to perceive oneself 
in relatively objective terms while maintaining a sense 
of subjectivity”50. In this sense, considering the brain 
within a context of emergent properties, it has been 
pointed out that the prefrontal cortex houses important 
neural networks linked to self-awareness and, specifi-
cally, areas such as the anterior cingulate, the orbitof-
rontal area, and the subcortical regions51.

As indicated above, there are some solid arguments 
that support the neuronal correlate of self-awareness, 
among which are noted: 1) that the prefrontal cortex 
receives projections from all sensory regions that re-
ceive conscious experiences and also from somatosen-
sory areas that involve bodily states past and present. 
2) which also represents categorizations of the various 
situations in which the subject is located, classifying 
the contingency of the life experience51.

With this, it is also possible to appreciate a series of 
other neuronal structures according to other models 
that have emerged in this regard. For example, in the 
anterior cingulum and in the frontoinsular cortex, a fairly 
specific neuronal type is located, called von Economo 
neurons or also known as spindle neurons, which are 
characterized by their fusiform structure and their polar 
shape. They have not only been found in humans and 
hominids in general but also in whales and elephants52. 
The interesting thing about this type of neurons is that 
they are only found in species that are identified in a 
mirror and that have certain social structures, such as 
those previously mentioned. If these neurons were lost, 
individuals would have difficulties related to the loss of 
emotional consciousness and some behavioral distur-
bances in fronto-temporal dementias51.

the role of the default network  
in consciousness processes

To begin with, it is necessary to point out that this 
neural network has been extensively documented. It 
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Figure  1. Schematic showing the neural correlate of consciousness (NCC). The participation of the paraventricular 
nucleus (PVT) in the arousal phenomenon is shown, as well as the posterior cerebral cortex, which is related to 
consciousness understood as content experience. Other participating structures are: the claustrum (CLA) (key zone in 
the consciousness loop and the transmission of control information), the thalamus (Th), and the third ventricle (V3) 
(taken from Zhao et al.40)

Figure  2. Lateral schematic of the brain showing the 
dorsal attentional network (DAN) (red) and the ventral 
attentional network (VAN) (green). FEF (front eye field) is 
also shown; SPL (superior parietal lobule); IFG (inferior 
frontal gyrus); IPL (inferior parietal lobule); MFG (middle 
frontal gyrus); STG (superior temporal gyrus); and TPJ 
(temporoparietal junction) (taken from Nani et al.47)

was considered to call default network, or neural net-
work by default, to a series of brain areas that appeared 

“deactivated” or, what is better, with low states of activity 
when a subject was directing his behavior toward a 
specific cognitive task that required high levels of atten-
tion. The network described by Raichle53 considered 
structures as diverse as the ventromedial prefrontal cor-
tex, the dorsolateral prefrontal cortex, the posterior cin-
gulate cortex, the precuneus, and the lateral parietal 
cortex. In addition, the entorhinal cortex and the hippo-
campus have been linked to this network54.

Some studies have proposed that this network would 
have a quite relevant role in processes related to con-
sciousness. For example, it has been shown that the 
default network could become the neural substrate for the 
Freudian secondary process55, thereby generating im-
portant bases for understanding concepts related to this 
area of psychology. Another study, conducted in 2014 by 
Gao and his team, indicated that during the first 6 months 
of a subject’s life, there is a considerable increase in neu-
ronal connectivity between regions of the hippocampus/
parahippocampus, inferior parietal lobe, and the posterior 
cingulate cortex. This finding accounts for the advances 
of self-awareness, that is, of becoming aware of oneself, 
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Figure  3. Diagram showing the functioning of the dopaminergic, GABAergic, and cholinergic circuits linked to 
consciousness. Different structures where neurotransmitters act are also shown. AMG: amygdala; HIP: hippocampus; 
LDT: laterodorsal tegmental nucleus; MS: medial septum; NAc: nucleus accumbens; NBM: nucleus basalis of Maynert; 
PPT: pedunculopontine tegmental nucleus; SN: substantia nigra; ST: striatum; TH: thalamus; VDB: vertical limb of the 
diagonal band of Broca; VTA: ventral tegmental área; and HDB: horizontal limb of the diagonal band of Broca (taken 
from Gasioroswka et al.49).

an element linked to primary consciousness and which is 
closely linked to sensory activity56.

An important mention of the relevance of the default 
network in the conscious process is with regard to atten-
tion-deficit/hyperactivity disorder (ADHD), in which there 
is a significant imbalance in the cognitive and behavioral 
control mechanisms57. This is where the default network 
acquires a special prominence since some of its compo-
nents, such as the posterior medial or precuneus region, 
are especially sensitive to distracting stimuli for the sub-
ject. The cognitive engagement network also partici-
pates, that is, that network that actively participates in 
the performance of cognitively demanding tasks and in 
which the dorsolateral prefrontal cortex, frontal ocular 
fields, supplementary motor areas and the lower parietal 
lobe participate58. With this, it can be seen that in ADHD 
the attentional levels, linked to consciousness, being low, 
would be due to a state of excessive activity of the default 
network, which would interfere with the consolidation of 
the cognitive engagement network, generating a low re-
lationship with the environment, and, therefore, subopti-
mal cognitive performance59.

In recent times, the relationship between the tonic and 
phasic mechanisms of dopamine release in the brain in 
conjunction with the work dynamics of the default network 

and the cognitive engagement network has turned out to 
be interesting. The phasic release of catecholamines and 
the high state of activity of the cognitive latching network 
is linked to goal-oriented behavior. On the other hand, the 
drop in tonic signaling levels in conjunction with the de-
fault network can be related to states of rest and distract-
ibility58, thereby decreasing levels of consciousness. In 
resting conditions, dopaminergic signaling helps to facili-
tate the synchronization of the frontoparietal network with 
the default network, reducing the synchronization of the 
first network with the cognitive latch network60.

Projections toward the future: relations 
with artificial intelligence

A wide debate that has been generated in recent 
times also refers to the relevance that the conscious 
process has within artificial intelligence.

Machines are known to differ from living beings in 
many ways, including, for example, the ability to repro-
duce. Within the diversity of individuals that make up a 
system is also the singularity and specificity of each of 
them and, according to that, if we could give our brain 
a leading role within this specificity, it is possible to 
show that our brain is in a quite advantageous condition 
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in terms of recognition of patterns, shapes, versatility 
in relation to computer systems made by man, and 
except for specific tasks of processing more complex 
data and which we use to support our daily tasks61.

The question is whether it will definitely be possible 
to give consciousness to man-made machines. Con-
sciousness, being linked to the concept of intelligence, 
would reveal the fact that by existing machines equipped 
with higher levels of consciousness, and secondary to 
this, intelligence, it could enter a stage of accelerated 
growth of intelligence, considering as The only limit is 
what is established in terms of the storage and pro-
cessing capacity of different data according to what 
nature dictates62.

There is one aspect that clearly makes the difference: 
the human being is an individual with characteristics 
dominated by socialization. Even if it was assumed that 
a computer could develop self-awareness skills, even 
if the latter could be modified from different experienc-
es, it would be quite limited by the social aspect. Hu-
man socialization would continue to be very different 
from that of the machine. The other relevant element 
is the presence of language, an element that in a ma-
chine is reduced exclusively to functional terms and 
linked only to immediate goals, without adding compo-
nents of the state of knowledge and the expectations 
of the recipient of the message63.

At present, some models have been defined that try, 
in one way or another, to solve this problem. One of them 
is Machine Learning or Automatic Learning, where ma-
chines are asked to learn by themselves, to self-pro-
gram, and to learn from their own experience. This is 
seen very often in the various systems of the Internet, 
for example. This has given way to other models such 
as Deep Learning, where algorithms are capable of 
learning without human intervention to regulate this pro-
cess. In this way, they achieve conclusions about the 
semantic aspects involved in the different data they pro-
cess. It is here that the elements most similar to the 
organization of the human nervous system are used, 
working on the basis of different layers of process units, 
called artificial neurons, which focus on defining and 
detecting certain characteristics present in objects64.

Given the dizziness of the development of information 
technologies, the results regarding these advances keep 
us expectant. Will machines definitely be entities with 
levels of consciousness similar or even higher than that 
of human beings? Can they replace us in our daily tasks 
or in the world of work? These are questions that will 
surely be answered as the discoveries are generated.

Conclusion

In this article, we have reviewed the main models that 
currently govern the processing of consciousness with-
in the strictly neuroscientific and arriving at some ap-
proaches related to artificial intelligence. The impor-
tance of understanding these phenomena can give way 
to complement the existing knowledge in neuroscience 
about human behavior and even link them to the edu-
cational field, thereby contributing to improve peoples 
learning conditions. The issue is complex, much re-
mains to be learned and it is hoped that the various 
questions raised may be clarified thanks to the scien-
tific advances that may arise in the future in the area.
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abstract

It is increasingly common for healthy people to seek means to improve their alertness, or to try to get better their performance 
in some cognitive functions; this with the aim of increasing their performance and productivity in the academic or work 
environment. Several stimulant drugs have been used for many decades and have recently become very popular especial-
ly among young people. However, general practitioners and even specialists are rarely informed of their real benefits or 
potential adverse effects. This review provides an updated overview of the effects (positive and adverse) of some stimulant 
drugs that have been used to maintain alertness or improve cognitive performance in healthy subjects. For stimulant drugs, 
the positive effects improving the subjective symptoms of sleep deprivation are well established. However, the cognitive effects 
of stimulant drugs are still highly variable and inconsistent, since there are few studies that have been carried out with ad-
equate methodological design. In addition, there are several adverse effects, from mild to severe that can be observed and 
there is a concern of potential addiction effect to some of them. Some stimulant drugs can improve alertness, but their 
positive effects improving cognition are not yet fully proven.

Keywords: Stimulant drugs. Alertness. Cognition. Sleepiness. Addiction.

Fármacos estimulantes para promover el estado de alerta y el desempeño 
cognitivo: ¿realmente funcionan?

resumen

Es cada vez más común que las personas sanas busquen medios para mejorar su estado de alerta o su desempeño cog-
nitivo; esto con la finalidad de incrementar su productividad en los ámbitos académicos y laborales. Múltiples fármacos 
estimulantes han sido utilizados desde hace varias décadas y recientemente se han popularizado entre los jóvenes. Sin 
embargo, es poco común que los médicos generales e incluso los especialistas estén adecuadamente informados sobre 
sus beneficios reales y sus efectos adversos potenciales. El presente artículo realiza una revisión actualizada sobre los 
efectos tanto positivos como adversos de los fármacos estimulantes que han sido utilizados para mejorar el estado de 
alerta o la cognición en sujetos sanos. Para varios estimulantes, los efectos sobre el estado de alerta están bien establecidos. 
No obstante, los efectos cognitivos aún son muy variables e inconsistentes, en particular debido a que existen pocos estudios 
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introduction

The modern rhythm of life has become more and 
more demanding of individuals in every way; the avail-
ability of artificial light at any time of the day allows us 
to extend our social, work or school activities indefinite-
ly; this has undoubtedly increased our productivity sig-
nificantly in all areas, but it also represents a radical 
change in our biological rhythms, especially in normal 
sleep. Nowadays, no one hesitates to sacrifice a few 
hours or a whole night of sleep to carry out more ac-
tivities and be more productive. These important 
changes in sleep habits are a global phenomenon, 
especially in the most industrialized nations1. All these 
changes have caused the quality and number of hours 
of nighttime sleep to be gradually reduced in the gen-
eral population, and this effect being even more severe 
and evident in young people and students in general2. 
In this sense, recently it has begun to study the conse-
quences that poor sleep quality (PSQ) and sleep dis-
orders (SD) can have on the physical and mental 
health. At present, it is widely demonstrated that SD 
are related to various negative effects on health in the 
short term, including: depression, impaired concentra-
tion, poor school performance, irritability, eating disor-
ders, and increased risk of accidents3. However, what 
is especially worrying is that these chronic SD are also 
a very important risk factor for suffering several chronic 
degenerative diseases in the future, for example, dia-
betes mellitus, arterial hypertension, obesity, myocar-
dial infarction, and stroke3. It is for this reason that for 
several decades different drugs, which we know gener-
ically as “stimulants,” have been used and developed 
to try to improve alertness and thus try to reduce or 
avoid the daytime hypersomnia due to SD or PSQ.

The stimulating effect of a cup of coffee is well known 
for all of us; however, currently there are some drugs 
that have a more selective and powerful action to try to 
counteract sleepiness during the day (daytime sleepi-
ness). Most stimulant drugs were actually originally cre-
ated for other therapeutic purposes (decongestant, an-
tidepressant, attention deficit treatment, etc.), however, 
because some have shown effects by stimulating alert-
ness, they are currently used also for this purpose4.

The high frequency of PSQ has led to the popular-
ization of different “stimulant” products or beverages to 
combat daytime sleepiness or improve “energy.” Some 
of these products actually have a placebo effect (vita-
mins, food supplements, antioxidants, etc.) since they 
do not have any stimulating properties, but others use 
combinations of different substances (including caf-
feine, taurine, and high amounts of sugar) that can 
show some stimulating effect5,6.

In the same way that there is a growing need for 
some drugs that improve the symptoms of daytime 
sleepiness, there is also a growing demand for having 
some type of drug that improves or stimulates the cog-
nitive or mental abilities. In general, these types of 
drugs have been called “Smart Drugs (SD)” or “Smart 
Pills.” This type of drugs would offer (at least theoreti-
cally), the possibility of improving or combating the 
cognitive symptoms of different disorders characterized 
by lower cognitive performance such as: dementias, 
brain injuries, and intellectual disability7.

However, it is important to note that due to the highly 
competitive environment that currently exists at work 
and school environments, the people who are most of-
ten interested in using or trying these types of drugs are 
healthy and young people who seek to enhance their 
normal cognitive abilities8. Studies carried out in this 
regard suggest that most of the users of this type of 
drugs are actually the most advantaged university stu-
dents who seek to compete for a better academic place, 
opt for a scholarship or award, or simply stay in educa-
tional institutions with a high academic demand9.

Unlike what happens with drugs that improve alert-
ness, in which the positive effects are demonstrated for 
some substances, in the case of “SD” their possible pos-
itive effects on cognition are still very controversial, in-
consistent or very scarce. However, even so, they are 
widely used and recommended8. In the same way that it 
happens with drugs that improve alertness, very few 
people know their real effects and their possible adverse 
effects or toxicity. Considering all the above, the objective 
of this article is to show an updated overview of stimulant 
drugs used to improve alertness or cognition, emphasiz-
ing their mechanism of action, the effects reported in 
clinical studies and their potential negative effects.

que se hayan llevado a cabo con rigor metodológico. Adicionalmente, existe la posibilidad de efectos adversos desde leves 
a severos y la preocupación sobre potenciales efectos adictivos para algunos de ellos. Algunos fármacos estimulantes 
pueden mejorar el estado de alerta, pero sus efectos sobre la cognición aún no están completamente probados.

Palabras clave: Fármacos estimulantes. Alerta. Cognición. Somnolencia. Adicción.
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drugs to improve alert or combat 
sleepiness

Regarding drugs to improve alertness, most of them 
are drugs that in some way, either directly or indirectly, 
increase the levels of brain catecholamines, especially 
dopamine (DA) and norepinephrine (NA), but can also 
increase the levels of other neurotransmitters such as 
acetylcholine, serotonin, or histamine10.

Caffeine

Description

Caffeine is a xanthine (1,3,7-trimethylxanthine) derived 
from the seed of the coffee plant, it is a substance that 
is rapidly absorbed at the gastrointestinal level and that 
penetrates the brain in 80% of the blood levels, having 
its effect maximum in 30-45 min. The half-life of caffeine 
is 3-7 h. This substance is not only present in coffee, but 
can be found in a variety of commonly used beverages 
such as tea, cola sodas, some candies and desserts, 
energy drinks, as well as in medicines such as: anti-flu, 
analgesics, and anti-migraine formulations11.

Mechanism of action

Caffeine exerts its action in the Central Nervous System 
(CNS) blocking the Adenosine receptors (A1 and A2). 
These receptors are widely distributed in different brain 
regions such as the cerebral and cerebellar cortex, the 
hippocampus, the striatum, and the nucleus accumbens. 
In a normal way, adenosine decreases the neuronal firing 
frequency and decreases the release of multiple neu-
rotransmitters, in other words, it seems to have an inhibi-
tory or depressant role on the neuronal firing in general; 
and it is for this reason that the consumption of caffeine 
by blocking this effect promotes neuronal activation and 
wakefulness11.

Effects

It is well established that caffeine promotes alertness 
and improves some of the physical and cognitive symp-
toms of sleep deprivation in relation to the dose, having 
observed with doses from 50 to 75  mg, and this effect 
seems to be independent of whether the person con-
sumes it regularly12. Here, it is important to note that this 
positive effect on alertness has been found in studies 
carried out mainly in healthy people, when it is adminis-
tered during the morning. The administration of caffeine 

to avoid sleepiness or to avoid sleep during the night 
produces very different effects, since it seems to subjec-
tively improve sleepiness but some studies suggest that 
cognitive performance does not actually benefit as it does 
during the morning13. In addition, there are multiple stud-
ies that show that caffeine intake during the night alters 
sleep latency, also reduces the efficiency of sleep, its total 
duration and also decreases the length of deep sleep 
stages13. However, some adaptation effect has been 
shown with chronic caffeine use14. On the other hand, 
there is some evidence that caffeine consumption can 
decrease appetite and contribute to generating a reduc-
tion in weight and body fat content, this because it has 
effects by increasing energy expenditure and lipolysis15.

Adverse effects

Depends on the dose and the speed of administra-
tion, among the most frequent acute effects are: tachy-
cardia, restlessness, agitation, tremors, chest pain, diz-
ziness, fainting, epigastric pain, paresthesia, headache, 
and even respiratory distress. Recently, the ingestion of 
alcoholic beverages in combination with energy drinks 
with caffeine has become popular; because there is a 
belief that energy drinks counteract to some extent the 
depressant or sedative effects of alcoholic beverages16. 
There is ample evidence to support that this belief is 
completely false, this combination of substances can 
make the subject subjectively feel “better” but it has 
been shown that it does not improve their physical of 
cognitive performance, and some studies even suggest 
that impulsive or risky behaviors are increased, in 
addition to that promotes the increase in alcohol con-
sumption17. Regarding its addictive potential, it is well 
established that caffeine can cause both symptoms of 
acute intoxication (very similar to other stimulant sub-
stances), as well as chronic effects: tolerance effect, 
dependence and abstinence, for which it should be 
considered as a potentially addictive substance18.

Methylphenidate (MPH)

Description

It is a stimulant synthetic drug derived from piperi-
dine, which was originally patented by CIBA and No-
vartis laboratories. In 1955 it was accepted by the Unit-
ed States FDA for the symptomatic treatment of 
attention deficit hyperactivity disorder (ADHD)19.
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Mechanism of action

It is related to the inhibition of DA and NA transport-
ers, this inhibition increases the levels of DA and NA 
and increases the duration of their effect in the synaptic 
cleft, thus increasing their action. Although the stimu-
lating effect of MPH on the dopaminergic and norad-
renergic systems is completely unspecific, it is pro-
posed that the therapeutic effects, improving alertness 
or attention and concentration, occur due to its effects 
at the level of the prefrontal cortex, especially in the 
meso-limbo-cortical circuit19.

Effects

The current indication for MPH is the symptomatic 
management of Attention Deficit Hyperactivity Disorder 
(ADHD), and to combat daytime sleepiness in cases of 
narcolepsy, but it has also been used to treat symptoms 
such as fatigue in some systemic and neurological dis-
eases and in the management of refractory depres-
sion20. The usual therapeutic dose is 10 mg to 60 mg/
day. Its positive effects on improving alertness and 
reducing symptoms of daytime sleepiness are well doc-
umented. Due to its pharmacological characteristics, 
the effects usually occur in the short term because the 
action of the immediate-release formulations is approx-
imately 4 h. Despite this positive effect during the day, 
there are some studies that suggest that the stimulating 
effects may also interfere with the duration and quality 
of night sleep; this has been especially studied in chil-
dren with ADHD21.

Adverse effects

Although in this sense there is an important individual 
susceptibility, used at therapeutic doses the most fre-
quent adverse effects are nervousness, irritability, 
headache, insomnia, decreased appetite, loss of 
weight, and tachycardia. However, symptoms of acute 
overdose or intoxication may include: agitation, deliri-
um, psychosis, hallucinations, cardiac arrhythmias, hy-
pertension, hyperthermia, and seizures22. The addictive 
potential of MPH is considered high, although this is 
related to the dose and the route of administration, 
since it has been observed that intranasal and intrave-
nous administration (as a recreational drug) exert 
a much more intense reinforcing effect than oral formu-
lations; regarding pharmaceutical formulations, imme-
diate-release tablets seem to have a higher addictive 
effect than prolonged-release formulations23.

Modafinil

Description

Modafinil is a uniquely structured neuro-stimulant 
drug that has been accepted by the United States FDA 
for the treatment of narcolepsy, as an adjunct to the 
treatment of sleep apnea and in work shift SD. In ad-
dition, it has been used in the management of fatigue 
in neurological diseases, and as an adjunct to antide-
pressant treatment24.

Mechanism of action

So far, the final mechanism of action of modafinil is 
not known with precision, but various physiological 
studies have shown that it produces an increase in DA 
and NA in the brain, it also seems to increase gluta-
mate, serotonin and histamine levels, as well as orexin 
levels. For this reason, it is considered a “universal” 
brain stimulant. At the neuroanatomical level, it has 
been proposed that the effect of modafinil is preferen-
tially exerted at the hypothalamic level, disinhibiting 
cortical neurons25.

Effects

In therapeutic doses ranging from 200 to 400 mg/day, 
there are multiple studies that show a consistent effect 
reducing daytime sleepiness and fatigue, but also have 
a positive effect on the daily functionality of patients 
and even on quality of life, especially in patients with 
sleep apnea and narcolepsy26. Furthermore, as adju-
vant treatment (along with other antidepressants) 
modafinil also seems to show a positive effect in pa-
tients with uni or bipolar depression27. On the other 
hand, its effects on fatigue caused by different neuro-
logical diseases (multiple sclerosis, Parkinson’s 
disease, and traumatic brain injury) have not been con-
sistently observed, so its use is not recommended 
systematically for these indications28. Finally, a recent 
meta-analysis has also shown that modafinil has supe-
rior effects to placebo in the symptomatic management 
of ADHD, which is why it can be an alternative to first-
line treatments in this disorder29.

Adverse effects

Since the initial clinical studies, it has been shown 
that the safety profile of modafinil appears to be differ-
ent from that of other stimulants, since the frequency 
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and severity of adverse effects are lower compared to 
MPH or amphetamine. At therapeutic doses, effects 
such as restlessness, palpitations, irritability, head-
ache, rhinitis, nausea, and dizziness have been report-
ed; less frequently, elevations in systolic blood pressure 
and some events of cardiac arrhythmia have been re-
ported. From the point of view of its addictive potential, 
modafinil seems to show a low addiction potential, al-
though it has been shown that it can induce depen-
dence and even withdrawal symptoms with prolonged 
use in some cases. However, compared to the case of 
MPH, with modafinil there are very few cases of severe 
intoxication or addiction26.

drugs to stimulate cognitive function

In a generic way, drugs that aim to increase some 
aspects of cognitive performance have been called 
“SD”, although there are several synonyms: brain or 
cognitive enhancers or stimulants, brain boosters, noo-
tropics, neurostimulants, etc. A  “SD” is any drug or 
substance that increases the cognitive capacity of the 
individual who takes them, regardless of whether the 
user is cognitively affected or not.

Drugs that have been used for these purposes range 
from methamphetamines (illicit) to medical prescription 
drugs (modafinil, MPH, acetylcholinesterase inhibitors, 
etc.) and also stimulants such as caffeine, vitamins, 
antioxidants or natural products such as Gingko Bilo-
ba30,31. The use of prescription drugs is commonly ori-
ented to the treatment of medical or psychiatric condi-
tions; however, in recent years, some of these drugs 
have been used for other purposes than the original 
medical prescription in search that their effects may 
enhance some cognitive or physiological processes 
(non-medical use or without prescription)31.

The prevalence of SD use not precisely known mainly 
because most users often do not freely accept that they 
consume them for that purpose, essentially because 
there is still an ethical and legal dilemma about their 
use32. However, some surveys of university students in 
the United States, Italy, and Great Britain reported that 
34% agreed to use some medication; other authors 
mention that between 16% and 20% used some type of 
drug in order to improve their cognitive abilities33. On 
the other hand, these surveys have also been applied 
to health professionals (surgeons), where up to 8.9% 
agreed to use a prescription drug or an illicit drug ex-
clusively to improve their cognitive performance31.

These percentages may seem low, but in reality, 
there is great variability in the design of these surveys, 

for example: some surveys were not anonymous, some 
only question whether the subject is currently consum-
ing, while others ask whether he has consumed them 
at some point in his life or only in the last year, or 
whether he has used them more than once, etc.34 all 
of which can affect the response of individuals and 
underestimate the actual consumption of SD. On the 
other hand, some substances such as nicotine or caf-
feine are not usually considered as stimulants by most 
subjects but as a substance of habitual consumption, 
which may contribute to underestimating their frequen-
cy of use. The reasons for using these SD also vary in 
the results of these investigations. Some of the reasons 
for consumption that have been described are: “staying 
alert to study better,” wanting to “enhance concentra-
tion,” obtain better results in school tests, concentrate 
on work, to help memorize, as well as for “recreational” 
or “creativity purposes”32,33.

In the following paragraphs, the most frequent drugs 
and substances that have been studied in their potential 
cognitive effects will be presented (since the pharma-
cology, adverse, and addictive effects of some of them 
have already been explained in the previous section, 
only their potential cognitive effects were discussed).

Caffeine

In a recent review of the subject, it was concluded 
that its effects can benefit sustained attention, alert-
ness in simple tasks, as well as processing speed, 
which seems to be related to the administered dose 
and also depends on whether the individual are a reg-
ular or not a caffeine user; however, it has been report-
ed that in high doses it can even interfere with cognitive 
performance35.

Nicotine

It is an alkaloid isolated from the tobacco plant and 
its habitual route of consumption is in inhaled form in 
cigarettes. However, it must be taken into account that 
in this state its effect is also influenced by the other 
substances present in the cigarette (> 4000 isolated 
substances), in other words, talking about nicotine is 
not synonymous with tobacco or smoking. Nicotine is 
an agonist of the alpha 4ß2 type nicotinic acetylcholine 
receptors, these receptors increase calcium entry into 
nucleus accumbens neurons, which in turn promotes 
DA release in the cortical meso-limbic pathway, which 
is related to its high addictive potential and its stimulat-
ing effects36.
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In several studies, the acute effect of tobacco on 
cognition has been found to be related to improved 
selective attention, recognition memory, fine motor 
skills, and also episodic and working memory37. The 
effect that has been continuously replicated is an im-
proved performance and reaction times in tasks that 
require sustained attention in smokers who are depen-
dent on nicotine38. With this substance, it has also been 
found that the effect on cognitive processes is depen-
dent on the dose and moment of evaluation, for exam-
ple, participants in the tobacco withdrawal stage show, 
on the contrary, a significant reduction in their cognitive 
performance39. It is important to note that, in studies 
conducted in non-smoking subjects, nicotine had no 
positive effects on a prospective memory task40. In 
summary, most of the cognitive effects found are mod-
est and have been observed in the nicotine-dependent 
population, so they cannot necessarily be extrapolated 
to non-smokers.

MPH, regarding its effects on cognition, improve-
ments in memory (evocation), working memory, as well 
as reaction time (decreasing it), alertness, attention, 
executive function have even been found, effects have 
been found in mood where it increased subjective en-
thusiasm and some depressive symptoms in healthy 
patients30.

Modafinil

On the results found in healthy population not de-
prived of sleep, contradictory results have been found, 
some studies suggest that it improves visual memory, 
spatial planning and reaction time41. In other studies, 
improvements have been found in visual memory, 
working memory and spatial planning tasks and it has 
also been suggested that their effects are related to an 
improvement in reaction time38, and to a longer latency 
in more complex tasks42.

It is important to mention that there are also multiple 
studies that found no differences in cognitive perfor-
mance between modafinil and placebo38,42 or that found 
differences in other time variables, but not in cogni-
tion43, thus concluding that modafinil had no significant 
cognitive effects in healthy people without sleep 
deprivation.

amphetamines

Amphetamines are non-catecholaminergic sympath-
omimetic amines with stimulating action on the CNS. 
Amphetamine acts to dramatically increase the amount 

of extracellular monoamines available in the brain, by 
blocking and/or reversing the DA, NE, and 5-HT re-
uptake transporters and regulating their surface ex-
pression levels43.

lisdexamfetamine (ldX)

Description

LDX is a prodrug of dextroamphetamine (DAM), de-
veloped for the treatment of ADHD44. LDX was ap-
proved in the United States for the treatment of ADHD 
in children 6-18 years of age in 2007 and 1 year later 
in adults up to 55 years45.

Mechanism of action

It increases the release of DA and, to a lesser extent, 
NA to the intersynaptic space, and it blocks the re-
uptake of both neurotransmitters in the presynaptic 
neuronal terminal.

Effects

LDX decreases impulsivity in patients with binge eat-
ing disorder46 and has a propensity to cause weight 
loss, which may be beneficial for obese patients with 
this disorder. This prodrug has other potential uses that 
are still off-label, and its use can be considered an 
intellectual enhancer47, for example, LDX improves the 
cognitive performance in multiple sclerosis patients48. 
In relation to cognitive effects, in one clinical study was 
found to improve cognitive performance and process-
ing speed49.

Adverse effects

The potential for abuse of LDX is very low because it 
is extremely complex and expensive to extract DAM 
from the LDX molecule and it is not feasible to dissoci-
ate lysine through other routes of administration (nasal 
or injected) that could favor misuse and increase addic-
tive risk44. Regarding safety, LDX is a well-tolerated 
drug50. The most frequent short-term adverse effects 
are loss of appetite (especially at mealtime, which may 
be associated with a decrease in the patient’s weight) 
and insomnia. Less frequently, headache, dry mouth, 
cold extremities, anxiety/irritability, abdominal pain, in-
crease of tics, among others, may occur51.
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adderall

It is the commercial denomination that is used to 
name a drug composed of four different salts of am-
phetamine, the mixture contains equal parts of amphet-
amine and DAM and although all the components are 
stimulant they differ substantially in their pharmacolog-
ical properties with respect to another type of formula-
tions. Its mechanism of action is similar to another 
amphetamine.

Effects

Its ability to improve cognition in normal healthy peo-
ple has been demonstrated by a series of laboratory 
studies with tests of problem solving and executive 
function52,53. In a 2008 study it was found that Aderall 
improved the performance of creative thinking, although 
it was found that the effect depended on the 
participant’s baseline creativity; interestingly, the 
drug increased the creativity of the lower-performing 
participants and impaired it for the higher-performing 
participants54.

Adverse effects

Appetite suppression, nausea, insomnia, and head-
aches were some of the side effects reported by par-
ents of children taking Aderall55.

dextroamphetamine (daM)

It is the dextro-isomer of amphetamine and is the 
most commonly administered form of amphetamine in 
human research studies, which is almost 2 times more 
potent in promoting alertness and wakefulness than the 
L-amphetamine56.

Effects

DAM in cognitive and memory function follows an 
inverted U-shaped curve relationship, in which moder-
ate doses are beneficial for cognition, while excessive 
activation may lead to cognitive impairment57. DAM has 
been found to further improve performance in subjects 
with poor baseline performance58 or sleep deprived 
subjects59. In contrast, in a study conducted on the 
modification of neurocognitive performance during 
sleep loss, DAM in doses of 5  mg had no effects on 
cognitive performance60.

Adverse effects

In one classical study with increasing doses from 5 mg 
to 10 mg of DAM administered hourly reported the follow-
ing adverse reactions: increased blood pressure, postural 
hypotension, tachycardia, increased oral temperature, 
premature ventricular contractions, decreased appetite/
anorexia, paraesthesia, and SD. Psychological adverse 
experiences included depression, hypochondria, lack of 
interest in surroundings or activities, irritability, fault-find-
ing, dependence on clinical staff, negativity, paranoia, and 
delusions; however, the doses at which they were ob-
served they were not indicated on the article61.

Other sleep disorders without scientific 
evidence

As previously mentioned, in addition to the drugs that 
have a truly stimulating action, increasing the levels of 
brain monoamines neurotransmitters, very often other 
types of drugs or substances have been used as “cog-
nitive enhancers;” however, unlike stimulant drugs, their 
pharmacological actions are very varied and non-specif-
ic, for example, they are antioxidants, anti-inflammatory, 
neuroprotective, vitamins, and dietary supplements. 
These active principles include Ginkgo Biloba, Ginseng, 
green tea, omega 3 and 6 fatty acids, vitamin-antioxi-
dants such as Vitamin E and Vitamin C, resveratrol, 
B-complex vitamins, lipid precursors such as lecithin, 
citicoline, piracetam, L-carnitine, amino acids such as 
tyrosine and tryptophan, some minerals such as mag-
nesium, zinc, selenium, and a long etcetera8. Although 
some of them have been rigorously studied in terms of 
their possible effects on cognition, for example, omega 
3 fatty acids in Alzheimer’s disease62, their results have 
been mild or inconsistent in the best of cases and in 
many cases of these there is no real or direct evidence 
that their effects as antioxidants or anti-inflammatories 
have a positive effect on cognition, so they should not 
be considered as true “cognitive enhancers”8.

Table  1 summarizes the most significant effects on 
alertness and cognition of stimulant drugs.

Final comments and conclusions

The high demands of modern life have led more and 
more people to seek the means to improve their per-
formance in many personal, school, and professional 
fields. As previously discussed, different stimulant sub-
stances have been used and tested to improve alert-
ness or combat the effects of sleep deprivation (sleep-
iness) or decrease the effects of some SD.



230

Rev Mex Neuroci. 2022;23(6)

Table 1. Summary of the main effects of stimulant drugs on alert and cognition

Substance Description Mechanism of action Positive effects Negative effects

Caffeine –  Present in coffee, tea, 
cola, sweets, desserts, 
energy drinks, 
medicines (anti‑flu, 
analgesic, anti‑
migraine).

–  Blocks adenosine A1 
and A2 receptors, 
which promotes 
neuronal activation 
and wakefulness.

–  Promotes alertness (in 
healthy and 
administered during the 
day).

–  Improves physical and 
cognitive symptoms of 
sleep deprivation.

Insomnia
–  Decreased appetite and 

body fat content.

–  Tachycardia, restlessness, 
agitation, tremors, chest 
pain, dizziness, fainting, 
epigastric pain, 
paresthesia, headache and 
even respiratory distress.

–  Causes tolerance, 
dependence and 
withdrawal.

– Potentially addictive.

Methylphenidate –  Since 1955 it has been 
used for the 
symptomatic treatment 
of ADHD.

–  Inhibition of DA and 
NA transporters. This 
inhibition increases 
the levels of DA and 
NA and increases the 
duration of their effect 
in the synaptic space, 
thus increasing their 
action.

–  Combats daytime 
sleepiness in cases of 
narcolepsy.

–  Management of fatigue 
in some systemic and 
neurological diseases.

–  Management of 
treatment‑refractory 
depression.

–  Neuroplasticity stimulant 
in patients who have 
suffered some type of 
brain damage.

– Improves alertness.
–  Reduces the symptoms 

of daytime sleepiness.

–  Nervousness, irritability, 
headache, insomnia, 
decreased appetite, 
weight loss and 
tachycardia.

–  Overdose: agitation, 
delirium, psychosis, 
hallucinations, cardiac 
arrhythmias, hypertension, 
hyperthermia and 
seizures.

– Potentially addictive.

Modafinil –  Useful in the treatment 
of narcolepsy, adjuvant 
for the treatment of 
OSAHS, sleep disorder 
due to change of work 
schedule and 
antidepressant 
treatment, management 
of fatigue in 
neurological diseases.

–  Produces an increase 
in brain DA and NA, 
glutamate, serotonin 
and histamine and 
brain orexins 
(“generic” brain 
stimulant).

–  Neuroprotective and 
antioxidant effect.

–  Reduces daytime 
sleepiness and fatigue.

–  Improves functionality 
and quality of life in 
patients with OSAHS 
and narcolepsy.

–  It seems to improve uni 
or bipolar depression.

–  Alternative to first‑line 
treatments in ADHD.

–  Restlessness, palpitations, 
irritability, headache, 
rhinitis, nausea and 
dizziness; less frequent 
elevations of systolic blood 
pressure, and some events 
of cardiac arrhythmia.

–  Low addictive potential.
–  Induce dependency and 

withdrawal.
–  Latent possibility of 

intoxication.

Amphetamines –  Amphetamines are 
non‑catecholaminergic 
sympathomimetic 
amines with stimulating 
action on the central 
nervous system.

–  Acts to dramatically 
increase the amount 
of extracellular 
monoamines available 
in the brain, by 
blocking and/or 
reversing the DA, NE, 
and 5‑HT reuptake 
transporters and 
regulating their 
surface expression 
levels.

–  Depend on the 
formulation (D or L 
isomer, or derivatives), 
among its positive 
effects are the 
decrease in impulsivity 
in patients with binge 
eating disorder, 
intellectual enhancer, 
improve cognitive 
performance, and 
processing speed, 
improve creativity.

–  Anorexia, sleep disorders 
(insomnia), headache, dry 
mouth, cold extremities, 
anxiety, gastrointestinal 
disturbances (abdominal 
pain), nausea, increased 
blood pressure, 
tachycardia, increased oral 
temperature, premature 
ventricular contractions, 
paraesthesia, visual 
disturbances and fatigue, 
among others.

Cognitive effects

Caffeine Methylphenidate Modafinil Nicotine Amphetamines

–  Sustained 
attention.

–  Improvement in 
memory (evocation), 
working memory, 
decreases reaction 
time, improves 
alertness, increases 
subjective enthusiasm 
and improves some 
depressive symptoms.

–  Improves visual 
memory, spatial 
planning and reaction 
time.

–  Improved selective 
attention, recognition 
memory and working 
memory; better 
performance and 
reaction times on tasks 
that require sustained 
attention.

–  The effects may depend 
on the formulation (D or L 
isomer).

(Continues)
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–  Improves 
alertness and 
processing 
speed.

–  In high doses 
it can interfere 
with cognitive 
performance.

–  Improvements in 
visual memory tasks, 
working memory, 
spatial planning, 
improvement in 
reaction time and 
longer latency in 
complex tasks.

–  The recognition 
memory effect is dose 
dependent

–  Cognitive effects 
observed in nicotine‑
dependent population, 
so they cannot 
necessarily be 
extrapolated to 
non‑smokers.

–  Improve performance in 
subjects with poor 
baseline performance or 
sleep deprived subjects.

–  Improve performance in 
solving problems and 
executive functions.

–  May improve the creative 
thinking.

ADHD: attention deficit hyperactivity disorder; DA: dopamine; NA: noradrenaline; OSAHS: obstructive sleep apnea hypopnea syndrome. 

The initial indications for these drugs were restricted to 
patients with some type of SD, but today healthy people 
are increasingly looking for ways to reduce their sleep time 
(to continue studying or working) or to lessen the effects 
of voluntary sleep deprivation (daytime sleepiness).

The effects on alertness of multiple drugs and sub-
stances are well established. However, it is very import-
ant to mention that reducing the feeling of subjective 
fatigue or sleepiness does not necessarily mean that 
your work, school, or cognitive performance also im-
proves by the same magnitude.

In this sense, as mentioned in the text, some drugs 
have been shown to improve some cognitive abilities; 
however, there are very few studies that have been 
carried out in healthy people, and that have adequately 
ruled out the “placebo” effect of drugs; therefore, the 
results on the cognitive stimulation of these drugs and 
substances are still contradictory and inconsistent.

It is relevant to note that the stimulating effects are 
variable from person to person. In the same way, all 
these drugs and substances have different adverse 
effects that can range from mild to serious, and that do 
not necessarily depend on the dose and frequency of 
use, that is, there also seems to be an individual sus-
ceptibility to adverse reactions, in such a way that not 
exist a type of stimulant that should be recommended 
generally for all individuals.

Finally, there is still an important ethical debate about 
its use in academic, school, and work environments, 
and in this sense, there is still no adequate regulatory 
framework on its use and/or restriction, so the issue of 
the effects of stimulant drugs still have multiple aspects 
that must be investigated and clarified in the future 
before their use can be recommended or promoted in 
healthy individuals.
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