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EDITORIAL 
La reemergencia de la fiebre amarilla  
en Venezuela.

Invest Clin 67(2): 165 - 167, 2026 https://doi.org/10.54817/IC.v67n2a00

La fiebre amarilla es una enfermedad 
viral aguda, clasificada como una patolo-
gía icterohemorrágica. Es una zoonosis que 
también afecta a primates de diferentes es-
pecies, los cuales son el reservorio principal 
de la infección, y se transmite al humano 
por diversos géneros de mosquitos (Haema-
gogus, Sabethes o Aedes), con ciclos urba-
nos y selváticos en las regiones endémicas1. 
Esta arbovirosis, causada por un flavivirus, 
se transmite de forma accidental al humano 
cuando este invade áreas de riesgo sin la de-
bida protección, denominándose fiebre ama-
rilla selvática.

Venezuela forma parte de las zonas tro-
picales en América del Sur, junto a Brasil, 
Colombia, Bolivia, Perú, Ecuador, Guyana, 
Argentina y Paraguay, con circulación emer-
gente y remergente de esta arbovirosis. El 
virus fue aislado por primera vez en 1927 y 
fue una evidencia certera en el país desde 
1961, cuando se realizó el primer aislamien-
to venezolano del virus de la fiebre amarilla 
a partir de un mono y de un caso humano 
fallecido en el estado Táchira 1-3. 

En Venezuela, la fiebre amarilla se ha 
presentado en tres focos enzoóticos: San 
Camilo, en los estados Apure y Táchira; Sur 
del Lago de Maracaibo, en el estado Zulia; y 
Guayana, en el estado Bolívar, con extensio-
nes hacia Amazonas. La existencia de estos 
focos y la casi inexistencia del control de vec-
tores, junto al deterioro sanitario en el país, 
y al intercambio fronterizo y migratorio, han 
hecho que reaparezcan enfermedades que ya 
estaban controladas, con un impacto severo 
en la salud pública local, especialmente las 
prevenibles por vacunación como la fiebre 
amarilla 3-5.

La situación de la fiebre amarilla en 
Venezuela ha escalado recientemente a un 
estado de alerta sanitaria tras confirmar-
se un brote que abarca varias regiones del 
país. Hasta mayo de 2026, los reportes de 
organismos oficiales de salud pública indi-
can que se han registrado al menos 40 casos 
en humanos: 32 en 2025 y 8 en 2026, con 
21 fallecimientos confirmados, lo que repre-
senta una tasa de letalidad superior al 50%, 
que históricamente ha caracterizado a esta 
infección 6,7.

El virus ha circulado recientemente en 
14 estados del país, con mayor incidencia 
en Barinas, Monagas, Amazonas y Bolívar. 
También se ha detectado propagación ha-
cia zonas previamente consideradas de bajo 
riesgo, lo que representa una propagación 
geográfica mayor que la de brotes anteriores, 
involucrando los focos enzoóticos existentes 
con mayor actividad en San Camilo. Hasta el 
momento, la transmisión se mantiene en el 
ciclo selvático, sin evidencia de circulación 
urbana. Estas infecciones se han caracteriza-
do por un 57,5% de los casos concentrados 
en la población de sexo masculino, mayor in-
cidencia en el grupo etario de 20 a 29 años 
(22,5%) y el riesgo ocupacional con alta vul-
nerabilidad en los agricultores, con historial 
de falta de vacunación, muy por debajo del 
95% establecido como margen para prevenir 
epidemias 8. 

Este brote forma parte de un resurgi-
miento regional no solo en Venezuela, sino 
también en América Latina desde finales de 
2024, que afecta a países como Colombia, 
Brasil, Perú, Bolivia, Ecuador y Guyana. En 
este contexto, Venezuela ocupa el cuarto lu-
gar en incidencia de casos reportados 7. 



166	 Valero-Cedeño

	 Investigación Clínica Vol. 67(2): 2026

Por tal motivo, instituciones naciona-
les de salud e internacionales, como la Or-
ganización Panamericana de la Salud (OPS), 
mantienen una vigilancia estrecha debido a 
la detección de virus en primates (epizoo-
tias) en 88 localidades de ocho estados, lo 
que indica una circulación viral activa en zo-
nas boscosas y un riesgo inminente de des-
bordamiento hacia áreas periurbanas 6,8. 

El resurgimiento de la fiebre amarilla 
en Venezuela, representa una grave amenaza 
para la seguridad sanitaria regional 5. Aná-
lisis previos subrayan que la precariedad de 
los sistemas de vigilancia y las demoras diag-
nósticas, propician el reconocimiento clíni-
co tardío de esta arbovirosis, agravando sus 
desenlaces 3,7. Ante el incremento de casos, 
es imperativo establecer protocolos estrictos 
de movilidad en las zonas afectadas y ampliar 
la cobertura vacunal conforme a estándares 
internacionales, garantizando una vigilancia 
diferenciada en grupos vulnerables, como 
gestantes y adultos mayores. 

Es fundamental destacar que la fiebre 
amarilla es una enfermedad prevenible me-
diante vacunación. De hecho, su inmuniza-
ción es considerada uno de los logros más 
exitosos en la historia de la inmunología: 
una sola dosis de la cepa 17D (desarrollada 
en la década de 1930) basta para conferir 
protección de por vida a la mayoría de las 
personas. No obstante, investigaciones re-
cientes sugieren que esta inmunidad difiere 
de la inducida por las cepas de tipo salvaje; 
el alcance de tales diferencias y sus mecanis-
mos subyacentes aún no se han esclarecido 
por completo 9. En consecuencia, es necesa-
rio profundizar en el estudio de la respuesta 
inmunitaria frente a este virus, especialmen-
te en contextos enzoóticos. 

Asimismo, cabe subrayar que, a pesar de 
la eficacia de la dosis única, la falta de inver-
sión en vacunas y las deficiencias logísticas 
para asegurar la cadena de frío y mantener 
su viabilidad, en especial en zonas rurales re-
motas, persisten como las principales barre-
ras para el control de la enfermedad 9.

La reemergencia de la fiebre amari-
lla como desafío de salud pública se debe 
a una compleja red de factores ecológicos, 
logísticos y sociales. Entre ellos destacan la 
dinámica poblacional de vectores y reservo-
rios, el aumento de la movilidad humana y 
las brechas en la cobertura vacunal. Además, 
las dificultades críticas en la producción y 
distribución de vacunas reflejan, en gran me-
dida, el impacto de las prioridades y políticas 
gubernamentales en la gestión sanitaria 6. 

Como la mayoría de las arbovirosis 
emergentes y reemergentes, la fiebre ama-
rilla comparte determinantes que favorecen 
la permanencia y circulación de estos virus, 
como son el cambio climático, el uso de la 
tierra y la alteración de los ecosistemas (es-
pecialmente la incursión humana desmedi-
da en ecosistemas vírgenes, impulsada por 
la minería ilegal y la deforestación), factores 
que obligan a los vectores selváticos y a los 
reservorios a desplazarse hacia asentamien-
tos humanos, aumentando el riesgo de salida 
hacia el ciclo urbano. También contribuyen 
la urbanización no planificada, las fallas en 
la vigilancia epizoótica y el limitado trabajo 
conjunto entre los organismos pertinentes 4. 

En definitiva, esta reemergencia no 
es un evento fortuito, sino el resultado de 
la convergencia de fallas en la vigilancia vi-
rológica, entomológica e inmunológica, de 
cambios ambientales drásticos y de un silen-
cio epidemiológico prolongado. Como una 
solución se ha planteado que la adopción del 
enfoque “Una Salud” (One Health) reduci-
ría el riesgo de incidencia y brotes de fiebre 
amarilla en el futuro 10; sin embargo, a pesar 
de que puede ser factible y previsible el éxito 
de este modelo, se debe tomar como base 
imprescindible, la colaboración y comuni-
cación entre las diversas partes interesadas, 
así como la publicación inmediata y regular 
de boletines epidemiológicos que alerten 
proactivamente y permitan la toma de accio-
nes oportunamente. 

Nereida Valero-Cedeño 
ORCID 0000-0003-3496-8848
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The reemergence of yellow fever in Venezuela

The reemergence of yellow fever in Venezuela poses a critical threat to the region’s 
health security. After years of control, the persistent crisis has shifted surveillance from 
proactive to reactive. As of May 2026, official public health agencies report at least 40 hu-
man cases and 21 confirmed deaths, corresponding to a case fatality rate exceeding 50%. 
In addition to the inherent predisposing factors of arboviruses, increasing human mobility 
without adequate protection in jungle areas and the accumulation of susceptible, unvacci-
nated individuals are identified as key determinants. The epidemiological impact shows a no-
table demographic bias, predominantly affecting young men of working age (57.5% of cases), 
which exacerbates the socioeconomic consequences of this outbreak. Furthermore, ongoing 
enzootic and epizootic circulation of the virus, both in known hotspots and in border areas 
and regions previously considered low-risk, indicates a high potential for expansion. Under 
the One Health approach, given active viral circulation, it is imperative to reinstate vaccina-
tion protocols to close susceptibility gaps in rural and peri-urban regions that have not yet 
achieved the recommended immunization coverage, thereby completely blocking transmis-
sion and preventing the urban cycle. Similarly, it is necessary to optimize diagnostic turn-
around times, strengthen entomological and ecological surveillance, bolster international 
cooperation to reduce the risk of spread to neighboring countries, provide timely alerts 
about epizootics, and issue travel protection recommendations.
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Expressions of Lipocalin-2 in nasal tissues 
and secretions of patients with chronic 
rhinosinusitis with nasal polyps and 
correlations with inflammatory factors.

Yang Li, Youxiong Yang, Jun Xu and Yun Zhu
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of Integrated Traditional Chinese and Western Medicine, Ningbo,  
Zhejiang Province, China.
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Abstract. Chronic rhinosinusitis with nasal polyps (CRSwNP) is a common 
inflammatory disease of the upper airway. Lipocalin-2, an inflammation-related 
glycoprotein involved in innate immune regulation, has been linked to several 
chronic inflammatory disorders, but its role in CRSwNP remains unclear. This 
study aimed to examine the expression of Lipocalin-2 in nasal tissues and se-
cretions of CRSwNP patients and its relationship with inflammatory factors. 
Seventy patients diagnosed with CRSwNP between January 2023 and January 
2025 were enrolled in the case group, while 60 patients with simple nasal sep-
tal deviation served as controls. NP tissues and nasal secretions were collected 
from CRSwNP patients, whereas inferior turbinate mucosal tissues and nasal 
secretions were obtained from controls. Levels of Lipocalin-2, interleukin-5 
(IL-5), IL-6, and tumor necrosis factor-alpha (TNF-α) were measured and ana-
lyzed. Compared with controls, CRSwNP patients showed significantly higher 
levels of Lipocalin-2 and inflammatory cytokines in nasal secretions (p<0.05). 
Stratification based on Visual Analog Scale (VAS) scores and computed tomog-
raphy Lund-Mackay (CT L-M) scores indicated that these markers were notably 
higher in the moderate-to-severe group than in the mild disease group (p< 
0.05). Lipocalin-2 was positively correlated with IL-5, IL-6, TNF-α, as well as 
VAS, Lund-Kennedy endoscopy, and CT L-M scores (all p<0.05). In summary, 
Lipocalin-2 is highly expressed in nasal polyp tissues and secretions of CRSwNP 
patients and closely associated with inflammatory cytokine levels and clinical 
severity, implying its potential as a biomarker for disease activity in CRSwNP.
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Expresión de Lipocalina-2 en los tejidos nasales y secreciones 
de pacientes con rinosinusitis crónica con pólipos nasales  
y su correlación con factores inflamatorios.

Invest Clin 2026; 67 (2): 168 – 177

Palabras clave: Mediadores de Inflamación; Lipocalina 2; Pólipos Nasales; Rinosinusitis.

Resumen. La rinosinusitis crónica con pólipos nasales (CRSwNP) es una 
enfermedad inflamatoria frecuente de las vías respiratorias superiores. La li-
pocalina-2, una glicoproteína asociada a la inflamación e implicada en la re-
gulación de la inmunidad innata, se ha relacionado con diversas enfermedades 
inflamatorias crónicas; sin embargo, su papel en la CRSwNP aún no ha sido 
completamente aclarado. El objetivo de este estudio fue investigar la expresión 
de la lipocalina-2 en los tejidos y en las secreciones nasales de pacientes con 
CRSwNP, así como su asociación con factores inflamatorios. Setenta pacientes 
diagnosticados con CRSwNP entre enero de 2023 y enero de 2025 fueron inclui-
dos en el grupo de casos, mientras que 60 pacientes con desviación simple del 
tabique nasal sirvieron como grupo control. Se recogieron tejidos de pólipos 
nasales y secreciones nasales de los pacientes con CRSwNP, mientras que en 
los controles se obtuvieron tejidos de la mucosa del cornete inferior y secrecio-
nes nasales. Se midieron y analizaron los niveles de lipocalina-2, interleucina-5 
(IL-5), interleucina-6 (IL-6) y del factor de necrosis tumoral alfa (TNF-α). En 
comparación con los controles, los pacientes con CRSwNP presentaron niveles 
significativamente elevados de lipocalina-2 y citocinas inflamatorias en las se-
creciones nasales (p<0,05). La estratificación basada en la escala visual analó-
gica (VAS) y en las puntuaciones de la tomografía computarizada Lund-Mackay 
(CT L-M) mostró que estos marcadores eran notablemente más altos en el 
grupo con enfermedad moderada a grave que en el grupo con enfermedad leve 
(p<0,05). La lipocalina-2 se correlacionó positivamente con IL-5, IL-6 y TNF-α, 
así como con las puntuaciones de VAS, Lund-Kennedy endoscópica y CT L-M 
(todas con p<0,05). En conclusión, la lipocalina-2 se expresa de forma elevada 
en los tejidos de los pólipos nasales y en las secreciones nasales de pacientes 
con CRSwNP, y se asocia estrechamente con los niveles de citocinas inflamato-
rias y la gravedad clínica, lo que sugiere su posible utilidad como biomarcador 
de la actividad de la enfermedad en la CRSwNP.

            Received: 30-07-2025       Accepted: 20-02-2026

INTRODUCTION

Chronic rhinosinusitis with nasal polyps 
(CRSwNP) is a common nasal disease char-
acterized by ongoing inflammation and pol-
ypoid hyperplasia in the nasal cavity or sinus 
mucosa, often accompanied by bone dam-

age and mucus retention 1. The incidence 
of CRS in China is approximately 8%, with 
CRSwNP patients making up about one-third 
of the total cases 2. CRSwNP has a complex 
cause involving infection, environmental fac-
tors, allergies, and several other elements, 
with clinical signs like purulent nasal dis-
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charge, nasal blockage, and reduced sense 
of smell, which seriously impact patients’ 
quality of life 3. In clinical treatment, manag-
ing CRSwNP mainly involves medication and 
surgery, but the disease is often persistent 
and prone to recurrence due to factors such 
as low immunity, recurrent infections, and 
the limited precision of current therapies 4. 
The rate of recurrence after surgical removal 
can be as high as 40-60% 5. Therefore, it is 
particularly important to explore new diag-
nostic and therapeutic targets for CRSwNP 
to improve patient outcomes.

As a secretory glycoprotein isolated 
from neutrophils in the early stage, Lipo-
calin-2 has the typical β-barrel structure of 
the lipocalin family and participates in many 
physiological processes, including iron me-
tabolism, cytokine secretion, and extracel-
lular trap regulation through binding to 
various ligands and receptors. It is also clear 
that Lipocalin-2 plays a crucial role in tumor 
cell proliferation and apoptosis, as well as in 
chronic inflammatory responses 6. In inflam-
matory diseases such as asthma and atopic 
dermatitis, the widespread expression of Li-
pocalin-2 is positively associated with eosin-
ophil counts and inflammatory factor levels, 
indicating its strong potential as a target for 
disease risk 7. However, systematic clinical 
studies on the expression pattern of Lipocal-
in-2 in CRSwNP nasal tissues and secretions, 
and the mechanisms through which it cor-
relates with inflammatory factors, including 
interleukin-5 (IL-5) and IL-6, have not yet 
been conducted.

Given this, an in-depth analysis was 
conducted on the relationship between Li-
pocalin-2 expression levels and the charac-
teristics of nasal tissues and secretions from 
CRSwNP patients, and its correlations with 
inflammatory factors were explored in the 
present study.

PATIENTS AND METHODS

Subjects
Seventy patients diagnosed with 

CRSwNP and visiting our hospital from Janu-
ary 2023 to January 2025 were included in 
the case group. Additionally, a control group 
(n=60) consisting of patients with simple 
nasal septal deviation was established. De-
mographic and clinical characteristics, such 
as sex, age, body mass index, and comorbid 
allergic rhinitis, are summarized in Table 1. 
There were no statistically significant differ-
ences in baseline characteristics between 
the two groups (p>0.05). 

Inclusion criteria were as follows: (1) 
patients in the case group diagnosed with 
CRSwNP through examinations showing 
clinical signs, rhinoscopy, and computed to-
mography (CT), and treated with functional 
endoscopic sinus surgery; (2) individuals in 
the control group meeting the diagnostic cri-
teria for nasal septum deviation as specified 
in the Volume of Otolaryngology Head and 
Neck Surgery Clinical Practice Guidelines8, 
without NP or sinusitis based on clinical 
examinations; and (3) patients aged 18-65 
years. The following exclusion criteria were 

Table 1. General data of patients.

Group n
Gender  

(male/female)
Age  

(year)
Body mass index 

(kg/m2)
Comorbid allergic 

rhinitis (n)

Case 70 40/30 42.39±10.24 22.97±2.01 28 (40.00%)

Control 60 36/24 41.92±10.46 22.67±1.97 40 (66.67%)

χ2/t 0.109 0.258 0.856 0.617

p 0.742 0.797 0.394 0.432
Data are presented as mean ± standard deviation (SD) or number (percentage). Comparisons between groups were 
performed using the independent-samples t-test for continuous variables and the chi-square (χ2) test for categorical 
variables. A p value < 0.05 was considered statistically significant.
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applied: (1) patients who had been treated 
with a large amount of antibiotics, immuno-
suppressants, or antihistamines in the past 
month; (2) those with severe cardiac or pul-
monary diseases or coagulation disorders; 
(3) individuals with strict surgical contrain-
dications; (4) those complicated by fungal 
sinusitis, asthma, or nasal cavity neoplasm; 
and (5) individuals with serious psychiatric 
or psychological disorders or who cannot 
communicate normally. This study was re-
viewed and approved by the ethics commit-
tee of Ningbo Yinzhou No. 2 Hospital, and all 
patients in both groups signed the informed 
consent form.

Sample collection and treatment
During surgery, nasal polyps (NP) tis-

sues and nasal secretions were collected 
from the case group, while inferior turbinate 
mucosal tissues and nasal secretions were 
obtained from the control group. NP tissues: 
The harvested samples were immediately 
rinsed with 4°C normal saline to remove 
blood clots and surface impurities. Then, the 
samples were cut into two tissue blocks of 
similar size and volume using a sterile scal-
pel. One tissue block was immersed in 10% 
(v/v) formalin solution for 12-24 hours for 
fixation, then embedded in wax. The other 
was placed in a sterile cryotube for 1-3 hours 
and then frozen in liquid nitrogen for later 
use. Nasal secretions: An aseptic cotton 
swab or cotton pad was gently rotated deep 
into the nasal cavity and NP for 15 minutes 
to obtain at least 2 mL of secretions. These 
were processed in an H1850 centrifuge (Hu-
nan Xiangyi Laboratory Instrument Develop-
ment Co., Ltd.) at 3,000 rpm for 10 minutes. 
The supernatant was aspirated and stored in 
a -80°C freezer.

Detection of Lipocalin-2 and inflamma-
tory factors

Lipocalin-2 expression in tissues: The 
sections, dipped and embedded in wax, were 
sequentially hydrated in ethanol and xylene 
of varying concentrations. Following deparaf-

finization, a high-temperature, high-pressure 
retrieval method was used to expose cell 
and tissue antigens, and a hydrogen perox-
ide blocking solution was added in drops to 
inhibit peroxidase activity. Next, goat serum 
was added dropwise, followed by a 10-min-
ute incubation at room temperature; the 
supernatant was discarded, and a Lipocalin-
2-specific primary antibody was added for 
overnight incubation at 4°C. The next day, 
streptavidin-biotin-peroxidase complex solu-
tion was added dropwise and incubated for 
15 minutes at room temperature, followed by 
color development with DAB solution, obser-
vation under an optical microscope (400×), 
rinsing, and counterstaining with hematoxy-
lin. Afterward, the sections were placed in an 
alkaline solution until they turned blue, de-
hydrated in a graded alcohol series, cleared 
in xylene, and mounted with neutral resin 
added dropwise.

The expression levels of Lipocalin-2 in 
nasal tissues, as well as Lipocalin-2 and in-
flammatory factors [interleukin-5 (IL-5), 
IL-6, and tumor necrosis factor-α (TNF-α)] 
in nasal secretions, were quantified us-
ing an ELISA kit (Shanghai Fengshou Bio-
technology Co., Ltd.) strictly following the 
manufacturer’s instructions. Specifically, 
nasal tissue samples were homogenized and 
processed for ELISA-based measurement of 
Lipocalin-2, while nasal secretion samples 
were centrifuged at 300× g at 4°C for 10 
minutes; the supernatant was then collected 
and stored at -80°C in aliquots for testing. 
Before testing, the kit was brought to room 
temperature for 30 minutes, and the wash-
ing solution (diluted using distilled water at 
1:20) and sample diluent [phosphate-buff-
ered saline with Tween-20 (PBST) contain-
ing 1% bovine serum albumin (BSA)] were 
prepared. Next, the standard substance was 
serially diluted (e.g., Lipocalin-2 standard 
range: 156-10,000 pg/mL). Then, 100 μL of 
each sample and standard (nasal secretion 
supernatants pre-diluted with sample dilu-
ent at 1:2-1:10 as needed) were added to a 
microtiter plate pre-coated with specific an-
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tibodies (polyclonal antibody for Lipocalin-2 
measurement), followed by incubation at 
37°C for 90 minutes and 3 washes with PBST 
after discarding the liquid (allowing the 
plate to stand for 30 seconds after each fill-
ing, then pat dry). Subsequently, each well 
was blocked with 200 μL of blocking solu-
tion (5% skim milk or 1% BSA/PBS) at 37°C 
for 2 hours and washed 3 times. Afterward, 
100 μL of biotin-labeled detecting antibod-
ies (diluted as specified in the instructions) 
were added, incubated at 37°C for 60 min-
utes, and washed 5 times (samples with high 
background could be washed up to 7 times). 
Then, 50 μL of TMB chromogenic substrate 
(A/B solution, 50 μL each) was added for 
room temperature development, protected 
from light, for 15 minutes or until positive 
wells turned light blue. Next, 50 μL of 2 M 
H₂SO₄ stop buffer was added to each well, 
and the absorbance (optical density, OD) 
was immediately measured at 450 nm, with 
a reference wavelength of 630 nm, using a 
microplate reader. Finally, target factor con-
centrations were calculated using the stan-
dard curve (four-parameter logistic regres-
sion fitting, R² > 0.99), with a CV value of 
less than 15% among replicate wells.

Assessment of disease severity
A visual analog scale (VAS) was used for 

the quantitative evaluation of four clinical 
symptoms in patients, namely nasal obstruc-
tion 9, runny nose, hyposmia, and dizziness 
and headache. Each item was scored on a 0-2 
scale, with a total of 10 points; higher scores 
indicated more severe symptoms. Addition-
ally, the Lund-Kennedy nasal endoscopy (L-K) 
score was used to quantify dimensions such 
as NP area 10, secretions, mucosal edema, 
and scars, with each item scored 0-2 points 
and a total score of 0-12 points. The higher 
the scores, the greater the NP load and the 
higher the disease activity. Furthermore, the 
Lund-MacKay sinus computed tomography 
(L-M) score was applied for standardized scor-
ing based on patients’ computed tomography 
(CT) imaging results 11, where the inflamma-

tion in the maxillary sinus, ethmoidal sinus, 
frontal sinus, and sphenoidal sinus on both 
sides and the degree of ostiomeatal complex 
obstruction in patients were mainly observed. 
Each item was scored 0-2 points, and the to-
tal score was 0-24 points, with higher scores 
representing a wider range of inflammation 
and a higher degree of the disease.

Statistical analysis
SPSS 24.0 software was adopted for sta-

tistical analysis. Measurement data in line 
with normal distribution were expressed by 
( ± s) and compared between groups via the 
independent-samples t-test. Count data were 
represented as [n (%)] and subjected to the χ2 
test for intergroup comparison. The correla-
tions of the expression levels of Lipocalin-2, 
IL-5, IL-6, and TNF-α with the VAS, L-K, and 
CT L-M scores were identified through Pear-
son’s correlation analysis. p<0.05 denoted a 
statistically significant difference.

RESULTS

Lipocalin-2 expression levels in nasal tissues
The expression level of Lipocalin-2 in 

nasal tissues was significantly higher in the 
case group than in the control group (p 
<0.05) (Table 2).

Table 2. Lipocalin-2 expression levels  
in nasal tissues.

Group n Lipocalin-2 (ng/mL)

Case 70   50.36±16.24

Control 60 26.19±9.21

t 10.204

p <0.001
Data are presented as mean ± standard deviation 
(SD). Comparisons between groups were performed 
using the independent-samples t-test. 

Levels of Lipocalin-2 and inflammatory 
factors in nasal secretions from the two 
groups

The case group showed higher levels of 
Lipocalin-2, IL-5, IL-6, and TNF-α in nasal 
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secretions compared to the control group, 
and these differences were statistically sig-
nificant (p<0.05) (Table 3).

Correlation between Lipocalin-2 and 
inflammatory factors in nasal secretions 
obtained from the case group

Pearson’s correlation analysis revealed 
that Lipocalin-2 had positive correlations 
with IL-5, IL-6, and TNF-α in nasal secretions 
from the case group (p<0.05) (Table 4).

Levels of Lipocalin-2 and inflammatory 
factors in the case group with different 
disease severities

Based on the stratification using the 
VAS score (≤5 points for mild and >5 points 
for moderate-to-severe) and CT L-M score 
(≤12 points for mild-to-moderate and >12 
points for severe), all indicators were sig-
nificantly higher in the moderate-to-severe 
group compared to the mild group (p< 
0.05) (Table 5).

Correlations of Lipocalin-2 and 
inflammatory factors with disease severity 
in the case group

In the case group, the VAS, L-K, and CT 
L-M scores were positively correlated with 
the expression levels of Lipocalin-2 and in-
flammatory factors in patients (p<0.05) 
(Table 6).

DISCUSSION

Classified as an inflammatory disease 
of the upper respiratory tract secondary to 

CRS subtypes, CRSwNP is partially caused 
by abnormal anatomy, genetics, allergic ede-
ma, and other factors, with characteristic 
changes such as inflammatory cell infiltra-
tion, stromal edema, and NP growth. Clini-
cally, it manifests as recurrent dizziness and 
headache, sinus ostium blockage, purulent 
nasal discharge, and anosmia 12,13. Although 
immune responses dominated by T helper 
type 2 (Th2) inflammation are considered 
the main drivers of pathological imbalance 
in CRSwNP, the biological targets that regu-
late inflammatory factor expression levels 
remain undefined 14. Lipocalin-2 is a pro-
inflammatory, iron-shuttle molecule associ-
ated with neutrophil gelatinase. It partici-
pates in biological processes including cell 
differentiation, apoptosis, defense against 
bacterial infections, and fatty acid transpor-
tation. It also plays a crucial role in iron me-
tabolism, oxidative stress, and inflammation 
regulation in the human body 15. A recent 
study found that Lipocalin-2 can predict 
and reflect the degree of renal function im-

Table 3. Levels of Lipocalin-2 and inflammatory factors in nasal secretions.

Group n Lipocalin-2 (ng/mL) IL-5 (pg/mL) IL-6 (pg/mL) TNF-α (pg/mL)

Case 70   62.15±14.26 46.92±4.52 58.36±14.21 113.68±9.14

Control 60 24.69±8.19 25.64±3.24 43.69±10.24   95.49±8.36

t 17.961 30.380 6.651 11.764

p <0.001 <0.001 <0.001 <0.001
Data are presented as mean ± standard deviation (SD). Comparisons between groups were performed using the 
independent-samples t-test. Interleukin-5 (IL-5), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α).

Table 4. Correlation between Lipocalin-2 and 
inflammatory factors in nasal secretions from 

the case group.

Inflammatory factor
Lipocalin-2

r p

IL-5 0.827 <0.001

IL-6 0.465 <0.001

TNF-α 0.597 <0.001
Interleukin-5 (IL-5), interleukin-6 (IL-6), tumor ne-
crosis factor-alpha (TNF-α).    r indicates Pearson’s co-
rrelation coefficient.
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pairment, offering clinical advantages like 
early monitoring, easy assessment, and high 
specificity 16. As previously researched, Li-
pocalin-2 is a key player in the pathology of 
diseases such as alcoholic fatty liver and ma-
lignant tumors. It promotes disease progres-
sion by regulating inflammatory expression, 
mediating iron homeostasis, and participat-
ing in signaling pathways, making it a poten-
tial target for diagnosis and prevention 17. 
However, studies on Lipocalin-2 and inflam-
matory factors in CRSwNP are still limited.

In this study, the case group exhibited 
significant increases in the expression level 
of Lipocalin-2 in nasal tissues as well as the 
levels of Lipocalin-2, IL-5, IL-6, and TNF-α 

in nasal secretions, in contrast to the con-
trol group, suggesting that Lipocalin-2 and 
inflammatory factors are highly expressed 
in the pathogenesis of CRSwNP, exerting 
a synergistic effect on NP formation. As a 
multifunctional pro-inflammatory protein, 
Lipocalin-2 induces the expression of che-
mokines, including CXCL8 and CCL2, and 
recruits neutrophils and eosinophils to NP 
tissues in combination with Th2 inflamma-
tory factors such as IL-5, thereby exacer-
bating inflammatory infiltration. Moreover, 
TNF-α, IL-6, and other inflammatory fac-
tors can activate T lymphocytes to mediate 
neutrophil secretion of Lipocalin-2, form a 
synergistic cycle of inflammatory factors 

Table 5. Levels of Lipocalin-2 and inflammatory factors in the case group  
with different disease severities.

Stratification indicator n
Lipocalin-2 (ng/

mL)
IL-5 (pg/mL) IL-6 (pg/mL) TNF-α (pg/mL)

VAS score

≤5 points (mild) 25 48.21±12.35 40.23±3.89 52.14±11.56 105.32±8.23

>5 points (moderate-to-severe) 45 66.89±15.42 51.26±4.71 62.89±13.24 118.97±9.56

t 5.196 9.964 3.401 6.005

p <0.001 <0.001 0.001 <0.001

CT L-M score

≤12 points (mild-to-moderate) 32 52.36±13.18 43.56±4.12 55.21±12.34 108.65±8.78

>12 points (severe) 38 68.92±14.89 50.12±4.98 61.54±11.87 119.23±9.01

t 4.639 5.602 2.108 4.750

p <0.001 <0.001 0.039 <0.001
Data are presented as mean ± standard deviation (SD). Comparisons between subgroups were performed using the 
independent-samples t-test. Interleukin-5 (IL-5), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α). Visual 
analog scale (VAS), Lund-MacKay sinus computed tomography (CT L-M).

Table 6. Correlations of Lipocalin-2 and inflammatory factors with disease severity in the case group.

Group
Lipocalin-2 IL-5 IL-6 TNF-α

r p r p r p r p

VAS score 0.756 <0.001 0.613 <0.001 0.619 <0.001 0.078 <0.001

L-K score 0.647 <0.001 0.519 0.003 0.492 <0.001 0.069 0.004

CT L-M score 0.597 0.002 0.616 <0.001 0.473 <0.001 0.064 <0.001
r indicates Pearson’s correlation coefficient. Correlation analyses were performed using Pearson correlation analy-
sis. Interleukin-5 (IL-5), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α).    Visual analog scale (VAS), 
Lund-Kennedy nasal endoscopy (L-K), Lund-MacKay sinus computed tomography (CT L-M).
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and Lipocalin-2, and enhance the release of 
inflammatory signals 18. The iron-chelating 
function of Lipocalin-2 can activate the fer-
roptosis pathway, disrupt the metabolic 
stability of the nasal mucosa, and elevate 
intracellular ferrous ion concentration. Be-
sides, inflammatory factors released under 
oxidative stress activate the NF-κB signal-
ing pathway, which up-regulates the expres-
sion of inflammatory factors and Lipocalin-2 
again 19. In addition, owing to its specific 
structure, Lipocalin-2 is capable of binding 
to and transporting various lipophilic small 
molecules including iron and fatty acids, af-
fecting the metabolism of immune cells and 
polarization of macrophages. Finally, it col-
laborates with Th2 inflammatory factors to 
induce epithelial-mesenchymal transition, 
promote excessive deposition of the fibrous 
extracellular matrix, and facilitate hyperpla-
sia and invasion of NP tissues. As indicated 
in the literature, in the diseased skin tissues 
of patients with psoriasis, keratinocytes ex-
hibit high Lipocalin-2 expression within an 
activated inflammatory microenvironment, 
and Lipocalin-2 has synergistic effects with 
the pro-inflammatory factors TNF-α and IL-
8. Once again, it demonstrates the regula-
tory roles of Lipocalin-2 and inflammatory 
factors in the disease validation cascade 20. 
Through deep investigation, it was uncov-
ered that Lipocalin-2 had positive relations 
to IL-5, IL-6, and TNF-α, together with sig-
nificantly positive correlations with the VAS, 
L-K, and CT L-M scores in CRSwNP patients, 
suggesting that Lipocalin-2 forms a patho-
genic network with inflammatory factors to 
jointly participate in and reflect the progres-
sion of CRSwNP. Combined with correlation 
analysis results, as a crucial cytokine regu-
lating eosinophil maturation, activation, 
and tissue migration, IL-5 can work with 
Lipocalin-2 to recruit eosinophils, transfer 
them to NP tissues, and release toxic pro-
teins to aggregate local mucosal edema and 
inflammation, resulting in increased NP size 
and thickened sinus mucosa, and trigger-

ing symptoms such as nasal obstruction and 
headache. TNF-α and IL-6 form a two-way 
feedback loop with Lipocalin-2 that continu-
ously activates inflammation-related signal-
ing pathways and accelerates the release of 
inflammatory mediators such as reactive 
oxygen species and proteases, thereby up-
regulating ICAM-1 and other adhesion mol-
ecules, increasing vascular permeability of 
the nasal mucosa, and amplifying inflamma-
tory responses. Meanwhile, Lipocalin-2 may 
exacerbate pain sensitization by activating 
trigeminal nerve endings in the nasal mu-
cosa and promoting the release of neuroin-
flammatory substances, which directly affect 
the severity of the patient’s subjective symp-
toms as measured by the VAS score. Existing 
studies have corroborated a positive corre-
lation between Lipocalin-2 expression levels 
and the severity of ankylosing spondylitis 21. 
In a study of hemorrhagic fever with renal 
syndrome, Lipocalin-2 is highly expressed 
in the serum of patients 22. As demonstrat-
ed by the above literature and the present 
study, Lipocalin-2 is likely a broad-spectrum 
regulator of chronic inflammatory diseases, 
and its synergistic effects with inflammatory 
factors may serve as a potential indicator of 
clinical phenotypes and disease severity.

In conclusion, Lipocalin-2 exhibits 
high expression in NP tissues and secre-
tions from CRSwNP patients, and it is not 
only significantly correlated with levels 
of inflammatory factors IL -5, IL -6, and 
TNF-α, but also positively associated with 
disease severity. This suggests that Lipo-
calin-2 could become a novel therapeutic 
target for monitoring disease progression, 
exploring the pathogenesis, and develop-
ing new treatments for CRSwNP. However, 
this study only identified a correlation 
between Lipocalin-2 and inflammatory 
factors, and there is a lack of scientific 
evidence regarding its regulatory mecha-
nisms and signaling pathways, which can 
be examined in future research using cell 
models or animal studies.
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Abstract. This study examined the clinical effectiveness of vitamin D3 
combined with traction therapy in patients with lumbar disc herniation. It in-
cluded 112 patients who received conservative rehabilitation at our hospital 
from January 2021 to December 2023. Participants were randomly assigned to 
two groups: one received supine mechanical traction, and the other received 
the same traction plus oral vitamin D₃ for 4 weeks. The study compared clini-
cal outcomes and quality of life between the groups. Results showed that both 
groups experienced improvements in pain and lumbar spine function. However, 
the combined treatment group showed significantly better outcomes than the 
traction-only group. Inflammation and pain markers decreased significantly, 
and 25(OH)D3 levels increased notably in both groups, with greater improve-
ments in the combined treatment group. Additionally, negative mood and 
quality of life improved more in the combined group. There was no significant 
difference in the measured indicators between the one-month follow-up and 
the one-month treatment. In conclusion, vitamin D3 combined with traction 
therapy can effectively enhance short-term clinical outcomes and quality of life 
for patients with lumbar disc herniation.
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Evaluación de la eficacia clínica de la vitamina D3 combinada 
con la tracción en pacientes con hernia de disco lumbar.

Invest Clin 2026; 67 (2): 178 – 188

Palabras clave: Vitamina D3; Hernia de disco intervertebral; Tracción; Inflamación; 
Dolor; Rehabilitación.

Resumen. Este estudio se centró en evaluar la eficacia clínica de la terapia 
combinada con vitamina D₃ y tracción en pacientes con hernia de disco lumbar. 
Se incluyeron 112 pacientes que recibieron tratamiento de rehabilitación con-
servador en nuestro hospital entre enero de 2021 y diciembre de 2023. Los pa-
cientes fueron asignados aleatoriamente a dos grupos: uno recibió únicamente 
tratamiento de tracción y el otro, tracción más tratamiento oral con vitamina 
D₃ durante 4 semanas. Se compararon la eficacia clínica y la calidad de vida 
entre ambos grupos. Los resultados mostraron que ambos tratamientos mejo-
raron el nivel de dolor y la función lumbar, aunque la combinación de vitamina 
D₃ con tracción produjo una mejora significativamente mayor. Los marcadores 
de inflamación y dolor disminuyeron notablemente, y los niveles de 25(OH)D₃ 
aumentaron en ambos grupos, con una mejoría mayor en el grupo combinado. 
Además, el estado de ánimo y la calidad de vida mejoraron de forma más sig-
nificativa en el grupo de tratamiento combinado. No se observaron diferencias 
estadísticamente significativas entre los indicadores de prueba al mes de se-
guimiento y al de tratamiento. En conclusión, la combinación de vitamina D₃ 
y terapia de tracción puede mejorar eficazmente los resultados clínicos a corto 
plazo y la calidad de vida de los pacientes con hernia discal lumbar.

            Received: 27-08-2025       Accepted: 22-11-2025

INTRODUCTION

Lumbar degenerative disc disease 
(LDDD) is a leading cause of musculoskeletal 
disorders, with lumbar disc herniation (LDH) 
being its primary manifestation 1. LDH oc-
curs when disc material (nucleus pulposus 
or annulus fibrosus) displaces beyond the 
intervertebral disc space, causing symptoms 
such as nerve root pain, numbness, decreased 
sensation, and weakness 2,3. In severe cases, 
it can result in paralysis or cardiovascular is-
sues. It is more common in individuals aged 
30 to 50, with men being twice as likely as 
women 4. Over 50% of people with lumbar disc 
disease report lower back pain, which signifi-
cantly impairs quality of life 5. Conservative 

treatment remains the first choice for most 
LDH patients 6. Pain relief is mainly achieved 
through medication, physiotherapy, exercise, 
traction, epidural steroid injections, and acu-
puncture 7. Surgery is typically reserved for 
severe LDH cases that do not respond to con-
servative approaches. While minimally inva-
sive procedures like microdiscectomy offer 
good long-term results for select patients, 
traditional open surgery carries risks such as 
recurrent herniation and post-operative com-
plications 8.

Traction therapy is a conservative treat-
ment commonly used in clinical practice 
that can increase the intervertebral space 
and reduce intervertebral pressure through 
physical pulling, thereby improving lum-
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bar disc-related symptoms such as acidity, 
numbness, swelling, and pain 9. However, 
traction therapy slightly raises the risk of 
lumbar spine injury 10. Previous meta-analy-
ses, including Tadano et al. 11, confirm that 
mechanical traction in the supine position 
offers short-term pain relief in radiculopa-
thy, although long-term effectiveness varies 
and depends on the patient.

Vitamin D is a widely used neurosteroid 
hormone with multiple skeletal and non-
skeletal functions. Vitamin D receptors have 
been identified in bone marrow, and several 
reports have demonstrated a regulatory role 
for vitamin D in bone metabolism and osteo-
porosis 12,13. Research on the relationship be-
tween vitamin D receptors and lumbar disc 
degeneration and herniation has become 
a hot topic 14-16. Mechanistic studies have 
found that vitamin D has a protective effect 
against neurotoxicity and can reduce pain 
by modulating neurons 17, in addition to re-
ducing inflammation and pain in patients by 
down-regulating the release of pain-produc-
ing inflammatory factors from glial cells18,19. 
However, there is less information about the 
clinical application of vitamin D in LDH.

This study focuses on the short-term 
clinical effects of supine mechanical trac-
tion therapy and oral vitamin D3 supplemen-
tation in patients with LDH.

MATERIALS AND METHODS

Study subjects
One hundred and twelve outpatients 

with LDH receiving conservative treatment 
at the Rehabilitation Department of Xinhua 
Hospital, affiliated with the Shanghai Jiao-
tong University School of Medicine (Changx-
ing Branch, Shanghai, China), between 
January 2021 and December 2023, were en-
rolled. Inclusion criteria: (1) LDH confirmed 
by magnetic resonance imaging (MRI); (2) 
radicular pain (VAS ≥4); (3) no treatment 
in the previous six months. Exclusion crite-
ria: (1) severe spinal pathology; (2) cardiac 
or hepatic dysfunction; (3) malignancy or 

autoimmune disease; (4) recent vitamin D 
use; (5) inability to comply. The study was 
approved by the Ethics Committee of Xinhua 
Hospital (Approval No. 2021-001).

Treatment protocol
The control group (CG) received su-

pine mechanical traction using a Lumbar 
Traction Device (Model: TR-200, China). 
Pelvis and thorax were fixed, and intermit-
tent traction was applied at 50–80% of body 
weight (adjusted for tolerance). Sessions 
lasted 20 minutes per day, 5 days a week, for 
4 weeks. Patients rested in a supine position 
for 30 minutes after traction. The observa-
tion group (OG) received the same traction 
protocol plus oral vitamin D₃ (800 IU/day; 
Cholecalciferol, 1000 IU capsules, Shanghai 
Pharma) for 4 weeks.

Observation indicators

1.	Lumbar function/pain: JOA 20, ODI 20, 
VAS 20.

2.	Efficacy: Classified as significant 
(JOA↑>75%, VAS↓>75%), effective 
(JOA↑35–75%, VAS↓25–75%), ineffecti-
ve (JOA↑<35%, VAS↓<25%) 21.

3.	Inflammation/pain: Serum IL-1β, 
TNF-α, IL-6, IL-8, 25(OH)D₃, SP, 5-HT, 
PGE₂ (ELISA kits, R&D Systems).

4.	Complications: Assessed via clinical 
evaluation and MRI at follow-up.

5.	Negative emotions: SAS 21, SDS 21.
6.	Quality of life: LHFQ 22.

Abbreviations: LDH – Lumbar Disc Her-
niation, VAS – Visual Analogue Scale, JOA 
– Japanese Orthopaedic Association Score, 
ODI – Oswestry Disability Index, IL-1β – In-
terleukin-1 Beta, TNF-α – Tumor Necrosis 
Factor-Alpha, IL-6 – Interleukin-6, IL-8 – In-
terleukin-8, 25(OH)D3 – 25-Hydroxyvitamin 
D3, SP – Substance P, 5-HT – 5-Hydroxytryp-
tamine (Serotonin), PGE2 – Prostaglandin 
E2, SAS – Self-Rating Anxiety Scale, DS – 
Self-Rating Depression Scale, LHFQ – Lum-
bar Health Functional Questionnaire.
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Statistical analysis
Data were analyzed with IBM SPSS Sta-

tistics for Windows, Version 25.0 (IBM Corp., 
Armonk, NY, USA). Continuous variables 
were reported as mean ± standard devia-
tion (SD). The paired sample t-test was used 
for within-group (pre- and post-treatment) 
comparisons, while the independent sample 
t-test was employed for between-group com-
parisons. Categorical data were compared 
using the Chi-square (χ2) test or Fisher’s ex-
act test when appropriate. Statistical signifi-
cance was defined as p<0.05.

RESULTS

Improvement in lumbar spine function 
and pain level after treatment

As shown in Fig. 1, the JOA scores for 
both groups increased, while the ODI and 
VAS scores decreased after treatment, and 
the OG scores were significantly better than 
those of CG (p<0.05). The one-month fol-
low-up results after treatment showed no 
statistically significant differences in lumbar 
spine function and pain levels compared to 
the post-treatment period (p>0.05).

Combination therapy improves clinical 
outcomes

As shown in Table 1, OG’s treatment ef-
ficiency was significantly higher than CG’s 
(p<0.05).

Combination therapy improves 
inflammatory factors and vitamin D levels

As shown in Fig. 2, the levels of IL-1β, 
TNF-α, IL-6, and IL-8 were lower in both 
groups after treatment, with a greater de-
crease in OG than in CG (p<0.05). The lev-
els of 25(OH)D3 in the patients increased 
following vitamin D3 supplementation.

As shown in Fig. 3, SP, 5-HT, and PGE2 
decreased in both groups, and OG decreased 
more than CG (p<0.05).

Assessment of the incidence  
of complications in both groups

As shown in Table 2, the complication 
rate of OG had a decreasing trend compared 
with that of CG, but there was no statisti-
cally significant difference between the two 
(p>0.05).

Fig. 1. Comparison of lumbar spine function and pain level. *p<0.05 compared with CG, #p<0.05 compared 
with before treatment.   JOA: Japanese Orthopaedic Association Score; ODI: Oswestry Disability In-
dex; VAS: Visual Analogue Scale; CG: Control Group; OG: Observational Group.   Data are presented 
as mean ± SD. Independent sample t-test and paired sample t-test were used for between- and within-
group comparisons, respectively. 
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Table 1. Comparison of treatment efficacy (%).

Groups Obviously effective Effective Ineffective Effective rate

CG (n =56) 30(53.57) 12(21.43) 14(25.00) 75.00

OG (n =56) 35(62.50) 15(26.79) 6(10.71) 89.29

χ2 3.896

p 0.048
CG: Control Group; OG: Observational Group.    Data, expressed as n (%), were compared using the Chi-square 
(χ²) test, p<0.05 indicates statistical significance. 

Fig. 2. Comparison of inflammatory factors and vitamin D levels. *p<0.05 compared with CG, #p<0.05 
compared with before treatment.    IL-1β: Interleukin-1 Beta; TNF-α: Tumor Necrosis Factor-Alpha; 
IL-6: Interleukin-6; IL-8: Interleukin-8; 25(OH)D3 – 25-Hydroxyvitamin D3;  CG: Control Group; OG: 
Observational Group.    Data are presented as mean ± SD. Independent and paired sample t-tests 
were used. 

Fig. 3. Comparison of pain-related indicators. *p<0.05 compared with CG, #p<0.05 compared with befo-
re treatment.    SP: Substance P; 5-HT: 5-Hydroxytryptamine; PGE2: Prostaglandin E2; CG: Control 
Group; OG: Observational Group.    Data expressed as mean ± SD. Statistical comparisons were per-
formed using independent sample t-tests and paired sample t-tests. 
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Combination therapy reduces negative 
emotions

As displayed in Fig. 4, SDS and SAS 
scores decreased in both groups after treat-
ment, with OG scores being lower than CG 
(p<0.05). The follow-up results after one 
month showed no significant difference 
compared to those immediately after treat-
ment (p>0.05).

Combination therapy improves Quality  
of Life (QOL)

As shown in Fig. 5, LHFQ scores improved 
after treatment in both groups, with OG scores 
lower than those in the CG (p<0.05).

DISCUSSION

This study assessed the short-term ef-
fectiveness of combining oral vitamin D₃ with 
supine mechanical traction for LDH. The pri-
mary finding was that combination therapy 
significantly enhanced pain relief, functional 
ability, inflammation reduction, and quality 
of life compared to traction alone. Specifical-
ly, this integrated approach led to a notable 
decrease in nerve root pain and better func-
tional outcomes versus traditional conserva-
tive treatments. Nerve root pain is a common 
persistent issue that hampers daily activities 
for people with LDH. Local inflammatory re-
sponses are caused by malfunctioning mus-
cles and soft tissues, which lead to herniation 
that compresses the nerve root. Disc inflam-
mation contributes to disc degeneration or 

herniation through ongoing inflammation 
and production of inflammatory factors. Ad-
ditionally, the nucleus pulposus releases in-
flammatory agents by activating the autoim-
mune system, worsening pain.

Traction therapy reduces soreness and 
pain by increasing the patient’s lumbar in-
tervertebral space and relieving the pressure 
caused by herniated nucleus pulposus. How-
ever, its effectiveness on lumbar interverte-
bral discs when used alone is limited, and 
prolonged traction can lead to drawbacks 
like instability of lumbar spinal muscles and 
ligaments. Vitamin D is a neurosteroid hor-
mone that modulates the immune system, 
protects the central nervous system, and 
helps resist cell damage. Studies have shown 
a link between vitamin D and lumbar disc 
herniation. Yang et al. 23 found that levels of 
vitamin D receptor gene expression could 
serve as a marker for lumbar disc degenera-
tion. Sedighi et al. 24 discovered that subcu-
taneous vitamin D3 injections can decrease 
neural tension and improve sensory deficits 
related to lumbar discs. This study investi-
gated the combined effects of traction ther-
apy and vitamin D3; unlike previous research, 
the vitamin therapy was administered orally, 
which is a new approach. Feedback on treat-
ment effectiveness was assessed by observing 
changes in pain mediators and inflammatory 
factors.

Our results demonstrate that lumbar 
spine function and overall pain levels im-
proved in both groups, with relief from com-

Table 2. Comparison of complications.

Groups
Nerve root 

compression 
Intervertebral disc 

degeneration
Narrowing of the  

spinal canal
Total incidence rate

CG (n =56)  3 (5.36) 3(5.36) 2(3.57) 8(14.29)

OG (n =56)   1(1.79) 1(1.79) 0(0.00) 2(3.57)

χ2 -

p 0.094

CG: Control Group; OG: Observational Group.     Data are expressed as n (%), compared using the Chi-square 
(χ2) test, p<0.05 is considered statistically significant.
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Fig. 4. Comparison of negative emotions. *p<0.05 compared with CG, #p<0.05 compared with one month 
of treatment.    CG: Control Group; OG: Observational Group; SAS: Self-Rating Anxiety Scale; SDS: 
Self-Rating Depression Scale.     Data are presented as mean ± SD. Statistical analysis performed us-
ing independent and paired sample t-tests. 

Fig. 5. Comparison of QOL. *p<0.05 compared with CG, #p<0.05 compared with one month of treatment. 
LHFQ: Lumbar Health Functional Questionnaire; CG: Control Group; OG: Observational Group. 
Data are presented as mean ± SD. Independent sample t-tests and paired sample t-tests were used for 
between- and within-group comparisons, respectively. 
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bination therapy exceeding that of mono-
therapy. The effectiveness of the treatments 
was assessed using the JOA and VAS scores, 
which showed superior results in the com-
bined treatment group. To better understand 
the role of improved effectiveness, we tested 
patients for inflammatory and pain-related 
factors. Evidence suggests that vitamin D 
receptors, cytokines, apoptotic factors, and 
pain mediators contribute to the develop-
ment of intervertebral disc herniation 25-27. 
IL and TNF are the primary inflammatory 
mediators involved in lumbar disc disease. 
IL-1β is primarily secreted by mononuclear 
macrophages within the intervertebral disc, 
and elevated levels promote disc degenera-
tion and pain. In one study, IL-1β was in-
jected into the intervertebral space of a rat 
model, which caused inflammation and disc 
damage 28. IL-8 and IL-6 can stimulate the 
release of inflammatory mediators, promote 
the recruitment of inflammatory cells, and 
accelerate the progression of intervertebral 
disc disease 29,30. TNF-α is a potent inflamma-
tory mediator that increases the release of 
other pro-inflammatory substances, induces 
apoptosis of chondrocytes, and affects osteo-
blast growth—key factors in lumbar disc pa-
thology 31.

Furthermore, because pain mediators 
are key contributors to patient pain, we 
chose representative mediators—SP, 5-HT, 
and PGE2—as our study subjects. Serum 
levels of SP, 5-HT, and PGE2 were higher in 
patients with lumbar disc herniation than in 
healthy controls. SP is an injurious stimula-
tory neuropeptide found in nerve fibers with 
pain signaling capacity and has been linked 
to lumbar disc herniation pain 32. 5-HT is a 
common pain mediator that transmits and 
modulates pain signals 33. PGE2 can activate 
sensory nerve receptors by lowering the pain 
threshold and increasing pain perception 34. 
Our study showed that levels of inflamma-
tory factors and pain mediators improved af-
ter treatment in both groups, with the com-
bined treatment group experiencing greater 
relief.

Evidence suggests that vitamin D defi-
ciency is prevalent among patients with lum-
bar degenerative spine conditions. Our find-
ings showed that 25(OH)D3 levels in patients 
were at deficient levels prior to treatment, 
and after four weeks of vitamin supplemen-
tation, there was a significant increase, ap-
proaching the normal range. Mechanistic 
studies have found that vitamin D interacts 
with vitamin D receptors in the paraverte-
bral muscles, supporting injury recovery. In 
addition, vitamin D can inhibit neurotoxic 
factors through immunomodulation and 
modulate inflammatory cell populations, 
thereby contributing to inflammation and 
pain relief. IL-6, TNF-α, and prostaglandins 
released by glial cells are downregulated by 
vitamin D 35-37. Therefore, we hypothesize 
that the improved efficacy of combination 
therapy is due to vitamin D’s ability to inhib-
it the expression of inflammatory and pain 
mediators.

Statistics on patients’ mood and qual-
ity of life, as measured by questionnaires, 
revealed that combination therapy provided 
significantly  greater benefits than mono-
therapy. One-month follow-up results sug-
gested that the efficacy of combination ther-
apy was maintained beyond one month.

However, there are still some limita-
tions to this study. Firstly, the sample size 
was small, which may introduce bias into 
the findings. Secondly, the vitamin D3 sup-
plementation dose was not graded, and the 
optimal oral dose was not identified. These 
shortcomings represent directions for fu-
ture research.

The present study demonstrates that 
combining vitamin D3 supplementation with 
mechanical traction yields superior clinical 
benefits compared with traction alone in pa-
tients with lumbar disc herniation (LDH). Be-
yond alleviating pain and improving lumbar 
function, the combined regimen effectively 
modulates inflammatory and neurochemical 
pathways, reflected by reductions in IL-1β, 
TNF-α, IL-6, IL-8, SP, 5-HT, and PGE2 levels. 
These biochemical improvements parallel 
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the enhancement in patients’ quality of life 
and emotional  well-being. The elevation of  
serum 25(OH)D3 following therapy under-
scores the systemic contribution of vitamin 
D3 to neuromuscular recovery and anti-in-
flammatory balance.

At a broader level, these findings sub-
stantiate the biopsychosocial impact of ad-
junctive vitamin D3 therapy in musculoskel-
etal rehabilitation. By addressing both the 
physiological and psychological dimensions 
of LDH, vitamin D3 with traction represents 
a biologically integrative and patient-centric 
approach that may redefine conservative 
management strategies. Future multicen-
tric studies with larger cohorts and graded-
dosing protocols are warranted to estab-
lish long-term efficacy, optimal dosing, and 
mechanistic insights into this synergistic 
interaction.
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Abstract. Acute pancreatitis is an acute pancreatic injury with multiple eti-
ologies. Octreotide and somatostatin are commonly used treatments, but their 
clinical efficacy remains controversial. This study compares their effects on in-
flammatory markers and hospital length of stay. One hundred and twenty pa-
tients with acute pancreatitis admitted to The First People’s Hospital of Jiashan 
between January 2022 and December 2024 were retrospectively included and 
divided into two groups based on treatment modality, namely the control group 
(somatostatin treatment) and the experimental group (octreotide treatment), 
with 60 cases in each group. Serum amylase (AMY), serum lipase (LPS), C-reac-
tive protein (CRP), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), white 
blood cell count (WBC), serum albumin (ALB) content, procalcitonin (PCT), hos-
pital stay duration, and the incidence of adverse reactions were assessed in both 
groups. Baseline data for the two groups were comparable, with no statistically 
significant differences (p>0.05). After seven days of medication, compared with 
the control group, patients in the experimental group had lower AMY, LPS, CRP, 
IL-6, TNF-α, WBC, and PCT (p<0.05), a shorter hospital stay (p=0.011), and a 
lower incidence of adverse reactions (p=0.007). ALB levels in the experimental 
group were significantly higher than those in the control group (p=0.039). Com-
pared with somatostatin, octreotide shows superior therapeutic effects in acute 
pancreatitis, alleviating inflammation more effectively, promoting recovery, im-
proving clinical outcomes, and shortening hospital stay. These findings provide a 
scientific basis for optimizing clinical medication.
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Eficacia comparada de octreótido y somatostatina en 
pancreatitis aguda: ensayo controlado sobre marcadores 
inflamatorios y duración de la estancia hospitalaria.

Invest Clin 2026; 67 (2): 189 – 204
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Hospitalización.

Resumen. La pancreatitis aguda es una lesión pancreática de etiología 
múltiple. El octreótido y la somatostatina son tratamientos habituales para 
esta condición, aunque su eficacia clínica sigue siendo controvertida. Este es-
tudio compara sus efectos sobre los índices inflamatorios y el tiempo de hos-
pitalización. Se incluyeron retrospectivamente 120 pacientes con pancreati-
tis aguda ingresados en el First People’s Hospital of Jiashan entre enero de 
2022 y diciembre de 2024, distribuidos en dos grupos según el tratamiento 
recibido: grupo control (tratamiento con somatostatina) y grupo experimental 
(tratamiento con octreótido), con 60 casos en cada grupo. Se evaluaron en 
ambos grupos la amilasa sérica (AMY), lipasa sérica (LPS), proteína C reactiva 
(PCR), interleucina-6 (IL-6), factor de necrosis tumoral α (TNF-α), recuento 
de leucocitos (WBC), albúmina sérica (ALB), procalcitonina (PCT), duración 
de la estancia hospitalaria e incidencia de reacciones adversas. Los datos basa-
les de ambos grupos no mostraron diferencias estadísticamente significativas, 
lo que confirma su comparabilidad (p>0,05). Después de 7 días de medica-
ción, en comparación con el grupo control, los pacientes del grupo experi-
mental presentaron niveles más bajos de AMY, LPS, PCR, IL-6, TNF-α, WBC y 
PCT (p<0,05); la duración de la estancia hospitalaria fue menor (p=0,011); 
y la incidencia de reacciones adversas fue inferior (p=0,007). Los niveles de 
ALB en el grupo experimental fueron significativamente más altos que en el 
grupo control (p=0,039). En comparación con la somatostatina, el octreótido 
muestra una eficacia terapéutica superior en la pancreatitis aguda, aliviando la 
inflamación de forma más marcada, favoreciendo la recuperación, mejorando 
la eficacia clínica y acortando la hospitalización. Estos resultados aportan una 
base científica para optimizar el tratamiento farmacológico clínico.

            Received: 27-01-2026       Accepted: 02-03-2026

INTRODUCTION

Acute pancreatitis arises from various 
etiological factors, leading to acute injury of 
pancreatic tissues, edema, hemorrhage, and 
necrosis, to name just a few 1. It is an auto-
digestive disease of pancreatic tissue caused 
by the abnormal activation of pancreatic en-
zymes and may lead to dysfunction of other 
organs 2. 

Acute pancreatitis usually occurs in 
adults, with an incidence of 5/100,000 to 
30/100,000 per year. The incidence appears 
to be rising each year. In China, the leading 
cause of acute pancreatitis is cholelithiasis, 
with hypertriglyceridemia and excessive al-
cohol consumption as the next most com-
mon causes 3. Early control of the underly-
ing cause can help alleviate the condition, 
improve prognosis, and prevent recurrence 
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of acute pancreatitis 4. Based on severity, 
acute pancreatitis is classified into three 
types: mild, moderately severe, and severe. 
According to pathology, it can be catego-
rized as interstitial edema type and necrosis 
type 5. Acute pancreatitis may lead to func-
tional impairment of one or more organs, 
with respiratory and renal impairment being 
the most common 6. In patients with acute 
pancreatitis, elevated serum amylase (AMY) 
and lipase (LPS) levels are commonly ob-
served on laboratory testing 6.Originally iso-
lated from hypothalamic extracts of pigs and 
sheep, somatostatin has a short biological 
half-life of approximately 3 minutes, which 
limits its duration of action in clinical thera-
py 7. Common somatostatin analogs include 
somatostatin tetradecapeptide and octapep-
tide. Like somatostatin, somatostatin ana-
logs effectively inhibit pancreatic enzyme 
secretion. However, unlike somatostatin, 
somatostatin analogs have a longer half-life, 
and their effects last for a relatively long 
time 8. The specific mechanism of action is 
that, after medication use, somatostatin and 
its analogs, as the active ingredients, bind 
to somatostatin receptors on the patient’s 
pancreatic cell surface 9, which weakens the 
pancreas’s exocrine function, interferes with 
the release of acetylcholine, and downregu-
lates adenosine release and the activity level 
of adenylyl cyclase. These effects can help 
reduce pancreatic duct pressure, inhibit the 
infiltration of pancreatic fluid into pancre-
atic tissues, and thereby reduce pancreatic 
auto-digestive function. In the early stages 
of the condition, patients’ platelet levels are 
abnormally low, but platelet activity is mark-
edly elevated. Treatment with somatostatin 
or somatostatin analogs can effectively re-
duce the patient’s platelet activity level and 
block the abnormal release of platelet-acti-
vating factors 10. Abnormal release of plate-
let-activating factors thus exacerbates the 
systemic inflammatory response in patients 
and blocks their disease progression10.Oc-
treotide is a widely used somatostatin ana-
log that can significantly reduce the release 

of growth hormone and pancreatic enzymes, 
fully relax Oddi’s sphincter of the biliary 
tract, reduce pancreatic duct pressure, pre-
vent pancreatic juice reflux, control pancre-
atic self-digestion, reduce the secretion of 
pro-inflammatory factors, and thus alleviate 
the body’s inflammatory response 11. Oc-
treotide is a cyclic octapeptide with greater 
physiological activity. It can inhibit the ab-
normal release of growth hormone and thy-
rotropin and reduce the release of gastric 
acid, glucagon, insulin, and pancreatic en-
zymes, thereby controlling gastrointestinal 
and pancreatic endocrine hormone pathol-
ogy and ultimately inhibiting abnormal se-
cretion in the intestinal tract.

In this study, the therapeutic efficacy of 
octreotide and somatostatin was compared 
in patients with acute pancreatitis, primar-
ily using inflammatory markers such as AMY, 
LPS, C-reactive protein (CRP), interleukin-6 
(IL-6), tumor necrosis factor-α (TNF-α), white 
blood cell count (WBC), and serum albumin 
(ALB), along with procalcitonin (PCT) and 
hospital stay duration for a comprehensive 
efficacy analysis. The aim was to compare 
the effects of octreotide and somatostatin in 
treating acute pancreatitis, to develop a more 
effective and personalized treatment plan for 
patients with acute pancreatitis, and to ad-
vance the discipline and contribute to the 
dual value of theory and practice.

PATIENTS AND METHODS 

General information
This study retrospectively selected pa-

tients with acute pancreatitis admitted to 
The First People’s Hospital of Jiashan from 
January 2022 to December 2024 as the re-
search subjects, aiming to compare the ef-
ficacy of octreotide and somatostatin in 
treating acute pancreatitis. As shown in the 
experimental design flowchart in Fig. 1, a 
total of 132 cases were collected. After ex-
clusions, 126 cases were included. Of these, 
two were lost, and four withdrew for personal 
reasons, leaving 120 cases for analysis. 
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Fig. 1. Flowchart of experimental design.

These were divided into control and ex-
perimental groups based on treatment mo-
dality, with 60 cases in each group. Inclusion 
criteria: (1) patients with acute pancreatitis 
were diagnosed according to the Chinese 
Guide to Diagnosis and Treatment of Acute 
Pancreatitis in China (2021 Edition) 12, pub-
lished by the Chinese Journal of Practical Sur-
gery and written by the Pancreatic Surgery 
Group of the Surgical Branch of the Chinese 
Medical Association; (2) no other gastrointes-
tinal or oncological diseases; (3) no history 
of allergy to the study drugs; (4) age 35-65 
years; (5) complete clinical data and relevant 
examinations. Exclusion criteria 13: (1) those 
with speech, mental, or psychological disor-
ders that affect the smooth conduct of the 
study; (2) those with other digestive system 
malignant tumors; (3) patients with serious 
heart, liver, kidney, and lung problems; (4) 
female patients during pregnancy or breast-
feeding; (5) a history of relevant drug treat-
ment in the last four weeks; (6) those with 
serious infectious diseases.

Ethics statement
The clinical study followed the Decla-

ration of Helsinki and other relevant ethi-
cal regulations, was reviewed and approved 
by the Hospital Ethics Committee, and the 
purpose, process, and potential risks of the 
study were explained in detail to the subjects 
or their proxies, with written informed con-
sent obtained.

Mode of intervention
Both groups of patients received con-

ventional treatment for acute pancreatitis. 
In practice, patients first underwent gastro-
intestinal decompression and fasting. Most 
patients had pain and required analgesic 
intervention as needed. Patients’ basic vital 
signs were monitored to ensure that their 
water and electrolyte balance was main-
tained, and acid suppression and anti-infec-
tion treatment were provided. Meanwhile, 
patients received nutritional support based 
on their physical signs to support recovery, 
reduce symptoms, and prevent complica-
tions.
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Patients in the control group received 
somatostatin as part of conventional treat-
ment to inhibit pancreatic fluid secretion, 
administered by injection (trade name Si-
tanin, Laboratoires Serono S.A., H20090930, 
lyophilized powder, 250 μg). 250 μg of so-
matostatin was added to 500 mL of physi-
ological saline, and the solution was infused 
intravenously. For patient 14, the infusion was 
delivered at 250 μg per hour, twice daily for 
7 consecutive days.

Patients in the experimental group re-
ceived octreotide, in addition to conventional 
treatment, to inhibit pancreatic fluid secre-
tion. Octreotide acetate (trade name Zenith, 
Novartis AG, Switzerland, H20090948), a col-
orless, clear liquid (1 mL: 0.1 mg), was used. 
It was diluted with 250 mL of saline injection 
and administered via intravenous drip at 0.3 
mg every 12 hours. The patients were medi-
cated for 7 consecutive days 15.

At the same time as administering 
drug treatment to patients, it was necessary 
to pay rigorous attention to the patient’s 
respiratory status and blood pressure fluc-
tuations, to observe whether there were any 
adverse reactions to the medication, and 
to actively prevent them, to avoid patients 
from experiencing shock and other adverse 
reactions, and to ensure the patient’s life 
safety.

Observation indicators
AMY, serum LPS, CRP, and ALB 

Procoagulant tubes were used to collect 
5 mL of venous blood from patients on an 
empty stomach as test samples. After cen-
trifugation for 10 min at 3000 r/min using 
a Beckman Microfuge® 20R centrifuge, the 
serum was separated and measured using a 
Beckman Counter DXC800 automatic blood 
biochemistry analyzer.

IL-6, TNF-α, and PCT
The serum was collected as described 

above, and the enzyme-linked immunosor-
bent assay (ELISA) was used to detect IL-
6, TNF-α, and PCT 16 in the serum using the 

ELISA kits Beyotime PI330/PT518/PP790 
from Shanghai Beyotime Biotechnology Co.

WBC count
A routine blood tube was used to col-

lect 5 mL of fasting venous blood from the 
patients as a test sample, and a Beckman Vi-
CELL BLU fully automated cell counter was 
used to perform the WBC count.

Hospital stay duration
Hospital stay duration is the total 

length of time a patient is hospitalized and 
an important indicator of the patient’s con-
dition and treatment effect 17.

Determine the admission time: the 
time when the patient completes admission 
procedures and officially becomes an inpa-
tient.

Determine the discharge time: the 
point in time when the patient completes 
treatment and the nurse carries out the dis-
charge instructions. The patient is consid-
ered to have completed treatment when the 
patient’s condition is stable, with no obvious 
worsening symptoms, and vital signs are nor-
mal. 

Calculate the total number of days: 
Subtract the discharge date from the admis-
sion date. The resulting number of days will 
be the total number of days in the hospital.

Attention to special circumstances: if 
there were cases such as a leave of absence 
or a temporary transfer, the calculation of 
hospitalization time should be adjusted ac-
cordingly.

Incidence rate of adverse reactions during 
treatment 

The incidence rate of adverse drug re-
actions is the most important indicator for 
assessing drug safety and is used to measure 
the occurrence of adverse reactions during 
drug use. Calculating the incidence of ad-
verse drug reactions can help doctors and 
patients better understand drug safety and 
make rational treatment decisions based 
on the risk of such reactions. In this study, 
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adverse conditions during the treatment of 
acute pancreatitis with somatostatin and 
octreotide mainly included abdominal pain, 
rash, nausea and vomiting, and dizziness 
and headache 18.

The formula for calculating the inci-
dence of adverse drug reactions is shown 
below: 

Incidence of adverse reactions = (num-
ber of people with adverse reactions/total 
number of patients using the drug) * 100%

Sample size calculation methods 
Sample sizes were determined using 

G*Power 3.1.9.7 to estimate the number 
needed to detect statistically significant 
differences. The calculation was based on 
the primary outcome, the Inflammation 
Indicator. According to previous studies 14, 
IL-6 levels in patients with acute pancre-
atitis treated with somatostatin for 7 days 
were lower than in the healthy control group 
(p=0.025), with an effect size of 0.49. With 
a type I error rate (α) of 0.05 and 80% power, 
53 patients were estimated to be needed in 
each group. To account for potential uncer-
tainties, a total of 60 patients in the control 
group (n=60) and 60 in the experimental 
group (n=60) were ultimately selected for 
analysis in this study, and this sample size 
was considered sufficient to draw reliable 
conclusions.

Statistical Methods 
SPSS version 28.0 was used to analyze 

the data. The data in this study were tested 
for normality. Baseline characteristics were 
described as counts and means (± SD). AMY, 
LPS, CRP, IL-6, TNF-α, WBC, ALB, PCT, and 
hospital stay duration were expressed as 
means ± SD. An independent-samples test 
was used to compare two groups. The in-
cidence of adverse events was expressed as 
[n (%)], and comparisons between the two 
groups were analyzed using the χ² test. All 
statistical tests were two-sided, and p<0.05 
was considered statistically significant.

RESULTS 

Comparison of baseline data between  
the two groups

Comparing the baseline data of the 
patients in the control and experimental 
groups, Table 1 provided evidence that no sig-
nificant differences were observed between 
the two groups in age, BMI, gender, clas-
sification of acute pancreatitis, APACHE II 
scores, disease duration, and etiology of the 
disease 16, 19 (p=0.816, 0.662, 0.36, 0.714, 
0.896, 0.504, 0.559, 0.609, 0.793, 0.697), 
indicating that the groups were comparable 
before drug treatment.

Comparison of serum amylase and serum 
lipase between the two groups 

As shown in Table 2, no significant dif-
ference was observed between the control 
and experimental groups in serum AMY 
and LPS levels on the day prior to dos-
ing (AMY: 95% CI: -2.57-10.23, p=0.239; 
LPS: 95% CI: -2.78-12.17, p=0.216). After 
seven days of drug administration, these 
indices were significantly reduced in 
both groups (both p<0.05). In addition, 
compared with the control group (AMY: 
44.85±8.17 U/L; LPS: 42.48±6.99 U/L), 
the experimental group (AMY: 42.15±5.87 
U/L; LPS: 39.80±5.10 U/L) showed sig-
nificantly lower levels (AMY: 95% CI: 0.13-
5.28, p=0.04; LPS: 95% CI: 0.47-4.90, 
p=0.018), suggesting that, compared with 
somatostatin, octreotide can restore pan-
creatic function to normal more quickly in 
patients with acute pancreatitis.

Comparison of CRP between the two 
groups

As shown in Table 3, no significant dif-
ference in serum CRP levels was observed 
between the two groups on the first day of 
drug administration (95% CI: -3.50 to 5.01, 
p=0.726). After seven days of administration, 
CRP decreased in both the control and ex-
perimental groups (167.25±11.62 mg/L vs. 
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Table 1. Baseline information of patients.

Indicator
Control  

group (n=60)
Experimental 
group (n=60)

95% CI
p

Effect  
sizeLower Upper

Age 50.58±9.03 50.2±8.96 -2.87 3.64 0.816 0.02

BMI(kg/m2) 22.62±1.7 22.76±1.80 -0.77 0.49 0.662 -0.04

Gender

   Male 35 30
0.681 2.878 0.36 0.084

   Female 25 30

Classification  
of Acute Pancreatitis

   Mild 33 31
0.558 2.344 0.714 0.033

   Severe 27 29

APACHE II scores 19.47±2.33 19.52±1.8 -0.80 0.70 0.896 -0.01

Disease duration 
(hours)

6.37±0.31 6.33±0.34 -0.08 0.16 0.504 0.06

Etiology 

   Biliary 42 39 0.584 2.702 0.559 0.053

   Alcoholic 8 10 0.281 2.107 0.609 -0.047

   Hyperlipidemia 9 8 0.41 3.206 0.793 0.024

   Other 3 4 0.158 3.443 0.697 -0.036
BMI: body mass index; APACHE II scores: acute physical and chronic health scores. Independent Samples t-test was 
used for continuous variables, and Chi-square Test was used for categorical variables.

Table 2. Comparison of serum amylase and serum lipase between the two groups.

Indicator n Time
Mean±SD 95% CI

p
Effect  
sizeControl  

group
Experimental 

group
Lower Upper

AMY
(U/L)

60 1 day prior  
to dosing 261.53±17.59 257.70±17.83 -2.57 10.23 0.239 0.11

60 7 days after 
dosing 44.85±8.17* 42.15±5.87* 0.13 5.28 0.04 0.19

LPS
(U/L)

60 1 day prior  
to dosing 260.06±22.08 255.37±19.16 -2.78 12.17 0.216 0.11

60 7 days after 
dosing 42.48±6.99* 39.80±5.10* 0.47 4.90 0.018 0.21

*p<0.05 vs 1 day prior to dosing. AMY: serum amylase; LPS: serum lipase. Independent Samples t-test was used for 
between-group comparisons, and Paired Samples t-test was used for within-group comparisons.



196	 Zhu et al.

	 Investigación Clínica 67(2): 2026

Table 3. Comparison of C-reactive protein between the two groups of patients.

Indicator n Time

Mean±SD 95% CI

p
Effect 
sizeControl group

Experimental 
group

Lower Upper

CRP (mg/L) 60 1 day prior  
to dosing

167.25±11.62 166.50±11.92 -3.50 5.01 0.726 0.03

60 7 days after 
dosing

83.24±5.32* 80.34±7.4* 0.56 5.23 0.015 0.22

*p<0.05 vs 1 day prior to dosing. CRP: C-reactive protein. Independent Samples t-test was used for comparisons 
between groups, and Paired Samples t-test was used for comparisons within groups.

83.24±5.32 mg/L, p<0.05; 166.50±11.92 
mg/L vs. 80.34±7.4 mg/L, p<0.05), indi-
cating that both somatostatin and octreo-
tide can reduce inflammation in patients 
with acute pancreatitis. Compared with the 
control group (83.24±5.32 mg/L), CRP 
was significantly lower in the experimental 
group (80.34±7.4 mg/L) (95% CI: 0.56-5.23, 
p=0.015), suggesting that, compared with 
somatostatin, octreotide could normalize in-
flammation and tissue damage more quickly 
in patients with acute pancreatitis.

Comparison of IL-6, TNF-α, and PCT  
between the two groups 

As shown in Table 4, there was no signif-
icant difference in the levels of IL-6, TNF-α, 
and PCT between the two groups on the first 
day before drug administration (p=0.222, 
P=0.392, p=0.546). After drug administra-
tion, the levels of these three markers de-
creased in both groups (all p<0.05). In addi-
tion, compared with the control group, the 
experimental group had lower levels of IL-6 
(52.30±8.42 pg/mL vs. 55.36±8.03 pg/mL), 
TNF-α (40.07±5.74 ng/L vs. 42.71±7.66 
ng/L), and PCT (33.80±4.70 ng/mL vs. 
35.66±4.60 ng/mL), with 95% CIs of 0.08-
6.03 (p=0.044), 0.19-5.09 (p=0.035), and 
0.17-3.54 (p=0.031), respectively, suggest-
ing that octreotide can normalize more 
quickly the degree of inflammation and in-
fection in patients with acute pancreatitis 
compared to somatostatin.

Comparison of white blood cells between 
the two groups

As shown in Table 5, there was no sig-
nificant difference in WBC between the 
two groups before drug administration 
(95% CI: -0.45 to 0.08; p=0.174). After 
drug administration, WBC decreased in 
both the control and experimental groups 
(13.76±1.39*109/L vs. 12.55±1.39*109/L, 
p<0.05; 13.94±0.69*109/L vs. 11.94 ± 
1.68*109/L, p<0.05), indicating that both 
somatostatin and octreotide reduced leu-
kocyte counts. Compared with the control 
group (12.55±1.39*109/L), the experi-
mental group’s WBC (11.94±1.68*109/L) 
decreased significantly (95% CI: 0.06-1.17; 
p=0.031), suggesting that, compared with 
somatostatin, octreotide could normalize 
infection and inflammatory responses in pa-
tients with acute pancreatitis more quickly.

Comparison of albumin between  
the two groups 

As shown in Table 6, there was no sig-
nificant difference in ALB levels between 
the two patient groups before drug admin-
istration (95% CI: -0.57 to 0.18; p=0.31). 
After drug administration, ALB levels in-
creased in both groups (25.23±1.12 g/L vs. 
36.99±1.94 g/L, p<0.05; 25.43±0.95 g/L 
vs. 38.47±5.12 g/L, p<0.05). Compared 
with the control group, ALB levels increased 
in the experimental group (36.99±1.94 g/L 
vs. 38.47±5.12 g/L; 95% CI: -2.89 to 0.07; 
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Table 4. Comparison of interleukin-6, tumor necrosis factor- α, and procalcitonin  
between the two patient groups.

Indicator n Time

Mean±SD 95% CI

p
Effect  
sizeControl group

Experimental 
group

Lower Upper

IL-6
(pg/mL)

60 1 day prior  
to dosing

98.63±9.59 100.65±8.40 -5.28 1.24 0.222 -0.11

60 7 days after 
dosing

55.36±8.03* 52.30±8.42* 0.08 6.03 0.044 0.18

TNF-α
(ng/L)

60 1 day prior  
to dosing

81.61±8.94 80.23±8.71 -1.81 4.57 0.392 0.09

60 7 days after 
dosing

42.71±7.66* 40.07±5.74* 0.19 5.09 0.035 0.30

PCT
(ng/mL)

60 1 day prior  
to dosing

73.12±5.63 73.78±6.18 -2.79 1.48 0.546 -0.21

60 7 days after 
dosing

35.66±4.60* 33.80±4.70* 0.17 3.54 0.031 0.35

*p<0.05 vs 1 day prior to dosing. IL-6: interleukin-6; TNF-α: tumor necrosis factor-α; PCT: procalcitonin. Independent 
samples t-test was used for between-group comparisons, and Paired Samples t-test was used for within-group comparisons.

Table 5. Comparison of white blood cells between the two groups of patients.

Indicator n Time

Mean±SD 95% CI

p
Effect 
sizeControl group

Experimental 
group

Lower Upper

WBC
(109/L)

60 1 day prior to 
dosing

13.76±0.77 13.94±0.69 -0.45 0.08 0.174 -0.12

60 7 days after 
dosing

12.55±1.39* 11.94±1.68* 0.06 1.17 0.031 0.19

*p<0.05 vs 1 day prior to dosing; WBC: white blood cells; Independent Samples t-test was used for between-group 
comparisons, and Paired Samples t-test for within-group comparisons.

Table 6. Comparison of serum albumin between the two groups of patients.

Indicator n Time
Mean±SD 95% CI

p
Effect 
sizeControl group

Experimental 
group

Lower Upper

ALB (g/L) 60 1 day prior to 
dosing

25.23±1.12 25.43±0.95 -0.57 0.18 0.31 -0.10

60 7 days after 
dosing

36.99±1.94* 38.47±5.12* -2.89 -0.07 0.039 -0.19

*p<0.05 vs 1 day prior to dosing. ALB: serum albumin. Independent Samples t-test was used for between-group 
comparisons, and Paired Samples t-test for within-group comparisons.
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Table 7. Comparison of hospital stay duration between the two groups (days).

Indicator n
Mean±SD 95% CI

p
Effect 
sizeControl group Experimental group Lower Upper

Hospital stay duration 60 11.03±1.30 10.38±1.46 0.15 1.15 0.011 0.23
An independent-samples t-test was used to compare groups.

Table 8. Comparison of incidence of adverse reactions between the two groups.

Indicator
n (%) 95% CI

p Effect size
Control group Experimental group Lower Upper

Abdominal pain 2 0

1.413 19.544 0.007 0.245

Skin rash 3 0

Nausea and vomiting 5 1

Dizziness and headache 3 2

Adverse reactions 13(21.7%) 3(5%)
Chi-square test was used to compare the groups.

p=0.031), suggesting that, compared with 
somatostatin, octreotide could more quickly 
normalize nutrition and osmotic pressure in 
patients with acute pancreatitis.

Comparison of the hospital stay duration 
of patients in two groups

As shown in Table 7, the hospital 
stay duration for the control group was 
(11.03±1.30) days, and for the experimen-
tal group it was (10.38±1.46) days. The 
hospital stay duration for patients in the ex-
perimental group was evidently shorter than 
that of the control group (95% CI: 0.15-1.15; 
p=0.011), suggesting that, compared with 
somatostatin, octreotide could help patients 
with acute pancreatitis return to normal 
more quickly, shorten hospitalization time, 
and improve the quality of medical care.

Incidence of adverse reactions during 
treatment in the two groups

As shown in Table 8, during hospital-
ization, the control group had two patients 
with abdominal pain, three with skin rash-
es, five with nausea and vomiting, and three 
with dizziness and headache, for an overall 

adverse reaction incidence of 21.7%. In the 
experimental group, one patient had nau-
sea and vomiting, and two had dizziness 
and headache, for an adverse reaction in-
cidence of 5%. These results suggest that, 
compared with somatostatin, octreotide for 
the treatment of patients with acute pan-
creatitis had a significantly lower incidence 
of adverse reactions (95% CI: 1.413-19.544; 
p=0.008).

DISCUSSION

Acute pancreatitis is mainly divided into 
two types: mild and severe. The mild type 
is mainly manifested by pancreatic edema, 
is mostly self-limiting, and usually resolves 
within a few days, with complete recovery to 
the pre-treatment state 20. In severe cases, 
complications such as pancreatic hemor-
rhage, peritonitis, pancreatic necrosis, and 
shock are common, posing a greater threat 
to patients’ health. The prognosis of severe 
acute pancreatitis is usually poor, with a high 
mortality rate that can reach 10%-40%21. In 
recent years, with the continuous improve-
ment of China’s medical treatment technol-
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ogy, a variety of new drugs have appeared in 
clinical practice, and their application has, 
to a certain extent, reduced morbidity and 
mortality in patients with severe acute pan-
creatitis, but some patients still die. The 
occurrence of acute pancreatitis is mainly 
due to the continuous release of pancreatic 
enzymes in the body, influenced by a series 
of intertwined factors, resulting in the acti-
vation of phospholipase A2, etc. Under the 
influence of the inflammatory response, the 
pancreas undergoes microcirculation abnor-
malities, accelerating pancreatic digestion, 
destroying the normal blood supply, and 
ultimately leading to pancreatic necrosis. 
Niu et al.22 proposed that phospholipase D2 
(PLD2) plays a crucial regulatory role. In the 
medical management of patients with severe 
acute pancreatitis, comprehensive therapeu-
tic approaches are typically used to reduce 
pancreatic secretion, inhibit pancreatic en-
zyme synthesis, improve clinical signs, and 
promote recovery.

AMY and LPS are two important labo-
ratory tests for acute pancreatitis 23; the 
former is mainly due to the activation of 
pancreatic amylase by trypsinogen in the 
pancreas, which subsequently causes the 
elevation of AMY, and the latter is due to 
the activation of pancreatic lipase by lipas-
eogen in the pancreas; therefore, AMY and 
LPS are the characteristic indicators for 
the diagnosis of acute pancreatitis. Sun et 
al.24, in a multicenter retrospective study, 
suggested that both somatostatin and oc-
treotide could normalize serum AMY and 
LPS in patients with acute pancreatitis, and 
this article’s research showed that octreo-
tide could normalize pancreatic function 
more quickly than somatostatin. CRP, an 
acute-phase reactant synthesized by IL-
6-stimulated hepatocytes, is one of the pro-
teins mediating the inflammatory response 
in acute pancreatitis. The inflammatory re-
sponse in acute pancreatitis and its concen-
tration can reflect the presence or absence 
of inflammation and the intensity of the 
response in the organism 25. TNF-α, mainly 

produced by monocytes and macrophages, 
can regulate immune function and enhance 
anti-infection capacity, and the multiple-
organ damage caused by inflammation is 
closely associated with TNF-α 26. 

IL -6 plays an important role in the 
proliferation and activation of lympho-
cytes, and can promote the synthesis of 
CRP and the development of blood cells, 
but its concentration is too high, which 
can stimulate the granulocytes to release 
a large number of oxygen-free radicals and 
proteases, thus destroying the vascular en-
dothelium and the endothelial cells. How-
ever, its high concentration can stimulate 
granulocytes to release large quantities of 
oxygen-free radicals and proteases, there-
by destroying the vascular endothelium 
and aggravating organ damage. During 
inflammatory reactions, macrophages and 
monocytes in the liver, lymphocytes and 
endocrine cells in the lungs and intesti-
nal tissues can synthesize and secrete PCT 
in response to bacterial endotoxin, TNF-α, 
and IL -6; these substances work together, 
leading to an apparent increase in the lev-
el of PCT in the blood circulation 27. The 
present study suggests that, in patients 
with acute pancreatitis, CRP, IL -6, TNF-α, 
and PCT levels in the blood were reduced 
more significantly in those treated with 
octreotide than in those treated with so-
matostatin, indicating that octreotide can 
normalize inflammatory responses and 
immune functions. Mao et al. 28, in a mul-
ticenter retrospective study, validated so-
matostatin and octreotide as widely used 
medications for acute pancreatitis and re-
ported octreotide’s superior therapeutic 
effect, which is more attuned to the re-
sults of this study. When germs invade the 
human body, leukocytes can pass through 
the capillary wall by deformation, con-
centrate at the site of germ invasion, sur-
round and engulf the germs, and produce 
an inflammatory reaction, resulting in a 
higher leukocyte count than normal. ALB 
unequivocally expands blood volume and 
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preserves plasma colloid osmotic pressure, 
helps with blood transport and detoxifi-
cation of body organs 29, and, in human 
metabolism, it can be used as a source of 
nitrogen to provide nutrients to our body 
tissues. Bhansali et al. 30 retrospectively 
studied 131 patients with infected pan-
creatic necrosis, and the use of octreotide 
increased the level of ALB, and reduced 
surgical complications, from the perspec-
tive of this study, it acts out the similitude 
to the results of the present study, in this 
study, compared to somatostatin, the pa-
tients with acute pancreatitis treated with 
octreotide had a significant reduction in 
the number of leukocytes, a significant 
increase in ALB, and a shorter hospital-
ization time, which suggests that octreo-
tide can bring the inflammatory response 
and the osmotic pressure of the body in 
patients with acute pancreatitis back to a 
normal state more quickly.

In clinical practice, the most commonly 
used drugs for treating patients with acute 
pancreatitis are octreotide and somatosta-
tin, which have similar pharmacological ef-
fects; octreotide is a synthetic octapeptide. 
When administered, octreotide mimics the 
action of endogenous somatostatin, inhibit-
ing the release of inflammatory mediators 
and suppressing the activation of mono-
nuclear phagocytes, thereby improving 
patients’ hemodynamic status. In clinical 
practice, because the application of octreo-
tide can inhibit a variety of enzymes in pan-
creatic tissue, it can not only control the 
digestion of pancreatic protease on its own, 
but also control and maintain the intestinal 
micro-ecological balance of the patient to 
avoid the generation of endotoxins, so as 
to improve the patient’s intestinal environ-
ment, alleviate the patient’s symptoms of 
abdominal pain and bloating, enhance the 
patient’s intestinal and gastrointestinal 
peristalsis, inhibit the activity of platelets31, 
reduce bile reflux, ensuring patient comfort 
and promoting patient recovery. In the case 
of injectable somatostatin, this drug is syn-

thetic and belongs to the tetradecapeptide 
class; it is distributed in the human body’s 
peripheral and central nervous systems, 
with higher concentrations in the gastro-
intestinal tract and the hypothalamus. So-
matostatin can inhibit gastrin secretion32, 
and also inhibit gastric acid and pepsin 
secretion, improve the internal secretion 
function and external secretion function of 
the pancreas, maintain balance and coor-
dination, thus reducing the inflammatory 
response of the patient, and promoting the 
recovery of the patient, but from the cur-
rent clinical situation, there are certain 
adverse reactions in the application of this 
drug, which adversely affects the safety of 
the patient’s use of the drug 33, leading to 
the limitation of the promotion of this drug 
in the clinic. Octreotide has a stronger ef-
fect and a longer maintenance time, and it 
can inhibit pancreatic enzymes and gastric 
acid, thus reducing the amount of pancre-
atic secretion, improving the blood and 
urine amylase levels of patients, promoting 
the improvement of gastrointestinal diges-
tive function, and protecting the pancreatic 
parenchymal cell membrane of patients, so 
as to improve the effect of clinical applica-
tion and promote the recovery of patients.

Although studies have shown that, in 
the treatment of acute pancreatitis, oc-
treotide with a specific treatment regimen 
yields better therapeutic outcomes than so-
matostatin in controlling inflammation and 
shortening hospital stay, these studies still 
have the following limitations that may af-
fect the generalizability of the results and 
their long-term application value: (1) this 
study provides preliminary single-center ev-
idence comparing the efficacy of octreotide 
and somatostatin in the treatment of acute 
pancreatitis. However, limited by the inher-
ent defects of the single-center and retro-
spective design, it still has deficiencies in 
external validity, bias control, and causal in-
ference. (2) Lack of clear evidence of surviv-
al benefit; this study did not analyze the im-
pact of octreotide on short-term mortality 
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or complication rate in patients with acute 
pancreatitis 34. (3) For severe acute pan-
creatitis, although octreotide may inhibit 
pancreatic juice secretion, there is current-
ly no clear evidence that it is effective in 
blocking systemic inflammatory response 
or progressive multiple organ failure35. (4) 
The medication cycle of octreotide in this 
study was only seven days, and its long-term 
medication risks remain unclear. (5) The 
localization of research data is insufficient, 
and the classification of disease severity is 
not clear. Future studies should adopt a 
multi-center prospective cohort design, ex-
pand the sample size, include more abun-
dant confounding factors, conduct analy-
ses targeting severe subgroups, clarify the 
details of drug use, and combine dynamic 
inflammation index monitoring with long-
term follow-up data to further verify the 
efficacy difference between octreotide and 
somatostatin, so as to provide more reliable 
evidence to support clinical medication.

In conclusion, octreotide in the thera-
py of the acute pancreatitis patients has a 
better effect, which is conducive to the en-
hancement of the body’s immune function, 
the improvement of the patient’s AMY and 
LPS, the body’s inflammatory response, os-
molality returns to normal faster, shortens 
the patient’s hospital stay, improves the 
quality of medical care, and provides a sci-
entific basis for the optimization of clinical 
therapeutic medication regimens. 
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Abstract. This study evaluated the predictive significance of combining 
carotid atherosclerotic plaques assesment with glycosylated hemoglobin A1c 
(HbA1c) and C-reactive protein (CRP) levels for disease progression in young 
acute ischemic stroke (AIS) patients. A total of 130 subjects were evenly re-
cruited, comprising young patients with AIS admitted between January 2015 
and March 2025 (case group) and healthy individuals undergoing physical ex-
aminations during the same period (control group). Comparisons were con-
ducted on the incidence rate of carotid atherosclerotic plaques and serum 
HbA1c and CRP levels. The case group was categorized into mild-moderate and 
severe groups according to the National Institute of Health Stroke Scale (NI-
HSS) score. Significant differences were observed between the severe and mild-
moderate groups in NIHSS scores, carotid atherosclerotic plaque incidence, 
and serum levels of HbA1c and CRP (p<0.05). Increased serum HbA1c levels, 
elevated CRP levels, and presence of carotid atherosclerotic plaques functioned 
as risk factors for AIS progression in young patients (odds ratio>1, p<0.05). 
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Valor predictivo de la detección de placas ateroscleróticas 
carotídeas, en combinación con los niveles de hemoglobina 
glicosilada A1c y proteína C reactiva, para la progresión de la 
enfermedad en pacientes jóvenes con accidente cerebrovascular 
isquémico agudo.

Invest Clin 2026; 67 (2): 205 – 217

Palabras clave: Accidente Cerebrovascular Isquémico; Placa Aterosclerótica; Arterias 
Carótidas; Proteína C-Reactiva; Hemoglobina HA1c.

Resumen. Este estudio evaluó la significancia predictiva de combinar 
placas ateroscleróticas carotídeas con niveles de hemoglobina glicosilada A1c 
(HbA1c) y proteína C reactiva (PCR) para la progresión de la enfermedad en 
pacientes jóvenes con accidente cerebrovascular isquémico agudo (AIS). Se re-
clutó de manera uniforme un total de 130 sujetos, que comprendían pacientes 
jóvenes con AIS ingresados entre enero de 2015 y marzo de 2025 (grupo de 
casos) e individuos sanos sometidos a exámenes físicos durante el mismo pe-
ríodo (grupo de control). Se realizaron comparaciones en la tasa de incidencia 
de placas ateroscleróticas carotídeas y los niveles séricos de HbA1c y PCR. El 
grupo de casos se categorizó en grupos leve-moderado y grave según la pun-
tuación de la Escala de Accidente Cerebrovascular del Instituto Nacional de 
Salud (NIHSS). Se observaron diferencias significativas entre los grupos grave 
y leve-moderado en las puntuaciones NIHSS, la incidencia de placa ateroscle-
rótica carotídea y los niveles séricos de HbA1c y PCR (p<0,05). El aumento 
de los niveles séricos de HbA1c, los niveles elevados de PCR y la presencia de 
placas ateroscleróticas carotídeas funcionaron como factores de riesgo para 
la progresión del AIS en pacientes jóvenes (odds ratio > 1, p<0,05). Los nive-
les séricos de HbA1c y PCR, junto con la presencia de placas ateroscleróticas 
carotídeas, mostraron una correlación positiva con las puntuaciones NIHSS (r 
>0, p<0,05). Las áreas bajo las curvas ROC de los niveles séricos de HbA1c y 
PCR, las placas ateroscleróticas carotídeas y su combinación para evaluar la 
progresión del AIS en pacientes jóvenes fueron 0,810, 0,823, 0,781 y 0,905, 
respectivamente. Los niveles elevados de HbA1c, PCR y presencia de placas ca-
rotídeas se asocian con la gravedad del AIS en pacientes jóvenes. La detección 
combinada mejora la precisión predictiva, lo que sugiere utilidad clínica para la 
estratificación del riesgo.

            Received: 07-10-2025       Accepted: 02-03-2026

Serum HbA1c and CRP levels, along with the presence  of  carotid atheroscle-
rotic plaques, showed a positive correlation with NIHSS scores (r>0, p<0.05). 
The areas under the ROC curves of serum HbA1c and CRP levels, carotid athero-
sclerotic plaques and their combination for assessing AIS progression in young 
patients were 0.810, 0.823, 0.781, and 0.905, respectively. Elevated HbA1c, 
CRP, and the presence of carotid plaques are associated with AIS severity in 
young patients. Combined detection improves predictive accuracy, suggesting 
clinical utility for risk stratification.
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INTRODUCTION

Acute ischemic stroke (AIS) is defined 
as a cerebrovascular disease attributed to 
blood supply disorders to brain tissues, 
which displays high mortality and disability 
rates. Besides, AIS exhibits a significantly 
increasing incidence rate in young people 
in recent years along with improved living 
standards and changed dietary patterns of 
people, which has become a major disease 
jeopardizing the health of young adults. 
Through extensive and in-depth research on 
the pathogenesis of AIS in young patients, 
it is discovered that atherosclerosis acts as 
the underlying cause. Hence, clarifying the 
predictors of atherosclerosis and imple-
menting early interventions after accurately 
predicting the development and progression 
risk of AIS are of great clinical significance 
for reducing the incidence, mortality and 
disability rates of AIS in young adults. Ath-
erosclerotic plaques are a product of athero-
sclerosis, and the presence of carotid ath-
erosclerotic plaques gives rise to narrowed 
inner diameter of the carotid artery, leading 
to artery stenosis, which, when reaching a 
certain degree, can cause blood shortage to 
the brain. Once unstable plaques rupture, 
the dislodged plaques can result in thrombo-
sis in distal intracranial vessels and eventu-
ally AIS 1,2. Abnormal glucose metabolism is 
able to not only induce damage to vascular 
endothelial cells, but also facilitate smooth 
muscle hyperplasia and inflammatory re-
sponses, thereby triggering atherosclerosis, 
which serves as a crucial cause of the devel-
opment and progression of cerebrovascular 
diseases 3. Glycosylated hemoglobin A1c 
(HbA1c), formed by the binding of hemoglo-
bin to blood glucose in red blood cells, is a 
frequently measured biomarker in patients 
with abnormal glucose metabolism. There-
fore, the glucose metabolism status in the 
body can be effectively mastered by measur-
ing serum HbA1c level. C-reactive protein 
(CRP)-mediated inflammatory responses 
participate in the whole process of athero-

sclerosis development and progression, serv-
ing as a risk factor inducing cerebrovascular 
diseases 4. Research has shown that athero-
sclerotic plaques and levels of serum HbA1c 
and CRP are correlated with the onset and 
advancement of AIS, potentially serving as 
reliable indicators of the condition.

Given this, in the present study, analy-
ses were carried out on the distribution of 
carotid atherosclerotic plaques and expres-
sions of HbA1c and CRP in young patients 
with AIS, as well as their correlations with 
and predictive value for the progression of 
AIS.

MATERIALS AND METHODS

Subjects
A total of 65 young AIS patients admit-

ted to our hospital between January 2015 
and March 2025 were consecutively enrolled 
as the case group, including 59 males and 
6 females, aged 23-45 years (mean age, 
39.11±5.61 years). The body mass index 
(BMI) of the case group ranged from 21 to 
26 kg/m2, with a mean value of 23.46 ± 0.45 
kg/m2. During the same period, 65 age- and 
sex-matched healthy individuals undergoing 
routine physical examinations at our hospi-
tal were recruited as the control group, com-
prising 57 males and 8 females, aged 23-46 
years (mean age, 38.86±5.46 years), with 
a BMI ranging from 21 to 26 kg/m2 (mean, 
23.42±0.48 kg/m2).

Inclusion and exclusion criteria
Inclusion criteria for the case group 

were: 1) patients diagnosed with AIS via cra-
nial Computed Tomography (CT) images 5, 
2) ischemia duration of less than 72 hours, 
3) informed consent obtained from family 
members, and 4) first episode of the disease.

The exclusion criteria were listed be-
low: 1) patients with such diseases as brain 
tumors and brain traumas, 2) those with se-
vere insufficiency of the heart, liver, kidneys 
or other organs, 3) those with a history of 
cardiogenic AIS or AIS induced by rheumatic 



208	 Jiang et al.

	 Investigación Clínica 67(2): 2026

heart disease, atrial fibrillation, or other fac-
tors, 4) those with a history of administra-
tion of such drugs as propranolol, morphine 
and hydrochlorothiazide, or 5) those with a 
history of surgery or traumas or a history of 
nosocomial infection with obvious signs and 
clinical evidence in the past 1 week.

Blood sample collection
A 5 mL fasting venous blood sample 

was collected from the median cubital vein 
of participants in the health group during 
their physical examination and from the 
case group on the morning before treat-
ment, then allowed to stand at room tem-
perature for 30 minutes. After that, centrifu-
gation was conducted (centrifugal radius: 10 
cm, centrifugation speed: 2500 r/min, and 
centrifugation time: 10 min). The upper se-
rum was transferred to a centrifuge tube and 
stored at -80°C for future analysis.

Measurement of serum HbA1c and CRP 
levels

The serum was removed from refrigera-
tion, thawed at room temperature, and ana-
lyzed for HbA1c using a latex agglutination 
test (RB, USA) with a reference range of 3.8-
5.8%, and for CRP levels using a double-anti-
body sandwich ELISA [Pointe Biotechnology 
(Nanjing) Co., Ltd.] with a reference range 
of 0-5 mg/L.

Detection of carotid atherosclerotic 
plaques

Color Doppler ultrasonic diagnostic ap-
paratus (produced by Aloka, Japan) was em-
ployed to detect the distribution of carotid 
atherosclerotic plaques in both groups. Dur-
ing examination, the subjects were instructed 
should be instructed to lie in a relaxed po-
sition, with the shoulders elevated with the 
help of soft pads and the head turning to the 
opposite side to fully extend the neck. Next, a 
linear array probe was selected, with the fre-
quency set at 3-11 MHz, and evenly applied 
with the couplant on the surface. Ultrasonic 
scans were performed on the common carot-

id artery, its bifurcation, and the carotid bulb 
(typically 4.0-6.0 cm above the bifurcation). 
The carotid intima-media thickness (IMT) was 
measured three times, and the results were 
averaged. Presence of carotid atherosclerotic 
plaques was considered in case of IMT ≥1.5 
mm or localized thickening exceeding 50% of 
the surrounding intimal thickness.

Evaluation of AIS progression
The severity of AIS in the case group 

was evaluated using the NIHSS score (Natio-
nal Institutes of Health Stroke Scale) 6. Pa-
tients with a score of ≤15 were categorized 
as mild-moderate, while those scoring >15 
were classified as severe.

Collection of general data
The collected data included gender, age, 

BMI, allergic constitution (yes/no), smok-
ing history (≥5 years, >10 cigarettes/day), 
drinking history (≥5 years, >1 liang/day), 
hypertension (yes/no), NIHSS score, and 
laboratory indicators such as white blood cell 
count (WBC), triglycerides (TG), total cho-
lesterol (TC), high-density lipoprotein (HDL), 
and low-density lipoprotein (LDL).

Statistical analysis
Statistical analysis was completed with 

SPSS 23.0 software. Measurement data un-
derwent normality testing. Normally distrib-
uted data were expressed as mean ± stan-
dard deviation (X±SD) and analyzed using 
independent-samples t-tests for intergroup 
comparisons and paired-samples t-tests for 
intragroup comparisons. A logistic regression 
analysis was conducted to determine risk fac-
tors influencing AIS progression in young 
patients. Kendall’s Tau-b and Pearson correla-
tion analyses were used to examine the rela-
tionships between NIHSS scores and carotid 
atherosclerotic plaques, as well as serum 
HbA1c and CRP levels. ROC curves were uti-
lized to evaluate the predictive values of ca-
rotid atherosclerotic plaques, serum HbA1c 
levels, serum CRP levels, and their combina-
tion for AIS progression, and the optimal cut-
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off values were determined using the Youden 
index. AUCs >0.90 indicate high predictive 
value, 0.71-0.90 suggest fair value, 0.50-0.70 
denote low value, and <0.50 reflect no pre-
dictive value. A p-value less than 0.05 was 
considered statistically significant.

RESULTS

Baseline and key characteristics
Baseline demographic, clinical, and 

laboratory characteristics of the case and 
control groups are presented in Table 1. No 
significant differences were observed be-
tween the two groups in age, sex, BMI, aller-
gic constitution, smoking or drinking histo-
ry, hypertension status, WBC count, or lipid 
profiles (TG, TC, HDL-C, and LDL-C) (all 
p>0.05). In contrast, serum HbA1c and CRP 
levels were significantly higher in the case 
group, and carotid atherosclerotic plaques 
were more frequently detected in the case 
group, whereas no plaques were observed in 
the control group (all p<0.001).

Relevant data in case and health groups
The case group exhibited significantly 

higher serum HbA1c levels (6.05±1.84% 
vs. 4.26±0.50%) and serum CRP levels 
(3.08±2.98 mg/L vs. 0.55±0.30 mg/L) 
compared with the healthy group (both p 
< 0.001). In addition, carotid atheroscle-
rotic plaques were detected in 19 patients 
(29.23%) in the case group, whereas no 
plaques were observed in the control group 
(p<0.001) (Table 2).

Disease progression in case group
Among the 65 patients in the case 

group, 50 patients (76.92%) were classi-
fied as having mild–moderate AIS, and 15 
patients (23.08%) were classified as having 
severe AIS based on NIHSS scores.

Relevant data of patients in mild-
moderate and severe groups

No significant differences were found 
between the mild-moderate and severe 

groups in terms of sex distribution, age, 
BMI, allergic constitution, smoking history, 
drinking history, hypertension, WBC or se-
rum lipid profiles, including TG, TC, HDL-
C, and LDL-C (all p>0.05). In contrast, the 
severe group exhibited significantly higher 
NIHSS scores, as well as a higher prevalence 
of carotid atherosclerotic plaques and signif-
icantly elevated serum HbA1c and CRP lev-
els, compared with the mild-moderate group 
(p<0.001) (Table 3).

Results of logistic regression analysis  
on AIS progression in young patients

Logistic regression analysis was carried 
out with AIS progression in young patients as 
the dependent variable (1=severe, 0=mild-
moderate) and variables showing statistical-
ly significant differences in univariate analy-
ses (except NIHSS score) as the independent 
variables. Serum HbA1c level (OR=17.583, 
95% CI: 2.545-121.500, p=0.004), serum 
CRP level (OR=14.391, 95% CI: 2.852-
72.625, p=0.001), and the presence of ca-
rotid atherosclerotic plaques (OR=12.667, 
95% CI: 2.361-67.958, p=0.003) were inde-
pendently associated with an increased risk 
of AIS progression in young patients (Table 
4 and Fig. 1).

Results of correlation analyses
Correlation analyses demonstrated that 

NIHSS scores were positively correlated with 
serum HbA1c levels (r=0.401, p=0.001), se-
rum CRP levels (r=0.430, p<0.001), and the 
presence of carotid atherosclerotic plaques 
(r=0.522, p=0.004) in young patients with 
AIS (Table 5).

Value of serum HbA1c levels, serum CRP 
levels, carotid atherosclerotic plaques 
and their combination for assessing AIS 
progression in young patients

ROC curves analyses were performed to 
evaluate the ability of serum HbA1c levels, 
serum CRP levels, presence of carotid ath-
erosclerotic plaques, and  their combination 
to discriminate severe  AIS from mild–mod-
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erate AIS (Fig. 2). As shown in Table 6, the 
AUCs were 0.810 for serum HbA1c levels, 
0.823 for serum CRP levels, and 0.781 for 
carotid atherosclerotic plaques. The com-
bined model demonstrated the highest dis-
criminative performance, with an AUC of 
0.905 (p<0.001).

DISCUSSION

In the pathogenetic process of AIS, a 
range of extremely complex pathophysiolog-
ical variations are triggered owing to isch-
emia and hypoxia at lesion sites, involving 
multiple factors. 

Table 1. Baseline characteristics and key study parameters of the case and control groups.

Variable Case group (n=65) Control group (n=65) Statistical test p value

Age (years) 39.11±5.61 38.86±5.46 t=0.258 0.797

Gender, n (%) χ2=0.080 0.777

  Male 59 (90.77) 57 (87.69)

  Female 6 (9.23) 8 (12.31)

Body mass index (kg/m²) 23.46±0.45 23.42±0.48 t=0.490 0.625

Allergic constitution, n (%) χ2=0.301 0.583

  Yes 9 (13.85) 6 (9.23)

  No 56 (86.15) 59 (90.77)

Smoking history, n (%) χ2=0.040 0.841

  Yes 18 (27.69) 16 (24.62)

  No 47 (72.31) 49 (75.38)

Drinking history, n (%) χ2=0.037 0.847

  Yes 20 (30.77) 18 (27.69)

  No 45 (69.23) 47 (72.31)

Hypertension, n (%) χ2=0.035 0.851

  Yes 22 (33.85) 20 (30.77)

  No 43 (66.15) 45 (69.23)

WBC (×109/L) 6.78±1.52 6.62±1.47 t=0.610 0.543

Serum TG (mmol/L) 1.54±0.46 1.48±0.42 t=0.777 0.439

Serum TC (mmol/L) 4.62±0.71 4.58±0.69 t=0.326 0.745

Serum HDL-C (mmol/L) 1.12±0.24 1.15±0.22 t=-0.743 0.459

Serum LDL-C (mmol/L) 2.76±0.58 2.69±0.55 t=0.706 0.481

Serum HbA1c (%) 6.05±1.84 4.26±0.50 t=7.569 <0.001

Serum CRP (mg/L) 3.08±2.98 0.55±0.30 t=6.810 <0.001

Carotid atherosclerotic plaque, 
n (%)

Fisher’s  
exact test

<0.001

Present 19 (29.23) 0 (0.00)

Absent 46 (70.77) 65 (100.00)

Data are presented as mean ± standard deviation for continuous variables and number (percentage) for categorical 
variables. WBC: white blood cell count; TG: triglycerides; TC: total cholesterol; HDL-C: high-density lipoprotein 
cholesterol; LDL-C: low-density lipoprotein cholesterol; HbA1c: glycated hemoglobin A1c; CRP: C-reactive protein. 
Comparisons between the case and control groups were performed using the independent-samples t test for conti-
nuous variables and the chi-square test or Fisher’s exact test for categorical variables, as appropriate.
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Table 2. Relevant data in case and health groups.

Group n
Serum HbA1c  

level (%)
Serum CRP  
level (mg/L)

Carotid atherosclerotic plaque, n (%)

Yes No

Control 65 4.26±0.50 0.55±0.30 0 (0.00) 65 (100.00)

Case 65 6.05±1.84 3.08±2.98 19 (29.23) 46 (70.77)

t 7.569 6.810 22.252

p <0.001 <0.001 <0.001

Data are presented as mean ± standard deviation or number (percentage). HbA1c: glycated hemoglobin A1c; CRP: 
C-reactive protein. Comparisons between the case and control groups were performed using the independent-
samples t test for continuous variables and the chi-square test for categorical variables.

Table 3. Relevant indicators of patients in mild-moderate and severe groups 

Indicator
Mild-moderate group 

(n=50)
Severe group 

(n=15)
Statistical 

value
p

Gender, n (%) Male 28 (56.00) 6 (40.00)
1.184 0.277

Female 22 (44.00) 9 (60.00)

Allergic constitution, n (%) Yes 3 (6.00) 0 (0.00)
0.073 0.787

No 47 (94.00) 15 (100.00)

Smoking history, n (%) Yes  6 (12.00) 3 (20.00)
0.130 0.718

No 44 (88.00) 12 (80.00)

Drinking history, n (%) Yes 8 (16.00) 2 (13.33)
0.025 0.875

No 42 (84.00) 13 (86.67)

Carotid atherosclerotic 
plaque, n (%)

Yes 6 (12.00) 13 (86.67)
27.592 <0.001

No 44 (88.00) 2 (13.33)

Hypertension, n (%) Yes 22 (44.00) 4 (26.67)
1.444 0.229

No 28 (56.00) 11 (73.33)

Age (year) 39.11±5.61 40.13±5.23 0.627 0.533

BMI (kg/m2) 23.46±0.44 23.43±0.43 0.233 0.817

WBC (×109/L) 3.95±0.28 3.89±0.27 0.734 0.466

Serum TG (nmol/L) 2.03±0.25 2.05±0.26 0.269 0.789

Serum TC (nmol/L) 6.85±0.16 6.88±0.18 0.619 0.538

Serum HDL-C (nmol/L) 0.84±0.17 0.82±0.16 0.405 0.687

Serum LDL-C (nmol/L) 4.87±0.13 4.85±0.15 0.504 0.616

Serum HbA1c (%) 5.50±0.55 7.88±0.62 14.276 <0.001

Serum CRP (mg/L) 2.84±0.25 3.88±0.36 12.697 <0.001

NIHSS score (points) 22.15±4.24 38.24±5.12 12.282 <0.001

Data are presented as mean ± standard deviation for continuous variables and number (percentage) for categorical 
variables. BMI: body mass index; WBC: white blood cell count; TG: triglycerides; TC: total cholesterol; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; HbA1c: glycated hemoglobin A1c; CRP: 
C-reactive protein; NIHSS: National Institutes of Health Stroke Scale; AIS: acute ischemic stroke. Comparisons 
between mild-moderate and severe AIS groups were conducted using the independent-samples t test for continuous 
variables and the chi-square test or Fisher’s exact test for categorical variables, as appropriate.
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Table 4. Results of logistic regression analysis on acute ischemic stroke  
progression in young patients.

Variable B
Standard 

error
Wals p Odds ratio

95% confidence  
interval

Serum HbA1c level 2.776 0.975 7.340 0.004 17.583 2.545-121.500

Serum CRP level 2.556 0.715 9.444 0.001 14.391 2.852-72.625

Presence of carotid 
atherosclerotic plaques

 
2.428

 
0.656

 
7.764

 
0.003

 
12.667

 
2.361-67.958

B represents the regression coefficient. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated 
using multivariable logistic regression. Serum HbA1c and serum CRP levels were entered into the model as con-
tinuous variables (per 1% increase in HbA1c and per 1 mg/L increase in CRP). Presence of carotid atherosclero-
tic plaques was entered as a binary variable (present vs. absent). HbA1c: glycated hemoglobin; CRP: C- reactive 
protein. 

Table 5. Correlations of serum HbA1c and CRP levels and carotid atherosclerotic plaques  
with acute ischemic stroke progression in young patients.

Coefficient Serum HbA1c level Serum CRP level Carotid atherosclerotic plaque

r 0.401 0.430 0.522

p 0.001 <0.001 0.004

Correlation coefficients (r) were calculated using Pearson or Kendall’s Tau-b correlation analysis, as appropriate.   
Serum  HBA1c (%) and serum CRP (mg/L) were analyzed as continuous variables. Presence of carotid atheroscle-
rotic plaques was treated as a binary variable. p values <0.05 were considered statistically significant.  HbA1c: 
glycated hemoglobin; CRP: C- reactive protein.

Fig. 1. Forest plot of clinical characteristics based on multivariate logistic regression analysis. Odds ratios 
(ORs) and 95% confidence intervals (CIs) are presented for each variable. Serum HbA1c was analyzed 
as a continuous variable per 1% increase, and serum CRP was analyzed per 1 mg/L increase. Presence 
of carotid atherosclerotic plaque was treated as a binary variable (present vs. absent). The horizontal 
lines represent 95% CIs, and the solid circles indicate the corresponding ORs. The x-axis is displayed 
on a logarithmic scale.
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Table 6. Value of serum HbA1c levels, serum CRP levels, carotid atherosclerotic plaques  
and their combination for assessing acute ischemic stroke progression in young patients.

Item
Optimal cut-

off value
Area under 
the curve

Standard 
error

p
95% 

confidence 
interval

Sensitivity Specificity
Youden  
index

Serum HbA1c level 7.565 % 0.810 0.063 0.002 0.688-0.934 0.640 0.900 0.540

Serum CRP level 3.015 mg/L 0.823 0.091 0.001 0.644-0.998 0.840 0.800 0.640

Carotid atherosclerotic 
plaque

 
-

 
0.781

 
0.082

 
0.005

 
0.620-0.940

 
0.760

 
0.800

 
0.560

Combination - 0.905 0.067 <0.001 0.772-0.999 0.900 0.900 0.800

Receiver operating characteristic (ROC) curve analysis was performed to assess the predictive value of each para-
meter for AIS progression. Serum HbA1c (%) and serum CRP (mg/L) were analyzed as continuous variables, and 
the optimal cut-off values were determined using the Youden index. Presence of carotid atherosclerotic plaques was 
treated as a binary variable.   The combined model was derived from multivariable logistic regression and repre-
sents the predicted probability of AIS progression.   AIS: acute ischemic stroke; HbA1c: glycated hemoglobin; CRP: 
C- reactive protein.

Fig. 2. ROC curves showing the predictive performance of serum HbA1c, serum CRP, carotid atheroscle-
rotic plaque, and their combination for AIS progression in young patients. Serum HbA1c (%) and 
serum CRP (mg/L) were analyzed as continuous variables, and optimal cut-off values were deter-
mined using the Youden index. Presence of carotid atherosclerotic plaque was treated as a binary 
variable.  The combined model demonstrated the highest discriminative performance, with an AUC 
of 0.905 (p<0.001).
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A recent study reported that athero-
sclerotic changes in the brain and neck 
serve as the initiating factors for the devel-
opment and progression of AIS 7. Therefore, 
risk stratification of patients by identifying 
predictors directly associated with athero-
genesis or susceptibility to atherosclerosis 
is conducive to more accurate implementa-
tion of interventions, and is of great clinical 
significance for hindering the progression of 
atherosclerosis to AIS.

In the present study, carotid atheroscle-
rotic plaques were more frequently detected 
in the case group than in the control group, 
and their prevalence was significantly high-
er in patients with severe AIS than in those 
with mild–moderate AIS. Moreover, carotid 
atherosclerotic plaques were positively cor-
related with NIHSS scores and were inde-
pendently associated with AIS progression 
in logistic regression analysis. These find-
ings indicate that the presence of carotid 
atherosclerotic plaques is closely associat-
ed with disease severity and progression in 
young patients with AIS. Rather than estab-
lishing causality, these associations suggest 
that carotid atherosclerotic plaques may 
reflect a higher vascular risk burden in this 
population. It is speculated to be attribut-
able to the following fact: Healthy arteries 
are elastic, but local lipid accumulation, fi-
brous tissue proliferation, and calcinosis of 
the arterial wall occur over time, starting 
from the intima of arteries, which gives rise 
to gradual hardening of arterial vessels and 
thus results in atherosclerosis 8,9. As athero-
sclerosis progresses, atherosclerotic plaques 
will form in blood vessels and then gradually 
enlarge over time. When the plaques erode 
and migrate to the small blood vessels in the 
brain, narrowing and blockage of the arterial 
lumen will be induced, affecting blood flow 
and normal nutrient delivery and thereby 
arousing various symptoms and diseases as-
sociated with AIS 10,11.

Serum HbA1c and CRP levels were sig-
nificantly higher in the case group than in 
the control group and were elevated in pa-

tients with severe AIS compared with those 
with mild–moderate AIS. Both biomarkers 
showed positive correlations with NIHSS 
scores and were independently associated 
with AIS progression in multivariable logis-
tic regression analysis. 

These results suggest that higher se-
rum HbA1c and CRP levels are associated 
with greater neurological impairment and 
increased risk of disease progression in 
young AIS patients. This is ascribed to the 
under-mentioned facts. Elevated HbA1c lev-
els cause a leftward shift in the oxygen dis-
sociation curve, reducing the dissociation 
rate of oxyhemoglobin and increasing the 
affinity of red blood cells for oxygen. This 
results in a significant decrease in 2,3-di-
phosphoglycerate levels within red blood 
cells. If uncorrected over time, these chang-
es can disrupt blood and oxygen supply to 
the brain, potentially inducing AIS 12,13. Sec-
ondly, hypoxia-ischemia brain damage exac-
erbates progressively as HbA1c levels con-
tinuously increase, together with constant 
AIS progression in young patients. Thirdly, 
an elevation in HbA1c levels enhances en-
dothelial activity, activates smooth muscle 
endothelin-A receptors, and stimulates the 
renin-angiotensin system, leading to vaso-
constriction. Additionally, it enhances pro-
tein glycosylation and oxidation, with the 
resulting glycosylation end products stimu-
lating LDL-C cytophagy and oxidation by 
lymphocytes and monocytes on the arterial 
wall. This process leads to foam cell forma-
tion, advancing atherosclerosis and contrib-
uting to the development and progression 
of AIS 14-16. CRP is a highly sensitive inflam-
matory marker, typically present at very 
low levels in the blood, but it significant-
ly increases during acute inflammation, 
trauma, or necrosis. If CRP levels increase, 
nuclear factor-kB is continuously activated, 
resulting in abnormalities in hemorheology 
and making the blood in the arterial blood 
vessels hyperviscous and hypercoagulable 
and flow slowly. Consequently, thrombosis 
is readily triggered, leading to the onset 
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and advancement of AIS 17-19. Fifthly, CRP 
may stimulate nerve cells and glial cells to 
release various inflammatory factors like 
tumor necrosis factor-α and interleukin by 
activating autoreceptors and the comple-
ment system. These inflammatory factors 
further induce peripheral immune cells to 
enter the brain, exacerbating inflammatory 
responses, which not only aggravate brain 
tissue damage, but also affect the recovery 
of neurological function, and thus boosting 
the progression of AIS 20,21.

ROC curve analyses further demon-
strated that serum HbA1c levels, serum 
CRP levels, and carotid atherosclerotic 
plaques each exhibited moderate discrimi-
native ability for AIS progression, whereas 
their combined assessment achieved the 
highest predictive performance. This find-
ing suggests that integrating metabolic, 
inflammatory, and vascular indicators may 
improve risk stratification for AIS progres-
sion in young patients. Physicians can also 
better understand AIS progression in young 
patients based on the above indicators, 
and thus develop more effective treatment 
plans. The present study clarified the cor-
relations of carotid atherosclerotic plaques 
and varying serum HbA1c and CRP levels 
with AIS in young adults, which, however, 
had some shortcomings. For instance, the 
sample size was small, and subjects were all 
from the same hospital, which may result 
in some degree of selection bias. Besides, 
only univariate logistic regression analysis 
was conducted in data statistics, and no in-
vestigation was carried out on independent 
risk factors for the development and pro-
gression of AIS in young adults, which may 
have a certain impact on research results. 
Future research should increase sample siz-
es for multicenter prospective studies and 
utilize univariate and multivariate logistic 
regression analyses to examine the impact 
of independent risk factors on AIS develop-
ment and progression.

In conclusion, elevated serum HbA1c 
and CRP levels and the presence of carotid 

atherosclerotic plaques were associated with 
increased disease severity and progression 
in young patients with AIS. The combined 
evaluation of these indicators demonstrated 
improved predictive performance and may 
provide additional value for clinical risk as-
sessment.
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Resumen. El incremento de personas mayores que muestran un dete-
rioro en su calidad de vida y salud mental hace necesario profundizar en el 
conocimiento de los efectos de terapias complementarias en este grupo de 
población, por lo que se pretendió describir las variaciones en los puntajes de 
calidad de vida posterior a la aplicación de la terapia de la risa en personas 
adultas residentes en centros gerontológicos. Se realizó un estudio explora-
torio con diseño cuasi-experimental, con la participación de 25 personas vo-
luntarias mayores de 60 años, se empleó la encuesta SF-12 para medir calidad 
de vida relacionada con la salud, que valora las dimensiones de salud física y 
salud mental; aplicada antes de ocho sesiones de terapia de la risa y posterior 
a su terminación. Se encontraron cambios estadísticamente significativos en 
el puntaje total de calidad de vida una vez terminadas las secciones de terapia 
(p=0,001), especialmente en la dimensión de salud mental (p=0,001), sin ser 
significativos en la dimensión de salud física (p=0,281). Según las variables 
sociodemográficas quienes más se benefician de la terapia son las mujeres, los 
mayores de 80 años, los solteros y quienes reciben algún ingreso monetario. 
En cuanto a las variables de escolaridad y tipo de institución (privada o públi-
ca), todos los grupos mejoraron sus puntajes de calidad de vida. Se concluye 
que la terapia de la risa aplicada en adultos mayores internados incrementa 
los puntajes de calidad de vida en la dimensión de salud mental y el total de la 
escala de manera significativa. 
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Non-randomized trial of an intervention using laughter therapy 
and its effect on the quality of life of older people residing  
in gerontological centers.
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Abstract. The rise in older adults experiencing deterioration in quality of 
life and mental health underscores the need to deepen our understanding of 
the effects of complementary therapies on this population. Therefore, this study 
aimed to describe changes in quality-of-life scores following laughter therapy 
among adults residing in gerontological centers. An exploratory quasi-experi-
mental study was conducted with 25 volunteers aged 60 and older. The SF-12 
survey, which assesses physical and mental health dimensions, was adminis-
tered before and after eight laughter therapy sessions. Statistically significant 
improvements were observed in the total quality-of-life score after completing 
the therapy sessions (p = 0.001), particularly in the mental health dimension 
(p = 0.001), whereas changes in the physical health dimension were not sig-
nificant (p = 0.281). By sociodemographic variables, those who benefited most 
were women, those over 80 years of age, single individuals, and those with a 
monetary income. Regarding education and the type of institution (private or 
public), all groups improved their quality-of-life scores. In conclusion, laughter 
therapy applied to older adult residents in nursing homes significantly increas-
es quality-of-life scores in the mental health dimension and on the total scale.

               Recibido: 24-09-2025   Aceptado: 16-03-2026

INTRODUCCIÓN

En los adultos mayores se presentan si-
tuaciones complejas dadas las distintas con-
diciones que puede sufrir, entre ellas la pér-
dida de amigos y familiares, el padecimiento 
de enfermedades crónicas, la dificultad de 
obtener un empleo; y en algunos casos ser 
internados en hogares gerontológicos. Estas 
situaciones pueden desmejorar la calidad de 
vida de las personas mayores, aumentando el 
riesgo de enfermar o llevar a un rápido detri-
mento del estado de salud. 

La terapia de la risa ha sido utilizada en 
distintos contextos, con resultados positivos 
importantes, especialmente en el área de la 

pediatría, pero también en pacientes con en-
fermedades más riesgosas como sida, cáncer 
y terminales 1. 

Los efectos positivos se muestran en las 
esferas psicosociales y la salud física, debido 
a la disminución de los niveles de ansiedad y 
estrés, mejorando el bienestar psicológico, 
la satisfacción con la vida y el estado de áni-
mo después de la intervención 2. La literatu-
ra reporta intervenciones en padecimientos 
como la depresión, la esquizofrenia, entre 
otras patologías mentales 3,4.

En el organismo opera con un efecto 
opuesto a la tensión; teniendo resultados 
favorables en el sistema cardiovascular 5-7, 
inmunológico, endocrino, entre otros 8. Al-
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gunos autores consideran la risa como pre-
dictora de la discapacidad funcional y la 
mortalidad 9. 

Otra esfera que se afecta positivamen-
te es la social; al incrementarse las relacio-
nes amistosas, facilitando la comunicación 
entre los integrantes del grupo, resolviendo 
favorablemente situaciones incómodas y de-
rrumbando barreras durante el desarrollo de 
la intervención 10. Además, estas interven-
ciones se consideran simples y de bajo costo, 
ya que no se necesita realizar en ningún es-
pacio en concreto y pueden ser administra-
das por personal que no requiere formación 
especializada 11.

Distintos estudios que se centran en la 
vejez, expresan la importancia de la salud 
física y sobre todo mental, procurando dis-
minuir costos médicos en esta población12; 
dado que la edad está asociada con padeci-
mientos de tipo crónico; además de senti-
mientos de aislamiento y ausencia de apoyo 
social, que afectan la calidad de vida 13. 

La calidad de vida como término com-
prende amplios rangos y dimensiones, por lo 
que debe ser abordada con una visión multidi-
mensional que incluye factores ambientales, 
económicos, sociales y culturales, además de 
la autopercepción de la salud que está afec-
tada por las limitaciones, estado funcional, 
oportunidades sociales, y que se relacionan 
con las enfermedades, lesiones, tratamientos 
y atención sanitaria recibida, entre otros 14,15. 

Ahora bien, el nuevo espacio en los cen-
tros gerontológicos implica en las personas 
mayores internadas alejamiento de su fami-
lia, de su ambiente cotidiano, incremento de 
los niveles de estrés, unido a la situación de 
salud específica que padece, pueden afectar 
la percepción de su calidad de vida. El au-
mento de personas mayores a nivel regional 
y global, que evidencian un deterioro en su 
calidad de vida y salud mental, lo convierten 
en un problema desafiante en salud pública 
que requiere intervenciones urgentes que se 
centren de manera integral en atender los 
distintos factores que deterioran la calidad 
de vida de este grupo poblacional 16,17. 

De ahí la importancia de profundizar en 
el conocimiento de los efectos de la terapia 
de la risa aplicada en personas mayores com-
probando los efectos positivos en la dimen-
siones física y mental que miden calidad de 
vida en las personas adultas internadas. Por 
tanto, el objetivo de este trabajo fue identi-
ficar los cambios en los puntajes de calidad 
de vida después de la aplicación de terapia 
de la risa en personas mayores residentes en 
hogares gerontológicos. 

PACIENTES Y MÉTODOS 

Estudio exploratorio con diseño cua-
siexperimental; la unidad de análisis fue cada 
adulto mayor que participó en las 8 sesiones 
de terapia de la risa inducida (una semanal) 
y que diligenciaron ambas encuestas, una de 
ellas antes de las terapias y la segunda des-
pués de finalizadas, estas fueron administra-
das por los investigadores entre los meses de 
septiembre y noviembre de 2015. Este arti-
culo forma parte de un estudio más amplio, 
donde se midieron otros componentes, como 
el nivel de estrés, la respuesta inmunológica, 
estado fisiológico y depresión como respuesta 
a una intervención con terapia de la risa 18. 

Muestra a conveniencia, donde todos 
los adultos mayores fueron invitados a par-
ticipar del estudio en dos centros gerontoló-
gicos del Valle de Aburrá, para una muestra 
final de 25 adultos mayores de 60 años. Uno 
de los centros gerontológicos es privado, 
sus residentes o familiares deben de pagar 
los costos de su permanencia, participaron 
12 adultos mayores. El otro centro geronto-
lógico es financiado por la administración 
municipal y acceden aquellos que no poseen 
recursos para su sostenimiento, han sido 
abandonados por sus familias o estaban en 
situación de calle. De este centro participa-
ron 13 adultos mayores. 

Los criterios de inclusión fueron adul-
tos mayores de 60 años con capacidad cog-
nitiva, este criterio fue valorado por las coor-
dinadoras de ambos centros que emplean el 
cuestionario Mini Mental State Examination 
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(MMSE) 19 para detectar déficit cognoscitivo 
y la observación directa. Además, que hubie-
ren participado en al menos cinco terapias 
de las ocho programadas. Los criterios de 
exclusión fueron adultos mayores que se en-
contraban en duelo (perdida afectiva cerca-
na y resiente) trastorno del sueño y dolor o 
que participaran en menos de cinco seccio-
nes de terapia. Las variables utilizadas fue-
ron edad, género, estado civil, nivel educati-
vo, ingresos y tipo de institución. Se utilizó 
el instrumento SF-12 encuesta para Calidad 
de vida validada para Colombia 20, a partir de 
12 preguntas que miden ocho conceptos de 
salud conformando las dimensiones de salud 
física (función física, rol físico, dolor corpo-
ral y salud general) y salud mental (vitalidad, 
función social, rol emocional y salud mental) 
y la sumatoria de ambas dimensiones trans-
formada en una escala de 0 a 100 21. Se ob-
tuvo la autorización de la empresa represen-
tante para utilizar la encuesta SF-12.

La terapia de la risa fue aplicada por 
dos payasos con vasta experiencia en ámbi-
tos hospitalarios adscritos a la Fundación 
Mediclaun de Medellín, los cuales no partici-
paron en la evaluación de los resultados del 
proyecto, solo se limitaron a la aplicación de 
la terapia dada su experticia. Estos, al ingre-
sar a los sitios de los centros gerontológicos 
donde se encontraban los adultos mayores, 
usualmente en pequeños grupos de tres a 
cinco integrantes hacían intercambio de jue-
gos entre ellos, preguntas obvias o absurdas, 
música, canto, entre otras actividades, indu-
ciendo a los participantes a implicarse en sus 
juegos. los investigadores aseguraban que la 
intervención en cada pequeño grupo no fue-
ra inferior a 15 minutos. Si el participante se 
encontraba solo o en su habitación, también 
se le hacia la intervención, asegurando que 
se cumpliera con el tiempo establecido.

Se usó el paquete estadístico SPSS ver-
sión 24 para Windows (Licencia de la uni-
versidad). Para el análisis univariado de las 
variables cualitativas (género, estado civil, 
nivel educativo, ingresos) se emplearon fre-
cuencias absolutas y proporciones; para las 

variables cuantitativas (edad, puntaje SF-
12), rangos, desviación estándar y prome-
dios. De acuerdo a la distribución normal de 
los datos se empleó diferencia de medias con 
prueba de t de Student para muestras rela-
cionadas en la comparación de los puntajes 
de las variables género, estado civil, nivel 
educativo, ingresos y tipo de institución en 
la cual residía. El nivel de significancia se fija 
en p<0,05. 

Al grupo de voluntarios participantes 
se les compartió los objetivos, posibles be-
neficios y riesgos en la aplicación de la tera-
pia de la risa y se recogió su consentimiento 
informado. El estudio se considera con ries-
go mínimo (Resolución 8430 de 1993), si-
guiendo los parámetros de la Declaración de 
Helsinki de la Asociación Médica Mundial 22 

y fue aprobado por el comité de ética de la 
Corporación Universitaria Remington, acta 
de 12/08/2015. Se siguieron las recomen-
daciones para evaluaciones no aleatorias de 
intervenciones conductuales y de salud pú-
blica de la declaración TREND 23.

RESULTADOS

El 52% de los participantes eran mu-
jeres, la edad promedio de 81,9 años y una 
desviación estándar (DE) de 7,6; el 64% había 
cursado uno o varios niveles de primaria, el es-
tado civil más frecuente fue el soltero (60%) y 
el 36% percibía algún ingreso (Tabla 1).

Los resultados muestran que el puntaje 
de calidad de vida en la dimensión de salud 
física después de la aplicación de la terapia 
de la risa en los adultos mayores institucio-
nalizados, aunque se incrementa, no alcanza 
cambios significativos (p = 0,281); por el 
contrario, en la dimensión de salud mental 
este pasa de un puntaje promedio al inicio 
de 45,6 a 56,9 indicando un cambio estadís-
ticamente significativo (p = 0,001), al reali-
zar la sumatoria de ambas dimensiones esta 
se incrementa en 6,9 puntos en promedio, 
con un resultado total de calidad de vida re-
lacionada con la salud de 49,2 puntos (p = 
0,000) (Fig. 1). 
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En referencia al género, se destaca que 
en el femenino se dan cambios significativos 
en las dimensiones de salud mental y en el 
total (p = 0,001), pero no en la dimensión 
de salud física. Los hallazgos obtenidos en 
el sexo masculino, indican una ausencia de 
cambios significativos en las dimensiones 
evaluadas, aunque aumentaron los puntajes 
(Tabla 2). 

Respecto al grupo de edad, en menores 
de 80 años no se encuentran cambios sig-
nificativos en las dimensiones de salud físi-
ca y salud mental; sin embargo, se encontró 
significancia al borden line para el total de 
calidad de vida (p = 0,047). En mayores de 
80 años, hay cambios significativos en las 
dimensiones de salud mental (p = 0,003) y 
salud total (p = 0,002) (Tabla 2). 

Tabla 1. Variables sociodemográficas de adultos mayores residentes en hogares gerontológicos.

Variable                                                                                                                     n                    % 

Género Femenino 13 52

Masculino 12 48

Edad (en años) Promedio (81,9) 
Desviación estándar (DE: 7,6) 

65 a 80 13 52

> 80 12 48

Nivel educativo Ninguno 8 32

Primaria (Completa o Incompleta) 16 64

Técnico Incompleto 1 4

Estado civil Soltero 15 60

Viudo 9 36

Unión Libre 1 4

Recibe ingresos Sí 9 36

No 16 64

Tipo de centro gerontológico Privado 12 48

Municipal 13 52

Fig. 1. Cambios en el puntaje de calidad de vida después de la terapia de la risa en adultos mayores institu-
cionalizados.  SF: Salud Física p = 0,281; SF: Salud Mental p = 0,001; Total SF: Calidad de Vida p = 
0,001. p: prueba de t de Student para muestras relacionadas.
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En los valores de calidad de vida en 
adultos mayores tanto en quienes no tie-
nen ningún nivel de escolaridad, como en 
aquellos que cursaron la primaria completa 
o incompleta, se encontraron cambios sig-
nificativos en la dimensión de salud mental 
(p= 0,017; p= 0,030; respectivamente) y 
en el total de calidad de vida (p= 0,035; p= 
0,007; respectivamente); en la dimensión de 
salud física los cambios no fueron significati-
vos, aclarando que una persona que reportó 
tener estudios técnicos sin concluir, no fue 
integrada en este análisis (Tabla 2). 

El 96% de los adultos mayores interveni-
dos son solteros o viudos, solo uno cuenta con 
pareja y fue excluido para el análisis de esta 
variable. En los viudos, aunque se incremen-
taron los puntajes en ambas dimensiones, 
estas no alcanzaron significancia estadística 

(p= 0,075), en contraposición a los resulta-
dos alcanzados por los solteros que obtuvie-
ron cambios significativos en las dimensiones 
de salud mental y salud total (p = 0,005; p = 
0,004, respectivamente) (Tabla 2). 

En referencia a los ingresos, aquellos 
que manifestaron no recibir ningún tipo de 
ingresos, no se hallaron cambios significa-
tivos en ninguna de las dimensiones; pero 
quienes reciben algún tipo de ingresos, se 
encontraron cambios significativos en to-
das las dimensiones valoradas. De acuerdo 
al tipo de hogar donde residen, los parti-
cipantes del centro gerontológico privado 
muestran cambios significativos tanto en 
salud mental, como en el puntaje total de la 
escala; en los participantes del centro mu-
nicipal se reporta para el total de calidad de 
vida (Tabla 2). 

Tabla 2. Cambios en el puntaje promedio de calidad de vida después de la terapia de la risa en adultos 
mayores institucionalizados según variables sociodemográficas.

Variable
Salud Física Salud Mental Total Calidad de vida 

Pre Post p Pre Post p Pre Post p
Femenino 35,0±9,3 39,1±12,0 0,209 40,8±9,7 58,2±9,3 0,001 37,9±6,9 48,7±8,0 0,001

Masculino 43,3±7.9 44,0±9,9 0,841 50,8±11,6 55,4±10,5 0,306 47,0±6,6 49,7±5,6 0,163

Hasta 80 años 41,3±10,8 44,5±10,3 0,182 48,0±12,0 54,7±8,2) 0,108 44,7±8,3 49,6±6,8 0,047

Mayores de 
80 años 36,5±7,4 38,1±11,4 0,699 42,9±11,0 59,3±11,1 0,003 39,7±7,4 48,7±7,2 0,002

Ningún 
nivel de 
escolaridad 37,4±8,9 35,4±13,1 0,707 40,9±12,2 58,3±9,5 0,017 39,1±8,9 46,8±7,2 0,035

Algún 
nivel de 
escolaridad 40,3±10,0 44,5±9,4 0,079 48,3±11,1 56,8±10,3 0,030 44,3±7,4 50,6±6,7 0,007

Solteros 38,9±9,0 40,1±10,5 0,693 45,6±10,4 58,9±9,9 0,005 42,2±7,4 49,5±5,5 0,004

Viudos 40,6±10,4 45,8±10,3 0,136 48,1±11,7 53,6±9,9 0,193 44,3±7,5 49,7±8,6 0,075

Reciben 
algún ingreso 36,3±7,5 44,6±10,6 0,035 44,7±10,5 62,0±7,2 0,003 40,5±7,3 53,3±5,7 0,005

No reciben 
ningún 
ingreso 40,5±10,3 39,7±11,3 0,765 46,1±12,4 54,0±10,1 0,056 43,3±8,6 46,8±6,5 0,060

Privado 36,3±8,3 41,9±9,8 0,102 43,7±10, 57,3±10,5 0,004 40,0±6,8 49,6±7,3 0,002

Municipal 41,5±10,1 41,0±12,6 0,859 47,3±13,0 56,5±9,5 0,067 44,4±8,8 48,8±6,7 0,035

Datos expresados en promedio ± desviación estándar. p: prueba de t de Student para muestras relacionadas.
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DISCUSIÓN

Se ha reportado que la terapia de la 
risa disminuye los malestares físicos, forta-
lece la relación entre los adultos mayores, la 
distracción momentánea de sus problemas, 
penas y el estrés cotidiano, lo cual repercute 
en su calidad de vida 24. Varios autores repor-
tan el incremento de la calidad de vida como 
efecto de la terapia de la risa 13, 25-28, la dis-
cusión se centra en los aspectos de la salud 
que se ven impactados positivamente por la 
terapia y la intensidad de este impacto en el 
incremento de la calidad de vida. Hwang y 
col. 26, afirman que la terapia de la risa tiene 
un efecto significativo en el aumento de la 
calidad de vida de las personas mayores de 
65 años, al igual que Kayserilioğlu y Koçaşlı27 

que expresan que la terapia de la risa aplica-
da a pacientes adultos es eficaz para aumen-
tar la calidad de vida, la calidad del sueño, y 
también eficaz para reducir el nivel de estrés 
y ansiedad; además de mejorar la depresión 
y la soledad 28. 

En este sentido Üner, Sezer y Kadıoğlu29, 
encontraron que la terapia de la risa era efi-
caz para reducir el dolor, la depresión, el es-
trés y la ansiedad en las personas y aumentar 
la calidad del sueño, pero evidencia limitada 
del efecto de la terapia en la somatización, 
la glucosa en sangre, la presión arterial, las 
endorfinas y los niveles de cortisol, aunque, 
otros autores reportan mejoría en la fisiolo-
gía corporal, como la reducción del nivel de 
cortisol 30, la inducción de la secreción de 
algunas inmunoglobulinas, endorfinas y de-
rivados, la aceleración de la circulación, el 
fortalecimiento de la inmunidad y la mejora 
del sueño 27. 

Es claro en los trabajos reportados an-
teriormente la mejoría en la calidad de vida 
y el componente mental, resultados concor-
dantes con los obtenidos en este trabajo, 
que muestran un incremento significativo 
de la calidad de vida, específicamente en la 
dimensión mental, que comprende los fac-
tores de: “vitalidad, función social, rol emo-
cional y salud mental” 21, aspecto también 

reportado por Bennett y col. 31; en el mismo 
sentido y en población colombiana en un es-
tudio de calidad de vida en adultos mayores 
no institucionalizados, donde se utilizó la es-
cala SF-12, los mayores puntajes se obtuvie-
ron en los componentes de salud mental 20. 

En este estudio los cambios en la di-
mensión de salud física que comprende: 
“la función física, rol físico, dolor corporal 
y salud general” 21  y que incluye preguntas 
sobre limitaciones para hacer esfuerzos mo-
derados, caminar más de una hora, subir por 
la escalera, dejar de hacer algunas tareas y la 
presencia de dolor; mejoró, pero no alcanzó 
diferencias significativas, lo cual pudo deber-
se al tamaño reducido de la muestra; pues, 
autores como Tamada y col. 9, encontraron 
un incremento del riesgo de discapacidad 
funcional en 1,42 veces en aquellos adul-
tos mayores que nunca o casi nunca ríen en 
comparación con aquellos que lo hacen fre-
cuentemente; resultados congruentes son 
reportados por Hayashi y col. 5, afirmando 
que la risa puede ser un factor importante 
para promoción de la salud general y mental 
de los adultos mayores, pero precisando que 
estos mecanismos que vinculan la risa y la 
salud merecen más estudio. 

Mora y Ubal 32, afirman que las mujeres 
emplean más la risa para afrontar el estrés 
a nivel social que los hombres y la utilizan 
con mayor frecuencia para encausar emocio-
nes positivas y descargas emocionales. Esta 
afirmación pudiera explicar los resultados 
encontrados en este estudio, donde las mu-
jeres mostraron un aumento significativo en 
la dimensión de salud mental y total de cali-
dad de vida, cambios que no se encontraron 
en los hombres. 

Se observó una mejoría de la calidad de 
vida en ambos grupos de edad, aunque con 
mayor significancia en el grupo de adultos 
mayores de 80 años, que podría indicar una 
mejor aceptación de los adultos más longe-
vos por este tipo de terapia. López-García y 
col. 33 al revisar los valores referencia de la 
escala SF36 de calidad de vida relacionada 
con la salud en población española adulta, 
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concluyen que con el aumento de edad dis-
minuían los valores promedios de todos los 
componentes de la escala, a excepción de 
la salud mental. Otros trabajos, por el con-
trario, reportan que los adultos menores de 
80 años obtienen una mejor medida en el 
estado de salud mental que los adultos más 
viejos 34, y obtuvieron una mejor respuesta a 
la terapia de la risa en la disminución de la 
depresión 4. 

Se observaron cambios positivos en la 
calidad de vida en los dos grupos de esco-
laridad, aunque ambos muestran los bajos 
niveles alcanzados, son más significativos 
estos cambios en los adultos mayores que 
cursaron la primaria o parte de esta en com-
paración con aquellos que no cursaron nin-
gún grado. También, en otro estudio se re-
porta que aquellos que cursaron algún nivel 
de primaria obtuvieron mejor respuesta de 
la terapia de la risa y el teatro al estrés, a 
la depresión y mejoría en la autoestima, en 
comparación con aquellos que no cursaron 
ninguno 35.

El 60% de los adultos mayores estudia-
dos eran solteros, los cuales reportaron cam-
bios más significativos en el incremento de 
los puntajes de calidad de vida, en contraste 
con los puntajes de los viudos que, aunque 
mejoraron, estos no alcanzaron significan-
cia estadística, lo cual puede estar influen-
cia por el tamaño de la muestra empleado. 
Sin embargo; pudiera ser que la ausencia de 
su pareja afecte los posibles efectos benéfi-
cos de la terapia. La ausencia de compañe-
ro fue la principal variable explicativa en un 
modelo pronóstico de soledad 36, pero para 
Demakakos y col. 37, aquellos que nunca han 
tenido una convivencia marital (los solteros) 
no se relacionan con estas características. 
Lo anterior podría corresponder con las dis-
crepancias halladas en este estudio entre 
viudos y solteros.

En cuanto a los ingresos, quienes me-
jores cambios en los puntajes de calidad de 
vida obtuvieron, fueron aquellos que expre-
saron recibir alguno. Lo cual puede relacio-
narse con los resultados de Quintero y col. 4, 

con adultos mayores residentes en un cen-
tro gerontológico encontrando que aquellos 
procedentes de estrato dos, obtuvieron un 
mejor efecto en la mejoría de los síntomas 
depresivos como respuesta a la terapia de 
la risa, comparados con aquellos proceden-
tes del estrato uno. Expresa Sarabia 38 que 
la percepción subjetiva de la calidad del en-
vejecimiento puede estar asociado a un alto 
grado de calidad de vida demostrado en estu-
dios longitudinales, donde aquellos adultos 
con características específicas como “salud, 
estatus social, buenas relaciones interperso-
nales; tenían una percepción más alta de su 
propio bienestar comparado con las perso-
nas que carecían de estas características” 38. 

Los resultados fueron positivos en el 
puntaje de calidad de vida; tanto, en el cen-
tro gerontológico privado, como en el muni-
cipal; lo que podría sugerir que la terapia de 
la risa impacta tanto para quienes han teni-
do condiciones adecuadas en el trascurso de 
vida, como en aquellos que no. Aunque los 
cambios más positivos se hubieren registra-
do en los centros privados. 

Dentro las limitaciones de este estu-
dio se tiene el pequeño tamaño de muestra 
elegida a conveniencia con los adultos que 
voluntariamente desearon participar, por lo 
que los resultados deben ser mirados con 
precaución; además, la calidad de vida se mi-
dió con un solo instrumento. Se recomienda 
realizar estudios experimentales con mayor 
tamaño de muestra que puedan corroborar 
los hallazgos iniciales de este trabajo. 

A juzgar por la literatura revisada para 
la presentación de este informe, son pocos 
los estudios realizados en Latinoamérica 
que traten de medir los efectos de esta te-
rapia en la calidad de vida y su relación con 
factores socio demográficos en los adultos 
mayores internados; además que compara 
estos resultados entre residentes en una ins-
titución pública con una privada.

Los resultados sugieren que la terapia 
de la risa en los adultos mayores instituciona-
lizados es benéfica, ya que mejora la calidad 
de vida significativamente, especialmente en 
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la dimensión mental; además, es asequible y 
puede ser empleada en las instituciones para 
hacer la estancia de los adultos mayores más 
agradable, mejorando su calidad de vida 13. Y 
teniendo en cuenta que el segmento de po-
blación que tiene un mayor crecimiento, tan-
to a nivel global como en nuestro país, es el 
de mayores de 60 años y son quienes sufren 
con mayor frecuencia el deterioro de sus fun-
ciones mentales y calidad de vida, lo convier-
ten en un problema de salud pública 17.

Considerando, además que las acciones 
de intervención en salud que se centran en 
la curación, no son pertinentes dado que las 
enfermedades ya están instaladas, se sugiere 
que los servicios de salud deben centrarse en 
ralentizar, detener, o revertir el deterioro de 
las capacidades en los adultos mayores, por 
lo que debe revisarse con mayor atención el 
empleo de este tipo de intervenciones como 
la terapia de la risa 16,17. 

Los próximos estudios deben ser ensa-
yos controlados, aleatorios, estandarizados 
con tamaños muestrales suficientes; además 
de precisar el número y la frecuencia más 
apropiada de secciones con personal capaci-
tado, probando los efectos de la terapia de 
la risa inducida tanto en adultos internados 
como en grupos comunitarios 11. 
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Abstract. Plasma adsorption (PA) is used to improve outcomes in liver fail-
ure (LF). Data on adsorption capacity and its relationship to patient outcomes 
are limited. This single-center retrospective study included patients with LF 
who received PA at the First Affiliated Hospital of Zhejiang University School of 
Medicine in Hangzhou City, China, between October 2020 and October 2022, 
and examined the impact of adsorption volume (5 L vs. 6 L) on prognosis. The 
study included 230 PA treatments, of which nine were excluded due to missing 
data. The 5L column was used in 60 patients (118 treatments, 47 male), and 
the 6L column was used in 50 patients (103 treatments, 31 male). Treatment 
effectiveness was evaluated using length of hospital stay, liver transplantation, 
death, and improvement in disease-related symptoms. In both groups, PA in-
creased white blood cells (WBC), international normalized ratio (INR), activated 
partial thromboplastin time (APTT), and prothrombin time (PT) but decreased 
hemoglobin, total bile acids, total bilirubin, and fibrinogen (all p<0.05). Plate-
let levels decreased after 6L PA (p=0.033) but not after 5L PA (p=0.116). After 
PA, the 6L group had lower WBC than the 5L group (p=0.003), but there were 
no significant differences in the other parameters. The 5L and 6L columns did 
not differ significantly in hospital stay duration, liver transplantation, mortal-
ity, or symptom improvement. However, the 5L column significantly reduced 
platelet destruction, shortened treatment time, and reduced the occurrence of 
complications, particularly thrombocytopenia-related risks. Hence, the results 
indicate that the 5L volume would be preferable clinically.
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Impacto de los volúmenes de adsorción plasmática (5 L vs. 6 L) 
en el pronóstico de pacientes con insuficiencia hepática.

Invest Clin 2026; 67 (2): 230 – 240

Palabras clave: Adsorción Plasmática; Insuficiencia Hepática; Complicaciones; Duración 
de la Terapia; Plaquetas.

Resumen. La adsorción plasmática (AP) se utiliza para mejorar los resulta-
dos en la insuficiencia hepática (IH). Faltan datos relevantes sobre las diferen-
tes capacidades de adsorción y su efecto en la recuperación de los pacientes. 
Este estudio retrospectivo unicéntrico incluyó a pacientes con IH que recibie-
ron AP en el First Affiliated Hospital of Zhejiang University School of Medicine, 
Hangzhou City, China, entre octubre de 2020 y octubre de 2022, y examinó el 
impacto del volumen de adsorción (5 L frente a 6 L) en el pronóstico. El estudio 
incluyó 230 tratamientos de AP, de los cuales nueve fueron excluidos por falta 
de datos. Se utilizó la columna de 5 L en 60 pacientes (118 tratamientos) y la 
de 6 L en 50 pacientes (103 tratamientos). La efectividad se evaluó mediante la 
duración de la estancia hospitalaria, el trasplante hepático, la muerte y la me-
joría de los síntomas relacionados con la enfermedad. En ambos grupos, la AP 
aumentó los leucocitos, el INR, la APTT y el PT, y disminuyó la hemoglobina, los 
ácidos biliares totales, la bilirrubina total y el fibrinógeno (todos p<0,05). Los 
niveles de plaquetas disminuyeron después de la AP de 6 L (p=0,033), pero no 
con la de 5 L (p=0,116). Tras la AP, el grupo de 6 L mostró leucocitos más bajos 
(p=0,003). Las columnas de 5 L y 6 L no mostraron diferencias significativas 
en los resultados clínicos principales. Sin embargo, la columna de 5 L redujo 
significativamente la destrucción plaquetaria y acortó el tiempo de tratamien-
to, lo que sugiere que el volumen de 5 L podría ser clínicamente preferible.

            Received: 08-10-2025       Accepted: 05-03-2026

INTRODUCTION

Liver failure (LF) is the leading cause of 
death in patients with liver disease. It often 
progresses rapidly, with a poor prognosis and 
severe cases that are life-threatening1,2. High 
mortality associated with LF results from se-
vere impairment or decompensation of he-
patic synthesis, detoxification, excretion, 
and biotransformation functions. Among 
these, the accumulation of bile acids, biliru-
bin metabolites, and ammonia in the body is 
a major factor 3-5. These metabolites are nor-

mally managed by the liver, and abnormal 
liver function can lead to brain dysfunction 
(hepatic encephalopathy), renal dysfunc-
tion (hepatorenal syndrome), and eventually 
death 6, 7.

Plasma adsorption (PA) has been estab-
lished as a treatment for various LF condi-
tions, providing patients with additional 
treatment options by temporarily and par-
tially replacing liver function 8-12. These 
treatments can remove toxins, endotoxins, 
and bilirubin metabolites from the blood, al-
lowing time for liver cell recovery and func-
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tion, or providing support while awaiting a 
donor liver. PA is preferred because it avoids 
plasma-dose limitations, plasma allergies, 
and blood transfusion-related infections 8, 11. 
This method introduces the patient’s blood 
into the external pipeline, and the plasma 
to be processed is separated by the plasma 
component separator. The separated plasma 
is then passed through a bilirubin adsorption 
column to remove pathogenic substances 
and returned to the patient without requir-
ing allogeneic plasma or albumin.

Plasorba BR-350 is a commonly used 
bilirubin adsorption column capable of pro-
cessing large volumes of plasma to remove 
bilirubin effectively 13, 14. PA mainly uses an 
adsorption column to remove toxins from 
patients’ plasma, including substances such 
as albumin-bound bilirubin, thereby improv-
ing liver cells and liver function. According 
to this principle, the role of the plasma bili-
rubin adsorption column is particularly criti-
cal 8-11. In lipoprotein (a) apheresis, different 
treatment volumes affect the lipid removal 
rate, as well as the removal of fibrinogen and 
other macromolecules 15. Data are available 
regarding the curative effect of the adsorp-
tion column material itself 13, 14, but there 
remains a lack of data on whether different 
adsorption capacities will produce different 
curative effects. Although an adsorption ca-
pacity below 7 L can be treated using the 
BR-350 adsorption column, current studies 
mostly show that the treatment adsorption 
time is 3-4 h (representing about 5-6 L) 13, 

16-18. In patients on hemodialysis, the volume 
of blood treated is associated with various 
outcomes, such as hemodialysis efficacy and 
intradialytic hypotension 19, 20. Hence, opti-
mizing benefits and limiting complications 
is an important goal during blood purifica-
tion therapies.

Therefore, this study aimed to examine 
how adsorption volume (5 L vs. 6 L) affects 
clinical outcomes in patients with LF. The 
results could help improve treatment and 
nursing during PA.

MATERIALS AND METHODS

Study design and patients
This single-center retrospective study 

included patients with LF who received PA 
treatment at the First Affiliated Hospital of 
Zhejiang University School of Medicine from 
October 2020 to October 2022.

The inclusion criteria were 1) patients 
diagnosed with LF according to the Chinese 
Guidelines for Diagnosis and Treatment of 
Liver Failure (2018) 21, 2) aged ≥18 years, 
and 3) who underwent PA only. The exclusion 
criteria were 1) patients with incomplete 
clinical data, 2) patients with a malignant 
tumor, 3) patients with severe infection, 
such as pulmonary infection, or 4) patients 
in the ICU.

This study was approved by the Medical 
Ethics Committee of the First Affiliated Hos-
pital of Zhejiang University School of Medi-
cine. Patient informed consent was waived 
due to the retrospective nature of the study. 
All authors had full control of the data and 
information for this study.

Data collection and definition
According to the infection depart-

ment’s artificial liver center standard op-
erating procedure and guidelines 21, an Ar-
tificial Liver Support System (ALSS) was 
considered for patients with LF. Vascular 
access was obtained with a double-lumen 
hemodialysis catheter placed in the femoral 
veins. Blood anticoagulation was managed 
with unfractionated heparin. The anticoagu-
lant regimen consisted of an initial 2000 U 
of heparin sodium, followed by maintenance 
at 1000 U/h. The PA treatment device con-
sisted of a standard hemodialysis machine 
with the appropriate tubing and plasma fil-
ter. The Plasorba BR-350 (B-Braun Carex) 
was used as the bilirubin absorption column 
during the study period, with a plasma pro-
cessing volume of 5L or 6L. The selection of 
5L versus 6L plasma processing volume was 
determined by the attending physician based 
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on clinical judgment and the department’s 
standard operating procedures during the 
study period, rather than being predeter-
mined by patient anthropometric character-
istics such as height or body weight.

The patients’ identities were protected. 
The demographic and clinical characteris-
tics were collected from the medical records, 
including sex, age, height, weight, hyperten-
sion, allergies, diabetes, heart disease, kid-
ney disease, viral hepatitis, hepatocirrhosis, 
hematocrit, and blood volume. The blood vol-
ume was estimated using 0.65×weight×(1-
hematocrit) 22.

Blood routine and coagulation function 
indicators were collected, including white 
blood cells (WBC), hemoglobin (HGB), 
platelets (PLT), total bile acid (TBA), to-
tal bilirubin (TB), potassium (K+), sodium 
(Na+), chlorine (Cl-), calcium (Ca2+), phos-
phorus (P), international normalized ratio 
(INR), fibrinogen (Fib), activated partial 
thromboplastin time (APTT), and prothrom-
bin time (PT). Percentage differences were 
calculated as [(after treatment - before 
treatment) / before treatment].

Outcomes
The outcomes of this study were the 

length of hospital stay, liver transplant, 
death, and improvement in disease-related 
symptoms. Symptom improvement was de-
fined as 1) clinical symptoms such as fa-
tigue, poor appetite, abdominal distension, 
and bleeding were significantly improved, 
and hepatic encephalopathy disappeared; 2) 
signs such as jaundice and ascites improved 
significantly; and 3) liver function indices 
improved significantly, such as TBil <5 the 
upper limit of normal (ULN), PTA >40%, or 
INR <1.5 21.

Statistical analysis
Continuous data were tested for nor-

mality using the Shapiro-Wilk test. Contin-
uous variables with a normal distribution 
were expressed as means ± standard devia-
tions (SD) and analyzed using Student’s t-

test; otherwise, they were presented as me-
dians (interquartile ranges) and analyzed 
using the Mann-Whitney U-test. Categorical 
variables were presented as n (%) and ana-
lyzed using the chi-square test or Fisher’s 
exact test. Data processing was performed 
in Python, and data analysis was conducted 
in SPSS 26.0 (IBM, Armonk, NY, USA). Two-
sided P-values <0.05 were considered statis-
tically significant.

RESULTS

During the study period, 230 plasma 
adsorption (PA) treatments were performed 
in 110 patients. Nine treatments were ex-
cluded for missing data, leaving 221 for 
analysis of laboratory parameters (118 in 
the 5L group and 103 in the 6L group). For 
patient-level analyses of baseline character-
istics and clinical outcomes, 60 patients re-
ceived 5L PA and 50 received 6L PA. Patients 
in the 5L group were significantly taller than 
those in the 6L group (166.14±7.18 cm vs. 
163.13±7.24 cm, p=0.031), but the estimat-
ed systemic blood volume (0.65×weight×(1-
hematocrit)) did not differ significantly 
between groups (2732.29±453.71 mL vs. 
2683.34±508.21 mL, p=0.595). Other 
baseline characteristics, including the prev-
alence of viral hepatitis, hypertension, dia-
betes, and renal disease, were comparable 
between groups (Table 1).

The majority of patients were male 
(70.9%), and males had a higher mean system-
ic blood volume than females (2838±452 mL 
vs. 2395±387 mL). The mean age of the entire 
cohort was 55.4±13.8 years. Patients in the 5L 
group were significantly taller than those in the 
6L group (p=0.031). Viral hepatitis was the 
most common underlying disease (30%). No 
significant differences were observed between 
groups in the prevalence of hypertension, 
diabetes, heart disease, or kidney disease (all 
p>0.05) (Table 1). Baseline laboratory param-
eters, including total bile acid and total biliru-
bin levels, were comparable between the two 
groups prior to treatment (all p>0.05).
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In both groups, PA treatment signifi-
cantly increased white blood cell counts, 
INR, APTT, and PT, while decreasing hemo-
globin, total bilirubin, total bile acids, and 
fibrinogen (all p<0.05) (Supplementary 
Table 1). Notably, platelet levels decreased 
significantly after 6L PA (p=0.033), whereas 
no significant reduction was observed after 
5L PA (p=0.116).

Post-treatment comparisons between 
groups showed significantly lower white 
blood cell counts in the 6L group than in 
the 5L group (p=0.003). No significant 
between-group differences were observed 
in other post-treatment laboratory param-
eters, including hemoglobin, platelets, bili-
rubin, coagulation indices, or electrolytes 
(Table 2).

At the patient level, no significant dif-
ferences were observed between the 5L and 
6L groups in length of hospital stay, liver 
transplantation rates, in-hospital mortality, 
or improvement in disease-related symp-

toms (all p>0.05) (Table 3). Although the 
5L group had a numerically longer mean 
hospital stay and higher transplantation and 
mortality rates, and the 6L group showed a 
slightly higher improvement rate, none of 
these differences reached statistical signifi-
cance.

DISCUSSION

The 5L and 6L columns yield similar 
outcomes in terms of hospital stay dura-
tion, liver transplantation, mortality, and 
symptom improvement. The 5L column can 
reduce platelet destruction, shorten treat-
ment time, and reduce the occurrence of 
complications. 

In patients with LF, high bilirubin levels 
can be fatal in the short term 13, 14. Low bili-
rubin levels can promote hepatocyte regen-
eration, whereas high bile acid levels can in-
duce hepatocyte apoptosis and necrosis and 
delay regeneration 3, 23, 24. Excessive bilirubin 

Table 1. Baseline characteristics.

Variable 5L group (n=60) 6L group (n=50) p 

Sex, n (%)

0.065   Female 13 (21.7%) 19 (38%)

   Male 47 (78.3%) 31 (62%)

Age, year, mean ± SD 54.00±12.53 57.17±15.20 0.233

Height, cm, mean ± SD 166.14±7.18 163.13±7.24 0.031

Weight, kg, mean ± SD 61.57±10.24 60.41±2.48 0.592

Hypertension, n (%) 12 (20%) 9 (18%) 0.793

Allergy, n (%) 1 (1.7%) 2 (4%) 0.459

Diabetes, n (%) 7 (11.7%) 6 (12%) 0.957

Heart disease, n (%) 1 (1.7%) 1 (2%) 0.898

Kidney disease, n (%) 4 (6.7%) 1 (2%) 0.224

Virus hepatitis, n (%) 19 (31.7%) 14 (28%) 0.679

Hepatocirrhosis, n (%) 0 1 (2%) 0.275

Hematocrit, median (interquartile range) 31.44 (5.74) 30.99 (7.49) 0.730

Blood volume, median (interquartile range) 2732.29 (453.71) 2683.34 (508.21) 0.595

Continuous variables were analyzed using Student’s t-test for normally distributed data (expressed as mean ± SD) 
and the Mann-Whitney U-test for non-normally distributed data (expressed as median with interquartile range). 
Categorical variables were analyzed using the chi-square test or Fisher’s exact test.
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itself does not cause multiple organ failure, 
but in patients with LF it has neurotoxic and 
encephalopathic effects. Therefore, remov-
ing bilirubin and bile acids seems a reason-
able therapeutic goal. ALSS can help remove 
toxic metabolites in patients with LF, which 
is beneficial for liver cell regeneration and 
functional recovery, buys time for liver trans-
plantation, and can even allow some patients 
to avoid liver transplantation 8, 10, 25. PA can 
selectively adsorb lipid-soluble substances 
such as bilirubin, aromatic amino acids, 

and other toxic metabolites that are tight-
ly bound to proteins. Although many stud-
ies have examined the efficacy of ALSS 3, 8, 

10,13,26,27, there are few data on different PA 
amounts and even fewer studies in large pop-
ulations. It is unclear whether the amount of 
adsorption in the clinic will have the same 
effect across patients with LF. In the pres-
ent study, bilirubin decreased in both groups 
after treatment, which is the goal of treat-
ment. WBCs increased, probably due to an 
immune insult from the treatment. Fibrino-

Table 2. Laboratory indices after treatment.

Variable 5L group (n=118) 6L group (n=103) p 

WBC, x109/L 11.57±10.29 8.29±3.84 0.003

HGB, g/L 107.61±22.76 102.42±26.12 0.116

PLT, x109/L 166.43±88.66 155.70±84.15 0.359

TBA, µmol/L 170.04±115.27 152.53±104.54 0.241

TB, µmol/L 251.16±107.54 238.27±106.26 0.372

Na, mmol/L 136.81±4.6 137.79±3.25 0.068

Cl, mmol/L 101.99±4.55 102.01±3.97 0.975

Ca, mmol/L 2.13±0.12 2.15±0.13 0.493

P, mmol/L 0.98±0.24 0.92±0.26 0.125

INR 1.80±3.55 1.44±0.38 0.301

Fib, g/L 1.80±0.68 1.92±0.74 0.224

APTT, s 45.69±19.07 42.68±12.76 0.167

PT, s 17.00±4.19 16.53±4.19 0.413

White blood cells (WBC), hemoglobin (HGB), platelets (PLT), total bile acid (TBA), total bilirubin (TB), sodium 
(Na+), chlorine (Cl-), calcium (Ca2+), phosphorus (P), international normalized ratio (INR), fibrinogen (Fib), 
activated partial thromboplastin time (APTT), and prothrombin time (PT).    Between-group comparisons of post-
treatment laboratory parameters were performed using Student’s t-test for normally distributed continuous vari-
ables, with data presented as mean ± standard deviation.

Table 3. Clinical outcomes.

Variable 5L group (n=60) 6L group (n=50) p 

Length of stay (days) 23.7±19.86 19.4±8.78 0.135

Liver transplant 6 (10%) 3 (6%) 0.451

In-hospital mortality 8 (13.3%) 4 (8%) 0.376

Good prognosis 45 (75%) 42 (85%) 0.245

Length of hospital stay was analyzed using Student’s t-test, and categorical outcomes (liver transplant, in-hospital 
mortality, and good prognosis) were analyzed using the chi-square test or Fisher’s exact test. All data are presented 
as mean ± SD or n (%).
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gen decreased, and PT and APPT increased, 
suggesting reduced coagulation function, 
probably due to adsorption of coagulation 
factors by the column. HGB also decreased.

The PA treatment mode is a mature, 
classic method that addresses the issue of 
scarce plasma supply. The 5-L and 6-L ad-
sorption capacities are routine choices in 
adults. This study showed that 1) the 5-L and 
6-L adsorption doses could be considered ef-
fective strategies for treating patients with 
LF, with no differences in treatment out-
comes; 2) there might be a risk of thrombo-
cytopenia after treatment with a PA volume 
of 6 L, but not with 5 L; and 3) since the 
treatment time is shorter with 5 L, the 5-L 
volume could be associated with lower com-
plication rates. 

BR-350 is an anion resin plasma adsorp-
tion column with styrene-divinylbenzene as 
the main material. The effective use of BR-
350 in LF dates back more than 30 years8, 

10,25. Previous studies have reported that 
the amount of PA in LF treatment ranges 
from 2 to 7 L, and the clearance rate of BR-
350 for bilirubin decreases with increasing 
treatment volume and eventually tends to 
saturate 13. As shown in the present study, 
there were no significant differences in post-
treatment bilirubin and TBA between 5 and 
6 L. Some researchers have suggested that 
a longer PA treatment time can lead to a 
higher incidence of complications 28. There-
fore, in the case of the same treatment ef-
fect, a 5L treatment capacity seems to be a 
better choice because of the shorter treat-
ment time. Nursing care for ALSS treatment 
needs to be refined and individualized, and 
timely analysis of the cause of alarms in the 
treatment system and handling of emergen-
cies are required to ensure patient safety 
and the smooth progress of treatment.

The most critical safety distinction be-
tween the two treatment volumes lies in their 
differential effects on hematological param-
eters. While both 5L and 6L PA effectively re-
duced bilirubin and bile acids, the 6L volume 
was associated with a significant decrease in 

platelet counts (p=0.033), whereas the 5L 
volume preserved platelet levels (p=0.116). 
This finding carries substantial clinical sig-
nificance for patients with liver failure, who 
already exhibit compromised hemostasis 
due to impaired synthesis of coagulation fac-
tors and often baseline thrombocytopenia 29. 
Further platelet reduction in this vulnerable 
population increases the risk of spontaneous 
bleeding and procedure-related hemorrhage 
and may necessitate platelet transfusions, 
thereby increasing treatment costs and 
risks30,31. Additionally, the 6L group demon-
strated significantly lower post-treatment 
white blood cell counts compared to the 5L 
group (p=0.003). Although we did not ob-
serve a statistically significant increase in in-
fection rates in the 6L group during the study 
period, leukopenia theoretically elevates in-
fection risk, which is particularly concern-
ing in patients with liver failure who exhibit 
immune dysfunction. The combination of 
thrombocytopenia and leukopenia suggests 
that the 6L volume may impose greater he-
matological stress or more pronounced acti-
vation of cellular adhesion to the adsorption 
column and extracorporeal circuit. Patients 
with LF are at risk of thrombocytopenia due 
to factors such as decreased thrombopoi-
etin synthesis from massive necrosis of liver 
cells32,33. Blood purification treatments such 
as bilirubin adsorption will cause increased 
platelet consumption, and at the same time, 
there is an increased risk of HIT due to hep-
arin anticoagulation. A researcher found 
that the proportion of patients with ampu-
tation or death due to HIT was as high as 
20%-30% 33. At the same time, an elevated 
time-to-risk of transient thrombocytopenia 
associated with separation membranes was 
associated 31. This study found a statistically 
significant decrease in platelet counts with 
6-L PA, suggesting that 5-L PA may be safer. 
A previous study of lipoprotein(a) apheresis 
showed that larger treatment volumes were 
associated with larger decreases in the lev-
els of fibrinogen and other blood macromol-
ecules 15, but no significant differences were 
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observed in the present study. The 6L group 
had lower WBC levels than the 5L group af-
ter treatment. Although our study did not 
find a significant increase in infection rates 
in the 6 L group, we acknowledge that leu-
kopenia may theoretically elevate infection 
risk 34. Future studies with larger cohorts 
and longer follow-up may further elucidate 
this relationship. Nevertheless, differences 
could be observed in larger cohorts or with 
longer follow-up.

We acknowledge that the 5L group had 
a significantly greater mean height than the 
6L group. Although height can correlate 
with blood volume, we believe this difference 
is unlikely to have influenced the choice of 
adsorption volume or the study outcomes 
for several reasons. First, the estimated sys-
temic blood volume, calculated using the for-
mula 0.65×weight×(1-hematocrit), showed 
no significant difference between groups 
(p=0.595), suggesting that the height dis-
parity did not translate into clinically relevant 
differences in total circulating volume. Sec-
ond, in clinical practice, the decision to use 
5L versus 6L adsorption is typically based on 
the severity of liver failure, baseline bilirubin 
levels, and physician preference rather than 
patient height. Nevertheless, we recognize 
this baseline imbalance as a limitation of our 
retrospective design, and we cannot entirely 
exclude the possibility of unmeasured con-
founding factors that may influence both pa-
tient selection and volume determination.

This study had limitations. It was a 
single-center study with a small sample size. 
The retrospective design limited the data to 
what was available in the charts. The 5-L and 
6-L capacities are the most common at the 
authors’ center, but future studies should 
also examine other capacities.

In conclusion, PA therapy can remove a 
large amount of bilirubin and also reuse the 
patient’s plasma and albumin to reduce al-
lergic reactions. Treatment with a 5-L plasma 
adsorption capacity yields outcomes similar 
to those of the 6-L treatment for length of 
stay, liver transplantation, in-hospital mor-

tality, and prognosis. However, given smaller 
post-treatment platelet changes and a short-
er treatment duration, the 5-L treatment 
volume might be more appropriate than the 
6-L volume.
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Abstract. Orientin, a natural flavonoid found in many medicinal plants, can 
improve lung injury through anti-inflammatory and antioxidant effects, but its 
role in pulmonary fibrosis (PF) remains unstudied. Human Fetal Lung 1 (HFL1) 
cells were stimulated with transforming growth factor-β1 (TGF-β1), and a single 
intratracheal bleomycin instillation in mice was used to establish a PF mouse 
model. Orientin, the TGF-β1/suppressor of mother against decapentaplegic 3 
(Smad3) pathway agonist SRI-011381, and the inhibitor SB431542 were used 
for intervention. The proliferation and migration were evaluated using the Cell 
Counting Kit-8 (CCK-8), Edu staining (evaluated proliferative activity) and a 
scratch-healing assay. Fibers in HFL1 cells were detected by Sirius red staining. 
Inflammation and fibrosis in lung tissue were assessed by pathological staining 
and enzyme-linked immunosorbent assay (ELISA). PF and TGF-β1/Smad3 path-
way protein expressions were evaluated by Western blot. Orientin significantly 
reduced TGF-β1, p-Smad3, alpha-smooth muscle actin (α-SMA), Collagen I, and 
matrix metallopeptidase (MMP)-2 levels. After Orientin treatment, the Edu pos-
itive cells, cell proliferation and migration were significantly reduced, and the 
number of red-stained collagen fibers was significantly reduced. After Orientin 
treatment, alveolar cavity collapse, inflammatory cell infiltration, and collagen 
fiber hyperplasia of mice were alleviated, and the contents of Hydroxyproline 
(HYP) and inflammatory factors in the alveolar lavage fluid were significantly 
reduced. SRI-011381 attenuated the effect of Orientin on the intervention, and 
inflammation and fibrosis levels were markedly increased. SB431542 enhanced 
the intervention effect of Orientin. Orientin inhibited TGF-β1/Smad3 signal-
ing, inhibited fibroblast-to-myofibroblast transition (FMT) and extracellular 
matrix (ECM) production, and alleviated inflammatory and fibrotic damage.
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La orientina reduce la fibrosis pulmonar mediante la vía  
de señalización TGF-β1/Smad3.

Invest Clin 2026; 67 (2): 241 – 259

Palabras clave: Orientin; Fibrosis pulmonar; Fibroblastos; Vía de TGF-β1/Smad3. 

Resumen. La orientina, un flavonoide natural presente en una variedad de 
plantas medicinales, reduce el daño pulmonar gracias a sus efectos antiinfla-
matorios y antioxidantes. Sin embargo, no se han reportado estudios sobre su 
efecto en la fibrosis pulmonar (PF). Las células Human Fetal Lung 1 (HFL1) se 
estimularon con el factor de crecimiento transformante β1 (TGF-β1) y se admi-
nistró una dosis única de bleomicina por vía intratraqueal para establecer un 
modelo de PF en ratones. La intervención se realizó con orientina, el agonista 
SRI-011381 de la vía supresora de madre contra el decapentapléjico 3, y el in-
hibidor SB431542. La proliferación y migración de células HFL1 se evaluaron 
mediante el Kit-8 (CCK-8) para el conteo de células, la tinción de Edu (para eva-
luar la actividad proliferativa) y mediante el ensayo de cicatrización de heridas. 
Las fibras en las células HFL1 se detectaron mediante tinción con Sirius Red. 
La inflamación y la fibrosis del tejido pulmonar se evaluaron mediante tinción 
patológica y ensayo inmunoenzimático ligado a anticuerpos (ELISA). Los niveles 
de expresión proteica de PF y de la vía TGF-β1/Smad3 se analizaron mediante 
Western blot. La orientina reduce significativamente los niveles de las proteínas 
TGF-β1, p-Smad3, actina alfa del músculo liso (α-SMA), colágeno I y metalopep-
tidasa de la matriz (MMP)-2. Además, el tratamiento con orientina disminuyó 
significativamente las células Edu positivas, la proliferación y la migración de las 
células HFL1, así como la formación de fibras de colágeno teñidas de rojo. El tra-
tamiento con orientina redujo el deterioro de la cavidad alveolar, el infiltrado de 
células inflamatorias y la hiperplasia de fibras colágenas en el tejido pulmonar 
de los ratones, y disminuyó significativamente el contenido de Hydroxyproline 
(HYP) y de los factores inflamatorios (TNF-α e IL-6) en el lavado alveolar. Sin 
embargo, SRI-011381 atenuó el efecto de la intervención con orientina, con un 
aumento significativo de los niveles de inflamación y fibrosis; el SB431542 lo 
acentuó. La orientina inhibe la vía de señalización TGF-β1/Smad3, la transición 
de fibroblastos a miofibroblastos (FMT) y la producción de matriz extracelular 
(ECM), y alivia el daño inflamatorio y fibroso.
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INTRODUCTION

The main pathological features of idio-
pathic pulmonary fibrosis (IPF) are destruc-
tion of the lung parenchyma and accumu-
lation of extracellular matrix (ECM) in the 
pulmonary interstitial and alveolar spaces, 
which eventually leads to destruction of al-

veolar structure and severe impairment of 
lung function, ultimately resulting in death1. 
The median survival time of IPF patients af-
ter diagnosis is short, and the prognosis is 
very poor 2, 3. At present, anti-pulmonary fi-
brosis (PF) drugs and lung transplantation 
are the main treatment options for PF. Lung-
derived problems limit lung transplantation. 
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pirfenidone and nintedanib are the main 
anti-fibrosis drugs. Studies have shown that 
pirfenidone and nintedanib slow the decline 
in lung function in IPF, but overall efficacy is 
limited, with issues such as significant side 
effects, high costs, and no improvement in 
survival rate 3. Thus, it is vital to find safe 
and effective new drugs for IPF therapy.

The pathogenesis of IPF is highly com-
plex and involves multiple mechanisms, 
including the inflammatory response, oxi-
dative stress, epithelial-mesenchymal tran-
sition (EMT), and inhibition of autophagy. 
These mechanisms are intertwined and 
interact to drive IPF progression. Among 
them, the transforming growth factor-β1 
(TGF-β1)/suppressor of mother against de-
capentaplegic 3 (Smad3) signaling pathway 
is important in regulating the PF process 4-7. 
TGF-β1 is a core regulator of IPF and can 
promote fibrosis 8. When TGF-β1 binds to its 
receptor, it can phosphorylate Smad2/3 in 
the cytoplasm, which in turn binds Smad2/3 
to Smad4 to form a trimer, enters the nucle-
us, and binds to specific DNA sites, there-
by regulating the expression  of a  series of 
downstream fibrosis-related genes, up-regu-
lating alpha-smooth muscle actin (α-SMA) 
level, promoting the abnormal deposition 
of fibrosis-related proteins, and increasing 
and promoting fibroblast proliferation. It 
drives the fibroblast-to-myofibroblast transi-
tion (FMT), a classical pathway of TGF-β1-
mediated fibrosis 9. Therefore, TGF-β1/Smad 
signaling can regulate the transcription 
and protein expressions of target genes, in-
duce PF 10. Inhibition of the TGF-β1/Smad3 
pathway reduces PF. Sinomenine alleviates 
inflammatory response and reverses EMT 
through suppressing the TGF-β1/Smad3 
pathway, thereby reducing PF 5; inhibition of 
AHNAK2 via suppressing the TGF-β1/Smad3 
pathway regulates EMT and alleviates PF11; 
PM2.5 enhances endoplasmic reticulum 
stress-induced autophagy, thereby activat-
ing the TGF-β1/Smad3 pathway, promoting 
ECM overproduction, ultimately aggravating 
PF 12. In summary, the TGF-β1/Smad3 is a 

classic pathway that mediates organ fibrosis 
and dominates the progression of fibrotic 
diseases 13.

As research into treating PF with herbal 
medicine deepens, monomers of herbal med-
icine have attracted considerable attention 
for their single-component nature, stable 
structures, and notable effects. Orientin is 
a natural flavonoid widely found in many 
medicinal plants, such as Trollius chinensis 
Bunge, Odontosoria chinensis J. Sm., and 
bamboo leaves. Modern pharmacological 
studies have shown that orientin has many 
biological properties, including anti-inflam-
matory, antioxidant, anti-aging, antibacte-
rial, hepatoprotective, neuroprotective, and 
cardioprotective effects 14, 15. Studies have 
shown that Orientin is a possible anti-inflam-
matory drug. Orientin can improve mito-
chondrial homeostasis, inhibit chondrocyte 
senescence and inflammation, and reduce 
osteoarthritis 16. The lung is the primary tis-
sue for orientin distribution, and orientin 
has been shown to alleviate acute lung injury 
in mice by exerting anti-inflammatory and 
antioxidant effects 17. Therefore, we believe 
that orientin may be an ideal anti-PF candi-
date drug. However, the therapeutic effect of 
orientin on PF and its molecular mechanism 
have not been systematically elucidated.

To evaluate the therapeutic potential 
of orientin in PF, the effects of orientin on 
FMT, fibrosis, inflammatory response, and 
the TGF-β1/Smad3 signaling pathway were 
assessed, with pirfenidone as a positive con-
trol. This study aims to demonstrate that 
orientin can reduce PF through the TGF-β1/
Smad3 signaling pathway, thereby providing 
an important experimental and theoretical 
basis for the development of safe, effective, 
and economical anti-PF natural drugs.

METHODS

Cell culture and modeling
Human embryonic lung fibroblasts 

HFL1 were purchased from Procell Life Tech-
nology Co., Ltd. (CL-0106, Wuhan, China). 
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HFL1 cells were cultured with HFL1 cell-
specific culture medium (CM-0106, Procell, 
Ham’s F-12K medium containing 1% peni-
cillin-streptomycin and 10% fetal bovine se-
rum) in a cell culture box (MCO-18 AICUUV, 
PHCbi, Japan) at 37℃ and 5% CO2. The sub-
culture medium was changed every 3 days.

HFL1 cells (1×105 cells/well) in the 
logarithmic growth phase and in good con-
dition were inoculated into 6-well plates 
and routinely cultured. The next day, after 
adherence, orientin (S9009, Selleck, Shang-
hai, China) at 0, 10, 20, 40, 80, and 160 μM 
was added, and cells were incubated for 24 h. 
Then, 10 μL of Cell Counting Kit-8 (CCK-8) 
solution (C0037, Beyotime, Shanghai, Chi-
na) was added, and cells were incubated for 
2 h. The optical density (OD) at 450 nm was 
measured using a microplate reader (MUL-
TISKAN, Perkin Elmer, United States), and 
the cell survival rate was calculated to deter-
mine the safe concentration of orientin.

HFL1 cells were divided into the con-
trol group, the model (TGF-β1) group, the 
positive control (TGF-β1+pirfenidone) 
group, the orientin low, medium, and high 
concentration (TGF-β1+orientin-L, TGF-
β1+orientin-M, TGF-β1+orientin-H) group, 
the TGF-β1/Smad3 pathway agonist (TGF-
β1+orientin+SRI-011381) group, and the 
inhibitor (TGF-β1+orientin+SB431542) 
group. In the TGF-β1 group, 10 ng/mL 
TGF-β1 (100-21, PeproTech, USA) was added 
to stimulate HFL1 cells for 24 h 4, 5. After 
that, 10 μM pirfenidone (Y159865, Beyo-
time) was added to the TGF-β1+pirfenidone 
group to culture HFL1 cells for 24 h; HFL1 
cells were cultured with 10, 20, and 40 μM 
orientin for 24 h in orientin low, medium, 
and high concentration groups, respectively. 
TGF-β1+orientin+SRI-011381 and TGF-
β1+orientin+SB431542 groups were added 
with 10 μM SRI-011381 (Y112753, Beyo-
time) and SB431542 (SF7890, Beyotime) at 
the same time as orientin. Then CCK-8 was 
used to measure the OD at 450 nm and cal-
culate cell viability.

Edu staining
After intervention, HFL1 cells were in-

cubated with an equal volume of 20 μM Edu 
working solution (C0071S, Beyotime) for 3 
h. The cells were fixed with paraformalde-
hyde, permeabilized with 1 mL of permeabi-
lization solution (P0097, Beyotime) for 10 
min, and incubated with 0.5 mL of Click re-
action solution in the dark for 30 min. The 
cells were stained with DAPI reagent and 
mounted with anti-fluorescence quenching 
mounting agent (0100-01, South biotech, 
USA). Three fields of view were selected for 
each well under the fluorescence micro-
scope (ECLIPSE TI2-A, Nikon, Japan), and 
Edu-positive cells were counted using Image 
J software.

Scratch healing experiment
HFL1 cells were inoculated into 6-well 

plates and cultured overnight in serum-free 
medium after reaching confluence. A 200 
μL pipette tip was used to create vertical 
scratches in each well, and the culture me-
dium was replaced. The cells were then sub-
jected to the experimental interventions and 
cultured for 24 h. Images were taken under a 
microscope (NIKON ECLIPSE E100, Nikon) 
at the beginning and end of the culture, and 
the distance between scratches was mea-
sured using ImageJ software to calculate the 
scratch-healing rate.

Sirius red staining
After the HFL1 cells were cultured, 100 

μL of ice-cold methanol was added to fix the 
cells for 5 h, and then the ice-cold methanol 
in the well was discarded. Hematoxylin was 
added to each well for staining for 20 min, 
and then 200 μL of Sirius red staining solu-
tion (GC307014, Servicebio, Wuhan, China) 
was added. The cells were incubated in the 
dark for 4 h. Images were observed and col-
lected under a microscope. The collagen 
fibers appeared red, and the muscle fibers 
appeared yellow. The area of collagen fibers 
was analyzed using Image J software.
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Immunofluorescence
HFL1 cells were fixed with 4% parafor-

maldehyde for 15 min, incubated with 100 
μL of membrane-breaking working solution 
for 10 min, blocked with 3% BSA (bovine 
serum albumin) for 30 min, and incubated 
with the α-SMA antibody (67735-1-Ig, Pro-
teintech, Wuhan, China) overnight at 4°C. 
Alexa 488-labeled fluorescent secondary an-
tibody diluent (GB25303, Servicebio) was 
added, and the mixture was incubated for 1 
h in the dark. DAPI (4′,6-diamidino-2-phe-
nylindole) staining solution was then added, 
and the mixture was incubated for 10 min 
in the dark. Images were acquired using a 
fluorescence microscope, and average fluo-
rescence intensity was analyzed with ImageJ 
software.

Animal grouping, modeling,  
and administration

A total of 48 SPF C57BL/6J mice, aged 
8 weeks and weighing (20±2) g, were pur-
chased from Sibefu Biotechnology Co., Ltd. 
(Beijing, China). The mice were housed in 
clean feeding cages (ambient temperature 
20-24℃, relative humidity 50%-70%, light 
and dark alternating 12 h each), had free 
access to food and water, and strictly ad-
hered to the ‘3R’ principle for experimen-
tal animals. All animal experimental proce-
dures were approved by the Fourth Affiliated 
Hospital of China Medical University Ethics 
Committee.

The mice were adaptively fed for 1 week. 
They were randomly assigned to the Sham 
group, the model (bleomycin, BLM) group, 
the positive control (bleomycin+pirfenidone) 
group, the orientin low-, medium-, 
and high-dose (bleomycin+orientin-L, 
bleomycin+orientin-M, bleomycin+orientin-
H) groups, the TGF-β1/Smad3 pathway agonist 
(bleomycin+orientin+SRI-011381) group, 
and the inhibitor (bleomycin+orientin+ 
SB431542) group using an interval random 
grouping method based on body weight, 
with 6 mice in each group. Except for the 
Sham group, mice in the other groups were 

anesthetized with an intraperitoneal injec-
tion of 2% pentobarbital sodium (30 mg/
kg) and then secured to the operating table. 
The mouse pulmonary fibrosis model 4 was 
prepared by noninvasive tracheal instillation 
of bleomycin (BLM) (3.75 mg/kg, dissolved 
in normal saline), and the Sham group re-
ceived the same volume of normal saline by 
the same route. After 24 h of modeling, mice 
in the bleomycin+pirfenidone group were 
administered 100 mg/kg pirfenidone by ga-
vage. Mice in the low-, medium-, and high-
dose groups received 10, 20, and 40 mg/kg 
of orientin by gavage, respectively. Mice in 
the SRI-011381 and SB431542 groups were 
injected intraperitoneally with 30 mg/kg 
SRI-011381 and 10 mg/kg SB431542, re-
spectively, once daily for 28 days. Two hours 
after the last administration, the mice were 
anesthetized and sacrificed, and their lung 
tissues were dissected.

Western blot
After HFL1 cells were cultured, RIPA 

lysis buffer (P0013B, Beyotime) was added 
to lyse the cells, and the supernatant was 
collected after centrifugation (4℃, 10 000 
r/min, 10 min). Mouse lung tissue was cut 
into small pieces and placed in a homoge-
nizer tube. Homogenization beads and RIPA 
lysate were added, and the mixture was lysed 
on ice for 30 min. The supernatant was col-
lected after centrifugation (4℃, 12 000 r/
min, 10 min). The BCA protein concentra-
tion assay kit (P0009, Beyotime) was used to 
determine the total protein concentration in 
the supernatant. Loading buffer was added, 
and the protein was denatured in a metal 
bath at 96℃ for 10 min. SDS-PAGE (Sodium 
Dodecyl Sulfate Polyacrylamide Gel Electro-
phoresis) was used to separate the protein 
components (voltage 70-120 V, time 1.5 
h). The protein was transferred to a PVDF 
(polyvinylidene fluoride) membrane by wet 
transfer (constant current, 300 mA; 2 h), 
blocked with 5% skimmed milk powder for 
2 h, and washed with PBST (phosphate-buff-
ered saline) three times. The primary anti-
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bodies were added and incubated overnight 
at 4℃. The secondary antibody (ab6734, ab-
cam) was added and incubated for 2 h. The 
chemiluminescence imaging system (Chemi 
Doc MP, BioRad, USA) was used to expose 
and capture images, and the gray value of 
protein bands was analyzed using Image J 
software.

The primary antibodies: TGF-β1 
(81746-2-RR, Proteintech), Smad3 (66516-
1-Ig, Proteintech), p-Smad3 (ab63403, Ab-
cam), α-SMA (67735-1-Ig, Proteintech), 
fibronectin (ab2413, Abcam), Collagen I 
(ab316222, Abcam), Vimentin (ab20346, 
Abcam), matrix metallopeptidase (MMP)-2 
(ab181286, Abcam), MMP-9 (ab58803, Ab-
cam), and GAPDH (ab181603, Abcam) were 
diluted to 1:1,000.

Pathological examination of lung tissue
The left lung tissues of mice were 

fixed in 4% paraformaldehyde, dehydrated, 
cleared, paraffin-embedded, and sectioned 
(4 μm thickness). Hematoxylin and eosin 
(HE) and Masson staining were performed 
routinely. Five fields of view were selected for 
each section. The pathological morphology 
of lung tissue was observed under an optical 
microscope, and images were collected. The 
collagen deposition area in Masson-stained 
sections was analyzed using ImageJ software.

Lung tissue inflammation scores were 
assessed according to the Szapiel scoring 
criteria: 0 score—No alveolar inflammation; 
1 score—Monocyte infiltration, widened 
alveolar septum, limited to local and near-
pleural areas, with an area less than 20% of 
the whole lung, and normal alveolar struc-
ture; 2 score—The affected area accounted 
for 20%-50% of the lung, with the area near 
the pleura more severe; 3 score—Alveolitis 
area >50%, with occasional consolidation 
caused by monocytes and hemorrhage in the 
alveolar cavity 18.

Pulmonary fibrosis was scored accord-
ing to the Ashcroft scoring standard: 0 
score—normal lung tissue; 1 score—slight 
thickening of the alveolar or bronchial 

walls; 3 score—moderate thickening of the 
alveolar or bronchial walls, with no obvious 
damage to the alveolar structure; 5 score—
fibrous bands or small fibrous foci were 
formed, and the alveolar structure was mark-
edly destroyed; 7 score—alveolar structure 
was severely deformed, and extensive fibrous 
foci were formed, showing ‘honeycomb 
lung’; 8 score—full-field fibrosis of lung tis-
sue; the severity of the lesions in the 2, 4, 
and 6 scores was between the corresponding 
scores 19.

Bronchoalveolar lavage fluid (BALF) 
analysis

After the mice were sacrificed, the 
chest cavity was opened and the heart re-
moved. The lungs were washed twice with 
pre-cooled normal saline. The left pulmo-
nary hilum was carefully ligated with a sur-
gical suture, and the trachea was separated 
at the neck. A V-shaped incision was made 
at the tracheal bifurcation, and a venous in-
dwelling needle cannula was inserted into 
the lower bronchus. Then, 500 μL of normal 
saline was slowly injected. Lung swelling 
was visible to the naked eye, and the lavage 
fluid was slowly withdrawn. After 3 repeated 
injections of bronchoalveolar lavage fluid, 
BALF was collected in a sterile tube, and the 
supernatant was collected after centrifuga-
tion. Tumor necrosis factor-alpha (TNF-α), 
interleukin (IL)-2, and IL-6 (ab208348, 
ab100706, ab222503, Abcam) levels in 
BALF were measured using enzyme-linked 
immunosorbent assay (ELISA) kits accord-
ing to the manufacturer’s instructions. At 
the same time, the activity of myeloperoxi-
dase (MPO, ab275109, Abcam) in lung tis-
sues was assessed. The total protein content 
in BALF was measured using a BCA protein 
concentration assay kit.

Determination of hydroxyproline (HYP) 
level

According to the HYP kit (A030-2-1, 
Jiancheng Institute of Bioengineering, Nan-
jing, China), 30-100 mg of wet-weight lung 
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tissue was accurately weighed and placed in 
a test tube. 1 mL of hydrolysate was added, 
and the mixture was mixed. The mixture was 
incubated in a 95°C water bath for 20 min, 
then diluted with double-distilled water to 
10 mL. 4 mL of the diluted hydrolysate was 
mixed with an appropriate amount of acti-
vated carbon, then centrifuged for 10 min. 
The OD value of each group was measured 
using 1 mL of supernatant at 550 nm. HYP 
content in mice was calculated.

Immunohistochemistry
Lung sections were dewaxed, rehydrat-

ed, and antigen-repaired using citrate buffer. 
Endogenous peroxidase was quenched with 
3% H2O2 for 10 min and blocked with 5% BSA 
for 20 min. Sections were incubated with the 
α-SMA antibody (67735-1-Ig, Proteintech, 
Wuhan, China) overnight at 4°C, then with 
the secondary antibody solution for 30 min. 
After washing, DAB (3,3′-diaminobenzidine) 
staining was performed, and the nuclei were 
counterstained with hematoxylin. α-SMA 
staining was brown, and the sections were 
evaluated under an optical microscope.

Statistical analysis
SPSS 27.0 was used for statistical analy-

sis. All data were tested for normality and ho-
mogeneity of variance. One-way ANOVA with 
Tukey’s post hoc test was used to compare 
groups. Data for each group were expressed 
as mean ± standard deviation. p<0.05 was 
considered statistically significant.

RESULTS

Orientin inhibited TGF-β1-activated HFL1 
cell proliferation and migration

TGF-β1 was used to stimulate HFL1 
cells to assess the therapeutic effect of ori-
entin on PF, and pirfenidone served as a 
positive control. The structural formula of 
orientin is shown in Fig. 1A. First, at con-
centrations of ≥ 80 μM, the survival rates 
of HFL1 cells were markedly reduced (Fig. 
1B), indicating cellular damage at this con-

centration. Therefore, 10, 20, and 40 μM 
orientin were selected for subsequent ex-
periments. HFL1 cells were then stimulated 
with TGF-β1 and treated with pirfenidone 
and orientin. The proliferation rate of HFL1 
cells increased markedly after TGF-β1 stimu-
lation but decreased significantly after pir-
fenidone and orientin treatment (Fig. 1C). 
Edu staining showed that Edu-positive cells 
rose notably after TGF-β1 stimulation and 
decreased significantly after pirfenidone and 
orientin treatment (Fig. 1D), indicating that 
TGF-β1 promoted HFL1 cell proliferation, 
whereas orientin inhibited this proliferation. 
TGF-β1 induced the transformation of HFL1 
cells into myofibroblasts, and the migra-
tion ability of myofibroblasts was enhanced 
compared with fibroblasts. The migration 
rate was significantly elevated after TGF-β1 
stimulation at 24 h. However, after treat-
ment with pirfenidone and orientin, the mi-
gration rate was significantly reduced (Fig. 
1E), indicating that orientin suppressed the 
migratory ability of HFL1 cells. These exper-
iments showed that pirfenidone and orientin 
significantly suppressed HFL1 cell growth 
and migration, and the inhibitory effect of 
high-dose orientin was comparable to that of 
pirfenidone.

Orientin inhibited the TGF-β1-activated 
TGF-β1/Smad3 pathway and inhibited cell 
proliferation and migration in HFL1 cells

The TGF-β1/Smad3 pathway is a well-
characterized pathway implicated in PF pro-
gression. This study also found that TGF-β1 
and p-Smad3 protein expression in HFL1 
cells increased significantly after TGF-β1 
induction but decreased significantly after 
pirfenidone and orientin intervention (Fig. 
2A-C), indicating that TGF-β1 induced acti-
vation of this pathway, whereas orientin in-
hibited its activation. Since the inhibitory 
effect of 40 μM orientin was the most signifi-
cant in previous studies, this concentration 
was selected for subsequent research. HFL1 
cells were treated with the TGF-β1/Smad3 
pathway agonist SRI-011381 and the inhibi-
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tor SB431542 alongside orientin treatment. 
Compared with orientin treatment, TGF-β1 
and p-Smad3 protein expression increased 
significantly after SRI-011381 treatment 
and decreased significantly after SB431542 
treatment (Fig. 2D-F). After SRI-011381 in-

tervention, the proliferation rate of HFL1 
cells (Fig. 2G) and Edu-positive cell number 
(Fig. 2H) increased significantly, and the 
migration rate also increased  significantly 
(Fig. 2I). SB431542 significantly reduced 
the proliferation rate, Edu-positive cell num-

Fig. 1. Orientin inhibited TGF-β1-induced HFL1 cell growth and migration. A: Orientin molecular formula. B: 
HFL1 (cells derived from human fetal lung tissue) were treated with orientin for 24 h, and the survival 
rate was measured by CCK-8 assay (Cell Counting Kit-8). Orientin at concentrations of 40 μM or lower 
had no effect on cell viability (*p<0.05, **p<0.01 vs 0 group). C: After HFL1 cells were stimulated 
with TGF-β1, they were treated with pirfenidone and orientin. The proliferative ability of HFL1 cells 
was assessed by the CCK-8 assay. Orientin markedly inhibited cell proliferation. D: HFL1 cell prolife-
ration was assessed by EdU staining (5-ethynyl-2′-12 deoxyuridine).  Orientin decreased the number 
of EdU-positive cells (×40, 50 μm). E: The migration of HFL1 cells was assessed by the wound-healing 
assay. Orientin significantly inhibited cell migration (×10, 200 μm). 15 n=3, *p<0.05, ** p<0.01, 
*** p<0.001 vs 0/Control group; ## p<0.01, ### p<0.001 vs TGF-β1 group.
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ber, and migration rate of HFL1 cells (Fig. 
2G-I), indicating that inhibition of TGF-β1/
Smad3 signaling could inhibit HFL1 cell pro-
liferation and migration. In conclusion, ori-

entin suppressed the TGF-β1/Smad3 path-
way and inhibited HFL1 cell proliferation 
and migration.

Fig. 2. Orientin inhibited TGF-β1-activated TGF-β1/Smad3 pathway and inhibited cell proliferation and migra-
tion in HFL1 cells. A-C: Western blot was used to detect the expression of the TGF-β1/Smad3 pathway 
protein in HFL1 cells (cells derived from human fetal lung tissue). Expression of TGFβ1and p-Smad3 pro-
tein increased significantly after TGF-β1 induction, and decreased significantly after orientin interven-
tion. D-F: HFL1 cells were treated with the TGFβ1/Smad3 pathway agonist SRI-011381 (N′-cyclohexyl-
N-(phenylmethyl)-N-(4piperidinylmethyl)-urea) and inhibitor SB431542 (TGF-β RI Kinase Inhibitor VI) 
alongside orientin treatment, and TGF-β1/Smad3 pathway protein levels were detected through Wes-
tern blot. TGF-β1 and p-Smad3 protein expressions increased significantly after SRI-011381 treatment, 
and decreased significantly after SB431542 treatment. G: HFL1 cell proliferation was determined by 
CCK-8 (Cell Counting Kit-8). SB431542 markedly inhibited cell proliferation. H: HFL1 cell proliferation 
was assessed by EdU staining (5-ethynyl-2′-deoxyuridine). SB431542 significantly reduced the number 
of EdU-positive cells (×40, 50 μm). I: Migration was evaluated by the scratch-healing assay. SB431542 
significantly inhibited cell migration (×10, 200 μm). n=3, *** p<0.001 vs Control group; #p<0.05, 
##p<0.01, ###p<0.001 vs TGF-β1 group; &&p<0.01, &&& p<0.001 vs TGF-β1+Orientin group.
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Orientin inhibited TGF-β1-induced 
fibroblast to myofibroblast transition 
(FMT) and improved extracellular matrix 
(ECM) through the TGF-β1/Smad3 
signaling pathway

Fibroblasts are primarily responsible 
for producing and maintaining the ECM, and 
their mechanical properties can be altered. 
They can also transform into myofibroblasts. 
Myofibroblasts are cells that drive fibrotic 
tissue development through a sharp increase 
in protein deposition. The transition from fi-
broblasts to myofibroblasts is a well-known 
cellular marker of histopathological status 20. 
Sirius red staining showed that collagen fiber 
staining increased significantly after TGF-β1 
stimulation and decreased significantly after 
orientin treatment. However, compared with 
orientin treatment, red-stained collagen fi-
bers increased significantly after SRI-011381 
treatment and decreased significantly after 
SB431542 treatment (Fig. 3A), indicating 
that orientin inhibited the production and 
accumulation of collagen fibers induced by 
TGF-β1 through the TGF-β1/Smad3 path-
way. α-SMA is a marker of myofibroblasts. 
The fluorescence intensity of α-SMA in-
creased significantly after TGF-β1 interven-
tion, decreased significantly after orientin 
treatment, increased significantly after SRI-
011381 treatment, and decreased signifi-
cantly after SB431542 treatment (Fig.3B). 
Finally, ECM-related protein expression was 
assessed by Western blot. α-SMA, fibronec-
tin, Collagen I, Vimentin, MMP-2, and MMP-
9 protein levels were markedly elevated after 
TGF-β1 stimulation but declined markedly 
after orientin treatment. Compared with 
orientin intervention, protein levels were 
significantly increased after SRI-011381 
treatment and significantly decreased after 
SB431542 treatment (Fig. 3C-I), indicat-
ing that orientin improved ECM through 
the TGF-β1/Smad3 pathway. Overall, these 
experiments showed that orientin inhibited 
TGF-β1-induced FMT, reduced ECM deposi-
tion, and promoted ECM remodeling by sup-
pressing the TGF-β1/Smad3 pathway.

Orientin inhibited the BLM-activated 
TGF-β1/Smad3 pathway in mouse lung 
tissue

To further verify the protective effects 
of orientin in vivo, this study established a 
BLM-induced PF mouse model to verify the 
in vivo mechanism and treated the mice 
with pirfenidone and orientin. TGF-β1 and 
p-Smad3 protein expression increased mark-
edly after BLM induction but decreased 
significantly after pirfenidone and orientin 
treatment, with the high-dose orientin in-
tervention effect comparable to that of pir-
fenidone (Fig. 4A-C). However, after injec-
tion of SRI-011381, TGF-β1 and p-Smad3 
levels were notably raised. The protein levels 
were significantly reduced after injection 
of SB431542 (Fig. 4D-F). This indicated 
that orientin suppressed the BLM-induced 
TGF-β1/Smad3 pathway.

Orientin alleviated BLM-induced 
inflammatory injury in mouse lung tissue 
by the TGF-β1/Smad3 pathway 

HE staining showed that the lung tis-
sue structure in the bleomycin group was 
destroyed, with alveolar cavities collapsed, 
alveolar septa widened, and inflammatory 
infiltration within the alveolar cavities. The 
inflammatory score of the lung tissue in-
creased significantly. After orientin treat-
ment, inflammatory infiltration and the 
score were significantly reduced. After SRI-
011381 treatment, the alveolar space in 
lung tissue decreased, inflammatory infil-
tration increased, and the score increased. 
Lung tissue inflammation was inhibited after 
SB431542 treatment (Fig. 5A). TNF-α, IL-2, 
and IL-6 levels in BALF, and MPO (myelo-
peroxidase) activity in lung tissue, increased 
significantly after BLM stimulation and de-
creased significantly after orientin treat-
ment. Compared with orientin treatment, 
inflammatory factors and MPO levels were 
significantly increased after SRI-011381 
treatment and significantly decreased after 
SB431542 treatment (Fig. 5B-E). The trend 
of total protein content in BALF was consis-
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tent with that of inflammatory factors, in-
creasing significantly after treatment with 
BLM and SRI-011381, and decreasing sig-
nificantly after treatment with orientin and 

SB431542 (Fig.5F). In summary, orientin 
can alleviate the degree of inflammation in 
PF mice by suppressing the TGF-β1/Smad3 
pathway.

Fig. 3. Orientin inhibited TGF-β1-induced FMT and improved ECM by TGFβ1/Smad3 pathway. A: Sirius red 
staining was used to detect the type of cell collagen fibers. Red-stained collagen fibers were signi-
ficantly reduced after Orientin treatment (×20, 100 μm). B: α-SMA levels were assessed by immu-
nofluorescence. Orientin significantly reduced α-SMA fluorescence intensity (×40, 50 μm). C-I: ECM 
(extracellular matrix)-related protein expression was determined by Western blot. α-SMA, fibronectin, 
Collagen I, Vimentin, MMP-2 (matrix metalloproteinase-2), and MMP-9 (matrix metalloproteinase-9) 
levels were markedly decreased after Orientin therapy. n=3, *** p<0.001 vs Control group; ### p 
<0.001 vs TGF-β1 group; && p<0.01, &&& p<0.001 vs TGF-β1+Orientin group. TGF-β1.
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Orientin alleviated BLM-induced PF 
injury in mice through the TGF-β1/Smad3 
pathway

HYP content in lung tissue increased 
significantly after BLM stimulation and de-
creased significantly after orientin treat-
ment. Compared with orientin treatment, 
HYP content increased significantly after 
SRI-011381  treatment  and  decreased sig-
nificantly after SB431542 treatment (Fig. 
6A). Masson staining showed that the struc-
ture of lung tissue in the bleomycin  group 
was destroyed,  collagen  fibers  were  se-
verely  proliferated, and the collagen deposi-
tion area and pulmonary fibrosis score were 
significantly increased. After orientin treat-
ment, the degree of alveolar damage and 

collagen fiber hyperplasia were significantly 
reduced, and the collagen deposition area 
and pulmonary fibrosis score were signifi-
cantly reduced. After the SRI-011381 inter-
vention, collagen fiber proliferation was no-
tably elevated, and the collagen deposition 
area and PF score were markedly increased. 
After SB431542 treatment, collagen fiber 
proliferation was reduced, and the collagen 
deposition area and PF score were notably 
reduced (Fig.6B-D). α-SMA levels were con-
sistent with those in cell experiments, being 
markedly raised after BLM and SRI-011381 
treatment and significantly decreased after 
orientin and SB431542 treatment (Fig. 6E). 
Fibronectin, Collagen I, α-SMA, Vimentin, 
MMP-2, and MMP-9 expressions increased 

Fig. 4. Orientin inhibited BLM-induced activation of the TGF-β1/Smad3 pathway 65 in mouse lung tissue. A-C: 
Protein expression of the TGF-β1/Smad3 pathway was evaluated by Western blot. TGF-β1 and p-Smad3 
protein (phosphorylated SMAD family member 3) levels were markedly increased after BLM  induction, 
and significantly lowered after orientin intervention. D-F: The mice were injected with the TGF-β1/
Smad3 pathway agonist SRI-011381(N′-cyclohexyl-N-(phenylmethyl)-N-(4-piperidinylmethyl)-urea) and 
the inhibitor SB431542 (TGF-β RI Kinase Inhibitor VI) at the same time as orientin, and TGF-β1/
Smad3 pathway protein levels were determined by Western blot. p-Smad3 (phosphorylated SMAD family 
member 3) and TGF-β1 levels were significantly increased when SRI-011381 intervention, and signifi-
cantly decreased after SB431542 treatment. n=6, ***p<0.001 vs sham group; # p<0.05, ##p<0.01, 
###p<0.001 vs treatment. n=6, ***p<0.001 vs sham group; #p<0.05, ##p<0.01, ### p<0.001 vs.
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markedly after BLM stimulation but de-
creased significantly after orientin treat-
ment. Compared with orientin intervention, 
protein levels were significantly increased af-
ter SRI-011381 treatment and significantly 
decreased after SB431542 treatment (Fig. 
6F-L). These experiments showed that orien-
tin could alleviate fibrosis damage in PF mice 
by suppressing the TGF-β1/Smad3 pathway.

DISCUSSION

This study was the first to systematical-
ly evaluate the therapeutic effect of orientin 

on PF and its underlying molecular mecha-
nism. Orientin notably reduced pathological 
changes in lung tissue, inhibited FMT, im-
proved ECM, and lessened the severity of PF. 
The mechanism was closely associated with 
reducing the inflammatory response and in-
hibiting the TGF-β1/Smad3 pathway.

Myofibroblasts are absent from nor-
mal lung tissue but are important produc-
ers of collagen and other matrix proteins. 
Promoting fibroblast apoptosis and inhibit-
ing fibroblast-to-myofibroblast transforma-
tion can effectively inhibit PF 21. TGF-β1, a 
key cytokine that promotes myofibroblast 

Fig. 5. Orientin alleviated BLM-induced inflammatory injury in mouse lung tissue via the TGF-β1/Smad3 
pathway.  A: Pathological damage to lung tissue in each group was observed by HE staining. After 
BLM stimulation, alveolar cavity collapse, inflammatory cell infiltration, and inflammatory score in-
creased significantly. Orientin can inhibit lung inflammation (×20, 100 μm). B-E: TNF-α, IL-2 and 
IL-6 levels in BALF and MPO  activity in lung tissues were determined using an ELISA kit. These 
were significantly reduced after Orientin treatment. F: The total protein content in BALF was de-
termined by the BCA  (bicinchoninic acid) method, which was significantly decreased after Orientin 
treatment. n=6, *** p<0.001 vs sham group; ###p<0.001 vs the bleomycin group; &&& p<0.001 vs 
the bleomycin+orientin group. SRI-011381(N′-cyclohexyl-N (phenylmethyl)-N-(4-piperidinylmethyl)-
urea); SB431542 (TGF-β RI Kinase Inhibitor VI).
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Fig. 6. Orientin alleviated BLM-induced PF injury in mice through the TGF-β1/Smad3 pathway. A: HYP content 
in lung tissue was measured by HYP assay, and was significantly reduced after orientin treatment. B-D: 
Collagen deposition and fibrosis were analyzed by Masson-Brüch staining. After BLM stimulation, collagen 
fibers in lung tissue proliferated significantly, and the collagen deposition area and PF score increased sig-
nificantly. The collagen deposition area and pulmonary fibrosis score were markedly  reduced after orientin 
therapy (×20, 100 μm). E: α-SMA) level was evaluated by immunohistochemistry. Orientin significantly 
reduced α-SMA level (×20, 100 μm). F-L: PF-related protein levels were detected by Western blot. The levels 
of α-SMA, fibronectin, Collagen I, Vimentin, MMP-2, and MMP-9 were markedly decreased after Orientin 
intervention. n=6, *** p<0.001 vs the sham group; ### p<0.001 vs the bleomycin group; & p<0.05, 
&&p<0.01, &&&p<0.001 vs the bleomycin+orientin group. SRI-011381(N′-cyclohexyl-N-(phenylmethyl)-
N-(4-piperidinylmethyl)-urea); SB431542 (TGF-β RI Kinase Inhibitor VI).
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differentiation and collagen expression, is 
vital for the progression of PF. As our un-
derstanding of PF pathogenesis advances, 
TGF-β1 has been identified as the primary 
pro-fibrotic growth factor involved in fi-
brosis, influencing cell growth, differentia-
tion, and programmed cell death. Excess 
TGF-β1 results in collagen accumulation 
and triggers various fibrotic conditions 22. 
Therefore, this study used TGF-β1 to in-
duce fibroblasts and construct an in vitro 
PF model. The results showed that orientin 
significantly suppressed TGF-β1-activated 
proliferation and migration of HEL1 cells.

In this study, the anti-fibrosis mecha-
nism of orientin was further elucidated by 
systematically evaluating changes in key 
indicators of the TGF-β1/Smad3 pathway. 
At the ligand level, TGF-β1 is the central 
factor that initiates and maintains fibrosis, 
and its activity directly determines the se-
verity of fibrosis 23. At the level of intracel-
lular signal transduction, the phosphoryla-
tion level of Smad3 is a direct indicator of 
TGF-β1 pathway activity 24. At the effector-
molecule level, α-SMA is a specific marker 
of fibroblast activation; its expression di-
rectly reflects the activation state of fibro-
blasts. At the same time, ECM remodeling 
is an important factor in promoting the oc-
currence and development of PF. Interven-
tion in ECM remodeling can significantly 
improve excessive fibrosis in the lung 25, 26. 
Collagen I and fibronectin are major ECM 
components; their high expression can lead 
to pulmonary interstitial collagen deposi-
tion 27, 28. MMPs are collagenolytic enzymes 
that are vital to the pathophysiological pro-
cess of IPF. High expression of MMPs de-
grades the basement membrane and lung 
tissue structure, collapses the alveolar cav-
ity, aggravates lung injury, and further pro-
motes the release of TGF-β1. TGF-β1, as an 
activator of MMPs, promotes their synthesis 
and further increases MMP expression, thus 
forming a vicious circle 29. 

This study found that orientin signifi-
cantly reduced TGF-β1 and p-Smad3 levels 

in HEL1 cells after TGF-β1 stimulation, in-
dicating that orientin inhibited the TGF-β1/
Smad3 pathway and that this inhibition also 
suppressed HEL1 cell proliferation and mi-
gration. In addition, TGF-β1 significantly 
increased collagen fiber formation in HEL1 
cells and upregulated α-SMA, fibronectin, 
Collagen I, Vimentin, and MMP expression, 
suggesting that TGF-β1 notably promoted 
lung fibroblast activation, FMT, and exces-
sive ECM deposition. Orientin could inhibit 
the TGF-β1/Smad3 pathway, thereby inhib-
iting lung fibroblast activation, improving 
ECM, and alleviating the PF process. ECM 
and collagen deposition are the key patho-
logical changes that cause PF, indicating 
that Orientin improved these key pathologi-
cal changes.

PF involves a series of inflammatory 
and fibrotic reactions that ultimately lead to 
ECM deposition, fibroblast foci, and fibrotic 
areas juxtaposed with normal lung parenchy-
ma. In the early stage of IPF, the balance of 
M1/M2 macrophages is disrupted, leading 
to the secretion of inflammatory mediators 
and the recruitment of fibroblasts, which 
proliferate continuously. TNF-α, IL-1β, IL-
6, and IL-2 are key biomarkers for assessing 
the inflammatory state of lung tissue. They 
jointly promote inflammatory injury and fi-
brosis in lung tissue by recruiting, activat-
ing, and expanding inflammatory cells, and 
by regulating the immune response and tis-
sue repair processes in the development of 
PF 3. Studies have shown that orientin can 
reduce LPS-induced NF-κB phosphorylation 
in cells, thereby lowering inflammatory fac-
tors and oxidative markers17. MPO activity 
is a marker of neutrophil infiltration in lung 
tissue 30. Neutrophils release numerous tox-
ic substances during inflammation, causing 
damage to the lung parenchyma and tissue 
structure. Neutrophils are key inflamma-
tory cells that drive PF 31, 32. The most com-
monly used and well-established drug for 
inducing lung fibrosis in rats is BLM 33. In 
this study, lung tissues after BLM interven-
tion were significantly damaged, with alveo-
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lar collapse, atrophy, widened intervals, and 
inflammatory cell infiltration. In addition, 
a large number of inflammatory cytokines 
accumulated in BALF after BLM induc-
tion, and MPO activity in lung tissues was 
markedly elevated. However, inflammatory 
infiltration in the pirfenidone and orientin 
groups was significantly reduced, and the 
levels of TNF-α, IL-2, IL-6, and MPO activity 
were also significantly reduced. SRI-011381 
significantly weakened orientin’s anti-
inflammatory effects, whereas SB431542 
significantly enhanced them. This suggests 
that orientin may reduce the release of in-
flammatory factors and inflammatory infil-
tration via the TGF-β1/Smad3 axis, thereby 
slowing the PF process.

After modeling with BLM, the initial 
damage was primarily concentrated around 
the bronchioles; on the 7th day, the distal 
lung parenchyma was involved, and multi-
ple inflammatory lesions and edema were 
observed in the alveolar septa. On the 14th 
day, regional interstitial fibrosis appeared 
in the lungs, manifested as extensive col-
lagen deposition and remodeling of alveo-
lar units. These changes are considered 
to reflect similar changes in PF. Based 
on this, the model can complete the task 
of studying PF mitigation drugs. HYP is a 
unique amino acid in collagen and is one 
of the main components of collagen tis-
sue. Some data confirmed that HYP can be 
used as a reliable method for quantitative 
fibrosis4. In the BLM-induced PF rat model, 
this study, using Masson staining, observed 
that collagen fibers after BLM intervention 
were markedly proliferated, the collagen 
deposition  area  and  PF score were mark-
edly increased, and the HYP content was 
significantly increased. Collagen deposition 

in the pirfenidone and orientin groups was 
notably reduced, and the PF score and HYP 
content were significantly reduced, indicat-
ing that orientin and pirfenidone can ef-
fectively alleviate BLM-induced pulmonary 
fibrosis. Western blot experiments also con-
firmed that the expressions of fibronectin, 
Collagen I, α-SMA, Vimentin, MMP-2, and 
MMP-9 were significantly decreased after 
orientin treatment. However, SRI-011381 
significantly weakened orientin’s anti-fibro-
sis effect, whereas SB431542 significantly 
enhanced it. Therefore, orientin can inhibit 
lung fibroblast activation and reduce col-
lagen deposition in the lungs of PF mice 
via the TGF-β1/Smad3 pathway. Combined 
with the results of cell experiments, Orien-
tin can inhibit FMT through the TGF-β1/
Smad3 pathway, alleviate inflammatory re-
sponses and fibrotic damage, and thereby 
improve PF, indicating the potential of Ori-
entin as a therapeutic drug for PF.

In summary, orientin can inhibit inflam-
matory factors and FMT in a PF model, re-
duce ECM production, regulate key protein 
expression in the TGF-β1/Smad3 pathway, 
and demonstrate a clear anti-fibrotic effect. 
As a natural medicine with a wide range of 
sources and low cost, orientin has promis-
ing applications in PF treatment. This study 
provides laboratory evidence supporting the 
use of orientin as a therapeutic agent for 
PF. Follow-up studies can further explore its 
clinical translational value and provide new 
treatment options for PF patients. Although 
this study reveals the potential role of orien-
tin in PF and its molecular mechanism, dif-
ferences between rodents and humans intro-
duce uncertainty in translating the results, 
which can be further explored and verified 
using PF patient samples.



Orientin reduces pulmonary fibrosis	 257

Vol. 67(2): 241 - 259, 2026

List of abbreviations

TGF-β1 transforming growth factor-β1

Smad3 suppressor of mother against 
decapentaplegic 3

HYP hydroxyproline

FMT fibroblast to myofibroblast transition

PF pulmonary fibrosis

IPF idiopathic pulmonary fibrosis

ECM extracellular matrix

EMT epithelial-mesenchymal transition

α-SMA alpha-smooth muscle actin

MMP matrix metallopeptidase

BALF bronchoalveolar lavage fluid

TNF-α tumour necrosis factor-alpha

IL interleukin

MPO myeloperoxidase

IMP Imperatorin

BLM bleomycin
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Abstract. This study aimed to investigate the relationship between circula-
ting white blood cells (cWBC) and the risk of tonsillar and base of tongue squa-
mous cell carcinoma (TSCC/BOT SCC) using retrospective clinical data and 
Mendelian randomization (MR) analysis. A retrospective cohort of 239 TSCC/
BOT SCC patients was analyzed for cWBC subtypes and their association with 
clinicopathological variables, stratified by human papillomavirus (HPV) status. 
Blood tests, tumor staging, and immunological markers were included. For cau-
sal inference, MR analysis was performed using genome-wide association stu-
dy (GWAS) data on cWBC from the Blood Cell Consortium (UK Biobank) and 
TSCC/BOT SCC outcome data from the FinnGen consortium. Single-nucleotide 
polymorphisms (SNPs) were chosen based on genome-wide significance (p<5 × 
10⁻⁸), low linkage disequilibrium (r² < 0.001), and F-statistic >10. The inverse-
variance weighted (IVW) method was used as the primary MR approach, supple-
mented by MR-Egger, weighted median, and weighted mode analyses. The retros-
pective analysis showed significant differences in cWBC subtypes by gender, age, 
lifestyle factors, and HPV status. Notably, neutrophils (cNEU) and monocytes 
(cMON) were strongly associated with tumor stage and immune markers. MR 
analysis confirmed a causal link between total cWBC count and TSCC/BOT SCC 
risk (OR=1.516, p=0.005), with no evidence of heterogeneity or pleiotropy. No 
causal relationship was identified for cWBC subtypes or other head and neck 
squamous cell carcinoma (HNSCC) sites. This study provides the first compre-
hensive evidence supporting a causal role of elevated cWBC in the development 
of TSCC/BOT SCC. These findings indicate that cWBC may serve as a potential 
biomarker and therapeutic target in HPV-related or unrelated TSCC/BOT SCC.
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Leucocitos circulantes y riesgo de carcinoma de células 
escamosas de amígdalas y base de la lengua: un estudio 
retrospectivo y de aleatorización mendeliana.

Invest Clin 2026; 67 (2): 260 – 274

Palabras clave: Neoplasias Tonsilares; Leucocitos; Análisis de la Aleatorización  
Mendeliana; Virus del Papiloma Humano; Carcinoma de Células  
Escamosas de Cabeza y Cuello. 

Resumen. Este estudio tuvo como objetivo explorar la relación entre los leuco-
citos circulantes (LC) y el riesgo de carcinoma de células escamosas de amígdala y 
de base de la lengua (CCEA/CCEB), mediante datos clínicos retrospectivos y análi-
sis de aleatorización mendeliana (AM). Se analizó una cohorte retrospectiva de 239 
pacientes con CCEA/CCEB para determinar los subtipos de LC y su asociación con 
variables clínico-patológicas, estratificadas según el estado del virus del papiloma 
humano (VPH). Se incluyeron análisis de sangre, estadificación tumoral y marcado-
res inmunológicos. Para la inferencia causal, se realizó un análisis de AM utilizando 
datos del estudio de asociación del genoma completo (GWAS) sobre LC del Con-
sorcio de Células Sanguíneas (Biobanco del Reino Unido) y datos de resultados de 
CCEA/CCEB del consorcio FinnGen. Los polimorfismos de un nucleótido (SNP) se 
seleccionaron en función de su significancia a nivel genómico (p<5 × 10⁻⁸), bajo 
desequilibrio de ligamiento (r² <0,001) y un estadístico F >10. Se utilizó la ponde-
ración por el inverso de la varianza (IVW: Inverse Variance Weighted) como método 
principal de AM, complementado con análisis de regresión MR-Egger, mediana pon-
derada y moda ponderada. El análisis retrospectivo reveló diferencias significativas 
en los subtipos de leucocitos totales (LCt) según el sexo, la edad, los factores del 
estilo de vida y el estado del VPH. Cabe destacar que los neutrófilos y monocitos 
se asociaron fuertemente con el estadio tumoral y los marcadores inmunitarios. El 
análisis de AM confirmó una asociación causal entre el recuento total de LC y el ries-
go de carcinoma de células escamosas de la lengua/base de la vejiga (OR=1,516, 
p=0,005), sin evidencia de heterogeneidad ni pleiotropía. No se encontró ningún 
vínculo causal entre los subtipos de LC y otros sitios de carcinoma de células esca-
mosas de cabeza y cuello. Este estudio proporciona la primera evidencia integrada 
que respalda un papel causal de los LC elevados en la patogénesis del CCEA/CCEB. 
Estos hallazgos sugieren que el recuento de leucocitos en sangre periférica (LC) po-
dría servir como biomarcador y objetivo terapéutico en el carcinoma de células esca-
mosas de la lengua/base de la lengua (CCEA/CCEB), relacionado o no con el VPH.

               Received: 05-11-2025   Accepted: 19-02-2026

INTRODUCTION

The global incidence of oropharyngeal 
squamous cell carcinoma (OPSCC) has been 
gradually rising, with new cases reaching 98, 

412 in 2020 1. Smoking, alcohol consump-
tion, and human papillomavirus (HPV) in-
fection are three independent risk factors 
for its development 2. HPV- positive OPSCC 
accounts for over 70% of cases in some re-
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gions, with TSCC/BOT SCC being the most 
common subtypes 1 1,3-5. The survival rate for 
HPV- positive OPSCC is roughly twice as high 
as that for HPV- negative cases 6. Although 
treatments such as surgery, chemotherapy, 
targeted therapy, and immune checkpoint 
inhibitors (ICI) have improved outcomes to 
some extent, these tumors exhibit high het-
erogeneity, increasing incidence, rapid pro-
gression, and high rates of recurrence and 
metastasis. This highlights the urgent need 
for better stratification tools and immune- 
based biomarkers to personalize therapy and 
predict prognosis. The tumor immune mi-
croenvironment (TIME) involves continuous 
interactions between tumor cells and vari-
ous immune cells, playing a key role in can-
cer development, progression, and response 
to therapy 7. These interactions influence 
immune response, tumor cell proliferation, 
angiogenesis, and tumor recurrence and 
spread. Additionally, complex regulation oc-
curs among different immune cells and their 
cytokines within the TIME 8. The hetero-
geneity of the tumor itself can also impact 
the TIME 9. Currently, immune checkpoint 
inhibitor (ICI) therapy is increasingly used, 
utilizing immunotherapy agents to boost the 
immune system’s ability to recognize and de-
stroy malignant cells more effectively10. ICI 
therapy is considered one of the most prom-
ising approaches for Head and Neck Squa-
mous Cell Carcinoma (HNSCC) 11. It has 
significantly improved treatment outcomes 
for HNSCC and has become the standard 
first-line therapy for advanced cases. How-
ever, despite its success, many patients still 
experience disease progression, recurrence, 
and metastasis after treatment12, 13. Circulat-
ing white blood cells (cWBCs), which con-
sist of various immune cell types, reflect sys-
temic immune status and may offer insights 
into the TIME 14. Previous studies suggest 
that certain cWBC subsets, such as lympho-
cytes and monocytes, are linked to tumor 
immune surveillance, immunotherapy out-
comes, and disease prognosis 15. Nonethe-
less, the relationship between cWBCs and 

TSCC/BOT SCC, especially in the context of 
HPV infection, remains poorly understood. 
In this study, we explore the association be-
tween cWBC subtypes and TSCC/BOT SCC 
through a dual approach: retrospective clini-
cal analysis and Mendelian randomization 
(MR) to assess potential causality using ge-
nome- wide association study (GWAS) data. 
This combined analysis aims to identify reli-
able immune biomarkers and clarify the im-
munogenic mechanisms underlying TSCC/
BOT SCC pathogenesis. 

MATERIALS AND METHODS

Retrospective analysis
The clinical and pathological data of all 

patients with TSCC/BOT SCC in our hospi-
tal from July 2020 to January 2025 were col-
lected, including gender, age, smoking and 
alcohol consumption status, blood routine 
tests (counts of circulating white blood cells 
(cWBC), neutrophils (cNEU), lymphocytes 
(cLYM), monocytes (cMON), eosinophils 
(cEOS), basophils (cBAS), and derived ra-
tios such as neutrophil-to-lymphocyte ratio 
(NLR) and lymphocyte-to-monocyte ratio 
(LMR) before biopsy or radical surgery. Tu-
mor HPV-related status was also recorded, 
along with TNM staging: TI-TIV (indicating 
increasing size and/or local extent of the 
primary tumor), T stage (T1-4: tumor size 
and extent), and N stage (N0 to N3: spread 
to regional lymph nodes). The KI-67 value 
(a protein expressed in dividing cells and 
a marker for tumor cell proliferation), im-
aging stage or postoperative pathological 
stage, and Combined Positive Score (CPS) 
expression were included as well. 

Approval from the Ethics Committee 
of Beijing Tongren Hospital, Capital Medical 
University, was obtained prior to data collec-
tion and analysis (Approval no. TREC2022-
KY018.R1). 

The retrospective data of patients aged 
≥18 years of both genders were retrieved by 
passing the following criteria: pre-biopsy/
radical surgery and routine blood tests con-
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ducted at the host institute; pathological 
confirmation of TSCC/BOT SCC; available 
HPV and CPS data; no history of other ma-
lignancies or immunologic diseases, and no 
recent infection or anti-infective therapy.

The exclusion criteria included: patients 
under 18 years old; TSCC/BOT SCC treated 
at other institutions or hospitals; missing 
records of pre-biopsy or radical surgery; no 
routine blood tests performed at the host 
hospital; prior induction therapy before radi-
cal surgery elsewhere; recent infection or on-
going anti-infective therapy; history of other 
cancers or immunologic disorders; and use 
of hormonal drugs, anti-infective agents, or 
traditional medicine before blood collection. 

The patients were divided into two 
groups based on the HPV status of TSCC/
BOT SCC. Differences in cWBC were com-
pared between the two groups, accounting for 
factors such as gender and age. Subsequently, 
subgroup analyses were performed within the 
HPV-positive and HPV-negative groups to as-
sess differences in these indicators. 

Mendelian Randomization
Sources of GWAS data for cWBC  
and HNSCC

The cWBC exposure data were obtained 
from the Blood Cell Consortium (BCX) me-
ta-analysis (UKBB cohort, N=562,243) 16. 

The details of the GWAS data used in this 
study were obtained from the FinnGen data-
base (https://www.finngen.fi/en) 17 and are 
presented in Table 1. 

Fig. 1 shows the MR framework used 
to explore the causal link between cWBCs 
and specific head and neck cancers. GWAS 
summary statistics for cWBCs served as the 
exposure data, while outcome data were ob-
tained from GWAS datasets for tonsillar and 
base-of-tongue cancers, along with other 
head and neck cancer subsites, including 
hypopharyngeal, nasal, oral, and nasopha-
ryngeal cancers. This method allows for the 
assessment of potential causal effects while 
reducing confounding and reverse causality.

Selection of genetic instruments
We identified SNPs strongly associated 

with the exposure, applying a genome-wide 
significance threshold of p < 5 × 10⁻⁸. To 
control for linkage disequilibrium, we ap-
plied stringent clumping parameters (r² < 
0.001 within a 10,000-kb window). Palin-
dromic SNPs with ambiguous allele frequen-
cies were excluded to prevent strand mis-
alignment. Additionally, we filtered out weak 
instruments by calculating the F-statistic 
(β²/SE²) for each SNP-exposure association, 
retaining only those with F > 10 to ensure 
robust instrument strength 18. 

Table 1. Information of summary level genome-wide association study (GWAS) used in this study.

Phenotype GWAS ID / Name  Sample size*

Patients Controls 

Malignant cancer  
of the tonsil and base  
of the tongue

Finngen_R12_C3_Malignant cancer of tonsil  
and base of tongue

813 378,749

Hypopharyngeal cancer Finngen_R12_C3_Malignant neoplasm of hypopharynx 124 378,749

Nasal cavity and sinus 
cancer

Finngen_R12_C3_Malignant neoplasm of the nasal 
cavity and sinuses

345 378,749

Oral cancer Finngen_R12_C3_Malignant neoplasm of the oral 
cavity

1,614 378,749

Nasopharyngeal cancer Finngen_R12_C3_Malignant neoplasm of nasopharynx 152 378,749

*All other cancers were excluded except the selected type. Controls against each type of cancer in the patients 
column.
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MR analysis
Four MR methods were used: inverse-

variance weighted (IVW), MR-Egger, weighted 
median, and weighted mode. The IVW meth-
od served as the main approach to estimate 
the causal effect. By thoroughly considering 
the effects and precisions of multiple SNPs, 
the IVW method provided a solid estimate 
of causality. Additionally, other methods like 
MR-Egger, weighted median, and weighted 
mode were also employed in the analysis. If 
the statistically significant results from IVW 
did not agree with those from the other meth-
ods, such as MR-Egger, weighted median, and 
weighted mode, we compared the effect esti-
mates (β and OR) across methods to evalu-
ate the size and direction of the differences. 
Heterogeneity and horizontal pleiotropy were 
checked using the IVW and MR-Egger tests. A 
p-value above 0.05 for Cochran’s Q-statistic 
(in MR-IVW) and Rucker’s Q-statistic (in MR-
Egger) suggested no heterogeneity in the MR 
analysis 19. Additionally, MR-Egger could iden-
tify and assess potential pleiotropy through 
the MR-Egger intercept test 20. If pleiotropy 
was detected, the MR results were considered 
invalid. 

Statistical analysis
For the retrospective analysis, R soft-

ware (version 4.3.1; R Foundation for Sta-
tistical Computing, Vienna, Austria) was 
used. Non-parametric tests were employed 
to compare quantitative variables: the Wil-
coxon rank-sum test for two independent 
samples and the Kruskal-Wallis test for mul-
tiple samples. The chi-square test was used 
to compare proportions (rates), and analysis 
of variance (ANOVA) was used to compare 
continuous variables across groups. Statisti-
cal significance was defined as a two-sided 
p-value<0.05. MR analyses were performed 
using the TwoSampleMR software (version 
0.5.11) in R (version 4.3.1). To rigorously 
evaluate the causal relationship, false discov-
ery rate (FDR) correction was applied to the 
final results. A corrected p-value<0.05 was 
considered to indicate a statistically signifi-
cant result. 

RESULTS

Patient Baseline Characteristics
A total of 239 patients with TSCC/BOT 

SCC were included. Demographic and clini-
cal characteristics are summarized in Table 
2. In terms of gender distribution, there 
were 203 male patients, accounting for 
84.94%. Regarding age, 206 patients were 
under 50 years old, making up 86.19%. Con-
cerning lifestyle habits, 149 patients had a 
history of smoking or drinking, represent-
ing 62.34%, while 77 patients had no such 
habits, accounting for 32.22%. For HPV in-
fection status, 150 patients were HPV-pos-
itive, constituting 62.76%, and 89 patients 
were HPV-negative, representing 37.24%. 
In tumor staging, T2 was the most com-
mon (40.17%), while N2 (43.10%) and N3 
(33.47%) were the predominant N stages. 
TNM stage IV accounted for 25.10%. Regard-
ing the immunohistochemical index Ki-67 
expression level, the largest group had val-
ues >70, with 116 cases, or 48.54%. The 
distribution of CPS scores was as follows: 48 
patients scored 1-10 (20.08%), 44 patients 

Fig. 1. Mendelian Randomization framework used 
to investigate the relationship between cir-
culating white blood cell subtypes and site-
specific head and neck cancers.
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scored 11-59 (18.41%), 23 patients scored 
60-99 (9.62%), and 6 patients scored less 
than 1 (2.51%). 

Correlation between cWBC and clinico-
pathological characteristics

In the overall cohort, circulating white 
blood cell subtypes (cWBC, cNEU, cEOS, 
cMON, and cLMR) were significantly asso-
ciated with demographic and clinical vari-
ables, as shown in Fig. 2. Gender differenc-
es were particularly notable in cMON and 
cLMR (p<0.001). Smoking and drinking 
habits were significantly linked to cWBC, 
cMON, and cEOS levels (p<0.001). Addi-
tionally, cNEU and cNLR were associated 
with T-stage (p<0.05 and p<0.01, respec-
tively), whereas cMON differed across CPS 
score groups (p<0.05). In the HPV-positive 
subgroup (n=150), gender had a significant 
impact on cMON and cLMR (p<0.001), with 
significant differences also observed in cEOS 
levels (p<0.01). Smoking and drinking were 
associated with higher cWBC (p<0.01) and 
cMON (p<0.001), while cNEU varied signifi-
cantly with TNM stage (p<0.05). For the HPV-
negative subgroup (n=89), gender-related 
differences were found in cMON (p<0.05), 
and smoking/drinking were linked to cMON 
(p<0.05) and cEOS (p<0.01). T-stage was 
associated with variations in cLYM and cNLR 
(p<0.05), and cMON showed differences 
across CPS score categories (p<0.05). 

MR analysis
IVW analysis revealed a significant posi-

tive association between cWBC and TSCC/
BOT SCC risk (β=0.416, OR=1.516, 95% 
CI=1.189-1.935, P/FDR=0.005). Although 
cMON showed a positive trend (β=0.254, 
OR=1.289, P/FDR=0.018), results were 
excluded due to significant horizontal plei-
otropy (p<0.05). No statistically significant 
associations were observed between other 
cWBC subtypes and TSCC/BOT SCC or 
other HNSCC subsites. These findings are 
shown in Fig. 3. 

Table 2. Baseline characteristics of all included 
oropharyngeal squamous cell carcinoma patients.

Characteristics Patients (N=239) Percentage 

Gender

     Male 203 84.94

     Female 36 15.06

Age

     ≤50 33 13.81

     >50 206 86.19

Smoking or Drinking

     No 77 32.22

     Yes 149 62.34

     NA 13 5.44

HPV status

     Positive 150 62.76

     Negative 89 37.24

T Stage

     1 43 17.99

     2 96 40.17

     3 54 22.59

     4 46 19.25

N Stage

     1 54 22.59

     2 103 43.1

     3 80 33.47

     4 2 0.84

TNM Stage

     I 84 35.15

     II 57 23.85

     III 38 15.9

     IV 60 25.1

Ki-67

     10-39 27 11.3

     40-69 71 29.71

     >70 116 48.54

     NA 25 10.46

CPS

     1-10 48 20.08

     11-59 44 18.41

     60-99 23 9.62

     <1 6 2.51

     NA 118 49.37

NA: Not available (data missing); HPV: human papillo-
ma virus; TNM system stages cancer; T stage: tumor 
stage; N stage: Node stage; Ki-67: proliferation index; 
CPS: Combined Positive Score.
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Table 3 shows the results of heteroge-
neity and horizontal pleiotropy tests for the 
MR estimates. For the association between 
WBC and TSCC/BOT SCC, neither the het-
erogeneity nor the horizontal pleiotropy 
tests were statistically significant (p>0.05 
for both). In contrast, the horizontal pleiot-
ropy test for the association between MON 
and TSCC/BOT SCC was statistically signifi-
cant (p<0.05). 

DISCUSSION

Globally, the proportion of HPV-positive 
OPSCC has increased significantly. The cu-
mulative risk of OPSCC is 0.21% in males 
and 0.05% in females, with a significantly 
higher proportion of male patients than fe-
male patients 1. In this study, HPV-positive 

patients accounted for 62.76%, with males 
making up 84.94%, consistent with the 
global epidemiological trend in OPSCC. The 
biological behavior of HPV-positive OPSCC 
differs markedly from that of HPV-negative 
OPSCC. Systemic inflammatory markers 
have become reliable prognostic tools in 
HNSCC, reflecting the dynamic interaction 
between tumor biology and host immunity. 
HPV-positive OPSCC shows strong immune 
cell infiltration, better treatment response, 
and improved prognosis 21-22. Notably, circu-
lating leukocyte levels differ significantly be-
tween HPV-positive and HPV-negative cases, 
with variations in immune cell types poten-
tially indicating differences in the tumor im-
mune microenvironment (TIME) between 
these groups. These distinct immune states 
may influence the effectiveness of immuno-
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Fig. 2. Association between circulating white blood cell subtypes with demographic and clinical variables.
cWBC: circulating white blood cell; cNEU: neutrophils; cLYM: lymphocytes; cMON: monocytes; cEOS: 
eosinophils; cBAS: basophils; NLR: neutrophils-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte 
ratio; TNM: system stages cancer; T stage: tumor stage; N stage: Node stage; Ki-67: proliferation in-
dex; CPS: Combined Positive Score; HPV: Human Papilloma Virus.
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Fig. 3. Associations between circulating white blood cell (cWBC) subtypes and Tonsillar Squamous Cell Car-
cinoma and Base of Tongue Squamous Cell Carcinoma (TSCC/BOT SCC) or other Head and Neck 
Squamous Cell Carcinoma (HNSCC) subsites.   cNEU: neutrophils; cLYM: lymphocytes; cMON: mono-
cytes; cEOS: eosinophils; cBAS: basophils; LMR: lymphocyte-to-monocyte ratio; HPV: Human Papillo-
ma Virus; IVW: Inverse variance weighted; MR-Egger: Mendelian randomization.
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Table 3. Results of Mendelian Randomization heterogeneity and horizontal pleiotropy.

Exposure Outcome
Heterogeneity Pleiotropy

Method Q Q_pval Egger_intercept se pval

cWBC Tonsil and base of  
tongue cancer

MR-Egger 491.095 0.177
0.008 0.006 0.187

IVW 492.95 0.17

cMON Tonsil and base of  
tongue cancer

MR-Egger 468.766 0.597
0.009 0.005 0.045*

IVW 472.802 0.558

cLYM Tonsil and base of  
tongue cancer

MR-Egger 457.389 0.688
0.002 0.006 0.732

IVW 457.506 0.699

cLYM Hypopharyngeal  
cancer

MR-Egger 432.64 0.914
0.013 0.011 0.208

IVW 434.231 0.91

cEOS Hypopharyngeal  
cancer

MR-Egger 427.628 0.482
0.03 0.011 0.007*

IVW 435.049 0.397

cNEU Hypopharyngeal  
cancer

MR-Egger 382.328 0.705
-0.002 0.011 0.893

IVW 382.346 0.717

cBAS Nasal cavity and 
paranasal sinuses cancer

MR-Egger 215.195 0.093
0.009 0.013 0.471

IVW 215.789 0.097

cLYM Nasal cavity and 
paranasal sinuses cancer

MR-Egger 481.968 0.39
-0.007 0.009 0.425

IVW 482.615 0.395

cNEU Nasal cavity and 
paranasal sinuses cancer

MR-Egger 462.155 0.014*
0.002 0.01 0.826

IVW 462.211 0.016*

cBAS Nasopharyngeal cancer MR-Egger 152.792 0.975
0.032 0.019 0.088

IVW 155.731 0.967

cWBC Nasopharyngeal cancer MR-Egger 452.706 0.638
-0.002 0.013 0.886

IVW 452.727 0.65

cMON Nasopharyngeal cancer MR-Egger 409.642 0.988
-0.003 0.01 0.789

IVW 409.713 0.989

cLYM Nasopharyngeal cancer MR-Egger 462.862 0.634
-0.001 0.013 0.925

IVW 462.871 0.646

cNEU Nasopharyngeal cancer MR-Egger 395.543 0.525
0 0.014 0.982

IVW 395.544 0.539

cWBC Oral cavity cancer MR-Egger 438.241 0.79
-0.001 0.004 0.716

IVW 438.373 0.798

cLYM Oral cavity cancer MR-Egger 532.671 0.032*
-0.001 0.004 0.815

IVW 532.733 0.034*

cNEU Oral cavity cancer MR-Egger 376.332 0.765
-0.005 0.004 0.267

IVW 377.566 0.762

cWBC: circulating white blood cell; cNEU: neutrophils; cLYM: lymphocytes; cMON: monocytes; cEOS: eosinophils; 
cBAS: basophils; IVW: Inverse variance weighted; MR-Egger: Mendelian randomization Egger Regression. *p<0.05.
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therapy. This study found that cWBC, cNEU, 
and cEOS had significant differences across 
various genders, ages, smoking/drinking 
habits, and tumor stages. In particular, 
among HPV-positive patients, cMON and 
cLMR exhibited notable differences. Previ-
ous research has demonstrated that HPV can 
modulate the immune microenvironment to 
promote tumorigenesis and progression23. 
Lower lymphocyte counts and reduced LMR 
are associated with poorer outcomes. A sys-
tematic review involving 5,234 HNSCC pa-
tients revealed that higher LMR (≥4) was 
linked to better overall survival (HR = 1.36) 
and disease-free survival (HR = 0.94) 24.

This threshold effect likely reflects a 
balance between lymphocyte-driven immune 
surveillance and monocyte-derived tumor-
associated macrophage recruitment, which 
fosters immune evasion. 

Circulating leukocyte subtypes such as 
cMON and cNEU are closely linked to im-
mune suppression and angiogenesis in the 
TIME 25, and they may work together to sup-
port tumor growth. Notably, cNEU are the 
most common circulating leukocytes 26. 
However, their levels show significant varia-
tion across different tumor stages (T/TNM 
stage), which could indicate different func-
tions during disease progression in TSCC/
BOT SCC. Research shows that cNEU display 
high plasticity within the TIME, with their 
roles changing based on tumor stage and 
microenvironmental factors. Especially in 
advanced tumor stages, cNEU may encour-
age tumor growth through mechanisms like 
promoting new blood vessel formation and 
suppressing immune responses 27. In colorec-
tal cancer studies, increased neutrophil lev-
els are linked to disruptions in the intestinal 
microbiota and facilitate peritoneal metas-
tasis of colorectal cancer by interacting with 
tumor cells 28. Additionally, higher pretreat-
ment neutrophil counts and NLR have been 
repeatedly confirmed as independent indica-
tors of poorer overall survival (OS) and dis-
ease-free survival (DFS) in meta-analyses in-
volving over 10,000 patients 29. The observed 

correlation between cNEU and tumor stage 
in this study likely reflects their dynamic 
contribution to tumor progression. 

Whether cWBC is causally associated 
with the occurrence of HNSCC, particular-
ly with TSCC/BOT SCC, we conducted an 
MR analysis. The IVW method demonstrat-
ed a robust positive association between 
cWBC and TSCC/BOT SCC risk (β=0.416, 
OR=1.516, P/FDR=0.005), with consistent 
results across MR-Egger and weighted me-
dian methods (no evidence of heterogeneity 
or pleiotropy, p>0.05). In contrast, cMON 
associations were confounded by horizon-
tal pleiotropy (p<0.05), limiting causal 
inference. This finding is consistent with 
previous studies, and cWBC is captured by 
tumour tissues to become infiltrating leu-
kocytes that promote tumour progression 
30. The absence of significant associations 
between cWBC and other HNSCC subsites 
in our MR analysis may reflect the anatomi-
cal and biological heterogeneity of HNSCC, 
which could differentially influence im-
mune cell recruitment and function. ICI 
therapy involves the binding of anti-pro-
grammed cell death protein 1 (PD-1)/pro-
grammed cell death ligand 1 (PD-L1) anti-
bodies to induce autologous immune cells 
to kill tumors 31. It has demonstrated sig-
nificant efficacy across multiple advanced 
tumor types, with some patients achieving 
durable responses 32. The role of cWBC in 
immunotherapy has also been supported by 
several studies. The PD-L1 status of cWBC 
is associated with PD-L1 expression in im-
mune cells within the TIME 33, 34. In melano-
ma patients, the efficacy of ICI therapy cor-
relates with an adequate number of cLYM 35. 
Studies have also found that the efficacy of 
ICI therapy is significantly associated with 
baseline cWBC and their subtypes (such 
as LYM and MON), where higher baseline 
cLYM is associated with better treatment 
responses and longer progression-free sur-
vival, while higher cNEU is associated with 
poorer prognosis 36, 37. Incidental immune-
related adverse events (irAEs) during im-
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munotherapy are also associated with cWBC 
and their subtypes. Baseline cNEU, cLYM, 
cMON, and cEOS, baseline platelet counts, 
and increases in cWBC, cLYM, and cEOS 
during follow-up are all associated with an 
increased risk of irAEs 38-40. Collectively, our 
data support a dual role for cWBC in TSCC/
BOT SCC: they may contribute to tumor ini-
tiation and progression while concurrently 
modulating responses to immunotherapy. 
Clinically, CPS levels are typically used as 
a surrogate for PD-1 expression. Therefore, 
this study analyzed the differences between 
CPS expression and cWBC. Unfortunately, 
CPS was not detected in some patients. 
To exclude differences in detection results 
between our institution and other institu-
tions, only patients with CPS expression 
detected in our hospital were included, 
resulting in many patients being recorded 
as having no CPS expression values. The re-
sults showed that different CPS expression 
levels were only associated with cMON in all 
patients and HPV-negative patients, but no 
differences were observed in cWBC or their 
subtypes in HPV-positive patients, further 
indicating the heterogeneity of tumor cells 
under different HPV infection statuses. Ad-
ditionally, studies have found that retinoic 
acid secreted by tumor tissues can induce 
MON to differentiate into immunosuppres-
sive tumor-associated macrophages (TAMs), 
thereby inhibiting the efficacy of immu-
notherapy 41. TAMs and dendritic cells, a 
monocyte subset, may also indirectly pro-
mote tumor progression, which may explain 
the different prognoses of HPV-negative and 
HPV-positive tumors due to differences in 
immune cells 42. This study has some limi-
tations. First, its focus on TSCC/BOT SCC 
may limit the generalizability of findings to 
other OPSCC subsites. The retrospective 
design introduces potential confounding 
due to unmeasured clinical variables, such 
as treatment history. Additionally, the rela-
tively small sample size in the HPV-negative 
subgroup may reduce the statistical power 
of subgroup analyses. Furthermore, lifestyle 

factors such as diet and environmental ex-
posures, which were not assessed, could in-
dependently influence the observed associ-
ations between circulating white blood cells 
and tumor characteristics. Future research 
should further expand the sample size and 
incorporate more potential confounding 
factors to comprehensively evaluate the as-
sociations between cWBC and TSCC/BOT 
SCC. In-depth investigations using single-
cell sequencing technology may help reveal 
the specific mechanisms of action of differ-
ent WBC subtypes in the TIME. Finally, ex-
ploring the potential of cWBC as biomark-
ers and therapeutic targets for TSCC/BOT 
SCC will provide new insights for clinical 
diagnosis and treatment. 

This study demonstrates a causal link 
between elevated cWBC and the risk of 
TSCC/BOT SCC through combined ret-
rospective and Mendelian randomization 
analyses. Significant associations between 
cWBC subtypes and tumor characteristics, 
especially in HPV-positive cases, underscore 
their potential role in tumor progression 
and immune regulation. The findings indi-
cate that cWBC may serve as non-invasive 
biomarkers for risk assessment and treat-
ment stratification. Further research is 
necessary to validate these results and in-
vestigate underlying mechanisms in larger, 
prospective cohorts.
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Abstract. The aim was to investigate the effects of gavage exposure to 
nanoplastics (NPs) on cognitive decline and depression-like behavior was in-
vestigated in mice subjected to chronic unpredictable mild stress (CUMS). 
BALB/c mice were randomly assigned to four experimental groups: Control 
(Ctrl), nanoplastics (NPs), Mod (subjected to CUMS), and NPs+Mod (nano-
plastics + CUMS). We evaluated the role of the brain-derived neurotrophic fac-
tor (BDNF) and its receptor, the tyrosine kinase receptor B (TrkB), signaling 
pathway in the hippocampus of mice. Behavioral assessments included the su-
crose preference test, the open field test, the forced swim test, and the Morris 
water maze. Nissl staining was used to assess hippocampal neuronal morphol-
ogy. BDNF and TrkB mRNA levels and protein expression in the hippocampus 
were measured by qPCR and Western blotting, respectively. Mice in the NPs, 
Mod, and NPs+Mod groups showed reduced body weight, lower sucrose pref-
erence, poorer performance in the open field test, and prolonged immobility 
in the forced swim test. Additionally, there was a reduction in hippocampal 
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Efectos neurotóxicos de la exposición a nanoplásticos sobre  
el comportamiento similar a la depresión y la función cognitiva  
en ratones sometidos a estrés crónico leve impredecible.

Invest Clin 2026; 67 (2): 275 – 288

Palabras clave: Nanoplásticos; Microplásticos; Nanopartículas; BDNF/TrkB; Estrés 
Crónico; Comportamiento similar a la depresión; Hipocampo.

Resumen. En el presente estudio se evaluó el impacto de la exposición a 
nanoplásticos sobre el deterioro cognitivo y el comportamiento depresivo en 
ratones sometidos a estrés moderado crónico e impredecible (CUMS). Ratones 
BALB/c fueron asignados aleatoriamente a cuatro grupos experimentales: Con-
trol (Ctrl), nanoplásticos (NPs), Mod (sometidos a CUMS) y NPs+Mod (nanoplás-
ticos + CUMS). Se determinó el papel del factor de crecimiento derivado del ce-
rebro (BDNF) y su vía de señalización a través del receptor de la tirosina quinasa 
B (TrkB) en el hipocampo. Las pruebas de comportamiento incluyeron la prueba 
de preferencia por la sacarosa, la actividad motora en campo abierto, el nado for-
zado y el laberinto de Morris. Se evaluaron la morfología neuronal y la expresión 
de BDNF y TrkB mediante técnicas de PCR cuantitativa y Western blot. La expo-
sición a los nanoplásticos, así como el estrés crónico, indujeron una disminución 
de la actividad en las pruebas de conducta. Además, se observó una disminución 
de las neuronas del hipocampo y de la memoria espacial en ambos tratamientos. 
La combinación de estrés crónico y la exposición a los nanoplásticos tuvo un 
efecto sumativo sobre las pruebas conductuales y cognitivas, así como sobre la 
expresión de BDNF y del receptor Trak B. En conclusión, la exposición a los nano-
plásticos tiene efectos neurotóxicos que pueden potenciar los efectos del estrés 
crónico a nivel cognitivo y conductual. Dichos efectos se mediaron mediante la 
supresión de la vía de señalización de BDNF y del receptor TrkB en el hipocampo.
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neurons and deficits in spatial learning and memory compared with the con-
trol group. BDNF mRNA and TrkB protein levels were decreased. Compared 
with the Mod group, the NPs+Mod group exhibited increased depression-like 
behaviors and cognitive impairments, greater hippocampal neuronal damage, 
and further reductions in BDNF and TrkB mRNA and protein levels. In conclu-
sion, NP exposure has neurotoxic properties that can exacerbate CUMS-induced 
depression-like behavior and cognitive deficits, likely by further suppressing the 
hippocampal BDNF/TrkB signaling pathway.

INTRODUCTION 

Nanoplastics (NPs), an emerging class 
of environmental contaminants, are attract-
ing increasing attention due to their poten-
tial health hazards. Owing to their minute 

size, NPs can cross biological barriers, dis-
tribute widely throughout the organism, 
and adversely affect various physiological 
functions, including entry into the nervous 
system 1. Accumulating evidence from ex-
perimental studies shows that exposure to 
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NPs can lead to heightened anxiety and de-
pression-like phenotypes in animals 2. While 
direct human epidemiological data linking 
NPs to specific mental health disorders re-
main limited, these controlled experimen-
tal models are critical because they provide 
a practical tool to elucidate the underlying 
neurotoxic mechanisms. For example, they 
allow precise dose control, detailed patho-
logical examination, and the isolation of 
causal pathways that are not feasible in hu-
man studies. On the other hand, depression 
is a debilitating mental disorder character-
ized by low mood and significant impair-
ments in cognition and motivation, repre-
senting a major public health concern 3,4. 
Given unavoidable human exposure to plas-
tic pollution, it is imperative to employ such 
experimental approaches to comprehensive-
ly investigate the impact of NPs on mental 
health, specifically their mechanisms for dis-
rupting emotional regulation and cognitive 
function under conditions such as chronic 
unpredictable mild stress (CUMS) 5.

The hippocampus is a crucial brain 
region that regulates emotional responses 
and cognitive functions, and its dysfunction 
has been implicated in the pathogenesis of 
related disorders 6. The “neuronal damage 
hypothesis” of depression posits that an in-
sufficiency of neurotrophic factors plays a 
pivotal role in pathological changes within 
the hippocampus and in the pathogenesis of 
the disorder 7. These neurotrophic factors 
are vital for neuronal survival and synaptic 
plasticity. Chief among them is brain-derived 
neurotrophic factor (BDNF), which, by bind-
ing to its receptor, the tyrosine kinase recep-
tor B (TrkB), activates a critical signaling 
pathway for neuronal growth, development, 
and maintenance 8. Disruption of the BDNF/
TrkB signaling pathway can impair neuronal 
function, thereby adversely affecting emo-
tional regulation and cognitive capabilities.

This study aims to investigate the com-
bined neurotoxic effects of NPs and CUMS 
in mice, with a specific focus on depression-
like behaviors and cognitive deficits. The 

effects were evaluated using a battery of 
behavioral tests, histopathological examina-
tions, and molecular biological techniques. 
Furthermore, the study analyzes the involve-
ment of the BDNF/TrkB signaling pathway 
in these processes, thereby providing a sci-
entific basis for understanding the mecha-
nisms underlying NPs-induced neurotoxicity 
and informing the development of potential 
intervention strategies. 

MATERIALS AND METHODS

Experimental animals
We purchased a total of thirty-two fe-

male BALB/c mice. They were SPF-grade and 
6 to 8 weeks old. The overall body weight of 
the mice was approximately 20-25 grams. 
The mice were obtained from the Hubei 
Provincial Research Center for Laboratory 
Animals (animal qualification certificate no. 
42000600056335). The animal room’s envi-
ronmental parameters were set to maintain 
a temperature of 24-26°C and a humidity of 
45-50%. Additionally, a 12-hour light/dark cy-
cle was implemented. Mice had unrestricted 
access to food and water. This study was ap-
proved by the Ethics Committee of Hubei Uni-
versity of Science and Technology (Approval 
Certificate ID: HBUST-IACUC-2024-11-010), 
which is available upon request.

Reagents and kits
Polystyrene nanoparticles (PS-NPs) 

with a diameter of 25 nm were obtained 
from Zhongke Leiming Technology Co., Ltd. 
(Product No. PS000025). The Nissl stain-
ing solution was obtained from Shanghai 
Biyuntian Biotechnology Co., Ltd. (Product 
No. C0117). For RNA extraction, we used a 
kit from Shenzhen Dakewei Biotechnology 
Co., Ltd. (Product No. 8034111). The quan-
titative PCR (qPCR) kit was obtained from 
Beijing Quanshijin Biotechnology Co., Ltd. 
(Product No. Q601-02). Furthermore, anti-
bodies against BDNF and TrKB were obtained 
from Abcam, USA (Product Nos. ab108319 
and ab187041).
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Fig. 1. Neurobiological effects of NPs on stressed mice.   A: Scientific hypothesis of the study. B: Experimental 
groups and treatment protocol.

The equipment used in this research in-
cluded the following: EthoVision XT Version 
12.0 by Noldus (Netherlands) for record-
ing neurobehavioral data in experimental 
animals; an Olympus dp73 biological mi-
croscope (Japan); a Leica RM2245 paraffin 
microtome (Germany); a Sartorius BAS124S 
electronic balance (Germany); a Sanyo MDF-
U53V ultra-low-temperature freezer operat-
ing at -80 °C (Japan); an Eppendorf 5415R 
low-temperature centrifuge (Germany); a 
BioTek Epoch microplate reader (USA); a 
Bio-Rad CFX Connect real-time PCR system 
(USA); and a Bio-Rad PowerPac Basic system 
for Western blot electrophoresis (USA).

Animal grouping and modeling
After a week of adaptive feeding, 32 

BALB/c mice were randomly assigned to 
four groups (n=8 per group): the control 
group (Ctrl), the nanoplastics group (NPs), 
the model group (Mod), and the combined 
nanoplastics and model group (NPs+Mod). 
The NPs and NPs+Mod groups received oral 
gavage with NPs (5 mg/kg/d, 10 μL/g) 9, 
whereas the Mod and NPs+Mod groups un-
derwent CUMS to establish a depression 
model. Mice in the Ctrl group received an 

equivalent volume of 0.9% sodium chloride 
solution via gavage.

The CUMS protocol for the Mod and 
NPs+Mod groups consisted of a variety of 
unpredictable mild stressors applied over 4 
weeks 10. The stressors included tail clamp-
ing for 10 minutes, a 24-hour fast, a 24-hour 
water deprivation, inversion of the circadian 
rhythm, overnight light exposure, place-
ment in an empty cage for 12 hours, contact 
with damp bedding for 12 hours, cage shak-
ing for 15 minutes, foot shocks for 15 min-
utes, stroboscopic lighting for 10 minutes, 
refrigeration for 10 minutes, and swimming 
in cold water at 10°C for 10 minutes. Mice 
experienced 1-2 stressors each day, with the 
type of stressor varying daily to avoid repeti-
tion and ensure variability over a three-day 
period. One or two different stressors were 
applied daily in a random order to prevent 
habituation. The experimental design is 
shown in Fig. 1.

General condition inspection
The eating patterns, fur quality, and 

body weight of mice were monitored before 
the first exposure and after the final expo-
sure to the experimental protocol.
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Behavioral testing
Sucrose preference test experiment

Before this experiment commenced, 
mice underwent a 3-day training phase that 
included sucrose water. Each cage contained 
two identical bottles in appearance and vol-
ume, which were rotated every 12 hours to 
prevent the formation of a routine memory. 
On the first day, each bottle was filled with a 
1% sucrose solution. The next day, one bottle 
was replaced with an equivalent amount of 
distilled water. By the third day, the mice 
were denied access to any food or water. The 
evaluation took place on the fourth day, when 
each cage received one bottle of distilled wa-
ter and another containing the 1% sucrose 
solution. After 24 hours, the weights of the 
bottles (in grams) were recorded. Sucrose 
solution and water consumption were deter-
mined by measuring the weight loss of each 
bottle. The sucrose preference rate (%) was 
calculated as: sucrose solution consumption 
/ (sucrose solution consumption + water 
consumption) × 100%, which indicated the 
proportion of sucrose solution consumed by 
each group of mice prior to and following 
the final exposure.

Open field test
After the final NP administration, mice 

were placed at the center of an open-field re-
action chamber measuring 100 cm in length, 
100 cm in width, and 40 cm in height. At 
the same time, video recording and timing 
were started, and behavior was recorded for 
5 minutes. The experimental data were col-
lected and analyzed using EthoVision XT 
Version 13.0 software.

Forced swim test
Mice were placed in a clear acrylic cylin-

der, 50 cm high and 30 cm in diameter, filled 
with water to a depth of 30 cm at a tempera-
ture of (24±2) °C. Each mouse was carefully 
positioned upright in the water, ensuring 
that its limbs did not touch the bottom of the 
cylinder as it struggled and swam. The first 2 
minutes were not timed, and the duration of 

immobility during the subsequent 4 minutes 
was measured. Immobility was defined as the 
state in which mice ceased struggling and 
made only minimal movements necessary to 
keep their heads above water. Following the 
swimming session, the animal was swiftly re-
moved from the water, dried, and placed in a 
warm setting.

Morphological detection
After the final NPs administration, mice 

were anesthetized intraperitoneally with 
1% sodium pentobarbital (40 mg/kg) and 
placed in a supine position on the surgical 
table. An incision was made in the chest cav-
ity to expose the heart, and an infusion nee-
dle was carefully inserted 5-6 mm into the 
cardiac apex, aligned with the heart’s axis. 
Once perfusion commenced, the right atri-
um was cut. The blood vessels were quickly 
flushed with 50 mL of warm physiological sa-
line, followed by fixation perfusion with 450 
mL of pre-cooled 4% paraformaldehyde. The 
whole brain was then removed and immersed 
in the same fixative for an additional 6 to 12 
hours. Following standard paraffin embed-
ding procedures, sections approximately 5 
μm thick were prepared. These sections were 
stained with Nissl for 10 minutes to 1 hour, 
rinsed with double-distilled water, differenti-
ated with 70% alcohol, dehydrated through 
a graded alcohol series, cleared with xylene, 
and finally mounted. Morphological altera-
tions in hippocampal neurons were exam-
ined under an optical microscope and docu-
mented for archival records.

Cognitive function assessment
This study used the Morris water maze, 

a widely recognized method for assessing 
spatial learning and memory in rodents. The 
apparatus consisted of a cylindrical water 
tank with a diameter of 100 cm and a depth 
of 20 cm, maintained at a water temperature 
of 24±2 °C. The tank was artificially divided 
into four quadrants: northeast (NE), south-
east (SE), northwest (NW), and southwest 
(SW). The escape platform was positioned at 
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the center of the SE quadrant, submerged 1 
cm below the water’s surface.

During the spatial acquisition phase, 
mice were placed in the water, facing the 
wall, at one of four designated starting points 
(N, E, S, W) and allowed to locate the hidden 
platform in the southeast quadrant. After the 
final trial, the swimming routes of mice from 
the different experimental groups, as well as 
the time spent in the target quadrant, were 
recorded. The experimental data were then 
collected and analyzed using EthoVision XT 
Version 13.0 software.

Detection of mRNA transcription levels
Total RNA was isolated from hippocam-

pal cells of mice according to the Trizol kit 
instructions, and RNA concentration was 
measured. The extracted RNA was reverse-
transcribed into complementary DNA (cDNA) 
using Oligo(dT) primers. Primers targeting 
mouse BDNF, TrkB, and β-actin were designed 
based on their complete GenBank sequenc-
es. The primer sequences are as follows: 
BDNF: forward, 5′-GTGTGACAGTATTAGC-
GAGTGGG-3′; reverse, 5′-ACGATTGGG-
TAGTTCGGCATT-3′. TrkB: forward, 5′-AGA-
CAAACCCAAATTACCCTGA-3′; reverse, 
5′-ACTTTTGTTCGTAGTATCCCCA-3′. β-actin: 
forward, 5′-CTCATGCCATCCTGCGTCT-3′; 
reverse, 5′-ACGCACGATTTCCCTCTCA-3′. 
These primers were synthesized by Beijing 
Tsingke Biotech Co., Ltd. Using the reverse-
transcribed cDNA as a template, PCR am-
plification was performed according to the 
qPCR kit protocol. The reaction mixture (15 
μL) consisted of 1.5 μL of cDNA, 7.5 μL of 
2×SYBR Green Realtime PCR Master Mix, 
0.5 μL of each primer (10 μmol·L⁻¹), and 5 μL 
of nuclease-free water. The PCR amplification 
protocol consisted of an initial denaturation 
at 95°C for 30 s, followed by 39 cycles of dena-
turation at 95°C for 5 s and annealing/exten-
sion at 60°C for 30 s.

Detection of protein expression levels
To obtain total protein from hippocam-

pal tissue, we measured protein concentra-

tion using the BCA method. Next, protein 
samples were mixed with 5× SDS-PAGE 
loading buffer and heated for 8 minutes to 
denature them. Following this step, proteins 
were separated by electrophoresis on a 12% 
SDS-polyacrylamide separating gel with a 5% 
stacking gel. Proteins were transferred to a 
PVDF membrane by wet transfer for 90 min-
utes. The membrane was blocked with 5% 
skim milk for 90 minutes at room tempera-
ture with shaking. Subsequently, the mem-
brane was incubated overnight at 4°C with 
primary antibodies against BDNF (1:1000) 
or TrkB (1:5000). After washing five times 
for 8 minutes each with TBST, the membrane 
was incubated with an HRP-conjugated sec-
ondary antibody (1:10000) for 60 minutes at 
room temperature. After a subsequent wash, 
the signal was detected using the improved 
chemiluminescence technique, with β-actin 
serving as a reference control.

Statistical analysis
Data were collected from six biologi-

cal replicates, and results were reported as 
mean ± standard deviation (Mean ± SD). 
Statistical analyses were conducted in SPSS 
version 28.0, and GraphPad Prism 10.0 was 
used for data visualization. For comparisons 
between two groups, an independent-samples 
Student’s t-test was used. For comparisons in-
volving three or more groups, one-way analy-
sis of variance (One-way ANOVA) was applied, 
followed by Tukey’s post hoc test for multiple 
comparisons. A probability value (p) below 
0.05 was considered statistically significant.

RESULTS

General condition of mice in each group
Before the experiment, all groups of 

mice had similar overall conditions. After 
the final exposure, mice in the Ctrl group ex-
hibited normal food intake, shiny fur, and a 
significant increase in body weight (Fig. 2). 
In sharp contrast, mice in the NPs, Mod, and 
NPs+Mod groups showed reduced food in-
take and rough, lackluster fur. Although the 
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Fig. 2. Changes in body mass in each group.   Note: vs. before poisoning, ** p<0.01, *** p<0.001; vs. Ctrl 
group, ## p<0.01, ### p<0.001; vs. Mod group, & p<0.05, && p<0.01.

NPs and Mod groups showed a slight increase 
in body weight, the gain was significantly less 
than that in the Ctrl group. The NPs+Mod 
group showed little to no increase in body 
weight (Fig. 2).

Behavioral experiments 
The effect on the sucrose preference rate 
in mice

A significant reduction in sucrose pref-
erence was observed in mice from the NPs, 
Mod, and NPs+Mod groups after the final 
exposure, compared with the Ctrl group (p< 
0.05). Furthermore, mice in the NPs+Mod 
group showed a marked decline in sucrose 
preference compared with the Mod group (p 
<0.05) (Fig. 3A).

The effect on the spontaneous activity  
of mice in the open field test

After the final exposure, mice in the 
NPs, Mod, and NPs+Mod groups showed re-
duced spontaneous activity in the open field 
test compared with the Ctrl group (Fig. 3B). 
This reduction was evidenced by a signifi-
cant decrease in time spent in the central 
area, a concomitant increase in time spent 
near the walls, and reductions in total dis-
tance traveled and average speed (p<0.05). 
Moreover, compared with the Mod group, 

the NPs+Mod group exhibited a more pro-
nounced decrease in spontaneous activity, 
characterized by an even greater preference 
for the periphery and further reductions in 
total distance traveled and average speed (p 
<0.05) (Fig. 3C).

The effect on immobility time during  
the forced swim test in mice

After the final exposure, the NPs-treat-
ed group, the Mod group, and the combined 
NPs+Mod treatment group exhibited behav-
iors indicative of despair. This was evidenced 
by a significantly longer immobility duration 
in these groups than in the control group. 
The statistical analysis confirmed that these 
differences were significant (p<0.05). Fur-
thermore, when comparing the NPs+Mod 
group to the Mod group, the mice in the 
NPs+Mod group exhibited a longer duration 
of immobility, and this difference was also 
statistically significant (p<0.05) (Fig. 3D).

Morphological changes in hippocampal 
neurons

After the last exposure, hippocampal 
neurons in the control group of mice were 
organized in an orderly manner, with normal 
intercellular spaces, consistent morphology, 
intact structures, numerous Nissl bodies, and 



282	 Chang et al.

	 Investigación Clínica 67(2): 2026

Fig. 3. Behavioral changes in each group.   A: Sugar water preference test. B: Open field test (blue line: mouse 
path; absence of line: mouse did not enter that area). C: Autonomous activity. D: Immobility time.
Note: vs. Ctrl group, ## p<0.01, ### p<0.001; vs. Mod group, && p<0.01.

uniform, pronounced staining. In contrast, 
the NPs group, Mod group, and NPs+Mod 
group showed disordered cell arrangements, 
enlarged intercellular spaces, substantial 
neuronal loss, and lighter staining of Nissl 
bodies. Importantly, the NPs+Mod group ex-
hibited more pronounced alterations than 
the Mod group (Fig. 4).

The Morris water maze experiment
After the final exposure to the toxin, 

mice in the NPs, Mod, and NPs+Mod groups 
showed a significant decline in spatial mem-
ory capacity compared with the Ctrl group. 
This decline was evidenced by a significantly 
shorter time spent in the target quadrant 
and fewer platform location crossings during 
the probe trial (p<0.05). Furthermore, com-
pared with the Mod group, the NPs+Mod 

group exhibited even more severe spatial 
memory impairment, with a further signifi-
cant reduction in both time spent in the 
target quadrant and the number of platform 
crossings (p<0.05) (Figs. 5 and 6).

Changes in the expression levels of BDNF 
and TrkB in the hippocampal tissue

After the final exposure, reductions in 
BDNF and TrkB mRNA transcription and 
protein expression were observed in the hip-
pocampal tissue of mice in the NPs, Mod, 
and NPs+Mod groups compared with the 
Ctrl group, demonstrating statistically sig-
nificant differences (p<0.05). Furthermore, 
the NPs+Mod group showed significantly 
greater reductions in BDNF and TrkB mRNA 
and protein levels than the Mod group (p< 
0.05) (Fig. 7).
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Fig. 4. Pathological changes of hippocampal neurons in each group. Nissl staining, ×100.

Fig. 5. Morris water maze test in each group. Blue line: mouse path; absence of line: mouse did not enter 
that area.

Fig. 6. Target quadrant dwell time in each group.
Note: vs. Ctrl group, ## p<0.01, ### p< 
0.001; vs. Mod group, && p<0.01.

DISCUSSION

Global ecological and health implications 
of NPs exposure

In recent years, the widespread pres-
ence and ongoing release of NPs have be-
come a major global environmental issue. 
Their high mobility enables migration across 
aquatic environments, terrestrial ecosys-
tems, and atmospheric layers, ultimately 
disrupting ecological balance and posing 
significant threats to human health through 
bioaccumulation and trophic transfer. A no-
table concern is the confirmed neuroinvasive 
capability of NPs, as evidenced by their abil-
ity to cross the blood-brain barrier and ac-
cumulate in the central nervous system 11. 
The distinct physicochemical characteristics 
of NPs, including a remarkably high specific 
surface area and surface energy, promote 
strong interactions with receptors on neural 
membranes (Fig. 2). Such interactions may 
impair neuronal function, leading to mood 
changes and cognitive challenges 12.
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Fig. 7. Changes in the expression levels of BDNF and TrkB.   A: Protein expression levels. B: mRNA transcrip-
tion levels.   Note: vs. Ctrl group, # p<0.05, ## p<0.01, ### p<0.001; vs. Mod group, & p<0.05, 
&& p<0.01.

Given the neuroinvasive potential of 
NPs, there is growing concern about their 
role in mental health disorders, particularly 
depression 13. The implications of depres-
sion for public health are significant; the 
global prevalence of depression increased 
by 34%, and the prevalence of major depres-
sive disorder rose to 8%. The proportion 
of adolescents suffering from depression 
increased from 24% during 2001-2010 to 
37% between 2011-2020 14. According to 
the report, in 2016, depression was among 
the leading global causes of disability. We 
therefore use the CUMS model, a widely 
used preclinical research framework with 
good construct validity and lasting behav-
ioral outcomes. This model is highly ap-
propriate for studying the pathogenesis of 
depression8. The objective of this study was 
to investigate the neurotoxicological ef-
fects of NPs and to assess their impact on 
depression-like behaviors and cognitive per-
formance in CUMS mice. We also evaluated 
the role of the BDNF/TrkB signaling path-
way in these processes.

Behavioral alterations induced by NPs 
exposure in mice

The current study employed an exten-
sive behavioral battery to systematically 
investigate the effect of NPs exposure on 
depression-like behavior in mice 15. Our re-
sults reveal that exposure to NPs causes 
substantial behavioral changes that corre-
late with states analogous to depression, as 
determined by three established behavioral 
assays. Reduced sucrose preference indi-
cates that exposure to NPs may disrupt the 
reward-processing machinery, a core fea-
ture of anhedonia (Fig. 3). The changes in 
movement and reduced exploration of the 
center zone in the open field test may also 
reflect increased generalized psychomotor 
slowing or anxiety-like behaviors. Clinical 
reports of psychomotor agitation or retarda-
tion are consistent with these results among 
depressed persons he changes in movement 
and reduced exploration of the center zone 
in the open field test may reflect either gen-
eralized psychomotor slowing or anxiety-like 
behaviors, which is consistent with clinical 
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reports of psychomotor disturbances in de-
pressed individuals (Fig. 3). The increased 
immobility time in the forced swim test, of-
ten interpreted as behavioral despair, further 
supports the emergence of a depression-like 
phenotype following NPs exposure (Fig. 3). 
Collectively, the consistent findings across 
these diverse behavioral paradigms robustly 
demonstrate that NPs exposure induces a 
depression-like state in mice. Our finding 
that NPs exposure intensifies the behavioral 
outcomes of CUMS is particularly signifi-
cant, indicating that NPs exposure not only 
triggers depression-like behaviors but also 
amplifies the effects of CUMS. These results 
indicate that exposure to NPs may interfere 
with emotional regulation in mice and exac-
erbate characteristics associated with stress-
induced depression.

Cognitive impairment induced by NPs 
exposure in mice

The hippocampus is a pivotal structure 
within the limbic system, widely connected 
to brain regions such as the prefrontal cor-
tex and amygdala, and is critically involved 
in emotional processing and cognitive func-
tions, particularly learning and memory16. 
Our histological observations show that 
exposure to NPs causes severe neuropatho-
logical alterations in the hippocampus, in-
cluding disorganized neuronal arrangement, 
widened intercellular spaces, extensive neu-
ronal loss, and markedly reduced Nissl stain-
ing. These morphological alterations were 
more severe in the NPs+Mod group than in 
the Mod group alone, strongly implying that 
NPs exposure exacerbates CUMS-induced 
hippocampal neuropathology, thereby con-
tributing to the observed emotional dysregu-
lation (Fig. 4).

Consistent with the hippocampus’s 
critical role in cognition, hippocampal im-
pairment also substantially affects spatial 
memory 17. The Morris water maze test as-
sesses spatial learning and memory in mice. 
Findings showed that, compared with the 
control group, the NPs group, Mod group, 

and NPs+Mod group spent less time in the 
target quadrant, took fewer paths within 
that quadrant, and exhibited reduced goal-
directed movement. Additionally, compared 
with the Mod group, the NPs+Mod group 
spent even less time in the target quadrant 
and took fewer paths. This strongly indi-
cates that exposure to NPs alone impairs 
hippocampal-related learning and memory 
functions and compounds cognitive deficits 
caused by CUMS (Figs. 5 and 6).

NPs exposure causes neuronal damage  
in mice

BDNF is a signaling protein essential 
for neuroplasticity and is primarily found in 
the central nervous system. It regulates neu-
roregeneration and neuroprotection by ac-
tivating the TrkB receptor. Evidence shows 
that activating the BDNF/TrkB signaling 
pathway can reduce ischemic stroke damage 
while promoting the production of vascular 
endothelial cells 18,19. BDNF exerts prolifera-
tive, trophic, and maturational effects on di-
verse neurons, promoting neuronal growth 
and the repair of neural structures; its ex-
pression levels can serve as a direct indicator 
of neural functional recovery 20,21. Research 
by Liu et al. 20 indicated that enhancing the 
BDNF/TrkB signaling pathway may reduce 
neurotoxicity caused by tetrahydropalma-
tine, which can manifest as depression, anxi-
ety, and cognitive deficits. Decreased expres-
sion of BDNF is associated with neuronal 
injury that could disrupt brain function and 
cause depression 22. In this research, qPCR 
and Western blotting were employed to in-
vestigate mRNA transcription and protein 
expression levels of BDNF and TrkB in hip-
pocampal tissues from mice across groups 
following the final exposure. The findings 
indicate that exposure to NPs significantly 
decreased the expression of both BDNF and 
TrkB. Furthermore, compared to the Mod 
group, the NPs+Mod group exhibited a more 
pronounced reduction in BDNF and TrkB 
levels. This downregulation of the BDNF/
TrkB signaling pathway likely underlies the 
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observed neuronal damage in the hippo-
campus and, consequently, the exacerbated 
impairment of neuronal function, as well as 
the associated depression-like behavior and 
cognitive deficits, in CUMS mice exposed to 
NPs (Fig. 7).

In conclusion, this study demonstrates 
that NPs exposure exacerbates neurotoxic-
ity in CUMS mice, worsening depression-like 
behavior and cognitive impairment. Mecha-
nistic analysis indicates that these effects 
are mediated primarily through disruption 
of the BDNF/TrkB signaling pathway, re-
sulting in significant hippocampal neuronal 
damage. These findings provide crucial in-
sight into how NPs affect the central nervous 
system, offer a scientific basis for under-
standing NPs-induced neuropathology, and 
suggest potential therapeutic targets for 
stress-related mood and cognitive disorders.

The present study has several limita-
tions that warrant consideration. We used a 
specific polystyrene NP model with a defined 
size, which does not capture the vast hetero-
geneity of environmental NPs; thus, our find-
ings may not be fully generalizable to other 
particle types. Furthermore, although the 
study focused on the BDNF/TrkB pathway, 
the observed neurotoxicity is likely multifac-
torial, potentially involving interrelated pro-
cesses such as oxidative stress, neuroinflam-
mation, and cell death that were not fully 
elucidated here. Future studies should use 
more diverse NP models and employ multi-
omics approaches to systematically delin-
eate the complex interplay of downstream 
mechanisms.
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Abstract. This retrospective study aimed to identify histopathological and 
immunohistochemical predictors of malignancy requiring surgical excision 
among papillary breast lesions diagnosed by core-needle biopsy (CNB). Fifty-
three women with CNB-diagnosed papillary breast lesions who subsequently 
underwent surgical excision at the İzmir Bakırçay University Çiğli Hospital be-
tween January 2015 and January 2025 were included. Clinical, radiological, 
and pathological data were analyzed. Twenty-eight patients (52.8%) were ≤50 
years of age, and 21 lesions (39.6%) were larger than 3 cm. Surgical excision 
revealed benign lesions in 24 cases, malignant lesions in 16 cases, and intracys-
tic solid carcinoma or atypical ductal hyperplasia in 13 cases. The malignancy/
atypia group (45.2%) showed a significantly higher frequency of myoepithelial 
cell loss (p<0.001) and microcalcifications (p=0.028), and uniform, strong es-
trogen receptor positivity (100%) on CNB. Benign lesions were more commonly 
peripherally located (p=0.049). No significant associations were observed with 
age, Breast Imaging Reporting and Data System (BI-RADS) category, or lesion 
size. These findings indicate that loss of myoepithelial cells and estrogen re-
ceptor positivity are strong predictors of malignancy and support the routine 
incorporation of immunohistochemical evaluation into CNB-based risk strati-
fication.
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Lesiones papilares mamarias: análisis comparativo  
de los hallazgos de la biopsia con aguja gruesa y de la escisión 
quirúrgica en una cohorte retrospectiva de un solo centro,  
con revisión de la literatura.

Invest Clin 2026; 67 (2): 289 – 299

Palabras clave: Lesión papilar mamaria; Biopsia con aguja gruesa; Célula mioepitelial; 
Receptor de estrógeno; Escisión.

Resumen. Este estudio retrospectivo tuvo como objetivo identificar predic-
tores histopatológicos e inmunohistoquímicos de malignidad que requieren esci-
sión quirúrgica en lesiones papilares mamarias diagnosticadas mediante biopsia 
con aguja gruesa (BAG). Se incluyó a un total de 53 mujeres diagnosticadas 
con lesiones papilares mamarias por BAG que posteriormente fueron sometidas 
a escisión quirúrgica en el Hospital Çiğli de la Universidad de İzmir Bakırçay 
entre enero de 2015 y enero de 2025. Se analizaron datos clínicos, radiológi-
cos y patológicos. Veintiocho pacientes (52,8%) tenían ≤50 años y 21 lesiones 
(39,6%) tenían un tamaño mayor a 3 cm. La escisión quirúrgica reveló lesiones 
benignas en 24 casos, lesiones malignas en 16 y carcinoma sólido intraquístico/
hiperplasia ductal atípica en 13 casos. El grupo con malignidad/atipia (45,2%) 
presentó una frecuencia significativamente mayor de pérdida de células mioepi-
teliales (p<0,001) y de microcalcificaciones (p = 0,028), así como una positi-
vidad uniforme y fuerte para el receptor de estrógeno (100%) en la BAG. Las 
lesiones benignas se localizaron con mayor frecuencia en la periferia (p = 0,049). 
No se observaron asociaciones significativas con la edad, la categoría Sistema 
de Informes y Registro de Datos de Imagen de la Mama (BI-RADS) ni el tamaño 
de la lesión. Estos hallazgos indican que la pérdida de células mioepiteliales y la 
positividad para el receptor de estrógeno son predictores sólidos de malignidad y 
respaldan la incorporación sistemática de la evaluación inmunohistoquímica en 
la estratificación del riesgo basada en la BAG.

               Received: 09-02-2026   Accepted: 21-04-2026

INTRODUCTION

Breast papillary lesions encompass a 
broad spectrum of entities characterized by 
a papillary architecture with arborizing fi-
brovascular cores. These lesions range from 
benign intraductal papillomas to atypical 
papillary proliferations and overt papillary 
carcinomas. Clinical examination and imag-
ing modalities lack sufficient specificity to 
reliably distinguish among these entities, 
making histopathologic evaluation essential 
for accurate diagnosis. Classification is pri-

marily based on the nature of the proliferat-
ing epithelial component and the presence 
or absence of a basal myoepithelial cell layer, 
which is a critical discriminator among be-
nign, in situ, and invasive lesions.

Benign papillary lesions include intra-
ductal papillomas, which may be associated 
with epithelial hyperplasia, metaplasia, atyp-
ical ductal hyperplasia, or ductal carcinoma 
in situ (DCIS). Malignant papillary neo-
plasms include papillary DCIS, encapsulat-
ed papillary carcinoma, solid papillary car-
cinoma (in situ and invasive), and invasive 
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papillary carcinoma. Despite this structured 
categorization, these lesions often show 
overlapping morphological and immuno-
histochemical features, posing substantial 
diagnostic challenges, particularly with lim-
ited tissue samples obtained by core-needle 
biopsy (CNB). In this setting, underdiagno-
sis is more common than overdiagnosis, es-
pecially when invasive components are focal 
or discontinuous 1.

Papillary neoplasms account for ap-
proximately 5% of all breast biopsies. How-
ever, their detection rate has risen in recent 
years, largely due to advances in image-guid-
ed percutaneous biopsy techniques and the 
widespread use of high-resolution breast ul-
trasonography 2. According to the 5th edi-
tion of the WHO Classification of Breast 
Tumors, papillary neoplasms are classified 
into five major groups: intraductal papillo-
ma, papillary DCIS, encapsulated papillary 
carcinoma, solid papillary carcinoma, and 
invasive papillary carcinoma. Although uni-
fied by their characteristic papillary archi-
tecture, these lesions exhibit considerable 
morphological, immunohistochemical, and 
biological heterogeneity, reflecting a con-
tinuum from benign to malignant disease 2-4.

Accurate distinction between noninva-
sive and invasive papillary carcinomas is crit-
ical for prognostic assessment and therapeu-
tic planning. Histologic features supporting 
invasion include irregular clusters, tongues, 
and nests of tumor cells that extend into the 
surrounding stroma beyond a well-defined 
boundary. Nevertheless, limited sampling, 
tissue fragmentation, and artifactual distor-
tion in CNB specimens often complicate this 
distinction, even when myoepithelial immu-
nohistochemical markers 5, 6 are used.

At the molecular level, papillary car-
cinomas predominantly align with luminal 
breast cancer subtypes, consistent with their 
generally low-grade biology and favorable 
clinical behavior 1. Papillary carcinoma of 
the breast is a distinct, relatively uncommon 
subtype that occurs predominantly in post-
menopausal women and accounts for a small 

proportion of all breast malignancies. Histo-
logically, it is characterized by well-formed 
papillary structures lined by multilayered or 
pseudostratified neoplastic epithelial cells, 
supported by delicate fibrovascular cores 7. 
Importantly, neither encapsulated papillary 
carcinoma nor solid papillary carcinoma 
with associated invasive foci should be clas-
sified as invasive papillary carcinoma, as true 
invasive papillary carcinoma is a separate, 
rare entity with an excellent prognosis, low 
recurrence rates, and prolonged disease-free 
survival 8.

Preoperative CNB is widely regarded as 
the standard diagnostic modality for evalu-
ating breast lesions. However, discrepancies 
between CNB diagnoses and subsequent 
surgical excision specimens remain incom-
pletely characterized, and the overall degree 
of diagnostic concordance between these 
modalities has not been fully elucidated 9. As 
reliance on CNB has increased, management 
strategies for benign intraductal papillomas 
without atypia have shifted toward more 
conservative, surveillance-based approaches 
rather than routine surgical excision 10. Nev-
ertheless, papillary lesions remain among 
the most diagnostically challenging entities 
in breast pathology.

Given these challenges, identifying 
reliable histopathological and immunohis-
tochemical predictors of malignancy risk 
in papillary lesions diagnosed by CNB is of 
substantial clinical importance. The present 
study aims to contribute to this ongoing ef-
fort by evaluating key diagnostic parameters 
that may help stratify malignancy risk and 
guide decisions regarding the necessity of 
surgical excision.

PATIENTS AND METHODS

Study design
Between January 2015 and January 

2025, 53 female patients who received a his-
topathological diagnosis of papillary breast 
lesions on CNB in the Department of Medi-
cal Pathology at İzmir Bakırçay University 
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Çiğli Training and Research Hospital and 
subsequently underwent surgical excision 
at the same institution were enrolled in this 
retrospective study. Cases were identified 
through a systematic search of the institu-
tional pathology database. Ethics committee 
approval for this study was obtained from the 
İzmir Bakırçay University Non-Intervention-
al Clinical Research Ethics Committee on 03 
July 2024 (decision no. 1657).

Clinical, radiological, and pathological 
data were extracted from the electronic hos-
pital information system. Collected variables 
included patient age at diagnosis, radiologi-
cally measured lesion size, anatomical local-
ization within the breast parenchyma, and 
the Breast Imaging Reporting and Data Sys-
tem (BI-RADS) score assigned at the time of 
diagnostic imaging.

Histopathological evaluation of excision 
and CNB specimens included assessment of 
papillary architecture, the presence or ab-
sence of an intact myoepithelial cell layer, 
and any associated atypical or malignant 
epithelial proliferations. Myoepithelial cell 
status was determined by routine hematoxy-
lin–eosin (H&E) staining, supplemented, 
when necessary, with immunohistochemi-
cal markers such as p63, CK5/6, or smooth 
muscle myosin heavy chain. Estrogen recep-
tor (ER) expression was evaluated immuno-
histochemically in accordance with current 
ASCO/CAP guidelines and recorded semi-
quantitatively. All microscopic assessments 
were performed by at least two experienced 
breast pathologists.

Histopathologic evaluation was per-
formed on tissue obtained via CNB. Tumors 
were classified by neoplastic nature, archi-
tectural features, and cytomorphologic char-
acteristics. Biopsy sites were selected based 
on radiologic assessment, targeting lesions 
with high BI-RADS categories or clinically 
palpable abnormalities. CNB was the pri-
mary diagnostic procedure, with sampling 
directed toward the most suspicious radio-
logic or clinical regions.

Immunohistochemical (IHC) analysis 
was performed to assess estrogen receptor 
(ER), progesterone receptor (PR), and hu-
man epidermal growth factor receptor 2 
(HER2) expression. ER and PR positivity 
was defined as nuclear staining in ≥1% of 
tumor cells. HER2 status was interpreted us-
ing standard scoring criteria (0 to 3+), with 
equivocal (2+) cases further evaluated by 
fluorescence in situ hybridization (FISH). 

Statistical analysis 
Statistical analyses were conducted us-

ing SPSS (version 22.0; IBM Corp., Armonk, 
NY, USA). Continuous variables were tested 
for normality using the Kolmogorov–Smirnov 
test. Descriptive statistics were reported as 
mean ± standard deviation (SD) or median 
(interquartile range, IQR) for continuous 
variables, and as frequencies and percent-
ages for categorical variables.

Comparisons among diagnostic groups 
(benign, in situ/atypical, and malignant) 
were conducted using the Chi-square test or 
Fisher’s exact test for categorical variables 
and the Student’s t-test or Mann–Whitney U 
test for continuous variables, based on dis-
tributional characteristics. For multigroup 
comparisons, one-way ANOVA or the Krus-
kal–Wallis test was applied as appropriate.

The association between histopatholog-
ical parameters (e.g., myoepithelial cell loss, 
ER expression), radiologic features, and fi-
nal excision outcomes was examined using 
binary logistic regression to identify inde-
pendent predictors of atypia or malignancy. 
A p-value <0.05 was considered statistically 
significant.

RESULTS

Among the 53 patients analyzed, 28 
(52.8%) were ≤50 years of age, and lesions 
>3 cm were identified in 21 cases (39.6%). 
Based on excision pathology, patients were 
classified into benign (n = 24), malignant 
(n = 16), and in situ carcinoma (ISC)/
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atypical ductal hyperplasia (ADH) (n = 13) 
groups. CNB results were classified into be-
nign, borderline/atypical, and malignant 
categories, and then compared with the fi-
nal excision diagnoses. This comparison al-
lowed evaluation of diagnostic concordance 
and identification of underestimation or 
upgrade rates between biopsy and excision 
specimens. The grouped distribution of 
CNB diagnoses and their corresponding ex-
cision pathology outcomes is summarized 
in Table 1. A total of 53 cases were evalu-
ated, and excision outcomes were analyzed 
in relation to their corresponding BI-RADS 
assessments to determine the association 
between radiological classification and fi-
nal pathological diagnosis. The distribution 
of excision pathology results according to 

BI-RADS categories is presented in Table 2. 
Representative histopathological an  d im-
munohistochemical features of DCIS with 
papillary features (Fig. 1), encapsulated 
papillary carcinoma (Fig. 2), and invasive 
encapsulated papillary carcinoma (Fig. 3) 
are shown.

Lesions with atypia or malignancy 
(combined ISC/ADH and malignant co-
hort; 45.2%) had a markedly higher rate of 
myoepithelial cell loss than benign lesions 
(p<0.001). Within this cohort, 20.7% of le-
sions exceeded 3 cm. The atypical group had 
a significantly higher frequency of microcal-
cifications (p = 0.028), and all cases (100%) 
showed strong ER immunoreactivity on CNB 
specimens, indicating uniform hormone re-
ceptor positivity.

Table 1. Distribution of core needle biopsy diagnoses and corresponding excision outcomes.

Tru-Cut Biopsi 
Diagnostic Group

Tru-Cut Biopsi Specific BX 
Diagnosis

Corresponding Excision Outcome(s) n

Benign Papillary 
Lesions

IDP IDP, ADH+IDP, FCD, Fibroadenoma,  
DCIS, Invasive EPC, NSTIC (rare upgrades)

23

USD–associated papilloma IDP 1

Micropapilloma FCD, FCD+fibroadenoma 2

Atypical Papillary 
Lesions

ADH UDH/FCD, IDP 4

Papillary neoplasia  
(atypia not excluded)

DCIS, DCIS+IDP, Sclerosing  
papilloma, NSTIC, EPC

8

In situ Malignant 
Lesions

DCIS DCIS, DCIS+IDP, SPC, NSTIC 5

DCIS + EPC EPC 1

DCIS + IDP DCIS+IDP 1

Encapsulated / 
Papillary Carcinoma 
Spectrum

EPC ± invasive component EPC, invasive EPC, invasive  
papillary carcinoma

5

SPC SPC 1

Invasive 
Carcinomas

NSTIC with EPC Invasive EPC 1

Invasive mucinous carcinoma 
with papillary component

Mucinous carcinoma
1

Invasive papillary carcinoma Invasive papillary carcinoma 1

Other Papillary/
Proliferative 
Lesions

Ductal hyperplasia with 
papillary structures

DCIS 1

IDP: Intraductal papilloma; ADH: Atypical ductal hyperplasia; FCD: Fibrocystic disease; NSTIC: Invasive carcinoma, 
no special type; EPC: Encapsulated papillary carcinoma; DCIS: Ductal carcinoma in situ; UDH: Usual ductal hyper-
plasia; SPC: Solid papillary carcinoma.
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Benign lesions were significantly more 
likely to be peripherally localized than atypi-
cal lesions (p = 0.049). No statistically sig-
nificant intergroup differences were observed 
in age distribution, BI-RADS category, lesion 
size, or other parameters (all p>0.05).

Table 2. BI-RADS-based distribution  
of excision results (n = 53).

BI-RADS Benign Malign Total

2 5 1 6

3 6 8 14

4 14 16 30

5 2 1 3

Breast Imaging Reporting and Data System (BI-RADS).

Fig. 1. Histopathological and immunohistochemical findings in a case of ductal carcinoma in situ with papi-
llary features. A: A case diagnosed as grade 2 ductal carcinoma in situ on excisional biopsy; the Tru-
Cut biopsy section primarily demonstrates papillary neoplasia in situ, stained with hematoxylin and 
eosin (×40); B, C, D: Immunohistochemical staining with p63 (B), CK5/6 (C), and smooth muscle 
myosin (D) demonstrating the presence of the myoepithelial layer (×40); E: Immunohistochemical 
staining for estrogen receptor (ER) showing 30% nuclear positivity (×40); F: Ki-67 immunohistoche-
mical staining demonstrating a proliferative index of 10% (×40).

A

C

E F

B

D
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DISCUSSION

Papillary breast lesions constitute a 
diagnostically heterogeneous group, rang-
ing from benign intraductal papillomas to 
atypical papillary proliferations and papil-
lary carcinomas. Because of their complex 
architectural patterns and frequent histo-
logic overlap, accurate classification based 
solely on CNB specimens remains challeng-
ing. Although CNB is widely accepted as a 
minimally invasive and effective initial di-
agnostic tool, its inherent sampling limita-
tions may lead to underestimating atypia or 
malignancy in papillary lesions, particularly 
in those with focal or heterogeneous atypical 
components 11.

Although papillary breast lesions share 
a characteristic papillary architecture, they 

display a broad spectrum of morphologi-
cal, immunohistochemical, and biological 
features 3,12. Ongoing advances in diagnos-
tic pathology, immunohistochemistry, and 
molecular techniques have substantially 
improved our understanding of these le-
sions; however, significant diagnostic and 
prognostic challenges remain. Over the past 
decades, numerous aspects of papillary tu-
mor classification, biological behavior, and 
clinical management have been extensively 
investigated and, in some cases, remain con-
troversial, with each new contribution offer-
ing incremental clarification 4,13.

More recently, molecular approaches 
have enabled genomic and transcriptomic 
characterization of papillary breast tu-
mors, providing additional insights into 
their pathogenesis and potential clinical 

Fig. 2. Histopathological and immunohistochemical features of a case of encapsulated papillary carcinoma. A: 
Hematoxylin and eosin–stained section of a case in which encapsulated papillary carcinoma was initially 
suspected on Tru-Cut biopsy and subsequently confirmed on excisional material (×40); B: Immunohis-
tochemical staining with p63 demonstrating absence of the myoepithelial layer (×40); C: Immunohis-
tochemical staining for estrogen receptor (ER) showing diffuse, strong nuclear positivity (100%) (×40); 
D: Immunohistochemical staining for Ki-67 demonstrating a proliferative index of 30% (×40).

A

C

B

D
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behavior1,3,13,14. Despite these advances, the 
biological significance and optimal man-
agement of certain papillary lesions—par-
ticularly those diagnosed from limited CNB 
material—remain incompletely understood, 
underscoring the ongoing need for compre-
hensive histopathological evaluation and 
clinicopathological correlation.

Numerous studies have examined the 
diagnostic performance and clinical man-
agement of papillary neoplasms identified 
on CNB; however, reported rates of underdi-
agnosis and diagnostic upgrade on excision 
vary widely across the literature. Epithelial 
atypia has consistently been associated with 
a substantially increased risk of upgrade to 

Fig. 3. Histopathological and immunohistochemical features of a case of invasive encapsulated papillary car-
cinoma. A: Hematoxylin and eosin stained Tru-Cut biopsy section (×40) from a case diagnosed with 
invasive encapsulated papillary carcinoma by both Tru-Cut biopsy and subsequent excisional biopsy; 
B, C: Immunohistochemical staining with p63 (B), CK5/6 (C) and SMM (D) showing absence of 
myoepithelial layer (×40); E: Immunohistochemical staining for estrogen receptor (ER) showing wi-
despread strong nuclear positivity (100%) (×40); F: Immunohistochemical staining of Ki-67 showing 
a proliferative index of 15% (×40).
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DCIS or invasive carcinoma, supporting cur-
rent recommendations for complete surgi-
cal excision in such cases. In contrast, the 
optimal management of papillary lesions 
without atypia diagnosed on CNB remains 
controversial, with no clear consensus on 
routine surgical excision versus imaging-
based surveillance 2.

Consistent with the findings of Puccini 
et al. 2, our study showed that when diagnos-
tic upgrades were limited to DCIS or invasive 
carcinoma, abnormal physical examination 
findings were significant predictors of ma-
lignancy. This observation underscores the 
limitations of CNB in fully characterizing 
papillary lesions and reinforces the concept 
that even papillary lesions without atypia di-
agnosed on CNB may carry a clinically mean-
ingful risk of upgrade at excision.

Consistent with previous reports by 
Tian et al. 9, CNB in our cohort showed 
high concordance in distinguishing benign 
from malignant breast lesions, with only a 
small number of discordant cases. Notably, 
misclassification predominantly involved le-
sions with atypical ductal hyperplasia (ADH) 
or ADH combined with an intraductal papil-
loma. These lesions frequently lacked overtly 
suspicious sonographic features, and their 
maximum tumor diameter was generally less 
than 3 cm, factors that may partially explain 
the diagnostic challenges encountered.

Accurate discrimination between in 
situ and invasive carcinoma remains critical, 
as substantial differences exist in the thera-
peutic strategies applied to these entities 15. 
Pathological grading plays a central role in 
guiding clinical management, influencing 
decisions about surgical extent, axillary eval-
uation, and the need for adjuvant therapy. 
Consequently, precise histopathological as-
sessment is essential to optimizing patient 
outcomes.

Intralesional heterogeneity is a defining 
biological feature of papillary breast lesions 
and has important diagnostic implications16. 
Atypical papillary lesions, in particular, of-
ten show focal architectural atypia and lo-

calized disruptions of the myoepithelial cell 
layer. Immunohistochemical analysis may 
therefore reveal focal loss of CK5/6 expres-
sion confined to atypical regions. Similarly, 
proliferation indices show marked regional 
variability across benign, atypical, and ma-
lignant papillary lesions, with differences 
between low- and high-proliferative areas re-
ported to reach up to 44%.

Collectively, these observations indi-
cate that asymmetric growth and intral-
esional heterogeneity are intrinsic features 
of many papillary lesions. This heterogeneity 
highlights the inherent limitations of CNB, 
as limited sampling may miss the most di-
agnostically significant areas, potentially 
leading to underdiagnosis. These findings 
support continued recommendations for 
surgical excision when atypia is identified or 
when lesion heterogeneity raises concerns 
about sampling adequacy 17.

Managing patients diagnosed with be-
nign intraductal papilloma on CNB remains 
particularly challenging. Although most of 
these lesions are truly benign, reported rates 
of upgrade to atypia or malignancy on exci-
sion are high enough to warrant concern. As 
a result, many clinicians favor routine surgi-
cal excision to establish a definitive diagno-
sis. However, this approach inevitably leads 
to overtreatment, given that the incremen-
tal breast cancer risk associated with a soli-
tary benign papilloma is comparable to that 
of usual ductal hyperplasia. These consider-
ations underscore the need for improved risk 
stratification strategies to more accurately 
identify patients who would benefit from sur-
gical intervention 17.

Finally, the relatively low underestima-
tion rates for DCIS and ADH reported with 
CNB have important implications for surgi-
cal planning. When subsequent excision is 
performed, surgeons may reasonably assume 
a low likelihood of occult invasive carcino-
ma, supporting breast-conserving surgical 
approaches. In such cases, axillary lymph 
node sampling may be safely omitted, given 
the low probability of invasive disease 18.



298	 Devrim et al.

	 Investigación Clínica 67(2): 2026

This review has several limitations. In 
several of the included studies, incomplete 
or inconsistent reporting limited a rigor-
ous assessment of methodological quality 
and hindered accurate evaluation of the 
potential impact of bias on study findings. 
Furthermore, substantial heterogeneity in 
study designs, diagnostic thresholds, and 
histopathological criteria limited mean-
ingful cross-study comparisons and likely 
contributed to variability in reported out-
comes.

To strengthen the evidence base, future 
high-quality prospective diagnostic accuracy 
studies using standardized reporting frame-
works are needed. Such studies would en-
able more robust validation of current find-
ings and help mitigate the impact of residual 
methodological limitations.

In conclusion, given the well-document-
ed potential for underestimation—not only 
of carcinoma but also of atypical prolifera-
tive lesions—surgical excision remains a jus-
tified and prudent management strategy for 
papillary breast lesions identified on CNB. 
When a papillary lesion is detected on CNB, 
surgical excision carries a substantial likeli-
hood of revealing atypia or an associated ma-
lignancy, either within the index lesion or in 
adjacent breast tissue.
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Resumen. Las infecciones causadas por Enterobacterales resistentes a los 
carbapenémicos, antibióticos considerados de última línea, representan una 
amenaza creciente para la salud pública. El principal mecanismo de resisten-
cia es la producción de carbapenemasas, cuya tipificación es importante para 
orientar las decisiones terapéuticas. Asimismo, la epidemiología molecular 
aporta información esencial para el monitoreo y el control de estos microor-
ganismos. En este contexto, se realizó una revisión de los reportes sobre En-
terobacterales productores de carbapenemasas en Venezuela, con el objetivo 
de sintetizar la información disponible, incluyendo las especies bacterianas y 
enzimas detectadas, la susceptibilidad antibiótica, los elementos móviles aso-
ciados y la tipificación molecular de las cepas, así como destacar las tendencias 
epidemiológicas en el país. El análisis de los estudios reveló que Klebsiella pneu-
moniae (K. pneumoniae) productora de carbapenemasas (KPC) ha sido la ente-
robacteria reportada con mayor frecuencia; sin embargo, la metalo-β-lactamasa 
de Nueva Delhi (NDM) muestra una tendencia creciente, en concordancia con 
la situación en América Latina. La caracterización molecular de los aislados ha 
sido limitada, lo que resalta la necesidad de fortalecerla en futuras investigacio-
nes. En general, se evidencia una brecha de conocimiento que requiere estudios 
sistemáticos para comprender mejor la dinámica y el impacto de estos agentes 
patógenos en Venezuela.
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Abstract. Infections caused by carbapenem-resistant Enterobacterales, 
which are considered last-line antibiotics, represent a growing threat to public 
health. The primary resistance mechanism is carbapenemase production, and 
characterizing these enzymes is essential for guiding therapeutic decisions. 
Likewise, molecular epidemiology provides critical information for monitoring 
and controlling these microorganisms. In this context, we reviewed reports of 
carbapenemase-producing Enterobacterales in Venezuela, synthesizing avail-
able data on bacterial species, antibiotic susceptibility, resistance-conferring 
enzymes, associated mobile genetic elements, molecular typing, and epidemio-
logical trends. Analysis of these studies revealed that KPC-producing Klebsiella 
pneumoniae has been the most frequently reported carbapenemase-producing 
enterobacterium, although NDM (New Delhi metallo-beta-lactamase) is on the 
rise, consistent with the situation in the rest of Latin America. Overall, we iden-
tified a knowledge gap, especially in the molecular characterization of carbape-
nem-resistant isolates, that requires systematic studies to better understand 
the dynamics and impact of these pathogenic agents in Venezuela. 

               Recibido: 05-12-2025   Aceptado: 02-03-2026

INTRODUCCIÓN

El aumento de las infecciones causa-
das por bacterias resistentes a antibióticos 
es reconocido por la Organización Mundial 
de la Salud (OMS) como una grave amenaza 
para la salud humana. En el año 2019 a nivel 
global se estimaron 4,95 millones de muer-
tes asociadas a este fenómeno, de las cuales 
1,27 millones fueron directamente atribui-
bles a esta causa 1. 

El orden Enterobacterales agrupa diver-
sas especies patógenas oportunistas que con 
frecuencia presentan perfiles de multirresis-
tencia o MDR (Multidrug-Resistant, por sus 
siglas en inglés), definida como la resisten-
cia simultánea a tres o más clases de antibió-
ticos, condición que representa un desafío 
para el tratamiento de las infecciones aso-
ciadas 2.

La emergencia de Enterobacterales 
resistentes a carbapenémicos, antibióticos 
considerados de última línea en el manejo 
de infecciones graves, constituye un pro-
blema prioritario de salud pública dada su 
asociación con el aumento de fracasos te-
rapéuticos, y por lo tanto de la morbilidad 
y mortalidad especialmente en entornos 
hospitalarios. Un metaanálisis publicado en 
2014 estimó que hasta un 44% de las muer-
tes en casos de infecciones por Enterobacte-
riaceae resistentes a carbapenémicos fueron 
directamente atribuibles a la resistencia 2, 
evidenciando su impacto clínico. 

La resistencia a carbapenémicos puede 
deberse a la presencia simultánea de meca-
nismos como la producción de β-lactamasas 
de espectro extendido (BLEE) y la pérdida 
de porinas, pero comúnmente está asociada 
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a la producción de carbapenemasas. Estas 
enzimas, que hidrolizan a los carbapenémi-
cos y otros β-lactámicos, se agrupan en tres 
de las clases moleculares de Ambler, un sis-
tema de clasificación de las β-lactamasas, 
a saber: la clase A, que corresponde a se-
rinocarbapenemasas, así denominadas por-
que contienen este aminoácido en su sitio 
activo; la clase B, conformada por metalo- 
β-lactamasas (MBL) que requieren de un 
ión metálico para su actividad y son inhibi-
das por agentes quelantes; y la clase D, re-
presentada por oxacilinasas que muestran 
niveles bajos de hidrólisis de carbapenémi-
cos3. Las principales carbapenemasas por su 
dispersión y repercusión son las producidas 
por Klebsiella pneumoniae o KPC que per-
tenece a la clase A, metalo-betalactamasa 
New Delhi (NDM, por sus siglas en inglés) 
que es una MBL o clase B, y metalo-betalac-
tamasa codificada por integrón tipo Verona 
(VIM, por su acrónimo en inglés), otra car-
bapenemasa relevante tipo MBL. KPC con-
fiere resistencia a todos los β-lactámicos 
disponibles, mientras que NDM confiere re-
sistencia a la gran mayoría de esta clase de 
antibióticos, pero es incapaz de hidrolizar 
aztreonam. A nivel mundial se han reporta-
do más de 150, 29 y 40 variantes de KPC, 
NDM y VIM, respectivamente 4,5.

Se ha registrado diseminación global de 
las Enterobacterales productores de carbape-
nemasas (EPC) impulsada por el aumento en 
el uso de carbapenémicos para el tratamiento 
de infecciones causadas por bacterias Gram 
negativas MDR y el uso indiscriminado de es-
tos fármacos, lo cual se acentuó con la pande-
mia de COVID-19 6. Adicionalmente, la crisis 
sanitaria debida a la pandemia de COVID-19 
provocó una disminución en el financiamien-
to de actividades de vigilancia, prevención y 
control de la resistencia a los antimicrobia-
nos en países de ingresos bajos y medios 7.

En Venezuela el alcance de esta pro-
blemática no se ha caracterizado de manera 
exhaustiva, por lo cual, el presente trabajo 

proporciona un análisis de los reportes pu-
blicados sobre Enterobacterales productores 
de carbapenemasas en el país con el objetivo 
de sintetizar el conocimiento actual e iden-
tificar las principales limitaciones a conside-
rar en futuras investigaciones. 

MÉTODOS

Para la búsqueda de estudios que re-
portan Enterobacterales productores de 
carbapenemasas en Venezuela se utilizaron 
los términos: “carbapenemase”, “enterobac-
teria” o “Enterobacterales” y “Venezuela” o 
“Latin America” en las bases de datos Pub-
Med y Google Académico. Se examinaron las 
82 publicaciones que resultaron de la bús-
queda en PubMed y las 150 primeras de Goo-
gle Académico, así como las referencias en 
los artículos revisados. 

Se incluyeron los estudios originales en 
inglés y español, en los que describen la de-
tección de carbapenemasas en Enterobacte-
rales aisladas en Venezuela, especificando el 
tipo o familia de enzima, y fecha o período 
de aislamiento. No se consideraron artículos 
de revisión ni resúmenes de presentaciones 
en congresos.

Adicionalmente se consultó la página 
web del “Programa Venezolano de Vigilan-
cia de la Resistencia a los Antimicrobia-
nos” (PROVENRA) (https://provenra.com.
ve/). Específicamente, fueron examinados 
los datos de susceptibilidad a meropenem 
de Klebsiella pneumoniae (K. pneumoniae), 
Enterobacter cloacae (E. cloacae) y Escheri-
chia coli (E. coli) entre los años 2005 y 2020 
(año más reciente con información disponi-
ble). La última búsqueda bibliográfica y la 
última consulta a la página de PROVENRA 
se realizaron en julio y agosto de 2025, res-
pectivamente. Las proporciones resultantes 
del análisis del conjunto de estudios se pre-
sentan como porcentajes y frecuencias. Para 
la representación gráfica de datos se utilizó 
el programa Excel.
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RESULTADOS

Aspectos generales
Se analizaron 33 estudios publicados 

entre 2008 y 2025 7–39, de manera que se 
abarca un periodo de 18 años, incluyendo 5 
años sin ninguna publicación (2009-2010, 
2013 y 2023-2024), 5 con solo una (2008, 
2011, 2012, 2018 y 2025), 2 años con dos 
(2015 y 2022), 3 años con tres (2014, 2019 
y 2020), dos con cuatro estudios (2017 y 
2021) y uno con siete publicaciones (2016).

El enfoque de los artículos evaluados 
es heterogéneo; unos estudian Enterobac-
terales en general 8–12, mientras que otros 
reportan un grupo de aislados de K. pneumo-
niae 13–21 Enterobacter spp. 22–24 o E. coli 25,26. 
Algunos estudios también incluyen especies 
Gram negativas pertenecientes a otros orde-
nes taxonómicos como Acinetobacter bau-
mannii y Pseudomonas aeruginosa 20,21,27 o 
bacterias Gram positivas y levaduras 28. Se 
encontraron varios reportes de caso o de un 
solo aislado 29–33 y estudios internacionales 
que incluyen cepas productoras de carbape-
nemasas aisladas en Venezuela 7,24,26,27,34–39. 
Algunos de los estudios internacionales no 
desglosan las especies bacterianas por país 
(3 estudios que suman 36 aislados) 36–38, y 
otros no especifican por país esta informa-
ción ni el total de aislados positivos para car-
bapenemasas 34,39.

La mayoría de los estudios se centran 
en bacterias productoras de carbapenema-
sas, pero algunos se enfocan en el análisis de 
β-lactamasas en general 8,12,13, mientras que 
otros caracterizan tanto carbapenemasas 
como BLEE 25,28. Casi la totalidad de aisla-
dos provenían de pacientes, solo un estudio 
incluyó además aislados de ambiente hospi-
talario y personal de salud 10. Las fuentes de 
aislamiento fueron diversas, siendo frecuen-
tes hemocultivo, urocultivo y secreciones. 
Los estudios analizados reportan un total 
de 940 aislados de Enterobacterales produc-
tores de carbapenemasas, con tres estudios 
concentrando más de la mitad de los mismos 
(662 aislados) 10,11,21.

En la Tabla 1 se indican los métodos 
utilizados en los estudios sobre EPC en Ve-
nezuela. Entre los trabajos que especifican 
los métodos para la identificación de las es-
pecies, el uso de pruebas bioquímicas con-
vencionales fue el más frecuente, seguido de 
MALDI-TOF (ionización por desorción láser 
asistida por matriz). Para evaluar la suscepti-
bilidad a antibióticos, se reportó difusión en 
disco o más comúnmente determinación de 
la concentración mínima inhibitoria (CMI), 
esta última en su mayoría por microdilu-
ción24,25,27,33,34,37, en algunos casos usando los 
sistemas automatizados “microScan” 15,17,31,37 
o “VITEK” 28,36; pero también por dilución 
en agar 30 o dilución en caldo 16,32. Los méto-
dos fenotípicos utilizados para detección de 
carbapenemasas incluyen: sinergia de doble 
disco 7–9,11–16,18,19,21,25,28–32; Test de Hodge Mo-
dificado (THM) 9–11,15–18,21,28,32; discos combi-
nados10,15,22; Blue Carba 7–9,13,20,21; método de 
inactivación de carbapenémicos (CIM por sus 
siglas en inglés); 7,30 y Carba-NP 7,20.

Como método confirmatorio para la 
detección de carbapenemasas se describe el 
uso de Reacción en Cadena de la Polimerasa 
(PCR) seguida o no de secuenciación Sanger 
para la identificación de la variante. Tres es-
tudios utilizaron únicamente métodos feno-
típicos en la detección de carbapenemasas. 
Pocos estudios han incluido tipificación mo-
lecular y análisis de elementos móviles (Ta-
bla 1). Asimismo, solo 3 estudios realizaron 
secuenciación de genoma completo, específi-
camente dos estudios de aislados colectados 
dentro de los programas de vigilancia global 
SMART (“Study for Monitoring Antimicrobial 
Resistance Trends”) e INFORM (“Internatio-
nal Network for Optimal Resistance Monito-
ring”) 24,26. Adicionalmente, un estudio anali-
zó el genoma completo de una cepa de E. coli 
por presentar el gen de resistencia a colistina 
mcr-1, que portaba además el gen blaNDM-1 

33.

Especies bacterianas y tipos  
de carbapenemasas

El primer aislamiento reportado de una 
EPC en Venezuela fue obtenido en 2005 y 
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corresponde a K. pneumoniae portadora de 
blaVIM 

30. En la Fig. 1 se presenta una línea de 
tiempo de los primeros aislamientos de cada 
tipo de carbapenemasa en tres especies de 
EPC en Venezuela. En los años 2008 y 2009, 
por primera vez, se aisló una EPC con KPC 
o NDM 19,20, respectivamente, ambas corres-
pondientes a K. pneumoniae. Las primeras 
Enterobacterales productores de GES (una 
serino carbapenemasa) y de una carbapene-
masa tipo OXA-48 (oxacilinasa) se aislaron 
en Venezuela entre 2017 y 2019, en ambos 

casos presentando también NDM, pero no se 
notificaron las especies bacterianas 34.

En Venezuela K. pneumoniae ha sido, 
por amplio margen, la especie de Enterobac-
terales productora de carbapenemasas re-
portada con más frecuencia, representando 
el 79,3% de los casos documentados (718 de 
903 aislados). A esta le siguen miembros del 
complejo E. cloacae (7,4%, 67/903), E. coli 
(5,6% (51/903) y K. oxytoca (4,1%, 37/903). 
Otras especies observadas son: Enterobac-
ter aerogenes (actualmente Klebsiella aero-

Tabla 1. Métodos utilizados en los estudios sobre Enterobacterales productores  
de carbapenemasas en Venezuela.

Objetivo Tipo de Método
Número

de estudios
Referencias

Identificación de especies Solo pruebas bioquímicas 
convencionales*

9 8,9,11–13,19,21,22,30

PCR 1 20 (1)

MicroScan o VITEK 4 17,28,31,36

MALDI-TOF 8 26,27,32–35,37,38 (1)

PCR+secuenciación Sanger 1 23

Susceptibilidad  
a antibióticos

Difusión en disco 12 8–14,18,19,21,22,29

Determinación de CMI 17 15–17,20,24–28,30–35,37,38

Detección e identificación  
de Carbapenemasas

Solo pruebas Fenotípicas* 3 8,13,25

PCR 14 7,9–12,14,15,19,21,23,30,31,36,39

PCR+Secuenciación Sanger 15 16–18,20,22,24,26–29,32,34,35,37,38

Tipificación molecular Solo ERIC-PCR 
o REP-PCR*

3 13,14,22

PFGE 2 15,19

MLST 6 16–18,20,24,33 (2)

Determinación de  
filogrupos (E. coli)

PCR múltiple de Clermont 2 25,28

Análisis de plásmidos  
y otros MGE

Conjugación y/o transformación 3 17,18,32

Detección de transposón 4 16–18,24 (2)

*En estudios que adicionalmente emplearon otro método, solo el confirmatorio es indicado. (1)Adicionalmente uti-
lizaron un sistema comercial de identificación bioquímica. (2)Por secuenciación de genoma completo. MALDI-TOF: 
Desorción/Ionización Láser Asistida por Matriz. CMI: Concentración mínima inhibitoria; PFGE: Electroforesis en 
Gel de Campo Pulsado; ERIC-PCR: PCR basada en Secuencias Repetitivas Intergénicas; REP-PCR: PCR basada en 
Secuencias Repetitivas Extragénicas Palindrómicas; MLST: Tipificación Multilocus de Secuencia; MGE: Elementos 
Genéticos Móviles.
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genes), Pantoea agglomerans, Citrobacter 
freundii, Morganella morganii, Serratia mar-
cescens y Citrobacter koseri, con solo 1 a 13 
aislados por especie, sumando un total de 30 
aislados (3,3%, 30/903) (Fig. 2A). En su ma-
yoría, estas últimas fueron identificadas solo 
por pruebas bioquímicas convencionales o no 
se especifica la metodología empleada en su 
identificación 10,11. Además, un aislado de En-
terobacter sp. productor de carbapenemasa 
no fue clasificado a nivel de especie.

A continuación, se presentan las pro-
porciones de las carbapenemasas detectadas 
de forma aislada, sin coproducción, excepto 
cuando se indique lo contrario. Las carba-
penemasas KPC, NDM y VIM se encontraron 
en K. pneumoniae, complejo E. cloacae y E. 
coli; siendo KPC la más frecuente, con pro-
porciones de 88% (632/718), 91% (61/67) y 
70,6% (36/51), respectivamente en las tres 
especies. Entre el total de EPC, por detec-
ción molecular se reportó 92,3% (830/899) 
aislados productores de KPC, 2,7% de 
NDM (24/899), 2,1% (19/899) VIM y 2,9% 
(26/899) productores de dos carbapenema-
sas (Fig. 2B), específicamente KPC+NDM o 
KPC+VIM. De los distintos tipos de carbape-
nemasas detectadas, se han encontrado las 
variantes KPC-2, NDM-1 y VIM-2 16–18,20,22,24,26–

29,32,33,35. Adicionalmente, por métodos única-
mente fenotípicos, se detectaron 19 aislados 

productores de serinocarbapenemasas re-
portadas como KPC pero sin la confirmación 
molecular; así como 23 aislados con MBL no 
especificada, uno de los cuales portaba ade-
más el gen blaKPC

 8,13,15,25.

Fig. 1. Línea de tiempo del primer aislamiento reportado para cada tipo o combinación de carbapenemasas en 
las principales especies de Enterobacterales en Venezuela. Kp: K. pneumoniae; Ecl: E. cloacae; Ec: E. 
coli; KPC: K. pneumoniae Carbapenemasa; NDM: Nueva Delhi Metalo-β-lactamasa; VIM: Verona Metalo-
β-lactamasa codificada por integrón. Entre paréntesis se indica la referencia.

Fig. 2. Porcentaje de especies de Enterobacterales 
productoras de carbapenemasas (A) y de 
los tipos de carbapenemasas (B) reportadas 
en Venezuela. KPC: K. pneumoniae Carba-
penemasa; NDM: Nueva Delhi Metalo-β-
lactamasa; VIM: Verona Metalo-β-lactamasa 
codificada por integrón.
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El estudio de Pillonetto y col. 39 que ana-
liza aislamientos con perfil de susceptibilidad 
indicativo de producción de carbapenema-
sas, obtenidos entre 2015 y 2020 en América 
Latina y el Caribe, reporta 53,16% de KPC, 
41,14% de NDM y 5,7% de VIM, en Enterobac-
terales de Venezuela, correspondientes a 158 
genes de carbapenemasas detectados en 157 
aislados 39. Sin embargo, no desglosa por país 
la proporción atribuible a aislados producto-
res de dos carbapenemasas ni el total de aisla-
dos positivos para cualquiera de las carbape-
nemasas probadas, por lo que estos datos no 
fueron incluidos en el análisis general.

Por otra parte, un estudio del programa 
de vigilancia global “Antimicrobial Testing 
Leadership and Surveillance” (ATLAS), ana-
lizó aislados de EPC entre 2017 y 2019 de 
varios países de América Latina. Este trabajo 
reportó la presencia en Venezuela de Ente-
robacterales con NDM+GES y NDM junto 
con una carbapenemasa tipo OXA-48 34, sin 
especificar el número de aislados para cada 
caso. Adicionalmente, observaron una pro-
porción de aislados productores de NDM de 
Venezuela en Enterobacterales no suscepti-
bles a meropenem de 48,5% (16/33). Esta 
cifra es considerablemente mayor que lo re-
portado en un estudio previo que abarca el 
periodo 2015-2017, donde encontraron solo 

2 aislados de Enterobacteriaceae con NDM-
1 entre 18 productores de carbapenemasas 
(11%) 34,37,40. Asimismo, dos estudios con un 
pequeño número de aislamientos recientes 
de Venezuela detectaron una proporción ma-
yor de NDM o MBL respecto a KPC o seri-
nocarbapenemasas, concretamente 14:2 en 
aislados de 2018 y 8:4 de 2018-2019, ambos 
en el estado Aragua 8,9.

La distribución por estados se puede 
apreciar en la Fig. 3. Las EPC han sido de-
tectadas en muestras de pacientes de 10 en-
tidades del país que incluyen la región cen-
tral, occidental y oriental, específicamente: 
Caracas, Zulia, Aragua, Carabobo, Sucre, 
Anzoátegui, Miranda, La Guaira, Mérida y 
Bolívar. La presencia de Enterobacterales 
productores de dos carbapenemasas ha sido 
detectada en dos estados: en Sucre se halló 
K. pneumoniae productora de KPC+NDM (5 
aislados), así como E. cloacae y Enterobac-
ter hormaechei con KPC+VIM (un aislado de 
cada especie); y en Anzoátegui encontraron 
19 aislados de K. pneumoniae productores 
de KPC+VIM 7,14,16,23,29.

Proporción de Enterobacterales  
no susceptibles a meropenem 

La proporción (y el número) de aisla-
dos de K. pneumoniae, E. cloacae y E. coli no 

Fig. 3. Distribución geográfica de los distintos tipos de carbapenemasas detectadas en Enterobacterales en 
Venezuela. KPC: K. pneumoniae Carbapenemasa; NDM: Nueva Delhi Metalo-β-lactamasa; VIM: Verona 
Metalo-β-lactamasa codificada por integrón.
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susceptibles a meropenem (aquellos resis-
tentes y con susceptibilidad intermedia) en 
Venezuela entre 2005 y 2020 fue obtenida de 
la página web de PROVENRA, que recopila 
datos sobre resistencia a antibióticos prove-
nientes de laboratorios clínicos ubicados en 
diferentes estados del país. Entre los años 
2008 y 2012 se observa una tendencia cre-
ciente en la proporción de K. pneumoniae no 
susceptible, con valores en el rango de 2,2% 
(149/6619) a 21,1% (873/4133). Posterior-
mente se presentan fluctuaciones de hasta 
13,7 puntos porcentuales; en 2019 hubo un 
repunte y para 2020 esta proporción alcanzó 
el 14,5% (110/759) (Fig. 4). 

La proporción de E. coli no susceptible 
a meropenem fue considerablemente infe-
rior a la observada para K. pneumoniae en 
todo el período analizado, siendo el mayor 
valor 6,8% (176/2605) en el año 2013 y lle-
gando solo a 1,7% (44/2532) en 2020. No 
obstante, en general el número de aislados 
no susceptibles de E. coli por año fue com-
parable al registrado para K. pneumoniae, 
con un promedio de 149 y 232 aislados no 
susceptibles, respectivamente para las dos 
especies. Por su parte, la proporción de E. 
cloacae se asemeja a la de K. pneumoniae y 

alcanzó el 12,2% (31/254) en el año 2020 
(Fig. 4).

Proporción de Enterobacterales 
productores de carbapenemasas

La proporción de EPC en relación al 
total del conjunto de Enterobacterales eva-
luados, o por especie, en siete estudios 8,9,12–

14,37,38 se presenta en la Tabla 2. En la mayo-
ría de estos trabajos el tipo de muestra no 
formaba parte de los criterios de selección. 
En consecuencia, se infiere que las fuentes 
de aislamiento fueron diversas, o bien se in-
dica que es así, excepto en uno donde todos 
los aislados provenían de hemocultivos de 
pacientes con sepsis 8. La proporción de ais-
lados productores de carbapenemasas en el 
conjunto de especies de Enterobacterales (o 
Enterobacteriaceae) fue generalmente baja 
(menor a 3%), pero en el estudio de hemo-
cultivos alcanzó 16%. Además, la proporción 
de aislados productores de carbapenemasas 
fue mucho mayor (de 6,9% a 44%) cuando se 
consideró únicamente K. pneumoniae. 

Por otra parte, entre los aislados resis-
tentes a carabepenémicos un estudio repor-
tó 86/91 (94,5%) cepas de Enterobacteria-
ceae productoras de KPC 11. 

Fig. 4. Proporción (líneas) y número (barras) de aislados de K. pneumoniae, E. cloacae y E. coli no susceptibles 
(resistentes o con susceptibilidad intermedia) a meropenem en Venezuela. Gráfico realizado a partir 
de datos del Programa Venezolano de Vigilancia de la Resistencia a los Antimicrobianos (PROVENRA).
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Estas cepas fueron obtenidas de 14 cen-
tros de salud de Caracas y otras entidades 
del país en el período 2010-2011. En tanto 
que en un hospital de Maracaibo durante los 
años 2016-2017, 148/181 (81,8%) aislados 
de K. pneumoniae eran productores de KPC 
o VIM 21.

Tipificación molecular
El estudio de las relaciones genéticas 

entre aislados bacterianos resistentes a anti-
bióticos es crucial para identificar patrones 
de diseminación y optimizar las estrategias 
de vigilancia y control de la resistencia an-
tibiótica. De los estudios revisados, 13/33 
presentan las relaciones genéticas entre 
los aislados, de los cuales 6 utilizaron tipi-
ficación multilocus de secuencia (MLST 
por sus siglas en inglés) 16–18,20,24,33; cuatro 
de K. pneumoniae, uno de E. coli y uno de 
E. cloacae. En los dos últimos casos utiliza-
ron MLST a partir de secuencias de genoma 
completo. Otros 5 trabajos usaron solo una 
de las siguientes técnicas de tipificación: 

ERIC-PCR (PCR basada en secuencias repe-
titivas intergénicas de enterobacterias) para 
K. pneumoniae 14 o Enterobacter spp. 22, REP-
PCR (PCR basada en secuencias repetitivas 
extragénicas palindrómicas) para K. pneu-
moniae 13 o electroforesis en Gel de Campo 
Pulsado (PFGE por sus siglas en inglés) para 
K. pneumoniae 15,19.

El uso de técnicas basadas en la am-
plificación de secuencias repetidas permi-
tió evidenciar la diseminación clonal de K. 
pneumoniae co-productora de KPC y NDM 
(mediante ERIC-PCR) en 3 unidades de un 
hospital de Cumaná durante 2015 14. Asi-
mismo, mediante REP-PCR se identificó un 
genotipo predominante en aislados de K. 
pneumoniae productores de serinocarbape-
nemasa o MBL en diferentes centros de sa-
lud del estado Aragua 13.

El método MLST determina la combina-
ción de alelos de un grupo de genes que tie-
nen bases polimórficas, mediante la secuen-
ciación de un fragmento de cada gen (locus), 
y asigna a cada perfil un tipo de secuencia 

Tabla 2. Proporción de Enterobacterales productores de carbapenemasas en Venezuela.

Año / Periodo Región (Institución) Grupo/Especie EPC/EBT (%) Referencia

oct 2009-ene 2010 Caracas (8 hospitales) Enterobacterales (general)  4/1235 (0,32%) 12

mar-ago 2018 Aragua-Maracay  
(un laboratorio clínico)

Enterobacterales (general)  16/605 (2,64%) 9

ene 2018-jun 2019 Aragua (varios  
centros médicos)

Enterobacterales (general) 12/73 (16%) 8

2008-2014 NE Enterobacteriaceae 16/2411 (0,66%) 38

2012-2015 NE Enterobacteriaceae 18/1201 (1,5%) 37

feb-mar 2015 Aragua (varios centros 
médicos)

K. pneumoniae 22/72 (30,5%) 13

ene-jun 2015 Sucre-Cumaná  
(un hospital)

K. pneumoniae 4/58 (6,9%) 14

mar-ago 2018 Aragua-Maracay 
 (un laboratorio clínico)

K. pneumoniae 13/90 (14,4%) 9

ene 2018-jun 2019 Aragua (varios  
centros médicos)

K. pneumoniae 11/25 (44%) 8

mar-ago 2018 Aragua-Maracay 
 (un laboratorio clínico)

Complejo E. cloacae 3/14 (21,4%) 9 

EBT: total de Enterobacterales evaluadas; NE: no especificado (estudios de vigilancia internacional).
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o ST (“Sequence Type”) que consiste en el 
conjunto de alelos de todos los genes anali-
zados. La identificación por MLST permite la 
comparación precisa de cepas entre labora-
torios e internacionalmente. De los principa-
les ST de K. pneumoniae en Venezuela, des-
taca ST833, con 28 aislados que provienen 
de Anzoátegui, Maracaibo y Caracas 16–18,20. 
Le siguen ST11 con 14 aislados entre Cara-
cas y Maracaibo 17,20; ST273 y ST147 en 9 y 8 
aislados de Maracaibo, respectivamente 18,20, 
y ST437 hallado en 7 aislados de Carabobo18. 
Entre los ST de K. pneumoniae identificados 
con menos frecuencia se encuentran ST15, 
ST17, ST1035 y ST1535, cada uno en un 
aislado, así como ST14 y ST45 en 3 aislados 
cada uno 17,18. Adicionalmente, se identifi-
caron cuatro nuevos ST: ST1858 en dos ais-
lados de Carabobo, ST1859 y ST1860 cada 
uno en 2 aislados de Caracas y ST1857 en un 
aislado de la misma ciudad 17,18.

El ST833 se detectó entre los años 2009 
y 2012 en un hospital de Maracaibo, indican-
do su persistencia en el tiempo. Mientras, 
dos aislados del ST147 se obtuvieron en fe-
chas próximas en distintas salas del mismo 
hospital, evidenciando dispersión clonal20. 
Similarmente, mediante el análisis por PFGE 
de K. pneumoniae portadora de blaKPC se de-
tectaron clones diseminados durante 2009 
y 2015 en un hospital de Cumaná, y clones 
persistentes en un hospital del Distrito Ca-
pital entre 2010 y 2012. La PFGE también 
permitió detectar una alta variabilidad gené-
tica en un grupo de cepas aisladas en varios 
centros de salud de diferentes estados entre 
2010 y 2011 14,19.

Por su parte, un estudio global de aisla-
dos de Enterobacter spp. productores de car-
bapenemasas, obtenidos entre 2008 y 2014, 
incluyó tres aislados del complejo E. cloa-
cae (portadores de blaKPC) de Venezuela que 
fueron identificados como ST516, ST523 y 
ST526 24, mientras que la cepa de E. coli por-
tadora de blaNDM-1 evaluada por MLST perte-
nece al ST19 33.

Grupos filogenéticos de E. coli
Se han descrito ocho grupos filogené-

ticos en E. coli (A, B1, B2, C, D, E, F y G), 
varios de los cuales se han asociado con há-
bitats específicos y con infecciones de tipo 
intestinal o extraintestinal. Millán y col. 25 
y Quijada-Martínez y col. 28 evaluaron la dis-
tribución de E. coli en grupos filogenéticos 
mediante alguno de los dos protocolos de 
Clermont basado en PCR múltiples. Uno de 
los estudios empleó el esquema clásico de 
3 genes que solo puede identificar los gru-
pos A, B1, B2 y D, mientras el otro estudio 
utilizó el esquema ampliado de PCR cuádru-
plex más dos simples que permite diferen-
ciar además los grupos C, E and F 25,28. En 
las cepas productoras de carbapenemasas se 
observó seis del filogrupo A, cinco del B2 y 
una del grupo B1 25,28.

Elementos genéticos móviles asociados
Los plásmidos, principalmente los con-

jugativos, constituyen una vía fundamental 
para la diseminación de determinantes de 
resistencia a antibióticos. En tres estudios 
sobre Enterobacterales productores de car-
bapenemasas de Venezuela, utilizaron en-
sayos de conjugación (y en uno también de 
transformación) para evaluar la capacidad 
de transferencia y posible localización plas-
mídica de blaKPC. Se encontró que 37/54 ais-
lados de K. pneumoniae y un aislado de K. 
oxytoca portaban el gen blaKPC en elementos 
conjugativos 17,18,32, mientras 12 de los aisla-
dos de K. pneumoniae lo llevaban en plásmi-
dos presuntamente no conjugativos 17.

En 72 cepas de K. pneumoniae aisladas 
en Venezuela, de 73 cepas evaluadas median-
te PCR, se ha confirmado la asociación del 
gen blaKPC-2 con el transposón Tn4401, especí-
ficamente con la isoforma “b” 16–18, una de las 
8 isoformas de Tn4401 que se han descrito 41. 
El transposón Tn4401b también porta blaKPC 
en cepas del complejo E. cloacae aisladas en 
Venezuela, como fue evidenciado mediante 
secuenciación de genoma completo 24.
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Resistencia a antibióticos no β-lactámicos
El tratamiento de infecciones causadas 

por Enterobacterales productores de carba-
penemasas puede incluir fluoroquinolonas, 
aminoglucósidos, tigeciclina o colistina 42, 
por lo tanto, es importante conocer los nive-
les de resistencia a estos antibióticos entre 
las EPC. 

La Tabla 3 presenta los resultados de 8 
estudios sobre la proporción de resistencia 
a antibióticos no β-lactámicos en aislados 
de K. pneumoniae productores de carbape-
nemasas obtenidos entre 2005 y 2016. Se 
observa una alta proporción de resistencia 
frente a quinolonas, gentamicina y trimeto-
prim-sulfametoxazol, con valores mínimos 
de 50% (11/22) para gentamicina y de 
63,6% (14/22) para levofloxacina. Los anti-
bióticos con menor proporción de aislados 
resistentes fueron colistina (entre 0 y 3%), y 
tigeciclina (de 0 a 33,2%). Adicionalmente, 
el programa INFORM reportó, entre 2012 y 
2015, datos correspondientes a 12-16 ais-
lados de Enterobacteriacea portadores de 
blaKPC provenientes de Venezuela, con una 
proporción de susceptibilidad de 37,5% para 
levofloxacina, 56,3% para amikacina, y 100% 
para colistina y tigeciclina 37.

DISCUSIÓN

En Venezuela K. pneumoniae constitu-
ye la EPC reportada con más frecuencia, de 
forma similar a lo que ocurre globalmente43. 
Asimismo, la carbapenemasa más reporta-
da ha sido KPC, no solo en K. pneumoniae 
sino también en el complejo E. cloacae y E. 
coli, coincidiendo con la tendencia general 
en América Latina 24,44. En contraste, a nivel 
global, los aislados de Enterobacter spp. pro-
ductores de carbapenemasas frecuentemen-
te portan VIM 24, mientras que en los de E. 
coli predomina OXA o NDM 26,45.

Nueve de los estudios aquí revisados, va-
rios de ellos relativamente recientes, usaron 
solo pruebas bioquímicas convencionales en 
la determinación de especie. En este senti-
do, cabe mencionar que es recomendable 

Tabla 3. Resistencia a antibióticos no β-lactámicos 
en aislados de K. pneumoniae productores  

de carbapenemasas en Venezuela.

Antibiótico 
Proporción 
de aislados 

resistentes (%)
Referencias

Gentamicina 224/319 (70,1)
12/22 (54,5)
 11/22 (50)
 8/14 (57,1)
 3/3 (100)
 1/1 (100)

10,15,17,20,28,30

Amikacina 212/319(66,4)
 5/22 (22,7)
 8/22(36,4)

 12/19 (63,1)
 1/1 (100)

10,15–17,30 

Levofloxacina 260/319 (81,4)
 14/22 (63,6)
 13/14 (92,9)

10,17,20

Ciprofloxacina 267/319 (83,5)
 17/22 (77,3)
 18/22 (81,8)
 18/19 (94,7)

 4/4 (100)
 3/3 (100)
 1/1 (100)

10,14–17,28,30

Ácido Nalidíxico 309/319 (96,9)
 19/22 (86,4)

 4/4 (100)
 3/3 (100)

10,14,15,28 

Trimetoprim-
Sulfametoxazol

277/319 (86,8)
 17/22 (77,3)
 13/14 (92,9)

 3/4 (75)

10,14,17,20

Cloranfenicol 245/319 (76,7)
 8/19 (42,1)

10,16

Tetraciclina 259/319(81)
 5/22(22,7)

 16/19(84,2)

10,16,17

Tigeciclina 106/319 (33,2)
 0/22 (0)

 3/19(15,8)
 0/3(0)

10,16,17,28

Colistina 10/319 (3)
 0/3 (0)

10,28 
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confirmar la identificación fenotípica, por 
ejemplo, mediante métodos moleculares, 
para el reporte de información epidemio-
lógica precisa. He y col. 46 indicaron que la 
identificación de especies en Enterobacteria-
ceae basada solo en morfología, utilización 
de sustratos y actividades enzimáticas no es 
concluyente, ya que puede resultar en perfi-
les fenotípicos similares a pesar de las dife-
rencias genéticas.

En Venezuela, se ha detectado la pre-
sencia de cepas productoras de dos carbape-
nemasas, un hallazgo que también ha sido 
reportado en otros países de América Lati-
na6,39. Esta co-producción de enzimas repre-
senta un mayor riesgo epidemiológico, ya 
que potencia la capacidad de diseminación 
horizontal de las carbapenemasas. Además, 
puede restringir aún más las opciones tera-
péuticas disponibles, complicando el manejo 
clínico de las infecciones causadas por estos 
patógenos.

La proporción de las distintas carbape-
nemasas varía por regiones a nivel mundial, 
siendo KPC la más común en Europa y Amé-
rica del norte 47. En América Latina, estu-
dios del periodo 2015-2017 de los progra-
mas de vigilancia global ATLAS e INFORM 
sobre 6 países de la región, incluyendo Ve-
nezuela, reportaron que KPC alcanzaba el 
89,1% (269/302) de las carbapenemasas de-
tectadas. Mientras, de 2017 a 2019, las bac-
terias Enterobacterales portadoras de blaKPC 
representaron el 66,5% entre todas las no 
susceptibles a meropenem (339/510) 34,47. 
Similarmente, Estabrook y col. 43 reportaron 
51,6% de KPC y 25,2% de NDM para América 
Latina entre 2018 y 2019. Por su parte, el 
estudio de Wise y col. 47 también describió 
una tendencia creciente de NDM en el pe-
ríodo 2018-2020 en la región, y observó que 
en 2022 la proporción de NDM superó la de 
KPC.

El aumento de la proporción de NDM 
puede estar relacionado al incremento en el 
uso de ceftazidima-avibactam, lo cual ha sido 
descrito en estudios de Inglaterra y EUA 48,49. 
Avibactam es un inhibidor de β-lactamasas 

que tiene actividad sobre las carbapenema-
sas KPC y OXA, pero no sobre las MBL. Su 
uso en combinación con ceftazidima fue 
aprobado por la Administración de Alimen-
tos y Medicamentos de EUA (FDA por sus 
siglas en inglés) en 2015 y posteriormente 
se observó un incremento en la resistencia 
a ceftazidima-avibactam en América Latina, 
para el periodo 2018-2020 respecto a 2015-
2017, en concordancia con el aumento de 
NDM en la región 40.

Las variantes de carbapenemasas repor-
tadas en Venezuela, KPC-2 y NDM-1, fueron 
las más comunes a nivel mundial entre 2012 
y 2019. En este mismo período VIM-1 fue la 
variante más frecuente a nivel global 43,44. Sin 
embargo, VIM-2 ha sido la única variante de 
esta carbapenemasa reportada en Venezuela 
y también se ha encontrado en otros países 
de América Latina 41.

La no susceptibilidad a carbapenémicos 
en Enterobacterales generalmente está aso-
ciada a la producción de carbapenemasas. 
De forma similar a lo observado en Venezue-
la, un estudio del período 2012 a 2017 44 re-
portó la detección de algún gen de carbape-
nemasa en 84,5% (2253/2666) de aislados 
no susceptibles a meropenem obtenidos de 
pacientes en 39 países a nivel mundial.

Se ha descrito un incremento en la pro-
porción de Enterobacterales no susceptibles 
a carbapenémicos a lo largo del tiempo en 
todas las regiones, incluyendo América Lati-
na y el Caribe 7,43,50. Específicamente en Ar-
gentina, Paraguay, Ecuador y Cuba, K. pneu-
moniae no susceptible a meropenem mostró 
una tendencia creciente entre 2011 y 2019, 
alcanzando 21%, 29%, 39% y 69%, respecti-
vamente 7. En contraste, la tendencia en Ve-
nezuela es similar a la de Colombia, donde el 
aumento es menos pronunciado que en los 
otros países mencionados y para 2019 llega-
ba solo a 15% 7.

Por otra parte, se observó que en Vene-
zuela E. coli ha presentado una proporción de 
aislados no susceptibles a meropenem con-
siderablemente menor que K. pneumoniae. 
Este hallazgo puede estar relacionado a que, 
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mientras las Enterobacterales resistentes a 
carbapenémicos predominan en pacientes 
hospitalizados, E. coli frecuentemente cau-
sa infecciones que solo requieren atención 
ambulatoria, principalmente infecciones del 
tracto urinario, de las cuales es el agente 
etiológico más común 51. Esto coincide con 
el hecho de que la mayoría de los aislados de 
E. coli documentados por PROVENRA proce-
dían de muestras de orina. 

La relativamente elevada proporción de 
K. pneumoniae productora de carbapenema-
sas, respecto al total de aislados evaluados 
por estudio, es consistente con su predomi-
nio entre las EPC. Destaca el alto porcentaje 
reportado para esta especie en dos trabajos 
sobre aislados del estado Aragua. En uno de 
ellos 13 pudo haber influido la región y las 
condiciones particulares de los centros de 
atención médica, ya que en otros aspectos 
es comparable a un estudio del estado Su-
cre 14 que muestra una proporción aproxima-
damente 4 veces menor. En el otro caso se 
presenta una alta proporción de aislados con 
carbapenemasas, tanto de K. pneumoniae 
como de EPC en general, pero en hemoculti-
vos de pacientes con sepsis 8. En concordan-
cia, en Brasil y en un conjunto de 7 países 
de América Latina 36,52 se han observado, en 
aislados de pacientes con infecciones del to-
rrente sanguíneo, proporciones de EPC simi-
lares a las referidas para Venezuela.

Los transposones pueden movilizar ge-
nes de resistencia a antibióticos dentro del 
genoma. En Venezuela, como en muchos 
otros países, se ha encontrado blaKPC en el 
transposón Tn4401 en K. pneumoniae y en el 
complejo E. cloacae, así como en plásmidos 
conjugativos de K. penumoniae y K. oxyto-
ca. Estos hallazgos sugieren la participación 
de dichos elementos en la dispersión de esta 
carbapenemasa 35,41.

Otros elementos genéticos que pue-
den estar involucrados en la diseminación 
de determinantes de resistencia a carbape-
némicos son los integrones, que contienen 
un gen codificante de integrasa, un sitio de 
recombinación y un promotor, y permiten la 

acumulación, expresión y reorganización de 
casetes genéticos de resistencia a varios an-
tibióticos. A nivel global se conoce que en 
Enterobacterales, blaNDM se asocia común-
mente a transposones flanqueados por IS26 
o IS3000, y blaGES a integrones clase 3 53,54. 
Asimismo se ha reportado que los genes co-
dificantes de NDM, VIM y de carbapenema-
sas tipo OXA-48 pueden estar localizados en 
plásmidos conjugativos 27,53,55. Sin embargo, 
la asociación de estos genes a elementos mó-
viles no se ha evaluado en aislados de Vene-
zuela.

El uso de métodos de tipificación mo-
lecular ha permitido observar la dispersión 
clonal de cepas de K. pneumoniae portado-
ra de blaKPC en algunos hospitales, así como 
una alta variabilidad genética en otros casos. 
Adicionalmente, tres de los ST más comu-
nes identificados en K. pneumoniae, especí-
ficamente ST833, ST11 y ST437, se agrupan 
dentro del complejo clonal 258, el cual pre-
senta una distribución global y predomina 
entre las cepas productoras de KPC, por lo 
que se considera un linaje de alto riesgo. De 
este complejo, ST11 y ST258 se han descri-
to como los principales ST en América La-
tina 16,56. Por el contrario, de los principales 
clones globales descritos para miembros del 
complejo E. cloacae productores de carba-
penemasas (ST114, ST93, ST90, and ST78), 
ninguno fue hallado entre los pocos aislados 
de Venezuela en los que se analizó esta ca-
racterística 24.

Como en Venezuela, E. coli ST19 ha sido 
también asociada a NDM en China, pero a la 
variante NDM-5 57. Por otra parte, se ha des-
crito que el fondo genético de E. coli influ-
ye en la adquisición de genes de resistencia 
a antibióticos, siendo el filogrupo A uno de 
los más propensos a desarrollar resistencia58. 
Se identificó este filogrupo en la mayoría de 
cepas productoras de carbapenemasas de 
Venezuela. Asimismo, un trabajo que anali-
zó más de 7000 secuencias genómicas de E. 
coli resistente a carbapenémicos portadora 
de genes codificantes de carbapenemasas, 
de la base de datos de NCBI, encontró que el 



Enterobacterales productores de carbapenemasas en Venezuela	 313

Vol. 67(2): 300 - 318, 2026

filogrupo A predominó respecto a los otros 7 
grupos (B1, B2, C, D, E, F y G) con un 36,6% 
del total 59. Dicho filogrupo se ha asociado 
a cepas comensales de origen humano, pero 
también puede incluir cepas patogénicas.

Generalmente, como en aislados de 
Venezuela, Enterobacterales resistentes a 
carbapenémicos también son resistentes 
a antibióticos no β-lactámicos, incluyendo 
aminoglucósidos y fluoroquinolonas 42,60, res-
tringiendo aún más las opciones terapéuti-
cas. Por el contrario, colistina comúnmente 
presenta actividad contra estas bacterias y, 
por lo tanto, es considerado de último recur-
so. Sin embargo, en un hospital de Argentina 
ya se ha reportado resistencia a este antibió-
tico en aproximadamente 40% de los aisla-
dos de K. pneumoniae, encontrándose cepas 
extensivamente o incluso pan-resistentes 60.

En el estudio de vigilancia del pro-
grama INFORM 37 en América Latina entre 
2012 y 2015, la proporción de aislados de 
Enterobacteraceae productores de KPC no 
susceptibles a tigeciclina fue 5,2%. Mien-
tras que en dos estudios de Venezuela que 
evaluaron aislamientos de K. pneumoniae 
de los períodos 2012-2013 y 2009-2013, la 
proporción de resistentes a este antibiótico 
fue 3 y 6 veces mayor 10,17. Asimismo en un 
hospital de Argentina se ha informado cer-
ca de 50% de resistencia a tigeciclina en 
aislados de K. pneumoniae productores de 
carbapenemasas 60. Considerando que este 
antibiótico puede utilizarse para el trata-
miento de infecciones causadas por EPC 42, 
destaca la necesidad de ampliar y actualizar 
la información disponible también sobre los 
perfiles de resistencia de estas bacterias en 
Venezuela.

En Venezuela la principal especie de 
EPC ha sido K. pneumoniae portadora del 
gen blaKPC. En esta especie se ha documen-
tado la asociación de blaKPC a transposones y 
plásmidos conjugativos, así como la presen-
cia de varios ST pertenecientes al complejo 
clonal CC258, considerado un linaje de alto 
riesgo. La tendencia creciente de la propor-
ción de Enterobacterales no susceptibles a 

carbapenémicos, subraya la importancia de 
realizar más estudios sobre la presencia y ca-
racterización de Enterobacterales producto-
res de carbapenemasas en el país. Es funda-
mental realizar confirmación molecular no 
solo en la detección de los genes codificantes 
de estas enzimas, sino también para la iden-
tificación precisa de las especies. También es 
esencial investigar aspectos como el entorno 
de los genes, su potencial transferibilidad y 
los genotipos de las cepas mediante MLST, 
con el fin de contextualizar los hallazgos en 
el escenario internacional. Una vigilancia 
sostenida, que contemple estudios molecu-
lares de amplio alcance, permitirá tener una 
visión más precisa de la epidemiología de las 
EPC en Venezuela e inferir posibles mecanis-
mos de diseminación, contribuyendo de ma-
nera efectiva a su control.
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FE DE ERRATA
En el trabajo “Withaferin-A induces apoptosis and autophagy in colorectal cancer cell 

lines via down-regulated expression of histone deacetylase 1” publicado en el Vol. 67 número 
1, marzo de 2026 es necesario sustituir las figuras en la pág. 82, Fig. 1 (FJ); pág. 84, Fig. 3 
(C,D,H); pág. 85, Figs. 4 (C) y pág. 86, Fig. 5 (G) por las que aparecen en estas correcciones. 
Además, se debe hacer una modificación en la afiliación del autor Caixi Li, como se explica.

ERRATUM
In the article “Withaferin-A induces apoptosis and autophagy in colorectal cancer cell 

lines via down-regulated expression of histone deacetylase 1”, published in Vol. 67, Issue 
1, March 2026, it is necessary to change the figures in pág. 82, Fig. 1 (FJ); pag. 84, Fig. 3 
(C,D,H); pag. 85, Figs. 4 (C) y pag. 86, Fig. 5 (EG) for the ones shown in this new version. 
Besides, a correction in the affiliation of author Caixi Li, is needed. 

Figure corrections:

In Figure 1F, the CACO2 control panel was incorrect. “Crt” was mistakenly used instead of Ctr.

In Figure 1J, the CACO2 control (Ctr) and WA-treated panel were wrongly chosen. 
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In Figure 3C, the molecular weight markers were inadvertently omitted. We have now 
added the molecular weight markers to these Western blot images. Additionally, the HT29 
bands have been updated in the corrected version.

In Figure 3D, 3H, 4C, 5E, and 5G, the molecular weight markers were inadvertently 
omitted. We have now added the molecular weight markers to these Western blot images.

Figure 3D

Figure 3 H

Figure 4C

Figure 5E

Figure 5G
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Author affiliation correction

The affiliation for author Caixia Li was listed as:
3Department of Stomatology, Shandong Provincial People’s Hospital, Jinan, Shandong,  

         China.

This should be corrected to:
3Department of Stomatology, Weifang People’s Hospital, Weifang, Shandong, China. 

         (to maintain consistency with the hospital’s official designation).
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