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Resumen

La disfuncién renal se puede definir como la condicion médica en donde el paciente
lucha contra un mal funcionamiento de los rifones, de manera que estos no pueden

cumplir con la tarea de filtrar los desechos o excesos de liquido en la sangre.

Por consiguiente, la disfuncién renal no solo se limita a la disminucién a nivel del
filtrado renal, sino que impacta al adecuado funcionamiento de otros analitos de
importancia clinica, y algunas complicaciones sistémicas tal como el HDL (lipoproteina
de alta densidad que coloquialmente se conoce como “colesterol bueno”), estas
moléculas tienen la capacidad de eliminar el colesterol del torrente sanguineo. EI HDL
es una pieza clave para poder transportar el exceso de colesterol de las células
periféricas al higado mediante el transporte reverso de colesterol, que participa
activamente en la produccion de las bilis para la disminucion de estas particulas
lipidicas.

El presente estudio tiene como objetivo principal evidenciar la prevalencia de niveles
bajos de HDL-C y la correlacion que tiene ante los biomarcadores de disfuncion o dafio

renales que hay en pacientes con enfermedad renal crénica mayores de 50 anos.

Ahora bien, la fraccion C del HDL hace referencia a la porcion de colesterol que esta
contenida en la particula lipoproteica. A su vez, es la unica fraccion que se puede llegar
a medir en el laboratorio dado que el “HDL libre” no se cuantifica en clinica
comunmente por métodos fotométricos que son empleados, principalmente, por la
mayoria de los equipos en hospitales de segundo y de tercer nivel. Se prevé identificar
la correlacién entre la disminucién significativa del HDL-C y la alteracion de funcion
renal.

14



Asimismo, se espera que la informacion obtenida permita fortalecer los programas de
manejo de las enfermedades no transmisibles de caracter cronico, creando una

referencia actualizada sobre la evolucidon de la enfermedad.

Palabras clave: biomarcadores, disfuncién renal, transporte reverso de

colesterol, torrente sanguineo, filtrado glomerular, inhibidores
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Abstract

Renal dysfunction can be defined as a medical condition in which the patient presents
impaired kidney function, such that the kidneys are unable to perform the task of

filtering waste products or excess fluids from the blood.

Consequently, renal dysfunction is not only limited to a decrease in glomerular filtration
but also impacts the proper functioning of other clinically important analytes, as well as
some systemic complications such as HDL (high-density lipoprotein, commonly known
as “good cholesterol”). These molecules have the ability to remove cholesterol from
the bloodstream. HDL is a key component in transporting excess cholesterol from
peripheral cells to the liver through reverse cholesterol transport, which actively

participates in bile production to reduce these lipid particles.

The present study has as its main objective to demonstrate the prevalence of low HDL-
C levels and the correlation with biomarkers of renal dysfunction or damage in patients

over 50 years of age with chronic kidney disease.

Furthermore, the HDL-C fraction refers to the portion of cholesterol contained within
the lipoprotein particle. In turn, it is the only fraction that can be measured in the
laboratory, since “free HDL” is not commonly quantified in clinical practice using
photometric methods, which are primarily employed by most equipment in secondary
and tertiary level hospitals. It is intended to identify the correlation between a significant

decrease in HDL-C and altered renal function.
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Likewise, it is expected that the information obtained will help strengthen management
programs for chronic non-communicable diseases, creating an updated reference on

disease progression.

Keywords: high-density lipoprotein, photometric methods, reverse cholesterol

transport, disease progression, glomerular filtration, bloodstream.
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Introduccién

Los términos colesterol bueno y colesterol malo han sido acufiados desde hace
mas de una década. Junto con su descubrimiento, se evidenciéo que, debido a su
composicidn bioquimica, el colesterol no viaja libremente por la sangre. En su
estructura, posee una porcion polar que permite a las macromoléculas lipoproteicas
encargadas de su transporte interactuar mediante puentes de hidrégeno con los
grupos polares de los fosfolipidos y las proteinas presentes en la superficie de la

lipoproteina.

Las lipoproteinas son particulas sumamente complejas que se caracterizan por
poseer en su superficie una monocapa de fosfolipidos y colesterol libre. Cabe destacar
que las lipoproteinas difieren tanto en su contenido lipidico como en su composicion

proteica.

Existe una asociacion significativa entre las dislipidemias, y las alteraciones
renales. En los pacientes con ERC la disminucién de las lipoproteinas no solo sugiere
una alteracion a nivel de los lipidos. Sino que también, involucra el metabolismo de los
lipidos en donde se evalua la reducciéon de la produccion a nivel hepatico de
apolipoproteinas que son de importancia quimica para el HDL. Ademas de su
capacidad antiaterogénica y su funciéon en el trasporte reverso. A partir de sus
hallazgos, Rader (2006) sefiala que comunmente se excluyen las caracteristicas

funcionales que potencian el efecto antiaterogénica, tales como:

¢ Inhibicién de la oxidacion de las lipoproteinas de baja densidad (LDL)

e La reduccion de la inflamacion endotelial
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e La estimulacion de la sintesis de 6xido nitrico (NO) por las células endoteliales
¢ El aumento de la disponibilidad de prostaciclina.

e La disminucion de la agregacién plaquetaria y la coagulacion sanguinea.

De acuerdo con Rader (2016), el trasfondo fisiolégico no es claro, pero, se
considera que la sinergia de estos mecanismos puede orientar a aumentar los niveles
de HDL-C, y la disminucion podria ejercer su efecto antiaterogénico, sin la necesidad

de inducir el transporte reverso de colesterol.
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CAPITULO |

PLANTEAMIENTO DEL PROBLEMA
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1.1 PLANTEAMIENTO DEL PROBLEMA

La enfermedad renal cronica constituye un problema de salud publica a nivel mundial,
y a nivel nacional. Segun cifras del Ministerio de salud MINSA (2025), se estima que mas
de 150,000 panamefios padecen de enfermedad renal crénica, principalmente, la

poblacion de personas mayores de 50 afos.

Ante esta problematica, se plantea la siguiente interrogante ;De qué manera se
relaciona la disfuncion renal con los aspectos clinicos en la poblacion mayor de 50 afos
y qué alteraciones metabolicas pueden ser medidas y correlacionadas desde el

laboratorio clinico?

Diversos estudios han evidenciado que la disminucién significativa del HDL-C son
rasgos caracteristicos de la dislipidemia asociada a la enfermedad renal cronica.
Pavanello & Ossoli (2023). No obstante, la literatura expone que la relacion que hay
entre marcadores de funcion renal tales como: la creatinina sérica, la tasa de filtracién
glomerular (TFG), la presencia de proteinuria y el nitrégeno ureico en sangre (BUN), y
las alteraciones del metabolismo lipidico estan intrinsecamente asociada a procesos de

inflamacioén croénica.

Del mismo modo, el analisis entre la funcion renal y los niveles de HDL-C, facilitaria
a contribuir con posibles avances en el monitoreo riguroso de este analito en pacientes
con mayor predisposicién a la ERC u otras enfermedades crénicas no transmisibles con
el componente inflamatorio; la deteccidén temprana de la lesion renal, evaluacion del
estado del paciente, concientizar a la poblacion sobre la adopcion de habitos adecuados

como medicina preventiva y poder implementar estrategias para la prevencién primaria
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y secundaria, junto con la reduccién de la progresion de la ERC vy la aparicion de otras

posibles comorbilidades.

Esta situacion evidencia una diversidad de enfoques, lo cual dificulta la interpretacion
especifica y la aplicacion clinica de los resultados obtenidos en los distintos métodos y
poblaciones analizadas. Asimismo, muchos de los estudios no presentan conclusiones
suficientes o especificas sobre la correlacién renal, lo que ofrece una vision poco
unificada del tema. En este contexto, se sustenta la necesidad de sintetizar la informacion

disponible en la literatura mediante una revision sistematica de la evidencia cientifica.

1.2 NECESIDAD DEL ESTUDIO

Incursionar en el aumento de la biblioteca de datos cientificos en Panama es
fundamental, dado que este sector se encuentra rezagado en el desarrollo de la ciencia
y la tecnologia. En este contexto, esta revision surge ante a la necesidad que hay
actualmente en el pais debido a la carencia de evidencia cientifica actualizada y solida
que contextualice la problematica de las enfermedades metabdlicas. Esta permitira
reforzar las escasas evidencias existentes y contribuir a la consolidaciéon del

conocimiento cientifico en el ambito de la salud.

Los principales beneficiarios de esta revision seran los estudiantes y las instituciones
de salud. Para los estudiantes, permitira contar con informacién mas actualizada sobre
la situacion poblacional y el abordaje de la enfermedad renal crénica desde el laboratorio
clinico. Para las instituciones de salud, facilitara una mejor orientacién hacia
investigaciones de caracter cientifico, fortaleciendo la toma de decisiones basadas en

evidencia. De manera indirecta, la poblacién panamena también se vera beneficiada, ya
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gue esta revision permitira ampliar el conocimiento contextualizado a la realidad nacional,
contribuyendo a mejorar el manejo clinico, la implementacién de nuevas tecnologias, la

deteccidon temprana y el tratamiento oportuno.

Se espera que los datos obtenidos contribuyan a impulsar la produccion cientifica a
nivel nacional. Asimismo, se prevé que esta revision promueva el fortalecimiento del
sistema de salud publica en aspectos relacionados con el analisis e interpretacion de
resultados de laboratorio, favoreciendo el desarrollo de una medicina preventiva y no

meramente reactiva.

El aporte de esta investigacién también radica en la educacién sobre los riesgos de
las enfermedades que se originan a nivel metabdlico y que desencadenan una serie de
eventos capaces de comprometer la vida del paciente. La identificacion temprana de
estas alteraciones permite la referencia oportuna a un especialista antes de alcanzar
etapas avanzadas de dafo renal, lo que favorece una mejor planificacion, intervencion y

control de la progresion de la enfermedad.

El impacto esperado de esta revision es de caracter multidimensional, ya que
contribuye tanto al fortalecimiento del conocimiento del personal de salud como al de los
pacientes, especialmente en lo referente a las dislipidemias, su prevencién y los riesgos

asociados a las enfermedades metabdlicas.

1.3 JUSTIFICACION

Segun datos de la Organizacién Panamericana de la Salud (OPS, 2019), durante ese
mismo afo se registraron alrededor de 250,000 defunciones en la region de las

Ameéricas, siendo las enfermedades renales la octava causa de mortalidad. En Panama3,
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la prevalencia de la enfermedad renal cronica (ERC) se estima en 12.6% y es
responsable del 2.8% de las defunciones anuales (Borrero et al., 2023); esta creciente

prevalencia representa un importante desafio para la salud publica nacional.

Usualmente, la ERC suele ser detectada en etapas avanzadas, debido a la ausencia
de manifestaciones clinicas en sus estadios iniciales. En los ultimos afios se ha
evidenciado un incremento significativo en el numero de casos de ERC. Aunado a ello,
la presencia de comorbilidades contribuye a acelerar la progresion del dafo renal. La
solucion definitiva implicaria promover un cambio integral en el estilo de vida de la
poblacién panamena, lo cual constituye un objetivo a largo plazo. Sin embargo, como
alternativa temporal frente a esta problematica, resulta fundamental fortalecer los
metodos diagndsticos e implementar guias de deteccion temprana de la lesion renal, con

el fin de disminuir la poblacion de pacientes con ERC.

Asimismo, es necesario reducir los sesgos derivados de las distintas comorbilidades
presentes en la poblacion, las cuales pueden interferir en el analisis del valor real de los
biomarcadores. Esto es especialmente relevante en la poblacion adulta mayor, donde la
interpretacion de los biomarcadores renales y metabdlicos debe realizarse en conjunto

con una valoracion clinica integral y no como valores analiticos aislados.

La realizacion de una revision sistematica permitira establecer solidas bases tedricas
a partir de la literatura cientifica disponible, orientando el desarrollo de futuras
investigaciones sobre enfermedades cronicas no transmisibles que afectan cada vez
mas a la poblacion nacional. Ademas, el analisis integral de la evidencia facilitara la

consolidacion del vinculo entre las alteraciones del metabolismo lipidico y la disfuncién
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renal, excluyendo necesariamente las comorbilidades de origen cardiovascular para

obtener una perspectiva mas precisa y relevante sobre la relacion entre estos factores.

En virtud de lo anterior, para el personal de salud que atiende a esta poblacion con
enfermedades renales resulta fundamental el manejo de informacién actualizada y
basada en evidencia cientifica. De manera conjunta, médicos y tecnélogos médicos

desempenian un rol clave en la educacion

1.4 OBJETIVOS

1.4.1 Objetivo general:

Evidenciar la correlacion existente entre las alteraciones renales y las modificaciones en
el metabolismo lipidico, a partir de los hallazgos cientificos reportados en la literatura

especializada.

1.4.2 Objetivos especificos:

1. Analizar la relacion entre los principales biomarcadores de funcion renal
(creatinina sérica, tasa de filtracion glomerular, presencia de proteinuria y
nitrégeno ureico en sangre) y las alteraciones lipidicas a nivel del HDL-C.

2. Comparar los niveles de HDL-C y los biomarcadores de funciéon renal
considerando factores externos comunes que puedan influir en estos parametros.

3. Determinar las causas asociadas a la alteracion del metabolismo lipidico en

pacientes con disfuncion renal.
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2.1 Antecedentes de la investigacion

Kronenberg et al. (2019) evidenciaron a la comunidad médica que la disminucion de
las lipoproteinas de alta densidad esta directamente asociadas a el desarrollo de la

enfermedad renal cronica (ERC).

Por su parte Bowe et al. (2016) expusieron las incongruencias presentes, si se compara
el aspecto teorico junto con lo experimental. Este expone la hipotesis con respecto a que
la disminucion del HDL-C puede estar asociado a un mayor riesgo de desarrollo o
progresion de la ERC. Los resultados de este estudio revelaron la asociacion que existe
entre algunos biomarcadores de dafio renal. Junto con la disminucién del HDL-C se
observo la duplicacion de la creatinina sérica, y la disminucién de la tasa de filtracién

glomerular (TFG).

En Panama la enfermedad renal crénica representa una carga agravante para el sistema
de salud publico. Los altos porcentajes de panamefios con ERC refleja una situacion
preocupante. Esto evidencia que contamos con una gran poblacién padeciente de
enfermedades renales, y metabdlicas. Sin dejar de lado que muchos de los panamefios

ya presentan riesgo de desarrollar una problemas cardio-metabdlicos.

Moreno Velasquez et al. (2017) describieron que para el periodo de 2001 a 2014, se
registraron 4,646 muertes de las cuales 57.6% eran hombres y 42.4% eran mujeres.
Asimismo, el Registro Nacional de Mortalidad describe que hubo un aumento sostenido
en la mortalidad por ERC hasta el afio 2006, y seguido a ello una disminucion en afios
posteriores. Este evento ha sido correlacionado con el envenenamiento masivo por

dietilenglicol, que no solo representé un punto de inflexion en el ambito de salud publica
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nacional, sino que también, gracias a sus propiedades nefrotoxicas, pudo contribuir al

aumento progresivo de pacientes con alteraciones renales.
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Association of non-high-density
lipoprotein cholesterol to high-
density lipoprotein cholesterol
ratio and chronic kidney disease in
elderly insights from NHANES

Yifan Sun*#, Zhou Li** & Ninghan Feng*2**

The non-high-density lipoprotein cholesterol to high-density ipoprotein cholesterol ratio (NHHR)

is a novel lipid index. Prior research has established a connection between lipid irregularities and
chronic kidney disease (CKD). This study aims to establish a possible link between NHHR and CKXD.
Data from the National Health and Nutrition Examination Survey (NHANES) spanning from 2003 to
2016 was used to examine the relationship between NHHR and CKD among the elderly population.
This research utilized weighted logistic regression, smoothed curve fitting and subgroup analyses
along with interaction tests to evaluate the association between NHHR and CKD. The findings reveal
a positive correlation between NHHR and CKD in fully adjusted Model 3. Besides, NHHR had a J-curve
relationship with CKD. Subgroup analysis indicated that compared with those with lower body mass
index (BMI), individuals with higher BMI are more prone to CKD. Research has shown that increased
NHHR levels are associated with a higher likelihood of developing CKD in individuals aged above 60
in the United States. NHHR's role in lipid metabolism suggests it might be an effective marker for
tracking CKD's progression.

Keywords NHHR, NHANES, CKD, Cross-sectional study, Obesity, Eldesly

CKD is marked by a decline in the glomerular filtration rate, hesghtened urinary albumin excretion, or a
combination of these factors. Patients with CKD often exhibit no obvious clinical symptoms in the early stages,
but as the condition progresses, they may experience a range of symptoms, including edema, hypertension,
increased risk of infections, and disturbances in lipid and electrolyte metabolism®. CKD, marked by
diminished glomerular filtration rates and increased urinary albumin excretion, poses a significant public
health issue, affecting around 10% of the worldwide population, notably among the elderly’. Thus, early and
precise kentification, intervention, and management of CKD are crucial to alleviate the healthcare burden on
both patients and society. The causes of CKD are multifaceted and remain incompletely defined; however, risk
factors such as infl tion, obesty, diab hypertension, and cardiovascular disease (CVD) have been
recognized®’,

The relationship between lipid metabolism and CKD is complex, with various studies having delved into the
same. In the renal parenchyma, lipid deposits may induce inflammation and fibrosis. Renal tubalointerstitial
fibrosis, a major histopathological manifestation, is closely associated with CKD advancement and eventual
renal failure’. Commaonly, CKD patients show raised levels of triglyceride-rich lipoprotein particles (TRLs),
higher low-densty lipoprotein cholesteral (LDL-C), and lower HDL-C. The NHHR, integrating the properties
of both HDL-C and non-HDL-C, serves as a new composite index for evaluating atherosclerosis risk. Previous
studies have confirmed that it is supertar to traditional blood lipid indexes with respect to their assessment of
atherosclerosis and metabalic syndrome risk™ ™. Moreover, it has been reported that NHHR is related to type 2
diabetes, hypertension, and osteoporosis in previous research. Sa, this may be one of the reasons why physicians
can consider the index of NHHR when evaluating disease risk in clinical practice** ', Because of the superiority

iDepartment of Urology, Jiangnan University Medical Center, Wind, China. 2Department of Urology, Nanjing
Medical Universtty, Wun No.2 Hospital, W, China. *Sangnan University Medical Center, 68 Zhongshan Road,
Wun, Jiangsu, China. “Yifan Sun and Zhou Li contnbuted equally ta this wark. ““email: nfeng@gangnan.edu.cn

Sdentific Reports |  (2035) 1512613 | https/idol.org/10.1038/541558.025-96299.7 nature portfolio

29



wtiw nature comfscientificreportsf

Sclentific Reports |

of WHHE in metabolic disease prediction, combining the relationship hetween CED and lipid metabolsm, the
hypothesis was raised that MHHE might relabe to CED:

While WHEIR has been stsdied in varioas aspects, the relabonship between WHHRE and elderly CED
patients has not been fully expeunded. In this regard, the study leveraged data from NELANES from 2003 1o
2004 to conduct the research on the polential link that may exist between NHHER and eldery CKD patients. It
is anticipated to address the need and establish a foundation for monsoring and preventing CED pateents from
the standpaint of lipid metabolesm.

Methods

Survey description and study population

The WHAMES 15 a recarring population:based database that is compiled in 2oyear intervals by the Mabional
Center for Health Statistses {MCFS), which i a part of the Centers for Disease Comtrol and Prevention (CDC)
in the United States. The WETANES uses a comiplex, multistage, stratefied, clustered probability design o create a
dataset representative of noninstibationalized U5 residents', All participants are asked to provide thesr mformed
permissinn ance they have been fully explained the studys goals. The study widized data from the MELANES,
covering the vears B3 to 2004, starting with a base of 71058 participants. As shown in Fig: | exclusion criteria
were syslematically applied to refine the sample: {1} exclusion of individuals under &0 years old, numbering
58 6%, (¥} removal of participants wthowt complete WHEE data, totaling 1,378; {3} exdusion of subjects lacking
comprehensive CED data, amountmg ba 571, (4] patients with incomplete data on covariates such as paverly-1o-
incnme ratse (PIR], alcohol consumption, diabetbes mellstas (DM, BMI, educatsonal atlainment, smoking states
and hypertenston [n=&,955]. Ulimately, 3,715 partecrpants were deemeed eligihle for the study.

Definition of NHHR and CKD

All participants in thes study had venous blood samples drawn in a fasting state. NHEHR represenis the quaobient
of mon- HOL-C and HPL-C, with non- HBL-C caloulated by deductmg HDML-C from total cholesternd [TC)5
CKD was defined as an «GFR< &0 mL'min/1.73m* or the presence of albuminuria'®. In crder to determine
elGFR, the CED-Epedemialogy Collaboration (CED-EPIL) formula is meed™. Thie main sign of albaminuria is an
alburnin-to-creatinine ratie {UACR) of 30 mgig or above'®.

Covariates

Far this study, we investgated various factars that could infuence the connectbion between NHER and CED.
We took indo account demographic informatian like gender, age, race, educatson level, marital statas, and PIR.
Lahoratory and questsonnaire data inchuded trighecersdes (TG TC, HEML-C, glomerular filkratson rate, urea,
BMI, diabetes, smoking hahits, aloobol mtake, blood pressure stabus, and CVT The levels of PIR were classified
as lowr (PIR < 1}, maddle (1< PIR < 4}, and high {P1R = 4). The smoking stalus was classefied as never smoked, past
smoker, or current smoker. The levels af aloobol intake were likewise classified as none, light, moderate, or heavy.
Dretailed defmiteors of these variables are available i supplementary table 51, with complele data accessible on
the WHANES websile.

Statistical analysis

Considering the iniricacies of the WHANES sampling process, this research adhered 1o CDC guidelines to
select approprate sampling wesghts for statistical analysis. Specific suboweight for TC and HI¥L chalesterol
[WTSAFZYR) were utilzed. Continoous variables had their meeans and standard erroes compuated, whereas
categorecal variables had their percentages computed. Inorder o compare groups based on categoncal dala, we
wsed weighled chi-square tests, and for contirmous varsahles, we used weighted Student’s t-1ests. To increase the
validity of the findings, canfoarders that meght affect the relationship berereen WHHE and CKI were controlled
fior Three weighted logistic regression mosdels were used io further analyze the connection hetween NHETR and
CED. Basic demographic factors in Model 2 induded: age. gender, race, education level, and marital status;
Model 5 corrected for all study variables comprehensively; and Model | was left unadpsted. Moreover, NHETR
levels were diveded into quarisdes to conduct 2 more nuanced analysis.

The individuals were categorzed according to their gender, race, edwcation kevel, marital states, B, FIR,
smoking status, hypertenseon, and DAL Cur objective was to analyze the correlation between MHHE and
CED across various clinical and demographic subgroups. To examine how this assocmation varied among, the
subgroups, interaction bests were used. Employing techniques such as threshold effect analysis, smpothed curve
filting, the study imvestigated the correlabion between MHERE and CED. In the case of messing data, we opted to
perform deletion af the missig values. Statistcal analyses were executed using B (version 4.2.0] and Empower
saftware, applying twao-tailed tests with a ssgnificance threshold set at P <045,

Results

Baseline characteristics

Tahle | details the baseline characteristics of the study’s participants. The cohart comprised 3,715 mdiveduals,
with 4%.48% male and 50 52% female. Mon: Hispanic whites formed the largest racial group, representing 58.568%
of the sample. CKTY was prevalent in 35.99% of the participants, with an average NHHE of 27004 1.15. A detailed
in Tahle 1, differences in covarsates sach as sex, age, race, FIR, alcohol consumption and BMI were significant
across NITHER guartiles (P<0.05]. Comversely, no significant disparities were found m smoking, chronee diseases
like hypertersion, cardrwvascular disease and diabetes.
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Participants from NHANES

2003-2016
N=TL058
> Excluded participants < 60 years
N=58.639
Y
12,419 Participants
Excluded incomplete data of NHHR
N=1378
Y
11,041 Participants
> Excluded incomplete data of CKD
N=371
Y
10,670 Participants
Excluded incomplete data of all covariates
N=6.955
A
3,715 Participants

Fig. 1. Flow diagram of study cobort selectron.

The association between NHHR and CKD

Table 2 displays the cutcomes of a waghted multifactor logistic regressson analysis that examined the correlatzon
between NHHR and CKD. In total, three models were used for the analysis: one that was unadpusted, one that
was adjusted for demographsc characteristics such as age, sex, race, education level, and marital states, and
one that was fully adpusted for all covariates. Model 2 showed a positwve correlation with odds ratias {ORs} of
L.14 (95% CI: 1.04, 1.25) and Model 3 showed an odds ratio of 1.18 (95% CL: 107, 1.51), respectively, when
NHHR was considered as a continuous variable. Further analysis dividing NHHR into quartiles showed a 41%
increase in CKD likelibood i the highest guartile compared to the lowest in Model 2 (OR= 1.41; 95% CL:
1.0%.1.86) and a 50% increase in Mode 3 (OR = 150, 95% CL: 1.08.2.08), with both models exhibiting statistically

(2025) 15:12611
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Table 1. Baseline characteristics of the stady pepulation. Cantinwows variables: values are expressed as
mean 4 slandard deviation. Categorical variables: values are expressed as numbers (percentage). NIHR
min-high-density lipoprotein cholesteral to high-density lipoprotein cholesterol ratio, $ quartde, PIR fzmaly
poverty income ratio, OV cardeovascular disease, D dabetes melltes, CREY chranic kidney disease, 86T
bady mass index.

segnificant trends (p for trend (L0LS and 0.019, respectively). Conversely, Medel 1 did niot exhibit any significant
assOCIAHING.

Smnothed curve fitting indscated a nonlinear relationship between WHHE and CEDY (Fig. 2], manifesting
as a |-shaped relationship. Threshodd effect analysis revealed a statistically signeficant difference hebween linear
and segmented linear regressson madels {P=0002). Tahle ¥ identifies an inflection paint of 12, wih OF as 0065
(95% L 044, 0.90) when the OR was below this indlectzon poind, suggesting a negabive correlation between
MHHE and CED. Canversely. a ssgnificard pasttnve correlation existed hetween NHELR and CKD with an OR of
1.27 (95% CIL: 116 ,1.58) above this inflection pomt, indicating a rise of 27% m CKD prevalence for every unit
increase in MELHE.
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Table 2. Weighted multivarsate logesiic regresson analy=is of NHETE and CED. NHIR non:hegh-density
lipoprodein chiolesterol te high-densty lipoprotein chelesterod ratio, £ quartle, PIR family poverty income
ratio, CVI cardiovascular disease, DM diabetes mellitus, XD chronie kidney disease, BME body mass index;
Madel 1! unadpusted. Made 2: adjusted for age, sex, race. educatronal attainment, and marital status. Model
5 adjusted for age, sex, race, education abtainment, marial statas, BMI, PIR, smoking statuws, drinkimg statas,
hypertenson, DA, CVI, dietary cholesterod intake and total chiolesterol

0.7

0.6

probability of CKD
0.4

0.2

R e LU IS IS Bt

2 4 6 8

NHHR

Fig. 2. Emoonth curve Aiting for NHHE and CEL: Subjects whe did and did not develop CED are identified a=
| arsd 0 an thie yeaxis, respectively, WHEHE was a contmeows variable, The solid red line represents the smnoth
curve fit hetween variables. Blue dotted lmes represent the $5% CI from the fit. Adjustment factors incloded
age, sex, race, edwation attainment, marital states, BMI, PIR, smoking status, drinking status, hypertension,
DM, CVI, dietary cholesteral intake and tetal cholesteral.
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Table 5. Threshold effect analysis of the asseciation of NETHER wiih CED. NHIR non-hgh-density
lgpoprodein cholesterol to high- densty Lipoprotein cholesterel ratio, PIR family poverty income rateo, OO0
cardsovascular disease, Y diabetes mellies, CRDF chronic kidney disease, BMT body mass index The
threshodd effect analysis was adjasted for age, sex, race, educalion attainment, marital status, BM1, PIR.
smoking statbas, drinkig status, bypertension, DM, OV, deetary cholesterol inlake and total cholesterol
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Table 4. Subgrowp analysis of the association between NELTHR and CKI. NHHE non-high-density
lipoprodein chinlesters] te high-densty Lipoprotein chodestered ratio, CKD chrones kidney disease, BMI bady
mass mdex, I8 diabetes mellitus. Adjusted for age, sex, race, education atlainmert, marval stalas, BMI, PIR,
smoking stabas, drinking status, bypertension, DA, CVD except the subgroup variable.

Subgroup analysis

Subgroup amalysis and mteraction lests assessed whether the correlabon between MHER and CEIY vared
across differerd subgroups Table 4 demonstrates that the correlatson remained consistent across suhgroups
stratified by sex, race, educational attxinment, smoking statas, PLR, BMI, hypertension, and DR (P valaes for all
inberactions > 0005, except for BM1). Within the subgrowp of indniduaals with BY1 = 30, there was a noTable 24%
increase m the prevalence of CED for every unit increase in ME[FIR. There was a clear defference observed in the
BMI subgroup as shown in Fig 3, figare 51 and figure 52, which is consistent with previous research.
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Understanding the heterogeneity

2

and dysfunction of HDL in chronic kidney
disease: insights from recent reviews

Zhen Xu', Shuo Yang' and Liyan Cui'”

o

Abstract

new therapeutic strategles.

Chronic kidney disease (CXD) is a complex disease that affects the global population’s health, with dyslipidemia
being one of its major complications. High density Bpoprotein (HDL) s regarded as the *hero” in the blocodstream
due to its role in reverse cholesterol transpert, which lowers cholesterol fevels in the bloed and prevents
atherosclerosis. However, In the complex internal environment of CKD, even this *hero” may struggle to perform its
beneficial functions and could potentially become harmful. This article reviews HDL heterogeneity, HDL subclasses,
functional changes in HDL during the progression of CKD, and the application of HOL In CKD treatment. This
review aims to deepen understanding of lipid metabolism abnormalities in CKD patients and provide a basis for

Keywords Chronic kidney disease, High density kpopeoteins, Dyslipidemia, Subclasses

Introduction
Chronic kidney disease (CKD) poses a significant global
health burden and is characterized by either an esti-
mated glomerular filtration rate (¢GFR) below 60 mL/
min/1.73 m® or the presence of other indicators of kidney
damage, such as albuminuria [1]. According to a study
conducted by the Global Burden of Disease group in
2020, CKD was ranked among the top 10 leading contrib-
utors to adverse outcomes on a global scale [2]. The mor-
bidity of CKD is continuously rising, with contributing
factors induding demographic shifts (aging of the popu-
lation), an increase in type 2 diabetes and hypertension
cases, as well as Jow early detection rates for CKD [3-5).
In recent years, numerous studies have indicated that
individuals with CKD exhibit a significantly increased
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mortality rate from cardiovascular diseases (CVD). The
factors leading to this outcome can be broadly catego-
rized into two types: traditional risk factors and specific
risk factors (Fig. 1). Traditional factors include dyslipid-
emia, hypertension, hyperglycemia, smoking, and old
age, all of which not only promote atherosclerosis but
also damage the renal vasculature [6-9]. Specific risk
factors include inflammation, endothdial dysfunction,
vascular calcification, genetic factors, and proteinuria
[10-13]. Both types of factors significantly increase the
cardiovascular burden.

Among these risk factors, dyslipidemia is particularly
noteworthy. One common manifestation of dydipidemia
in patients with CKD is a reduction in high-density lipo-
protein cholesterol (HDL-C) levels [14). In both CKD
and end-stage renal disease (ESRD) patients, the serum
HDL is not only quantitatively altered but also qualita-
tively compromised, further impairing its functionality.

HDL is 2 complex lipoprotein that exhibits significant
heterogeneity in the bloodstream. This heterogeneity
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Old age

Vascular
calcification

Ag. 1 Tracitiona and specific risk factors for cardiovascular diease in patients with chionic kdney diexse (Adapted from "Risk factars for saropenial by
BoRendercom (2024), Retrieved friom hittps//appbiosendercomybiotender-semalates)

arises from HDLs structural characteristics and its
involvement in complex metabolic and interconversion
processes within the body. HDL is synthesized in the liver
and intestines and performs several critical functions in
the blood, including reverse cholesterol transport and
antioxidant activities [15]. The morphology and sze of
HDL vary according to its function and are influenced by
cholesterol content, lipid components, and protein com-
position [16]. Additionally, HDL is modulated by various
factors such as lifestyle, genetic factors, and medications,
all of which contribute to changes in HDL heterogeneity
[17]).

In this review, we will examine four key aspects: (1) the
structure and composition of HDL; (2) the primary func-
tions of HDL; (3) metabolic alterations of HDL in chronic
kidney disease (CKD); and (4) the application of HDL in
the treatment of CKD.

Structure and composition of HDL

As early as 1955, Havel et al. succeeded in isolating and
characterizing lipoproteins with densities ranging from
1063 to 1.21 g/mL using ultracentrifugation [18]. Based
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on their findings, this lipoprotein was subsequently
defined as HDL. HDL is a complex of lipids and proteins,
exhibiting a sophisticated discoidal or spherical strue-
ture. The hydrophilic envelope on the surface of HDL
particles consists mainly of phospholipids (PL), free cho-
lesterol (FC), and apolipoproteins, whereas the hydro-
phobic core consists primarily of cholesteryl esters (CE)
and triglycerides (TG) [19]. Compared to other lipopro-
teins, HDL contains a higher proportion of proteins and
relatively lower levels of lipids, which is why it has the
highest density.

Heterogeneity of HDL structure

Discoidal HDL

In 1971, Trudy Forte and her colleagues made the first
observation of HDL particles using electron microscopy,
marking a significant milestone in the understanding of
HDL structure [20]. In normal individuals, HDL par-
ticles typically have a diameter ranging from 70 to 100
A and a thickness of 35 to 50 A, with a spherical shape
[20]. As illustrated in Fig. 2A, these normal HDL parti-
cles are uniformly sized and aggregate into a monolayer
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Ag. 2 Becron microscogy mage showing the marphology of HOL A HOL particles in normal individuals are uniform in size, spherical, and aggregate
N0 a snge-apey structure. B: HOL partices in patients with LCAT gene deficiency are disc-tke and amanged in a stacked formation. (These two images

are extracsed from the study by Trudy Forte et a. [20])

structure. However, in patients with lecithin-cholesterol
acyltransferase (LCAT) gene defects, HDL exhibits nota-
ble heterogeneity, forming disc-like shapes that stack
with a repeating spacing of approximately 50 to 55 A, as
depicted in Fig. 28 [20].

Interestingly, this disc-like structure of HDL can also
be observed in the plasma of healthy individuals. In 1975,
Alan R. Tall reported that incubating solated apoproteins
and phospholipids from healthy HDL in vitro leads to the
formation of disc-like particles similar to those depicted
in Fig. 2B, which do not stack [21]. In 1977, Jere Segrest
proposed that apalipoprotein A-1 (ApoA-1) stabilizes the
disc-like structure of HDL by encircling its edges, akin
to a "bicycle tire” [22, 23]. Subsequently, John Kane's
laboratory identified a subclass in human plasma that
migrates more slowly than the major HDL class in aga-
rose gel electrophoresis, positioning itself between HDL
and low-density lipoprotein (LDL) [24]. This subclass
was therefore named pre- HDL, also known as nascent
HDL or discoidal HDL. Other research teams further
confirmed the presence of discoidal HDL, suggesting
that free cholesterol initially tends to associate with dis-
coidal HDL [25, 26]. During the 1990s, multiple studies
delved into the mechanism of discoidal HDL formation,
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proposing that lipid-free ApoA-l interacts with macro-
phage membranes via ATP-binding cassette transporter
Al (ABCAL), binding phospholipids and free cholesterol
to form discoidal HDL [27-30]. Subsequent studies grad-
ually confirmed this formation process |31, 32].

Spherical HDL

The free cholesteral within discoidal HDL is converted
into cholesterol esters under the action of LCAT. Cho-
lesterol esters are highly hydrophobic, and once formed,
they aggregate into the core of the HDL partide. This
process drives the transformation of discoidal HDL parti-
cles into spherical HDL partides [33-35]. Consequently,
the levels of discoidal HDL in the plasma of healthy indi-
viduals are relatively low. Spherical HDL particles exhibit
considerable heterogeneity in diameter, ranging from
7 nanometers (nm}) to 14 nm [36]. This heterogeneity is
also evident in the significant differences among particles
in lipid proportions, protein ratios, and types of apolipo-
proteins they carry.

The structure of spherical HDL particles can be
described using the “droplet” modd, where lipids and
apolipoproteins are primarily held together by non-cova-
lent forces. The widely accepted model of human HDL
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Ag-3 Schematic dagram of the HOC structure. (Adapted from Toon Pack - Metabolam, by SioRender.com {X124). Retrieved from htpa//anpbaorende

Loornv/biceender-tempiates)

Table 1 The protein camponents of HDL [403

Apolpoproteins Enzymes Lipid transfer proteins Acute-phase proteins Comple-
ment com-
ponents

Apad, ApoAdl, Apah-i, ApaC-| Apol-  LCAT cEw SAAT c3

1 ApoC I ApoC-N, Apal), ApcE. Apaf,  PONI FLIP SAM

Apal, Apal-L, Apot PAF-AM

GSPe3

Abbenedions Apo: apobpoproten, LCAT: lecithin cholestercl acyltranderase, PONL: paracoonaie 1, PAF- A plated g factor yhydrel GSPx3

gutath dase 3, CETP: cholestund ster tanser grotein, PLTP: pheaphalipid trandfer in, SAA: serum amylod A

particles depicts them as spherical entity with a diameter  Complexity of HDL composition

of approximately 10 nm, where the surface layer is com-  Protein

posed of proteins and amphipathic lipid molecules sur-
rounding a nonpolar core of CE and TG (Fig. 3). Many
understandings of HDL structure stem from the prepara-
tion and study of reconstituted HDL (rHDL). rHDL is a
self-assembled mixture of ApoA-I and dimyristoylphos-
phatidylchaline (DMPC) in aqueous solution, with diam-
eters ranging from 9 to 20 nm, depending on the initial
lipid-to-ApoA-1 ratio [37, 38). Research has revealed that
discoidal HDL typically contains only two ApoA-1 mol-
ecules, while spherical HDL contains three ApoA-I mole-
cules. These three molecules are arranged in a “three-leal
clover model)” with each helical domain providing mutual
support [39]. Together with lipid molecules, they have
formed the spherical structure of HDL particles.
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components
Compared to other lipoproteins, HDL contains a richer
proportion of protein components, including apolipopro-
teins, enzymes, and lipid transfer proteins, as shown in
Table 1. Among these components, apolipoproteins and
enzymes play pivotal roles in the metabolic functions of
HDL.

Major apolipoproteins ApoA-lis the predominant pro-
tein in HDL particles, accounting for approximately 70%
of the total HDL protein. Synthesized in the liver and
small intestine, ApoA-1 features eight a-helical domains,
each containing 22 amino acids. These domains’ amphipa-
thic properties facilitate lipid binding [41]. Additionally,
ApoA-] contains two repeated 11-amino-acid sequences,
which enhance the malecule’s stability and solubility [41].
ApoA-1 plays a crudal role in maintaining the structural
integrity of HDL particles and promotes reverse choles-
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tersd transport by activating LCAT, thus contributing sig-
nifscantly to the prevention of atherosclerosis [42].
Apolipoprotein A-11 (ApoA-1l), synthesized primar-
ily in the liver, constitwbes about 20% of the total HDL
protein. Apod-ll exhibits strong  lipophilicity, which
enhances the structural stability of HDL particles and
prevents the disociation of lipid-iree ApoA-1 from HDL
[43]. It is hypothesized that ApoA-11 may influence the
rate of HOL synthesis; however, its association with the
reduced serum HDL levels observed in cardiovascular
diseace patients requires further investigation.
Apolipoprotein E (ApoE), although present in smaller
amounts in HDL, plays a crocial functional cole. In
nascent discoidal HDL, ApoE adopts a “double belt®
mardel, with two ApoE molecubes arranged in a reverse
parallel conformation around the nano-disk [41]. This
conformation Gcilitates the binding of HDL to cell sur-
face glycomminoglycans, thereby modulating interac-
tions between lipoprotein particles and cells [45-47).

Auxiliary proteins and enzymes CETP iz a highly
hydrophobic glycoprotein that primarily facilitates the
transfer of CE and TG between HDL, LD, and VLDL
[48]. CETFs structure inchedes an MN-terminal spherical
domain amd a long C-terminal region, which together
enable CETP to transfer lipids between different lipopro-
tein types through a "tunneling mechanism” Specifically,
the MN-terminal domain of CETE binds to HDL and trans-
fers cholesteral esters to LOL or VLIDL via the C-terminal
domain [49].

LCAT is the only encyme capable of maintaining the
balance of free cholesteral between peripheral tssoes
and HDL [50]. Mature LCAT is a gheoprobein com-
posed of an a/f-hydrolase domain, a membrane-binding
domain, and a cap domain [51-54]. LCAT catalyzes the
conversion of free cholesterol in plasma o cholesteryl
esters, thereby facilitating reverse cholesterol transport.
Additionally, LCAT hydrolyzes the oxidized products
of phosphatidylecholine and  platddet-activating  lactor,

Table 2 The hipid componens of HOL [40]
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thereby protecting platelet function and maintaining the
antioxidant capacity of HDL [55-57).

Paraoxonase 1 (PONL) iz an esterase and lactonase
synthesized by the lver and primarily carried by HDL
[58—640]. Structural studies reveal that BOMNI is an inter-
facial activated enzyme, anchared to HDL by an N-termi-
nal helix and another amphipathic helix at the active site
[62, 63]). HDL particles carrving ApoA-1 have a high affin-
ity for POMNI, forming a stable complex |62, 63]. How-
ever, the mechanisms of how PON1 integrates into HDL
are still relatively limited and require further explosation.
POML reduces lipid peroxides, thereby inhibiting the
production of monocyte chemotactic protein 1 (MCP-1)
and potentially delaying or reversing the progression of
athermsclerosis [G-66]. Several animal and cobort stud-
ies have confirmed that PON] stimubates HDL-mediated
endothelial nitric oxide production and enhances macro-
phage chalesteral efflux [67-72].

Phospholipases, such as platelet-activating  Gctor-
acetylhydrolase (PAF-AH), hydrolyze short-chain pro-
inflammatory oxidized phospholipids, helping o reduce
inflammatory responses [73]. Additionally, glutathione
peroxidase 3 (G5Px-3) exerts antioxidant effects on HDL,
protecting biomolecubes from oxidative damage [74).

i -
With the continwous advancement of mass spectrometry
[ B1%) technoblogy. the lipidomics of HDL is also evalving,
Currently, over 200 lipid molecules can be analyzed and
identified on HDL particles [75, 76]. The main lipid cat-
egaries of HDL, as shown in Table 2, indude phosphaolip-
ids, sphingolipids, and neutral lipids.

Phospholipids are the most abundant lipids in HDL,
constituting approximately 35-50% of the total lipid
mass of HDL. Phosphatidylcholine (PC), an  essen-
tial component of HDL and cell membranes. contains
a high proportion of polyunsaturated fatty acid resi-
dues—a leature less common in other lipoproteins [77,
78]. The main maolecular species of PC in HDL inclede
160/ 18:0, 1BAW18:2, 16:0/20:4, and 16181 [79-81].

Phaspholipids Sphirgolipids Mautral lipids Mirer
lipids
PC Sphingomysedin Ceramice Hexoay Cer Crodesteny] esters e
PC-plaumalogen Lactosy Cer S 1P dNED Free cholesiernl faimy
LPL 51F digd Triacylghyoerides aric
PE SRC d1E1 Ducylghcendes Eo-
PE-plasmalcagen, pICS
A taree-
Cardiclipin Phospiratiokdsenne Phospratidighyc- Lo
vl Phosphatidic acd i
g
P

hatidyz haling, FE pb

Adbrinedlavis PO gl phaidydchel LPC: |
phesphate, SR | I
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Lysophosphatidylcholine (LIFC), a product of LCAT-
mediated hydrolysis of PC, accounts for 15% of the
phospholipid mas [77, 79, 82). Additionally, phosphati-
dylethanolamine (PE) and phosphatidylinosital (PL) are
alsa significant phosphaolipids in HDOL, with PE being
notably important in plasma due to its antioxidant prog-
erties [77, 43-88]

Sphingolipids also play a significant sole in HOL.
Sphingomyslin (5M) is the most abundant sphingolipid
in HOL, and its content affects lipid membranse progp-
erties and the surface pressure of lipoproteins, thereby
regulating the activity of asociated proteins [89-91).
Ceramide, although present in smaller amounts, also
contributes to HOL structure, with 16:20 ceramide being
particularly comman [77, 79). Sphingosine- 1-phosphate
(51P) is another important sphingolipid in HDL, and its
presence is crucial for maintaining the stability of HDL's
biokegical functions by modulating cell proliferation,
migration, and apoptosis [92-94]

MNeutral lipids, such as cholesterol esters and trigheces-
ides, aleo play a crucial rale in HDL. Cholesterol esters
acoount for 30—40% of the lipid content in HDL, with the
majority existing as cholesteryl linoleate, which is vital
frr HDL% structural and functional robes [77, 89). Triglyc-
erides, derived fram very low-density lipoprotein (W LIDL)
and LDL., exhibit similar strong hydrophobic properties
as cholesteral esters, The principal types of triglycerides
include oleic acid, palmitic acid, and linaleic acid, which
play essential robes in lipid metabolism and transport [77]

Complexity of HDL subcdasses and analytical
methoeds

In 1954, Gofman and his colleagues st described the
differences among HOL subslasses using ultracentrifugal
analysis, revealing the diversity of HDL in lipid and poo-
tein composition [95]. This complexity of HDL is not only
refllected in the damification of its subclases but also in
the identihcation and measurement of HOL by various
analytical technigues

Traditional classification

Bazed on density, HDL is divided into HDLZE and HDLS:
HDOLZ has a density of 1.063-1.125 g/imL and is rich in
lipicls, while HDLS has a density of 1.125-1.21 g/mL and
is higher in protein content [95]. Using non-denaturing
gradient gel dectrophoresis (GGE), HOL2 and HIDLS can
be further subdivided into ml.l]li.plr.' subcdaszes, imclud-
ing HDL2a, HDL2Zb, HD3a, HDL3b, and HDLZ:, with
diameters of B.E-9.7 nm, 9.7-12.0 nm, BE2-8.E nm, 78—
E2 nm, and 72-7.8 nm, respectively [96]

Electrophoresis-based dassification

HDL carries surface charges and can be classi-
fied into a-HDL and pre-f HDL through agarose gel
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electrophoresis (AGE) [97, 98], Most circulating HDL
is a-HDOL, while pre-f HDL is primarily discoidal. By
combining agarose gel electrophoresis with GGE, bwo-
dimensional ebectrophoresis can be performed, further
subdividing HOL into al, a2, a3, ad, preal. prea, pread,
prefpl, and prefiZ [19, 99

Protein compaosition-based classification

HIL can also be dasified according to the protein com-
position of its particles inbe HDL containing only Apos-
I and HOL containing both ApoA-I and ApaA-1l [104].
HDL particles containing both ApoA-l and Apodc-ll
are generally more compact than those containing anly
ApoA-1 [101]

Muclear magnetic resonance [NMR]-based claisification
MMER is a technigue based on the physical phenomenon
of atomic nuckei absorbing and emitting electromagnetic
radiation in an external magnetic held. In the analysis of
HDL, particles of different sizes exhibit distinct NMER
sigmal characteristics, enabling the diferentiation of vari-
ouws HOL subdasses based on these signals. By analyzing
MME spectra, the diameter range of HDL partides can
be determined, classifying HDL into large, medium, and
small subclasses [102]

Despite the increasing diversity of methods for study-
ing HDL subclasses and the despening understanding
of HDL, significant challenges remain. Differences in
the nomenclature, number, ocomprsition, and measure-
ment parameters of HDOL subclasses exist acmss various
technigues. Some studies fcus on measuring the con-
centration of HDL subclasses, while others emphasize
the percentage of proteing or cholesterol. These dscrep-
ancies make it difficult to compare results across differ-
ent studies. To promote consistency and comparability
in HDL research, there is an wrgent need o standardize
the dassification and measurement methods of HDL
subclasses

HDOL and reverse cholesterol transport [RCT)

HDL plays a crucial role in various physiobogical pro-
cesses, with its most significant function being RCT. RCT
is a mechanism that transports cholesteral from periph-
eral tssues back to the liver and is considered the pri-
mary anti-athermsclerotic function of HODL

ABCA1 and HDL farmation

ABCAl B an integral membrane protein that uwtilizes
ATP as energy bo transport lipids from the intracellu-
lar environment o the cell membrane [103]. ABCAL is
found in several cellular becations, induding lysosomes,
the Golgi apparatus, and the plasma membrane [104].
Under the influsnce of ABCAL cholesterol is Lmru]:!url.eﬂ

from lysosomes to the Golgi apparatus and then to the
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plasma membrane. This process helps remove excess
cholesterol from cells, influencing various cellular meta-
bolic processes such as endogenous cholesterol synthesis,
LDL receptor expression, and cholesterol ester trans-
port [104]. ABCAL1 transfers cholesterol and phospho-
lipids from the inner leaflet of the plasma membrane to
the outer leaflet, where they bind with lipid-free ApoA-
I from the liver and intestine, forming discoidal HDL
(Fig. 4) [105-107]. This process marks the initiation of
RCT, with ABCAL1 being pivotal in the formation of dis-
coidal HDL

HDL maturation and cholesterol esterification

After the formation of discoidal HDL, LCAT, activated by
ApoA-l, esterifies the cholesterol [108]. The newly syn-
thesized cholesterol esters are completely hydrophobic
and gradually migrate to the core of the discoidal HDL,
facilitating its transformation into mature spherical HDL.
Meanwhile, membrane proteins such as ATP-binding
cassette transporter G1 (ABCG1) and scavenger receptor
class B type | (SR-Bl) continue to transport intracellular
cholesterol to HDL, further promoting HDL maturation

Macrophage ¢

Intestine

55

L

/“‘),- Lipid-free ApoA-l

SRl \___/
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(Fig. 4). ABCGI is also an integral membrane protein
with similar cellular localization to ABCAL but it pri-
marily targets mature HDL [109]

Cholesterol transport and clearance

Subsequently, HDL exchanges cholesterol esters and
triglycerides with VLDL and LDL in an equimolar ratio
[110]. The final step of RCT is mediated by SR-Bl, a
membrane protein of the CD36 family responsible for the
selective uptake of cholesterol esters from HDL (Fig. 4)
[111]. Through SR-BL, the liver absorbs cholesterol esters
from HDL and hydrolyzes them into free cholesterol. The
absorbed cholesterol can be converted into bile acids and
stored in the gallbladder. During digestion, bile acids are
released into the small intestine to aid in the digestion
and absorption of fats. Additionally, the liver can utilize
cholesterol for the synthesis of cell membranes and ste-
roid hormones

Discoidal HDL

VLDL and LDL

o= =

HDLZ

FAg- 4 The frocess of HOC-Medated Reverse Cholestenal Transpert. The liver and intestines synehesize ipid-free Apoi+, which inlally acguires chaoles-
terol and phospholipids from macrophages va ASCAL, farming nacent discoldal HOL Subsoquently, LCAT esterifies the cholestesol, rendering it fully
hydrophabic and causing s migration %o the core of the discoidal HOL, promacting its matiration into spherical HDL Meanwhile, membrane proteins
such a ABCGT and S2-81 continue to transfer intracelular cholesteral to HOL, further alding in HOL maturation. HDL2 and HOL3, the two subdasses of
HEX,, can interconvert. Next, HDL exchanges chalesteryl esters and trigiycerides with VLOU and LOL In eguimaclar proportions. The final step of reverse
cholessorol transpoct involves the selective uptake of cholestenyl esters from HOL particles by the hepatic SR-81 or the clearance of cholestenyl esters

from VLOL and LOL via the LDL receptor (LOCR). (Adapted from Ycon Pack -

biovendey-termgiated
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Lipid’, by Bofiendercom [2024). Retrieved froen hittos/app bicrendercom/
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How does CHD affect HDL metabolism?

In the previous sections, we have thoroughly discussed
the physiological functions of HOL and its critical role in
RBCT. However, HDL metabolism is not always stable; its
function and structure can undergo significant changes,
particularly in certain disease states, CKD & one such
pathobogical condition that can markedly impact HDL
metabalism. In the ollowing discussion, we will explose
how CKD imterferes with HDL metabolic processes
through various mechanisms, thersby altering its protec-
tive role against atherosclerosis.

Structural interference
In HOL metabolism research, traditional perspectives
have primarily focused on the lver, as it is the central sibe
for HDML catabolism. However, recent studies suggest that
the kidneys also play a significant robe in HDL metaba-
lism—a role that is not yet fully understood. Specifi-
cally, research has shown that the kidneys do not divectly
participate in the clearance of intact HDL particles but
instead selectively remove specific HDL components,
such as ApoA-l and ApoE [112]. This fnding implies
that the reduced plasma HDOL levels aobserved in CEKD
patients may be related to this selective clearance mecha-
nism of the kidoeys In patients with CKD, impairment
of the glomerular hltration barrier allvws apolipopro-
teins to be lost in the wine, which resulis in profeinuria.
Therefore, the presence of proteinuria is considered a key
indicator of apolipoprotein loss [113-115]. Additionally,
CED significantly affects the activity of enzymes involved
in HOL metabolism, with changes in enzyme activily
influencing the maturation and remadeling of HDL par-
ticles, whtimately altering HDL composition and fune-
tion [116—118]. Therefore, the role of the kidneys in HDL
meetabadism extends beyvond AGltration, involving selective
component removal and regulation of enzyme activity.
This discowery offers a new perspective for understanding
dysregulated plasma lipid metabolism in CKD patients.
[Druring the progression of CKD, patients often experi-
ence complex changes in lipoprodein metabolism, pro-
foundly affecting overall lipid metabolism. Motably, the
lipid composition of HDL partickes undergoes signif-
cant alterations, impacting not only their structure but
also their function and metabolic pathways, The most
prominent changes indode an increase in TG content
and a decrease in PL content within HDL particles. These
alterations are chsely asociated with reduced hepatic
lipase [HL) activity and increased phospholipid transfer
protein (PLTP) activity [116, 119]. HL is a 65-kDa glyco-
protein primarily synthesized and secreted by hepato-
cytes [130]. As a member of the trighyceride lipase family,
HL acts ax an important negative regulator of HDL levels
by reducing the triglyceride and phospholipid content
of HDL [121, 122]. Its decreased activity may hinder TG
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metabolism within HDL partides, leading to the accu-
maulation of TG PLTP is a member of the lipid trander
protein family. The M-terminal and C-terminal domains
aof PLTF are structurally connected, forming a hydroghao-
bic channel that facilitates lipid molecule transport [123,
124]. PLTP is predominantly rebeased by the liver, adi-
pose tissue, and macrophages in plasma, playing a crucial
robe in mediating the exchange of phospholipids between
lipoproteins  [125, 126]. Simultansously, upregulation
of PLTP activity may promote the transfer of PL from
HDL partickes, resulting in reduced PL content, which
negatively affects HOL functionality and stahbility. Fur-
thermare, the protein composition of HDL particles also
undergoes significant changes. Levels of ApoA-l, ApoA-
I, and Apobd tend fto decrease, while levels of serum
amyloid A (SAA), ApoC-Il, ApoC-1ll, and ApeA-IV
increase markedhy [127]. These changes not only reflect
substantial adjustments in the compasition of HOL par-
ticles but may also have far-reaching effects on HDLS
physiolegical functions, incheding its antioxidant, anti-
inflammatory, and anti-atherosclerotic propecties.

Impact of HOL subclasses

The changes in HDL subdasses in patients with kid-
ney disease represent a complex and meanced area of
research. Ina study by Alabakoveka et al., it was observed
that the level of the HOL?h subclass decreased in ESRD
patients, while the level of the HDL3c subclass increased
[128). This finding suggests that kidney disease affects
HDL subclasses not only in terms of gquantity but also
potentially through the sdective regulation of specific
subclasses. In addition, multiple studies have demon-
strated a significant reduction in the levels of the HDL2
subclass in ESRD patients, highlighting the adverse
impact off ESRD on HDL subdass distribution [129, 130).
These effects include an increase in PL, unesterified oha-
lesteral, and TG within HDL2, as well az a decrease in
apalipoproteins in HDL3, along with reductions in both
the concentration and activity of POMNI [129, 130).

However, research on patients with proteinuria shows
different results compared o ESED  patients.  Saodo-
Miranda et al. found that patients with proteinuria had a
higher proportion of large HDL2h subclases and a bower
proportion of small HDL3e subdasses [131]. This trend
differs rom the one observed in ESED patients, suggest-
ing that different types or severities of kidney injury may
have varying effects on HDL subclass distribution. How-
ever, the specific mechanisms by which kidney injury
leads to these divergent changes remain unelear.

(n the other hand, some studies abo support the
observation of a relative increase in large HDL subclasses
in kidney disease patients [132-134]. This aobservation
indicates that despite a decrease in total HDL levels,
there may be compensatory mechanisms, particularky
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invalving large HDL subslasses, to maintain HDL fune-
tivnality and integrity even in the face of lipid metabas-
lism disorders associated with kidney diss=ase.

Owverall, understanding HDL subcdass changes in kid-
ney disease patients is still in its early stages. Future
research needs wo further explore the impact of different
typees of kidney lesions on HDL subdasses and elucidate
the underlying hiological mechanisms to better under-
stand and manage lipid metabolism abnoemalities in
these patients.

Functional alterations

Several studies have demonstrated that the RCT capac-
ity of HDL is significantly reduced in uremic patients
undergeing dialysis [135-137]. This phenomenon not
only reveals severe lipid metabolism abnormalities in
these patients but also suggests a substantially increased
rizk of cardiovascular disease. The BCT capacity of HDL
depends on the binding of cholesterol to HDL particles,
a process closdy associated with phospholipid bevels,
particulardy the content of PC [138-142). Research has
dhown that co-incubation of HDL with PC emulsions
can significantly enhance HDL lipidation, thereby pro-
moting cholesteral uptake from macrophages |13E]. Fur-
thermore, it has been reported that the infusion of PC
ernulsions containing ApoA-l into patients with severe
atherosclerosis can improve angiographic pammeters
[143). These Andings suggest that alterations in phos-
pholipid levels may have a eritical impact on the chobes-
terol effux capacity of HDL. However, clinical studies on
phospholipid level changes in HDL among patients with
kidney disease remain relatively scarce.

Impairment of HDL RCT capacity may be asociated
with decreazed levels of specilic apolipoproteins, such
as ApoA-l, ApoC-1ll, and ApoD [144-146). In ApoE-
deficient mouse models, studies have shown a negative
corredation between ApolE kvels and HDL RCT capac-
ity |144]. Additionally, elevated 5A A& levels may ako be
related to the reduced RCT capacity of HDL. Tsun et
al. demonstrated that in patients with type 2 diabetes
and early or severe kidney disease, increased SAA levels
were associated with impaired cholesteral eflux capacity
mediated by SR-Bl [147]. Similarly, Beer ot al. reported
that 544 could adversely affect certain steps in the RCT
pathway during acute inflammation [148]. In summary,
these studies suggest that the dedine in HDL RCT capac-
ity in patients with kidney disease may be dosely related
to changes in phosphalipid levels and the reduction of
specific apolipoproteins. Further research in this area will
help to better understand and manage cardiovascular risk
in CKD patients.

Further research has revealed that patients with CKD
exhibit significantly reduced expresion bevels of ABCAL
leading to a decrease in ABCAl-mediated cholesterol
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eflux capacity [149]. As a critical tramsport protein, the
reduced expression of ABCAL not anly affects intracellu-
lar cholesterol efflux but may alss have profound implica-
tions for overall cholesterol metabalism. Investigating the
specific mechanisms undeclying the reduced expression
of ABCAL scientists have discovered that this phenom-
enon may be associated with post-translational modifica-
tions induced by the binding of mysloperoxidase (MPO)
to Apod-l [150]. Specifically, MPO can generate cyanate
(CHEM =], which is dosely linked to protein carbamylation
[151]). Additionally, M- a decomposition product of
urea, which & particulady significant in kidney disease,
as plasma levels of both wrea and carbamylated profeins
are significantly ebevated in kidney disease patients [152].
Research indicates that the presence of just one carba-
mylated lysine residue on Apoa-l asociated with HDL
particles is sufficient to influence pathways related to
ABCAL and SK-BI, which induces cholesterol accumula-
tion in macrophages [150]. This finding offers a new per-
spective on the lipid metabolism disorders ohserved in
CKD patients.

HDL typically exerts protective effects on blood ves-
sels, but this protection is significantly diminished in the
context of CKDL Symmetric dimethyarginine (SDMA)
has been identified in the HDOL of CKD patients, and this
compound can tramsform normal HDL into dysfune-
tional HDL [153]. As an endogenous inhibitor of endo-
thelial nitrie oxide synthase (@N0S), SDMA impairs the
protective effects of HDL on the vascular endothelivm
by inhibiting nitric oxide production in endothelial cells
[153). Endothelial damage can be observed even in the
early stages of CKD, and this damage progressively wors-
ens as renal function declines [154). Endothelial injury
is a key precursor o atherosderosis, and early endothe-
Il dysfunction may kead to more severe cardiovascular
disease.

Moreover, in CKD patients, HDL reduces nitric axide
availability in endothelial cells via Toll-like recepior 2
({TLR-2) [153]. This mechanism not only impairs the
repair capacity of the endothelium but also increases the
rigsk of pro-inflammatory activation and elevates arte-
rial blood pressure. These physiclogical changes supgest
that in CKD patients, HDL not only loses its protective
effects but may even have detrimental impacts on vasou-
lar health. This phenomenon is particulady pronounced
in patients undergoing dialysis, as the dialysis process
may further impair HDL function, minimizing its pro-
tective effects on the wascular endothelivm. Studies have
also shown that the protective function of HDL on the
vascular endothelium is weakest in dialysis patients but
partially recovers after kidney transplantation [154]. Kid-
ney transplantation significantly improves renal fune-
tion, thereby partially restoring the normal function of
HIL. This recovery may be related to the improvement
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in post-transplant inflammatory status and changes in
HDL compaositin. However, kidney transplantation does
not fully restore HOLS protective function, indicating a
continued need for research into therapeutic strategies
targeting HOL dysfunction.

Oixidative stress is dosely associated with the progres-
gsion of CKD. Under normal physiclogical conditions,
HDOL reduces the formation of oxidized bow-density lipo-
protein (ox-LOL) through antioxidant eneymes such as
PONT and glutathione peroxidase, thereby decreasing
oxidative stress and inflammatory responses [155-157).
These antioxidant enzymes enable HDL to effectivey
profect the vascular endothelivm and inhibit athero-
selerosis. However, in CKD patients, particularly those
undergoing dialysis, the antioxidant activity of HDL is
significantly reduced. For example, Moradi et al. found
that the antioxidant capacity of HDOL in dialysis patients
is markedly lower compared to that in healthy contrals
[155]).

Other studies have shown that the activity of PON1 in
HDLZ and HDLE in the plasma of CKD patients is sig-
nificantly reduced, indicating a substantial decrease in
their antioxidant protective capacity [129]. Additionally,
it has been found that the decline in POMN1 antioxidant
activity is associated with the carbamylation of hesine 290
(K290] [158]. The reduction in antioxidant capacity not
only signifies a diminished ability of HDL o cear ox-
LDL but abo suggests increased levels of free radicals
and peroxides in these patients, further exacerbating oxi-
dative stress and inflammatory responses. These changes
highlight the severe dysregulation of lipid metabolism
and antioxidant protection in CKD patients.

These Endings underscore a critical podnt: under con-
ditions of inflammation and oxidative stress in CKD
patients, HDL does not always [ulfll its atheroprotec-
tive role. Instead, the decline in HDL function may make
CED patients more susceptible to cardiovascular events
swch as heart dsease and stroke. In this context, HIXL not
only kses its protective eifects but may abo have a detri-
meental impact on vascular health.

Application and challenges of HDL in the treatment
of CKD

Changes in serum HDOL levels and impaired HOL fune-
tion are closely associated with CED. This phenomenon
suggesis that pharmacological moedulation or improve-
ment of HOL metabolism could have potential benefits
fir the treatment of CKD.

Apof-l mimetics
Apad-l, as the primary protein component of HDL par-
ticles, has long been considered a promising therapeu-
tic target. Research from the 1990s demonstrated that
overexpression of Apod-l and its infusion had protective
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effects in animal models, effectively preventing the for-
mation of atherosclerotic lesions [159-161]. This finding
was later applied o the renal Gebd, where it was discov-
ered that overexpression of ApoA-l significantly reduced
serum creatinine levels in a lipopalysaccharde-induced
renal injury mouse model [162]. Other studies have con-
firmed that infusion of ApoA-1 mimetic peptides not
anly improved glomerular Rlirtion mte but also reduced
tubular damage and fibrogis [163, 164]. These resulis
indicate that modulating Apoad-l levels can effectively
alleviate renal injury.

Among Apod-l mimetic peptides, D-4 F has been
shown to reduce oxidized phospholipids and allevi-
ate renal inflammation in atherosclersis mouse maodels
[165]. Petersan et al. found that -3 F increases the activ-
ity of heme oxygenase-1 in the kidneys, thereby enhanc-
ing its antioxidant capacity |[166]. Additionally, recent
studies on ETC-842, a 22-aming acid ApoA-1 mimetic
peplide complexed with phospholipids, have demon-
strated significant efficacy in sepsis treatment by mark-
edly  increasing serum HDL-C levels, reducing renal
inflarmmation, and substantially improving renal function
[167).

Enzyme therapy

In patients with CKD at different stages, the concentra-
tion ar activity of LCAT is typically reduced [14]. Addi-
tionally, patients with familial LCAT deficiency (FLIY
exhibit significantly lower sevum HDL-C levels and often
progress bo renal filure in their forties [168]. Animal
studies ako indicate a close association between chronic
renal failure and downregulation of the hepatic LCAT
gene [169]. These ohservations suggest that a decline in
LCAT activity may be closely related to the oocurrence
and progression of CKD.

Research by Baragetti et al. found that reduced serum
LCAT levels can predict the sarly progression of CKD
and confirmed that changes in HOL subtypes contrib-
ute o the worsening of renal damage [170]. Based on
these findings, therapeutic targeting of LCAT is consid-
ered potentially beneficial for the kidneys. For example,
recombinant human LCAT (rhLCAT) therapy has been
shown to normalize lipid levels and significantly reduce
proteinuria [171). In vitos studies further confirmed that
rhLCAT can redwce the formation of intracellular reac-
tive oxygen species (ROSG), thereby restoring the antioxi-
dant capacity of HOL [170].

Additionally, clinscal data suggest that decreased PON1
activity in circulation is asmociated with poor outcomes
in CKD, indicating that POMN1 may have potential renal
protective effects [172-177]. However, the exact role
of POND in CKD pathophysiology remains unclear.
Mo specific dregs targeting PON1 have been reported
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to date, highlighting the need for further research and
development.

rHDL

Infusion of rtHDOL has shown thempeatic potential for
atheroselerosis in CKD patients. C5L-111, an rHDL com-
posed of human ApodA-1 and soybean phosphatidylehas-
line, was demonstrated in 2007 by Tardif et al. through
the “Effects of C5L-111 an Atheroscleross: Safety and
Efficacy” trial to improve plague characteristics and coro-
nary artery scores [178]. However, the trial also revealed
that C5L-111 treatment indweed liver dysfunction, lead-
ing to the termination of subsequent studies [179].

The second-generation recombinant HDL, CSL-112,
shows promising prospects and does not induce hepa-
totoxicity [180). Phase | clinical trials indicated that
C5L-112 significantly increased pre-f HDL levels (by
3-Told) and cholesterol eflux (by 270%), withoul caws-
ing liver damage [180, 181). In the CSL-112-2001 Phase
Il trial, CSL-112 also signifcantly elevated Apod-l and
cholesters] efflux levels in patients with acute myscar-
dial infarction (AMI), including those with moderate
CED [182]. Additionally, a 6-gram dose of C5L-112 dem-
onstrated good safety, but further research is needed o
explore its renal protective capabilities [182].

Another fHDOL, CER-D01, was designed to mimic
nascent pre-f HDL [17%]. Recent studies have shown that
CER-001 normalies lipoprotein profiles and reduces
ipoprotein X [LpX) in patients with apidly progressive
kidney disease and FLD [183, 184]. CER-00]1 appears o
improve or at least slow the dedline in renal function by
reducing toxic LpX deposition in the kidneys and clear-
ing LpX-induced lipid deposits [183, 184]. Research also
indicates that CER-001 significantly improves conditions
in patients with acute coronary syndrome (ACS) with
extensive atherosclerotic lesions [185).

SGLT-2 inhibitors
Sodivm-glucose cotransporter 2 inhibitors  (SGLT-26)
were initially developed as treatments for type 2 diabe-
tes |1B6]. However, subsequent studies have revealed sig-
nifwcant renal protective benefits of SGLT-20 [187, 188).
In two large prospective studies focused on repal out-
comes—the “Dapagliflozin and Prevention of Adverse
Cutesmes in Chronic Kidney Dsease (DAPA-CKD)" and
the “Canagliflozin and Renal Disease in Dabetes (CRE-
DEMNCE)” trials—5GLT-2i trestment was amociated with
a 30-40% redwction in the risk of all renal endpoints.
These endpoints include the eccurrence and/or progres-
sion of albuminuria, decline in eGFR, end-stage renal
disease (dialysis or tansplantation), and renal death [187,
189).

S}:'I:-I.Em:.ﬁr_' reviews and meta-analyses have demon-
strated that SGLT-2 provide substantial cardiovascular
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and renal sutcomse protection in CKD patients, support-
ing their continued vse even with declining renal fune-
tion [190). Based on these findings, the Kidney Disease:
Improving Global Outoemes (KDIGO] organization rec-
ommends SGLT-20 as the only drug oass with Level 1 A
evidence for diabetic CEKD patients [191]. Despite the
whserved remal protective effects of SGLT-3, their under-
lying mechanisms remain not fully understood.

A study by Li et al explored the relationship between
SGLT-20, atrial Rbrillation, and circulating metabolites,
finding that SGLT-2i significantly impacts HDL subtype
metabolism [192]. Specifically, SGLT-2i significantly
increased HOL concentrations, particulacly small HDL
subtypes, while decreasing very large HDL levels [192).
Research by Fadini also supports this finding, showing
an increase in small HDL subtype levels and a decrease
in large HDOL subtyps levels after three months of dapa-
gliflowin treatment [193]. Further studies have confirmed
that SGLT-2i increases serum HDL-C concentrations
[194—19E]). These hndings suggest that 5GLT-2i have
a regulatory effect on HDL, patentially providing new
insights into the renal protective mechanisms of 5GLT-3
for future research.

GLP-1 RAs

In the “2021 Stamdards of Medical Care in Diabetes)” the
American  Diabetes  Association [ADA) recommends
considering glucagon-like peptide-1 receplor agonists
(GLP-1 RAs) in addition to 3GLT2i for patients with high
risk or establshed CKD [199]. GLP-1, an incretin hor-
mne, improves glucose contral through various mecha-
nisms, including stimulating insulin secretion, enhancing
panereatic fecell mass, inhibiting glucagon secretion,
and slowing gastric emptying [200]. As GLP-1 mimetics,
GLP-1 BAs have been shown to have significant effects
on glycemic control, reduction of cardiovascular events,
and renal protection [21-207].

Clinical trials have demonstrated the positive impact
of GLP-1 RAs on renal health. For example, in a large
randomized, double-blind, controlled trial conducted
by Muskiet et al, lirmglutide was found to help show the
increase in the wrine albumin-to-creatinine ratio in
patients with significant albuminuria [208]. Addition-
ally, a prospective study in Japan revealed that liraglu-
ticle significantly improved «GFR, particularly in patients
with eGFR ranging from 30 to 60 mL/min/1.73 m* [209).
Two other studses further confirmed the renal protec-
tive effects of raghtide, showing significant reductions
in proteinuria and 2-hour urinary protein excretion
rabe [210, 211]. These results indicate that liraglutide not
only improves renal function but also efectively reduces
markers of renal damage.

Despite the widespread recognition of the renal protec-
tive effects of GLP-1 RAs, research on their impact on



Xu ef al. BMC Nephrology (2024) 25:400

serum HDL-C levels remains limited. One study found
that while GLP-1 RAs combined with metformin resulted
in a slight increase in serum HDL-C levels, this change
was not statistically significant [202]. This suggests that
the potential effects of GLP-1 RAs on HDL-C are not yet
fully understood. Therefore, further research is needed
to explore the mechanisms by which GLP-1 RAs affect
HDL-C and to evaluate their comprehensive role in
the prevention and treatment of CKD, to better under-
stand the overall benefits of these medications in CKD

management.

Conclusions and outlook

This review explores the heterogeneity of HDL, the role
of HDL in RCT, and the metabolic changes of HDL in
CKD.

The kidneys affect HDL levels and its maturation and
function by selectively removing HDL components and
altering enzyme activity. These changes result in sig-
nificant alterations in HDL structure and function, such
as increased TG content, decreased PL content, and
changes in HDL subtype distribution. These impacts not
only weaken HDLS anti-atherosclerotic effects but may
also increase cardiovascular risk in CKD patients.

Furthermore, HDL function in CKD patients signifi-
transport capability, which is associated with reduced
PL levels and decreased apolipoproteins (e.g., ApoA-l) in
HDL. The loss of HDLUs protective function for endothe-
lial cells may exacerbate endothdial damage and oxida-
tive stress, further increasing cardiovascular disease risk.

In terms of treatment, ApoA-I mimetics and rHDL
have shown potential in improving HDL function and
reducing renal inflammation, but their long-term safety
and efficacy need further validation. SGLT-2i and GLP-1
RAs also show promise in improving cardiovascular and
renal outcomes, but the specific mechanisms of their
effects on HDL metabolism remain to be clarified.

Future research should focus on the mechanisms by
which CKD affects HDL function and structural changes
to better understand its role in CKD. Additionally, novel
therapeutic approaches, such as targeted therapies for
HDL function, should be explored, along with further
investigation into the impact of SGLT-2i and GLP-1 RAs
on HDL metabolism, to optimize treatment strategies.
These studies hold the potential to provide more effec-
tive treatment options for CKD patients, improving their
quality of life and prognosis.
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Abstract: thjective: This hospital-based cross-sectional study aimed o estimate the prevalmee and pattern of dyshipidacmia
m pre-dialysis chronic kidney discase (CEID) patients and 1o evalusie its association with the stages of CEID. The study sought
to determme the extent of lipid sbnormalities and their correlation with disease progression. Methads: The study included 50
adult pr\:vdu]}xu: CKI patients admiited to a beriary care centre between May 2022 and Jamuary 2024, Fatients were enrolled
using purposive samphing, CEI gdagmg was classafied accerdmg Lo KDIGO gusdelines. Lipsd prodiles were assessed, includmg
total cholesterol, LD, HOL, and trglycersdes. Siatistical analysis was performed using unpaired t-lests and chi-square tests,
with signaficance al p=<0.05. Resuite- OF the 50 pre-dsalysis CEIY patsents (60% male), 45% had dyshpidaems. It was more
common in males | 53%) than females (40%) and in those aged =50 years (64%) than in younger age groups {p = 0.06). Most
palients | Ta%) were m Stage 5 CKD, where abnormal Lipid levels were markedly higher. Signaficant associations were found
between advanced CEIY stage and elevated total cholesterol, LOL-C, and traglycersdes (p = 0.03, (U0, and 0.04, respectively),
while low HDL-C was nol stabsically significant (p = (.21} These findings suggest a worsening lipid profile with CKD
progression. Cowcfisions: The study highlights the high prevalence nl'd].'dl.pq.d.a:nuu m pre-dialysis CEL patients, with Lipid
abnormalities worsening as CKI} progresses. These findings emphasize the importance of early lipd monitonng and
miervention ke mitigale cardsovascular sk m this population.

Keywords: Dyshipadsemia, Chronic Kidney Dhsease (CKD), Pre-dialysis, Kidney Disease Improving Global ?.w
(KIDMGO), Lipid Profile 7

e

INTRODUC TN hikely approximate.
Chronic kidney disease (CKDY) is one of today's leading
publsc health problems, with imcreasing frequency and CED results m profound dysregulation of several key
prevalence. According 1o the Kidney Disease: Improsang encymes and metabalic pathways that eventually contnibute
Gilobal Outcomes (KDIGD), CKD s defined as kidney to dasorderad high-densty lipoprotem (HDL) chelestercd
damage or glomerular filrstion rate  (GER) <6l and trighycersde-rich lipoprotens [4]. Many epidemiologic
mLmuin'1.73 m2 for 3 months or more, mrespective of sudses  have suggested the independent role  of
cause [1]. dyshipidemnsa on cardiovascular morbsdsty and mortahity m
the general population [5]. I contribules 1o acceloraled
According to the Global Burden of Disese study, CKD atherosclerosis and a higher madence of coronary arlery
was ranked as the 12th leading cause of death globally in dhsease due to devated LDL-C and reduced HOL-C Jevels.
200%, resulting in 1.2 million deaths. The prevalence of Dysdipidernsa often coexists with metabolic abnormalities
CKID iz estimated 1o be around 9-13% worldwide, affecting like msulin resstance and dinbeies, further compoundmg
over 700 million people [2). While many patienls with cardiovascular risk. 1! may als womsen renal [uncison
chromic kidney disease (CKIY) may eventually have renal through mechanizms volving glomerdlar damage and
faslure, the majority will ssrender to cardsovascular mflammation. These mpacts make dyslipederma a key
disease before the need for dialysis since individuals wath factor m shaping treatment strategies for mdividuals with
CKD} face an elevated risk of acquirmg cardiovascular CRF [a].
discase due 1o severnl associated rsk factors. These nisk
factors can be both traditional ones such as age, male In India, CKD has emerged as a sgnificant public heabth
gender, dabetes, obeaty, hypertension, and dyshipidemia concern. wilh an ncreasmg  prevalence and  adverse
and non-tradivenal uremiz-related nsk factors such as pulcomes. A population-based study conducted n 2019
anaemia, hyperhomocystemenia, mimeral bone discase- etimaled the prevalmee of CKD in Indm 1o be
CKD}Y with hyperparathyrondism,  oxsdabive  skress, approximalely [7.2%. The stwdy also haghlighted the
hypoalbuminemia, and  chronic  inflammation  [3). association of CKD with hyperiensson, diabetes, and rural-
However, o significan! pariion of the worldwide renal urhan disparities m CED prevalence [ 7).
diseaze burden and 5is effects on the outcomes of other
illnesses remmins unguantified; hence, these figures ane The prevalmce of CKD and its associstion  with
Name: Dr. Ajaykumar Patel g12
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cardiovascular complications pose a significant challenge
for  healthcare systems  worldwide, mduding  India
Understandmg the cumrent scenario and addressing CKILY
nsk factors and management stralegses are crucial for
preventing disease progression, redocing mocbidiy and
marizality, and improving the overall bealth vulcomes for
affected indviduals.

MATERIALS AND METHODS

Siudy Design: This observational, cross-sectional study
aims b estimate the prevalence and  pattern of
dyslipadaema among pre-dialysis chrome kidney diseas:
(CEIY) patienis.

Study Setting: The sudy was conducted from May 2022
to January 24 &t the Department of General Medscine,
GMERS Medical College and Hospatal, Yalssd, Gujami,
Indha.

Siudy Participamts: The study mcluded 50 adull patsents
dizgnosed with CKI} slages 1-5, defined by the Kidney
seasze  Improsang Global  Outcomes | KDIGOY)
classification. All partscipamts were enrolled durmg the
shudy persod. Adults aged 18 years or older wath a
confirmed diagnesis of chronie kidney dsease (CKIDN
slages 1 1o 5 and who had not yel imbated dslysis were
mcluded m the study. Exclumson cnlerss  comprised
pregoant women,, individuals undergming dialysis or those
who had recerved a kidney transplant, patienls receving
lipsd-ksering micdscalsons, eorlioosteroads, ar
immunosuppressive therapy; parscipants lfollowing a lapsd-
lowernng diet; and mdinaduals who dd not provide
miormed consenl.

Exposares: The primary exposure varsable m this gudy
was the stage of chronse kxdney dissase (CEID), classified
bazed on the kidney dsease: Improving Global Owalcomes
(KNGO guidelines. TR stages were defmed as follows
Stage 1 wiath a glomerular filtration rale (GFR) = 90
mLmin/L.73 m' accompanied by evidence of kidney
damage; Slage 2 wath GFR between 689 mL/man' 1. 73 m®
and kidney damage; Stage 3 subdivaded inio 3a (GFR 45—
59 mL'min' 1. T3 m) and 3b (GFR 3044 mL'min'l.73 m"):
Stage 4 with GFR rangmg from 15-29 mL'min'1.73 m?;
and Stxge 5 ndicatmg kidney faslure, wnbh GFR < 15
mL'min/ .73 m’.

Uutcomes: The pnmary outcomes assessed o the siody
included the prevalence of dyshpidemiz, which was
diefined as the presence of any abnormalsty in the hpid
profile, specifically iotal cholesterol = 200 mg/dL, LDL
cholesterol = 100 mg/idl., HDL cholesterol < #0 my/'dL, or
Inglyveernides = 1 5hmg/dL. In addstson, comprehensive limd
profile measurements—including tolal chodestersl, LD,
HDL. and trighecersdes—were oblamed for all participants
L evaluale lipsd abnormahibies.

Data  Collection: Data were collected wang a pre-
sgruclured  case record form  thal  cplured  socio-
demagraphic information such as age, gender, occupation,
and  hiestyle factors: medsal  history  includmg
oomartndibies hike bypertension and diabetes mellitus; and
findings from clmical examunation mcluding  general
physical assessment and wilal parameters such 2= blood
pressure., hearl rale, and oxygen saturation. Blood samples
wiere oblmned lollowang a 12-hour fastmg pervod for Lipid
profilmg, and serum levels of tolal cholestered, LOL, HIOL,
and triglycendes were measured using standard laboratory
protocels. Blood was drawn via venepunciure, and serum
was separaled and siored at =HPC wntl analysis. Al
bsochemical assays were conducted using  astomated
analysers in the hospilal's contral laboratory.

Statistical Amnalysis: The data were analyred waing Emp
Info™ CIM vermon 7. Descriptive stabistics were appliod
Lo samman=e coolinuous and calegorscal  vanables,
including mean, stamdard devaation, and frequency
distributions. The association between chromic kidney
disease (CKD] sStapes and lipid abnormalities was
cvalusted uwsng mdependemt  Hests  for  continwous
wariables such as lipsd profile parameters, while Chi-sguare
Lests were employed for calegorcal variables, including the
prevalence of dyslipidemia. A p-value of bess than 005 was
consdered statistically sgnilicant.

Ethical Consderations: The Inshiubonal  Ethcal
Commuitiee (1EC) of GMERS Medscal College and
Hospital, Valsad, approved the sudy. Woten informed
consenl was oblained from all partscipants after providmg
a participanl information sheet i therr preferred bnguage.
Confidentsalsty of patiml miormaben was  maintamed
throughout the stady.

RESULTS:
This study invedved a total of 50 CED patients. There were 30 make and 20 female partscipants. Most of the partiapants, aboat
507% (n=25), were above 50 years of age, followed by 45% (o=24) i the 3 1-50 years age group and 2% {n=1) in the 15-30
years group. 56% (r=28) of the patsents reporied no significant comorbid condations, whereas 15% (n=4%) patsents had dsabetes
mellitus, 16% (n=K} had hyperienson, and 10% (n=5) patsents had both dizbetes and hypertension. On classifying the palsents
based on KIDIGO staging, 24% (n=12) had Stage 4 CKD, and the other 76% (n=38) had Stage 5 CKD. (Table 1)

Table 2 shows the analysis of lipsd parameters m pre-dialysizs CRID patients. The mean total cholesterol level was 190018 &
5344 mgidL., with the mean LD -cholesteral being 9544 & 1 L6% mg/dL., while the mean HDL-cholesterol level was 41,84 &
110 mg/dL. The mean serum riglyoeride level among the study subjects was 113,16 £ 21LE8 mg/dL. These fmdings show
that patterns of dyshipidaems were commenly aszociated with chronic kidney disease.
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Table 1. Chamcteristics of the Siudy Subjects

Farameter n (%)
Laemler
=  Male A0 60)
= Female 20 40)
| Agpe (vears)
=  |K-30 1(2)
@«  31-5{) 24 {45)
« =50 25 {30)
U pemrhadities
=  [Daabetes Mellius Q1K)
=  Hyperiension & [ 1)
=  [uabetes with Hyperenson 5 (1
= Mo ﬁlp:!icunlh:u-tuw IR | 56)
KM Staging
® Staped 11 {2d)
® Slape 5 EETRCT

Table 2 Lipid Profide in Pre-Diakysis CED Palienis

Lipid Parameter Mean & 5[
Tolal Cholestern] 1ML 15 & 53,44
LIDL- Cholesterol U544 = 1268
HIDL- Cholesterol A= < 1014
Triglvoerides 113 16 4+ X158

Assessing the associabon between KDRGD stagmg and hipod parameters among pre-dhalysis CKD patsents revealed that most
palsents mn Stage 5 CKID had more abonormal lipad profiles than those m Stage 4. The presence of abnormal hpd parmeters
wmong palienis in Stage 4 versus Stage 5 was devated tolal cholesterod (1006 vs 90%%), elevated LDL-C (5.6% vs 94.4%),
clevated triglycerides (9.5% wve. Y0.5%) and reduced HDL-C {7.7% vs. 92.3%). The prevalence ol abnormal LIDL-C and
triglyceride levels 15 spmificantly associated with advanced CKD stages (p = 002 and OV, respectively). In contrast, no
significant association was observed between advanced CKD stage and aboormal levels of 1o1al cholesterol and HDL-C {p =
0.06 and (L1 1, respectivel ). (Table 3)

Table 3: Relation ol KINGLY Staging with Lipid Pacameters

Paramseter Stage 4 (m=1I) Stage 5 (=38} Todal { m=5100) pevalue®

Total Cholesterod Mormal 10 {33.3%) 200 65 T 30 0.06
Ahbnormal 02 1Ps) 18 [9re) 20

LIVL- O halestered Mormal 10 (34 4%) 21 (65.6%) L ooz
Abnormal 1 (5.6%) 17 (b ads) 1=

HIML.- Chalestered | Mormal 10 (79 T%a) 2 [ T0.3%%) 37 o.nl
Abnormal 1 (7.T%) 12 (92 3%) 13

'|'rj:]}'|:|_-[H“ Mormal 10 {34, 5%} I (65, 5%%) 29 004
Abnormal (2 [9.5%) 19 (90, 5% 21

*p-value calculaled usmg cha-sguare test

The mean values of Glomerular hiration rate (GFR) and serum creatinine accordang 1o stages of CKD are 2565 + K32
mLimn' 1. 7T3m and 343 £ 1.73 mg/dl. m Stage 4 and 705 & 28 ml/mn'].73m® and B.58 4+ 311 mgidl. i Shage 5,
respectively. Among the ipid parameters, the prevalence ol elevated total cholestered, elevated LD -cholesterol and elevabed
TG was significant with advanced CKIP stage {p-value= 0L03, (104, (Lik; respectively). Levels of HIML.-cholesteral were kower
m Stage 5 than Siage 4 butl were nol dabistcally sgmficant {p= 0.21 L Thes: Indings sugpest a worsening ol lipad profile
parameters as CKI progresses.

Table 4 3ean HFT anad Lipid Profile parameters with KDIGEY Staging

FParamster Stage=d (o=12) Stwpe 5 (o=38) ey e *
Hinsl Fumctiom Tests
GFE (mL'mon/1.73m?) 25654 8.12 TS5 4 2 BH < LN
Serum Crestmme {modlL) 3434 1.73 H.58 4 3.11 LN
Lipid Profle Faramebers
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Total Chalesteral 171.25 & 48. 50 210,09 & 55.564 3
LI}L- Chaolesterol SHLHE & B.54 OH.UT & 1290 L)
HI3L- Cholexterol Ad.63 4 9.7] il 54 & G2 21
Triglycersdes i 13 & 1.0 119.54 & 2176 L)

"p-value calculated wang cha-square test

Of the 500 CKD subgects, 48% {n=24) had dyshipidacmia. The prevalenee of dyslipsdaemsa was #0% (n=H) in fomale CKID
pabients and 53% (n=16) in male CKD patients, bul the dilference was nol stabistcally signaficant (p=0.53). hslipidacmia was
commoner i CEKD patients who were of age more than 50 years (64% ). There were 33% (n=R) patients in the age group 31-50
vears wilh dydipsdacrmaa. The association betwemn ape group and dyslpadaemia showed statistscal significance {p = 0U06),
miicating a trend toward increased prevalemee of dyslipidaemsa wath advancing age.

Tahle 5. Association between dyslipidsemin, gender and age nmong CK LY subjecis

Faramseter Drvslipicdsemin Present. nf%a ) Drvslipicdaemin Absent, ni%a) p=valoe*
Leemder
Male {n=30) 16 [ 53%) 14 [4T%a) 0.53
Fermale {n=210) B (A0} 12 [ 6lFa)

in_yemrs
15-30 (=1} I 1 | LIHFEG) 0,08
31-50 (n=24) B (33%%) L6 [HTa)
=50 (=25} 16 [64%) )

*pevalue calculated wsang cho-sguare test

DISCUSSION

The incidence of chinical coronary heart disease among
CKI} patients 15 40%%, with cardiosascular disease (CWV0)
martality rates being 10 1o 30 tmmes higher than these of the
general populstion across similar demographics [85]. CKID
paticnis often present early sagns of atheroscleross, wath
dyslipiderma sdentified as 2 major nsk factor for OV
Sagnificant  deviabons in Lipoprotan metabodism  arc
observed m these patents, polenislly leadmg 1o severe
dyslipdasemma 1 the dhsease’s laber  stages. CKID,
chamcterized by the gradual ks of kidney fimction due 1o
underlying health isswues, 15 o lesding cause of denth from
cardiwovascular causes among those wath mild-o-moderalte
stages of the discase as well as ond-stage renal discas:
(ESEDN. Progections made by the global health burden of
disease epiderninlogists forecast that m 2080, CED will be
the 5th disease in rank responsible for death globally [9].

The present sudy ammed 1o deterrmne the prevalence and
pattern of dyshpidemzz in pre-dialyss chromc kadney
disease (CKD) patients, specifically those in Stages 4 and
5 m a terimry care bospaial o Sowath Guaml. The
maotivaison behind thas mvestgabon hes mm the well-
exlablished Iimk betweem CKD and cardsovascular
marbadity, with dyshpdeamia  recognized as a  key
coninbuwlor to thes elevated nsk.

The study used the Mational Cholesterol Education
Program Adult Trealment Pamel 111 {MCEP ATP 101
criterial 1] 1o define liped abnommalsses. Specific lipsd
abnormalities mcuded elevated toltal cholesterol (TCh m
#s, clevated LI -cholesterol (LDL-C) o 36%, clevated
rglycerdes (TG) o 42%, and bow HDL-cholesterol
(HOHL-Ch o 26% of participamts. Notably, the seversty and
pattern of dyslipidemia showed a clear correlation wath the
CKI} stzge. Patienls in Slage 5 had significantly higher
mean lotal cholesterol, inglycendes, and LDL-C levels
than those m Stage 4. Moreover, the prevalence of overall
dyslapadierma, abnormal LIDL-C, and elevated Inglvoernides

was  significantly greater in Stage 5, indscating a
progressive  worsenang  of  lhiped  derangements  wath
declining renal function. Thes: fAndings suppor the
premuse  thal  dyslipidemia inbmsifies wath  CED
progression, ranforcing the need for carly and apgressive
Lipid monitoring and management in pre-dialysas patienls
o reduce cardsovascular complicalions.

Owur shudy sdentified a 48% prevalence of dysdipsdemaa in
pre-dhalysis CKI} patients, whech 1z lower than that
reparted m varpous Indian and global studies. Choodhary et
al [11] madscated an B2.6% prevalence, whereas Khade et
al_ | 12] descovered 73 1% among CED patsents. Sumalar]y,
Adejamo et al. reporied a 6% prevalence m a Migerian
CED group |13]. However, our fmdjug; are sl
apnificantly higher than those ob=erved m non-CKD
conlred groups, swch as Adgume's study, which found a
1% prevalmeoe o the control group [13] Ths
demonsirales thal dyshpidemma remamms 2 considerable
burden m pre-dialysas CKID, even of prevalmce varies by
peography. Vanations m  diagnostic  colema, CED
chodogles, populabion demographscs, dselary trends, and
penebic argns might all contnbule to these dispanbes.

Participanis m our sudy had a mean age of 50002 & 14.77
years, which mdicates thal our subject cohorl was
predomimantly within the economically productive age
group. Thix 1z similar o the average age reported by
Frzwan etal. | 14]. and dightly lower than that reported by
Agdepamo et al. [13). {-47 vears). The male predommance
(6P} im our cohort s similar o that reported by YVerma et
al. [15]. (5%4) bul 15 less marked tham m stodies such as
Firwan o al. [14]. (&6 %) indicaling some vanabality in
pender  dasinbuton  across  CRIY  populattons.  Ohar
popualatzon 15 characberised by szgnificant renal impairment,
with a mean GFR of 11.51 ml'min/1.73 m®, and a2 magority
of the study participants having Stage 5 CKD {T6%). This
implies that our resalts mainly refllect changes in hpd
profile in the ke stages of pre-dialyss CKD—conversely,
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studies ke those by Adejumo et al. [13]. Stage 3 ako bhad
the highest concentration of patienis. which maght also
have affected the desaibed lipsd rends and overall
prevalence of dyslipidemia.

Serum Tetal Cholesteral (TC)
In the present study, devated otz cholesteral (TC =200
mu'dL) was chserved m 4{%%s of parbeipants, with a mean
TC of 190.1% + 53.44 mg/dl A satistically significant
merease was noled botween CKD stages, nising from
17125 mg/dL in Stage 4 to 210019 mg/dl. m Stxge 5 (p =
0.03). This prevalence 1= comparable to Akpan et al
(44% 16 but lower than the figures ropored by
Choudhary et al. [11]. (50.4%). The mean TC m our sudy
aligns closely with the value reported by Bhushan et al.
[I7) (195 mg/dl ), vet exceeds that of Verma et al. [15].
(137  mgdl). The moderate prevabonee of
hypercholesterolemia in our cohorl may reflect competing
miluences such as malnutrizon and inflammation., whach
are common n advanced CED and can depress scorum
cholesterol. However. the signaficant upward trend from
Stage 4 o 5 underscores the progressave dysregulation of
lipad metabalizm as renal funcltion delenorates.

Serum LDL-Chalesteral (LIVL-LC)

Elevated LIML-C (=100 mg/dL) was dentified in 36% of
the cohort, with a mean LDL-C of 9544 & 12,68 mg/dL. A
significant nise was observed from 9028 me/dL in Stage 4
o W92 mg dl m Stage 5 (p = 0L04], and the prevalence of
abnormal LINL-C was sgnificantly higher in Stage 5 (p =
0.02). While this prevalence i=s lower than that reported by
Khade et al. [12]. {59.6%) and Akpan et al. [16]. (#8%), it
shll denotes a =sgnificnt athorogenic trend. Ouar meean
LIML-C is also lower than the values reported by Bhushan
et al. (153 mg/dL). The rdatively lower LDL-C levels m
our prodomanamtly Stage 5 populabion could reflect altered
hepatsc synthess or increased calabolism due 1o chronic
milammation. Monetheless, the stsistically sgnifican
clevation between CKEID stages supporis the notion that
LINL-C accumulation remams a sigmficant metabolic
derangement mn end-stage renal disease.

Serum HDL-Cholesterasl { HEVL-L7)

Low HDL-C (<40 mgidl) was found in 26% of
participants, with a mean level of 4154 4 10010 mygdl. Mo
significant difference was observed in HDL-C between
Stage 4 (44.63 mg/dl) and Stage 5 (#0.34 mg/dL) (p =
0.21 ) nor in the prevalence of low HDL-C across stages {p
= {L11}. This prevalmoe 15 substamtially lower than those
reporied by Chowdhary et al. (73.9%) 1 1] but 15 comparable
to Ehade et al. [12]. (34.6%) Cur mean HDL-C s
marginally higher than the values reported by Bhushan et
al. [17]. (38 me'dl) and samilar o those observed by
Brzwan e al [14]. Several studies have noted markedly
lvwer HDL-C levels 1n dialyss patienls, indicating
worsening HDL metabolism with advanced discase or
dialy=is imnstson. Despite the relatively modest prevalence
of kew HDL-C in our cohorl, this parameler romains
climcally relevamt due 1o 1z central rode 1m0 reverse
cholesterol transport. The bck of significant decline from
Stage 4 to 5 may be due o2 lomted Stage 4 sample sioe or
other confounding  mifluences. However, gualitive
dwsfunction of HDL 1= hkely presemt regardless of

concentrabion, dnven by reduced ApoA-1IA-LL impaired
LCAT activily, and inoreased CETP-medsted exchange.
Serum Triglveerides (T

Elevated triglvoerides (TG 2150 mgidl) were observed in
42% of patsents, with a mean TG of 113,16 4 21 58 ma/dL.
Mean TG significantly moressed from 10613 mg/dl. in
Stage 4 o 11954 mg/dL m Stage 5 {p = (U], wath a
consderably higher prevalmee of hyperinglycersdemaa in
Stage 5 (p = 0L0M). This prevalence 1s hvwer than reported
by Choudhary et al. (67T%) el comparable to Khade et al.
(36.5%)[12] and notably higher than Akpan =t al
(26%)[16]. Our mean TG level = markedly Jower than
those reporied by Bhushan o all (36 mgdIL17] and
Verma el al. (161 mg/dl)[15]. Our cohort's relatively
modest TG levels could reflect regional dietary habits,
wenetic influences, or redwced hepatic production in some
patients  with malnutnbion o chronie  inflammation.
Maonctheless, the spnificant morease in TG rom Stage 4 o
Stage § supporis ilx mole as a progressavely worsemmg
atherogemc marker in CELD. Proor sidses, includmg Zhang
et al. [19].. bave wdentified TG as a key predicior of CKD
risk and shown a negative correlabon wath eGFR,
remmfiorcing the biologcal plassiblsny of our fndings.
Elevated TG m CKIY s atnbuted mamly to reduced LPFL
activity and impaired catabolism of VLD, particularly
unider the influence of uremsc toxins and msulin resistance

[e)1E).

STHRENGTHS AND LIMITATIONS

We provade this region-specific, globally unigue dala on
the prevalence of dyslipedemia, comparing Stage 4 and
Stage 5 CKI cases in South Gujamt advanced pre-dialysis
CED¥ pabents KNGO dassification and  laboratory
technques  were conventsonal.  However, there are
agnificant limitstions o recognize. The shady's cross-
srctional nature lmits the delermination of causation or the
mondoning of lped cvolution over time. The lotal sample
(=500 1% small, and the limsted number of subjects in Siape
4 (n=12) restricts the power and generabzabality of the
dage comparison. Thus, the overwhelming dominance off
Stage 5 patients (76%) in our cohort means our fmdings
predominanily descoribe very advanced CKIY and cannot be
camly generalized 10 carlwer stapges or truly reflect the
popalation prevalence of the overall CED population. The
fxct that this 1= a sngle-cmire stody with purposive
mmphng alse hmns represeniativeness. We also did oot
measure advanced lipad markers ml:ha:.ﬁ.pul!. Apoi-l, or
Lpia). which may allow further rsk strabfication.
CLINBCAL IMPLICATIONS
DRECTHINS

Owur study emphasizes the need For cady sdentification and
woatrel of dyslipidemsa in CEID, even in the pre-dialysis
phasze. The debate aboul the utility of skatins in end-stage
renal dissase endpoinl continues. However, abundant data
supporis the beneficial effect of statin therapy on CED as a
whole, epeoally a1 earber sages (1.e, Slages 3-4),
particularly in the =etting of additional OV nisk Ectors. Our
findings indicate that lspads should be roaimely monitored
and managed in patients with CEI, targeting speaifically
riglycerides and HDL-C mather than LINL-C alone. As
shown, these aboormalites are atherogensc, so carly
inberventions focused on lifesivle modification, glycemac

ANy FUTURE
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control, and pharmacelegic therapy should be siarted.

CONCLUSION
In conclusion, this study reveals that dyslipsdemia 1= haghly

prevalent

(48%) among pre-dialysms CKD  patsenls,

predommantly in Stxge 5, within a tertiary care hospital m
South Gujarat. The lipid profile, particularly TC, LIML-C.
and T, significantly deteriorates as CKD progresses from
Stage 4 1o Stage 5. These findings highlight the substantsal

cardiovascular
emphaszee  the necesaly for  daligent

sk burden in advanced CKD ansd
lpid  prodile

maoniloring and managemenl fo maligate cardiovascular
complications in this vulnerable population.

REFERENCES:

Levey AS, Eckardt KU, Tsukamoto Y, Levim A,
Coresh 1, Bossert 1, De Zeeuw [, Hoestetter TH,
Lamesre M, Eknoyan (. [kefinition and dazafication
of chromsc kidney discase: a position stalement from
Kuney [hsease:  |lm g Global Ouilcomes
{KDIGO). Kidney Ink. 2005 Jum:67{6): 208%- 100,
GBI 201% Dhseases and Injunes Collaborators. Global
burden of 36% diseses and mjuries in JH countries
and terrionies, 1990-2001%: a systematic analysis lor
the Global Burden of Dhsease Study 201%. Lancet.
2020 Ot 17;396] 1 0258 )] 21222,

Drbeke TH, Massy £A. Atheroscleroms m CEID:
dafferences  from the gemeral population. MNat Rev
Mephrol. 2000 Dec;6(12):723-35.

Vann MD, MNoms K. Lipad disorders and ther
relevance 1o outcomes o chromc kudoey disease.
Blood Punif: 201 1;:31{1-3): 1§9-96.

Prospective  Studies Collaborabon; Lewington S,
Whitlock G, Clarke R, Sherlhiker P, Emberson J, Halsey
1, halbazh M, Peto B, Collins R. Blood cholesteral
and vascular mortalsty by age, sex, and bloosd pressure:
a mela-analysas of mdmidual data from 61 prospecisve
studves wath 55,000 vazoular deaths. Lancel. 2T Dec
137002 ) 1 P-4

Mikolasevic 1, Fulehp M, Mavrinac V, Orhc L.
Dhyshipidemia in patents with chrone kudney disease:
etology and management. Int ] Mephrol Renovasc Dis.
2017 Feb T; 1{E35-45.

Anupama ¥J, Uma G. Prevalence of chronic kxdney
dizease among adudis in & ruml community e South
India- Results from the kidney disease soreening
{KIDS) progect. Indian § Mephrol. 2004 Jul: 244214
21

Foley KM, Parrey PS5, Samak M) Clmical
epedemiclogy of cardiovascular disease in chronic
renal dizease. Am J Kidney Dus. 1998 Mo 3205 Suppl
IEE112-4.

Foreman KJ, Marguez M, Dolgert A, Fukualk K,
Fullman M., McGanghey M, Pletcher MA, Smath AE,
Tang E. Yuan CW, Brown M, Froedman 1, He J,
Hewlon KR, Holmberg M, Falel [}, Kesdy I, Carter A,
Corey K., Chapim A, Doawes-Schubz 1, Framk T,
Godi=ch F, Liu Y, Mandakumar WV, Eelsma ME,
Reater ¥, Sadmt M, Sorensen BRI, Snomvasan VY,
Updike KL, York H, Loper AD, Lozanc K, Lm S5,
Mokdad AH, Vollset SE, Mumay ClL. Forecasting life
expociancy, years of hife lost, and all-cause and cuas:-
specific mortality for 2500 cawses of death: reforence

LIS

and aliermative scenarios for 20016-40 for 195 counitries
and lermbories. Lancel. 2018 Mo
10392 10 592052 -20%]).

Matiomal Cholesterol Education Program (MNCEP)
Expert Panel on Detection, Evalustion, and Treatment
of High Blood Cholesterol m Aduls {Adull Treatment
Papel 11} Therd Beport of the Masonal Cholesterod
Educatbon  Program (NCEP) Expert Panel on
Detection, Evaluation, and Trestment of High Hlood
Cholegteral in Adules { Adalt Treatment Pamel 1) fnal
report. Circulation. 2002 Dec 17184 25)3 14342 1.

. Choudhary ™. A study of lipid profile in chronc

eido oy dine i pre- daalysis patiats. ot § Mad Res
Rev [Internet). 2019)un_30 [cited
2025Apr 23]:7(3 )1 50-6. Available from:
hitps:ijmr medresearch in'mdex_php'/ymrearicle’
ew/ 1051

. Khade 5K, Bhosale AS, Lahane BB, A study of Lipid

prodile in non-diabetsc chronsc kadney discase palsents
a hospital-based study. Eur 1 Mol Chn Med.
2022:044): 1083-91.

. Adejumo OA, Dkaka EIL qogwua LI Lipid praofile in

pre=tialysms chronic kidney disease patients in
southern Migena. Ghana Med 1 306 Mar; 5001 jd-4-9.

. Bzewan M, Lodhi MT. Magsood A, Sayed TM. A

study of lipid profile m chronic kidney disease
patients. Pak ] Med Health Sci. 2021 15(9)-3087.

. Verma M, Singh VK. To analyse the pattern of hmd

prodile m patents of chronde kidney disense. Ann Int
Med Dient Fes. DOTEA(4):1-4.

Akpan EE, Eknkpo UE. Effa EE, Udo Al Kadin 5
Asseszment of dyslipidemia in pre-dialysas patients in
south-west  Migeia.  Miger Med 1 2014
May; 55(3):214-9.

. Bhushan B, lana [0, A study of fsting lipid profile in

chronic  kxiney dizscase pabienls at  medscine
of ANMMCH, Gaya, Bihar. Int J S3c1 Res.
221 Febcl O 2 )T 5=

. Varin ND. Dyslipidemss of chronic renal Gilure the

mature, mechamizsms, and potential conseguences. Am
J Physiol Benal Physsol. 2006 Febo 2904 21-F262-T2.
Fhang L, Yumn & Chen W, Chen 5, Lia X, Liang Y,
Shao X, Fou H. Serum lipsd profiles, hpd ralsos and
Chromic Ksdney Disease in a Chinese popalation. Int 1
Environ Res Public Health. 2004 Jul 291 1{8)cTa22-
35

Kidney Dimase:  lmproving  Global  Outcomes
(KIMGO) CED Work Group, KNGO 2012 Chnical
Practice Gusdeline for the Evaluation and Manmagement
of Chromc Kidney Disease. Kiudney Int Suppl
2003:3(1):1-150.

917

60



2.1.4 ESTUDIO 4

Atherosclevesin Ples 53 (2003) 3-17

Coments lists available at Sciencelinect

Atherosclerosis Plus

journal homepage: www.elsevier.com/locate/atherosclerosis

HDL and chronic kidney disease m

-
Chiara Pavanello, Alice Ossoli’ =
imira E Graei Poalent Digarioeraro df Sceasr Farmacolagichs ¢ Blomalecolard, Unieersind degli Snadv o6 Milama, Milan, Iral

ARTICLE INFD ABSTRACT

Arniohe hosary:

Beveteed 36 Seplossher D00E
Bwcererd in revised fom

12 Maich 2013

Seccepned & Apil 2003
Mjailable oaline 18 Apid 2013

Low HIDL-cholesternl (HDL-C] conceptrations are a typical traic of the dyslipidemia assocated with
chronic kidney diszaze (TKD]. In this conditon, plasma HOLs are charaoterized by alterat ons bn stnscbune
and Functiom, and teese particles can lose their atheroprotective functions, &g, the ability o promote
cholesternl efflux from peripheral cells, ant-coodant amd anti-inflammatony proprieties and they can
even become dysfunctional, Le., exactly damaging. The reduction in plasma HDL-C levels appears io be
the only lipid alteration cleay linked o the progression of renal disease in CKD patients. The association
between the HOL system and KD development and progression is also supported by the presence af

HOL e genetic kidmey alterations linked to HOL metabolism, induding mutations in the APDAT APOE, APOL and
Chionic kidney disere LCAT genes. Amwong these, renal disease associated with LCAT defidency is well characterized and lipid
LCAT abnormalities detected im LCAT defidency carriers mirmor the ones observed in CKD patients, being

present aleo in acquired LEAT deficiency. This review ssmmarizes the major alterations im HOL stmecbure
andl function in CKD and kow genetic alterations in HOL metabalism can be linked to kidney dysfunotion
Finally, the possibility of targeting the HOL system as possible sirategy to slow CED progression is
reviewed

0 2003 The Authors. Published by Elsevier B.Y. This i an open access anticks under the OC BY-NC-ND
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L Introduction

Cardiowascular disease (OVD) is the leading cause of death in
chronic kidney disease ((KD) patients and represents ane of the
midjor adverse outcomes in this clinscal population | 1]. Data from
the US Renal Data System (USRDS] 2020 revealed that the preva-
lence of OVD increases with the progression of CKD, dowbling in
advanced (KD compared o patients without CKD [1]. A metanal-
yiis of 21 general population cohorts (owver 100,000 participants)
demonstrated that lower estimated glomerular Gltration rate
(eGFR) and higher urine albumin creatinine ratio [UACR) weres
independently associated with higher OVD mortality, after adjuste-
ing for potential confounders such a5 diabetes and hypertension
|21 The spectrom of CWDs associated with (KD includes athero-
sclerotic CVD (ischemic heart disease, stroloe and peripheral artery
disease] ventricular hypertropby, heart ailure, 25 well 25 non-
atherosclerotic OVD |3 Increased OV risk in these patients is
multifactorial, induding both traditional [eg., dyslipidemia and
hypertension], and specific nisk factors related to kidney function,
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such  as  endothelial  dysfunction,  ncreased  actiaty  of
renin—angiolensin system and hyperphosphatemia [ 4] Among the
major pathophysiclogical mechanisms linking CKD to OVD, alter-
ations in lipid profile are shared risk factors [56]

Reduced HM-cholesterol [HDL-C) concentrations are a typical
trait of CKD dyskipidemia [5]. Quantitative and qualitative alter-
ations of plasma lipids amd lipoproteins are detected in patients
with renal disorders, in particular CKD and end stage renal disease
(ESED) Beyond the reduction in HOL-C levels, renal disease in-
Muences HOL compasition affecting thesr functions.

HDLx are a highly heterogensows class of lipoproteins, varying in
size, shape and proteinflipid composition. This heterogeneity is
consequent of the complexity of their metabolism and interoon-
version within the plasma compartment, where different HDL
subclasses on the basis of their density, size, shape and proten,/liped
compasition may be wentified |7]. Small discosdal HDLs, called
prefi-HOLs, are mainly generated by the lipidation of the main
protein component, apolipoprotein A-l [apoA-l], through the
interaction with the ATP-binding cassette transparter A1 [ABCAT)
|8] These particles are good acceptors of additional cholesteral
from ABCA1 amd become substrates of kecithin:cholesterol acyl-
transherase (LCAT ) responsible for cholesterol esterification in the
plasma compartment, which lead to the maturation of nascent
discowdal HDLs inte spherical partscles with a core of cholesteryl
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esters (CE) |9] Subssquently, the cholesteny] ester transfer protein
(CETPF} promofes the interchange of CF and triglycendes [TG) be-
tween HOLS and apoB-comtaining lpoproteins, thus modifying the
lipid core of HOLs amd generating larger amd bess dense particles.
Finally, the action of the endothelial lipase (EL) and the phospho-
lipid transfer protein (PLTP) leads to the hydrolysis of TG amd
phosphalipids (PL), generating again small lpid poor particles [ 10
The major site of apoA-l and small HOL particke disposition is the
kidney Indeed, HDLs can be remosed from the croulation by
glomeralar filtration, as their size allows crossing of the glomemlar
barrier [11]. In proximal tubules, apo#-1 is entirely reabsorbed by
the sction of the cubilin — megalin complex. Specifically, cubilin, a
multiligand receptor expressed in apical membranes of kidney
tissue, binds apof-1 with high affinity and mediates endocytosis
[12]. Lipid and apolipoprotein composition of HOLs affects their
surface charge and apod-1 conformation, influencing their plasma
clearance; in fact, small, discosdal and positresly charged HDL
partiches are filtered more quickly than mature HDLs | 13].

HDLs are imvolved in different atheroprotective mechanisms,
including their central role i reverse cholesterol trangport (RCT) i
which they act as extracellular acceptors of cholesterol from cells,
thus mediating cholesterol efflux capacity, the first step of this
process. Cholesteral within HDL i then esterifed by LCAT amd
migrates to the HOL core, thus maintaining the cholesteral gradient
between HDL surfsce and cell membranes. Thereafter, CE can be
routed to the bver by bwo different pathways for elimination
through the bile, The first pathway is mediabed by the inferaction of
HOL with hepatic SR-B1 and the selective uptake of CE from HDL
without particle imternalization. The second one is an indirect
pathway, with CE transferred from HOL to apoB-containing lipo-
proteing by the action of CETP; CE are then delivered to the liver by
apal-contaiming particles through the interaction with their re-
ceptors. It has been estimated that in humans, the indirect pathway
mediated by CETP is responsible for the hepatic uptake of 70% CE,
while the direct interaction of HOL with SE-B] for the remaining
30 [14). Besides this major activity, HLs contribute to athero-
protection by exerting antioxidant and anti-inflammatory actions
and preventing and cormecting several features of the endothelial
dysfunction typical of the atherosclerotic process | 15]

This review addnesses the current knowledge on the three as-
pects: (i) how CKD affects HDL strocture, composition, amd func-
tonality; (i) bw genetic amd acquired HDL defects affect renal
Function; and {iii) how targeting the HDL system can benefit renal
dsease.

2. HDL structwre and fuaction in chronic kidney disease

The link between plasma HOLs amd the kidney i bidirectional
On one side, CKD affects plasma HOL=C leveds, HOL structure amd
subclass distribution, as well as HDL functionality; on the other end,
inherited HDL disorders can lead to Kidney dysfunction.

21 Stresctwral changes

During (KD, both ABCAT and LCAT are reduced, thus resulting in
poar lipidation of apofA-1 and in an impaired HOL maturation pro-
cess. This berads to an alteration of HOL subcass distribution, with
the sccumulation of prefi-HIMs, 25 2 consequence of redwced LCAT
activity and s=lective reduction of particles containing both apoA-|
and apo#=1l [LpA-1:A-1IL With the progression of the diseass a
reduction of the particles containing only apod-l (LpA-l] is also
observed [5,16]. Bessdes alterations in HOL subclass distribution,
HOL protein and lipid comtent are modified in (KD HOLS become
enriched in TG and depleted of PL, consistent with reduced sctivity
of hepatic lipase and enhanced activity of PLTP | 17,12]. Alko the HDL
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protecme is markedly modified: apaf-l, apof-ll, apol levels are
reduced, whereas particles are enriched in serum amylboid A (S840
apol-L apol-MI, apo#-1%, albumin, hpoprotein-associated phos-
pholipase A2 (Lp-PLA2)surfactant protein B (SP-BL and a-1-
microglobuln/bikunin precursor [19). Furthermore, a significant
reduction in HDL-as=ociated antioxidant parcoonase (PON-1) ac-
trvity is described in patients with stable mild o moderate CED
120}

Several post-translatsonal modifications occur inthe HOL of CKD
patients, amang these carbamylation and glycation are implicated
in abterations of HOL functionality. The reactive oxygen|nitrogen
species  increase myeloperoxidase [MPO) levels, resulting
increased apalipoprotein carbamylation indwced by urea-derived
cyanate, generally elevated in patients with CKD' [21] Hyper-
glycaemia in ESED patients generates highly reactive x-naoalde-
hydes that covalently modify plasma proteins. including apod-L
resulting i alterations of the conformation of speafic domains of
apof-l crocal for LCAT activation, consequently o the ability of
glycated apof-l o activate LCAT is redoced [22]. Moreover, the
progressve decline in renal finction increases reactive liped per-
axidation with a consequent raise of plasma kevels of mabomdial-
debyde (MDA} able to modify and cross-link specific residues in
apoA-l [13). Some of the structural modifications observed m
HOLs are implicated in the impairment of fondamental HOL func-
thons. The main structural and functional alterations of HOLs in CKD
are summarized in Fig. 1.

22 Functiomal alterations

2210 Cholesterol efffue copacity

CKD affects RCT at different levels including the HDL ability to
pramote cell cholesterol eflux and HOL maturation. Several studies
hawe highlighted the impaired capacity of HDL from uremic pa-
e nts, especially patients under dialytic treatments, to promote cell
cholesteral eflux [24-27] and impairment is likely related o
changes in lipid amd protein compaosition. Changes in the PLand TG
content of HOL are shown to comrelate with mmpairment in cell
cholesteral efflux, in particular the depletion of PL associated to the
reduced content of apaA-1 amd apof-1l, due to increased comtent of
SAA, is linked to impaired cholbesterol efMux capability [24]. Also,
post-translational modifications are implicated in this process.
Imed e the myeloperaxidase bimding to apod-1 inhibits the ABCA1 -
dependent cholestero] eflux activity of the maodified lipoprotein
|2E] Furthermore, a recent study has shown that monocytes from
CED patients display a lower expression of ABCA and, conse-
gquently, the ABCA1-mediated cholestersl efffux is impained [29])
confirming that ABCAT and ABCC1 are downeregulated also in
endothelial cells exposed to uremic plasma [30]. On the contrary,
the impairment in efux capacity is not observed in chibdren with
CKD and ESED that show only a non-significant trend for reduced
efflux |31].

The presence of CKD abalishes the vasoprotective properties of
HOLs and drives the transformation of HOLs into harmduol partices
able to mhibit endothelial NO production [52]. Addressing the
mechanism of the impaired vasoprotective properties of HOs only
inthe presence of CKD 5 a complex task. However the direct effect
af renal disease on HOL-mediated NO production was also evident
in a study carried owt in children with (KD, thus allowing the
exclusion of confounding Bctors due to the presence of concomi-
tant diseases in adults such as diabetes, coronary artery disease amd
smoking [33].HOL loses its endothelial protective properties even
in early CKD. with a graded change with the degree of renal
impairment, the most profound changes ooourring in dialysis
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ApoA-1, spolipoprotein A-L; apel-Il spali s AR apoM ap M, apoA-IV, apalipoprogein A-IV; apaC-8, apobpopeotein C-Il; apeCll, apolipoprotein C-81; LCAT,
WMNMWWW,‘“? dip AZPL Sspholipids; PON-1, paraceonase- 1 SAA sevus amoid A; SP-B, sisfactant peotesn B;
TG, trighycerides.

patients, partly recovered after transplantation [13] The structural with these particles compared to control HDL it may thus enbance
alterations that change the HDL physiological ability to promote NO the recruitment of monocytes into the subendothelial space [25)
production can be multifaceted: HDLs from (KD patients are According with the studies carried out in adults, also HDLs from
enriched in symmetric dimethylarginine (SDMA), an isomer of  chikiren with CKD and ESRD show an impaired ability to inhibit the
asymmetric dimethylarginine {ADMA), an endogenous endothefial macrophage expression of IL- 1§, TNF-z and MCP-1 [31]. Moreover,
nitric axide synthase (eNOS) inhsbitor [12]; moreover, in uremic HDLs from both adults and children with CKD and ESRD are not able
patients the increased level of cyanate, promoting protein carba- to reduce MCP-1-inxluced chemotaxis [25.31).

mylation, reduces the eNOS expression |34] Furthermore, the Past-translational modifications have a primary role in altering
depletion of LpA-l particles in patients under dialytic treatment [5] the anti-inflammatory activity of HDL of CKD patients. MPO-
can contribute to the impaired activation of eNOS, since this specfic modified HDLs increase the expression of the cell adhesion mole-
HDL subclass i particularly efficient in promoting NO production  cule VCAM-1 [36], and the enrichment in SDMA leads to the acti-

135). vation of endothelial TLR-2 via TLR-1- and TLR-G6-coreceptor-
independent alternative pathways impairing endothelial repair and
223. Anti-inflammatory activity enhancing endothelial pro-inflammatory activation |32] Furthes-

HDLs & ESRD patients show i ired seinfl tory mon-.evidmceinnbl?'ts shm'lhxglycatedapm-l'ismtb.leto
capacities, indeed the ability to inhibit the expression of  Prevent both endothelial adhesion molecule expression and infil-
interleukin-1 f (IL-1-B), interleukin-6 (IL-6), and tumor necrosis  T3tion of neutrophils into the inflamed carotid arteries [37]. Also.
factor-a (TNF-a) is significantly reduced in } incubated the proteome compasition of HDLs from uremic patients can be

63



L Povamdls dnd A ok

implicated in the mmpaired anti-inflammatory  activity, mainby
because of alterations in probein composition, such as the enrich-
ment in 5AA raising the production of IL=12, IL-10, TMF-a, and IL-6
from human manocytes [26).

224, Anti-conidotive octivily

Oxidative stress is directly mvalved m the pathogenesis and
progressson of renal disease, and stroctural characteristics in CKD,
loss of renal emergy. and uremia result in an imbalance between
free radical production and antiocidant defenses. In physiological
conditsons, HOL acts as an anioxidant defense amd HOL-assooated
antinxidant enzymes such as PON-1 and glutathione peroxidase
attenuate oxidative dress and inflammation by production of
axidized LDL and hydroperaxides. HDLs from CKD patients lose
thesr ability to prevent LDL oxidation and show reduced levels of
POMN-=1. LCAT, ghetathione peracidase and apod-l [38—-40] Glyca-
ton, especially in patsents with CKD and diabetes, may affect the
HDL anti-mecidant activity [ 12]. In addition myeloperaxidase binding
1o apod-| Gclitates the selective targeting of apad-1 for site-s pecific
chlorination and nitration by MPO-generated reactive oxidants
|41]. Besides the reduction in PON-1 concentrations also PON ary-
lesterase sctivity is decreased in CKD patients | 20].

3. MDL and CKD progression in the general population

The alterations in the HOL system described above worsen the
progression of (KD |42). Redwuction of HDL-C concentrations is the
anly Llpid alteration associated with the progression of renal dis-
exe in hemodialysis patients |5] as well a2 in mild-te-moderate
CED patients, resulting in earlier entry into a diahysis program or
in doubling of the plasma creatinine levels, independent of the
classical risk Factors such a5 diabetes amd hypertension [43]. These
findings are supported by the results of a large cohort of 2 million
Amerncan velerans with a median Sollow-up af 9 years, in which
iredividuals with HIL-C concentrations <30 mg/dL showed a 10@—
20 higher risk for CKD andjor progresion of CKD compared to
subjects with HOL-C levels =40 mg/dL with a U-shaped relation-
ship between HDL-C lewels and incidence of CKD [44]. This and
ather studies noted a paradoxical association between elevated
HOL-C levels and cardiovascular events or mortality i patients
undergoing hemodialysis with chronic inlammation |45.46).The
negative effects of high HOL-C lewels on CKD progressson can be
partly explaimed by structural and functional alterations paradoxi-
cally exerting damaging effects, leading to slverie oulcomes,
including the deteroration of kidney function [4748]

However, the relationship between HDL-C and (KD progression
is not always observed; in the CRIC study carried out in 32939 CKD
patients, HIL-C bevels were not independently associated with the
compasite endpoint of ESED or a S0% reduction in «GFR [45]. It is
also important to udderline that the epidemislogic studies on HDL-
C lewels and CKD progression cannot establish causality or conse-
quentiality | 50]

Orverall, precEnical amd clinscal evidence support the association
between HOL-C levels and CKD progression. Hewever, this rela-
tonship keaves some open guestions and confroversial aspects that
need to be further investigated.

4. HDL amd CKD in the presence of penetic HDL defects

The association between altered lipsd metabolism and CKD
development and progression s supported by the presence of
kidney alterations in genetic defects linked o HDL metabolism,
such as in Familial LCAT defciency (FLDY | 51).

Mutations in genes coding for key structural HDL proteins (ie,
APOAT, APOE omd AMOL) or HDL-related enzymes {ie., LCAT) can
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cause disexses characterized by renal disorders.

The major HOL protein companent i represented by apoA-L
More than 60 variants of the APOAT gene have been reporbed,
but only half of them associate with low HOL-C [ 52, and more than
20 have been associated with an hereditary form of anyloidosis
[OMIM # 1052000 [53]. The amyloidogenic effect i caused by single
amino ackd substitutions that increase the propensity of the apod-|
protein to form insoloble fbrils, mainly constituted by N-terminal
palypeptide fragments [54]. These fibrils deposit in different or-
gams, including the Kidney a5 the primary target [ 55] Kidney apod-|
fibril deposition can lead to tubulemterstitial nephritis initzalby
aszociated with mild renal dysfunction, and slowly progressing, to
end-stage renal disease |55].

APOAZ gene mutations leading to similar hereditary amyboid-
o%is have been ako reported, althowgh less requently |56

ApoE i a structural regulatory protein constituent of chylomi-
crons, VLDL, LML and HOL and mutations in the APOE gene have
been associated with glomerulopathy (apoE2 homozygole gho-
merulopathy and lipoprotein glomerulopathy, LPG, OMIM#E11771)
157]. ApcE2 homozygote glomerulopathy is characterized by gho-
merulosclernsis with foam cells mfiltration and found i homazy-
gous carriers of the apoE? isoform [58]. LPG & characterored by
dilation of capillaries in the ghamerulus in presence of LimelLated
lipoprotein thrombi, due to abmormal lipoproteins composed of
instable and aggregation-prone apoE mutants [59]. The first iden-
tified mutations in the APOE gene responsble for LPC were
Arg25— Cys [apoEgwes) amd ArgldS —Pro [ apoEsmas) [B0,61] LPG-
related proteinuria is sometimes mild but progresses to nephrotic
syndrome in most cases [G21].

Common APOE polymorphisms can affect renal function in
several ways. For instance, a higher frequency of the £ 2 allele and a
reduced Frequency of the o & found in patients with emd-stage
renal disease |63] and other stwdies confirmed this ohssration
also in the general population |64] amd in type 2 diabetics |65,66]
Lasthy, AP expression may be dysregulated at the glomenalar
leved in focal and segmental glomerulosclerasis, independent of the
APOE genatype |G7).

Apolipoprodein L= (apoal-1) is a key component of the trypa-
nalytic factor of human serum associated with HDLs G2 ], invalved
in the delense against pathogens, specifically in the adaptation to
parasitic diseases. Two common risk alleles (Gl and G2 in the
APOLT gene have been identified in individuals with sub-5aharan
African ancestry amd found o be associated with an increassd
risk of non-disbetic kidney disease, particularly focal segmental
glomerulosclerasis (OMIM  #612551) and HIV-agiociated ne-
phropathy [69-71]. These sariants presumably resuliting from ge-
netic profection against sheeping sickness, being absent in non-
Alrican populations, likely explain the higher prevalence of CKD
in Affcan Americans |[71,72] A focal and segmental glomerulo-
scleroiis phenotype & assodsled to the above cited varianis amed
linked to increassd APOL] expression in glomeruli [73]. In the
Atherosderssis Risk in Communities (ARIC) study, black partici-
pants carrying the AP high-risk genotype had a significanthy
higher incidence of kidney failure and a more rapid eGFR decline
compared to those carrying the lowe-risk allele | 74] Since the role of
apol-l in Eidney development or function is not known, it is not
clear how it may be inwalved in (KD pathogenesis. Several mesch-
anisms have been proposed. One of the hypotheses is thar APOLT
ritk variants may create pores in membranes of kidney cells, acting
a i trypanosomal organelbes [75). Expression of G1 or G2 i
asociated with endolysosomal amd mitochondrial dysfunction
|76], altered ion chamne] activity [ 77], induction of stress-activated
protein kinase p38 MAPK and |NK [78] and autophagy |72.20], all
contributing to remal damage.

LCAT = the enzyme responsible of cholesterol exterification i
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plasma, primarily in HOLs (z-activity) but also in apoB-containing
particles [f-zctivity). Loss-of-function mutations i the LOAT gene
are responsible for teo syndromes: familial LCAT deficbency (FLD,
OMIM#245900) and fsh-eye disease [FED, OMIM#135120), two
rare autogomal recessive disorders, characterized by extremely low
HOL-C levels amd the presence of comeal opacity, i.e, the hallmark
af the diseases. FID-casing mutations lead to complete LCAT
deficiency, since LCAT Laks bothe and B oactivity, whereas FED-
causing mutations lead to partial LCAT defickency, im which LCAT
retaing its capacity o esterfy cholesterod on apoB-comtaining li-
poprateins [21]. While FED mutations kead to a relatively more
benign phenotype |82 FLD camiers can develop proteinuria as
early as in the secomd decade of ife |33] usually progressing to CKD
by the fourth decade of life [E84)]. Lipsd and lipoprotein abnormal-
ities are present in FLD patients. Comsistent with the Lack of ester-
ification, plaesma unesterified chobesteral is raised and the
unesterified to total cholesterol ratio i above 755 Masma HDLs do
not only shown reduced cholesterol content, bt also altered size
and shape, with a preponderance of small discoidal pre-f HOL
partsches, indicative of incomplete HOL maturation |25].

In addition, due o the excessive amount of onesterified
cholesteral an abnormal lipoprotein, called lipoprotein X [LpX)L
may be presemt |82] LpX is composed by more than a G0&al
phospholipids and 305 unesterified cholesteral [85] LpX appears
a5 a multilamedlar sesiche with bi or multilager phospholipids by
electron microscopy size ranging from 30 to 70 nm in diameter
|25]. Renal disease is the main cause of mortality and morbidity in
FLD patients. Development and progression of renal damage in FLD
patients is unpredictable and variable, also within the same familby
members, suggesting a role of genetics and emvironment on kidney
decline [86] Kidney biopsies of FLD show peculiar histopathobogic
changes, including mesangial expansion, irregular thickening of the
glomerular capillary walks and increased mesangial cellulamty |87
In addition, unesterified cholesterol and phospholipids can deposit
in the glomenli, inducing vacuolization of the basement mem-
brane and conferring a “foamy™ appearance [57]. Alterations of
podocyte structure with fused endothelial processes can be
abserved on electron microscopy |28), while immunaflsorescence
microscopy reweals the presence of lgh deposit and C3 i the
capillary loops, mesangiom and arteriolar walls [S5990).

Although the exact pathogenesis of renal disease in FLD is not
Fully elucidated, a direct role of LpX has been demonstrated in a
mouse study. After intravenous administration of synthetic Lpdd
Lear “mice develop proteinuria and FLDY renal histalogical hall-
marks [21].

In brumans, LpX i found in the capillary loops of the glomenalos,
where it induces vascular and endothelial damage [20]. Some years
agn, in an observational study, it has been shown that plasma
unesterified cholesterol lesels at diagnosis were able to predict the
rate of progression of any renal events (e, dialysis, kidney trans-
plantation or death for renal complications) in the larger cohaort of
FLD carrvers described so far [24] Moreover, unesterified chobes-
teral kevels above the median were associated with kower event-
free survival [84) Excess unesterified cholesterol in these patients
arcumulates in LpX.

Lipeprotein remadeling with conssquent reduction of plasma
Lp¥, operated by HOL mimetic admimistration, can lead to partial
ameliaration of renal disease, and decreased lipid deposition in the
kidneys |52] In addition, the absence of renal disease in FED sug-
gests that the residual LCAT activity &5 sufficient to prevent the
formation of a sufficient amount of LpX to induce renal damage
|&1].

Mo cure is available o far for FLD patients. Available pharma-
cological approaches are meant to correct dyslipidemia and o
delay remal failure. Renal tramsplantation represents an option i
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case of end-stage renal disease; however, it does not correct the
enrymatic defect amd renal diseage can reoscour |92

Recombinant human LCAT & currently in clinical dewelopment
193,94]. Srmall molsoole LCAT activators have been tested in vitro
and able o sctivate some mutant LCAT, but no further update is
available [95,96] Yery recently, the HOL mimetic CER-001 prosed
its efficacy in reducing albuminuria and increasing podocyte in a
mouse moded of FLD [97] Pharmacological approaches will be
discussed further below.

5. Targeting HDL system o benefit renal disease

The presence of reduced plasma levels of HOL-C and impained
HOL functionality in (KD suggest the potential efficacy of phar-
macalogical strategies acting on HDL metabalism to prevent amd
revert (KD, both in primary and secondary renal diseases.

5L Precienical studies

Animal studies demonstrate that targeting apoA-ITHOL can
amelorate kidney injury; mice overexpressing apoA-l show indeed
loseer serum creatinine following Epopolysaceharide-indoced kid-
ney damage compared o control wild-type mice |2E]. As a sup-
porting evidence, infusion of an apof-1 mimetic peptide improsed
glomerular filtration rate, decreased tubular injury and tobu-
lointerstitial Abrosis | 59,100 L Additionally, studies have shown that
supplementation with an apof-l mimetic peptide reduced pro-
teinuria, ghomerular, and tobubsinterstitial injury in protefnoric
apal ! mice | 101).

In a mouse model of renal disease due o genetic LCAT defi-
chency, treatment with the synthetic HDL, CER-001, limited albu-
minuria and podocyte dysfuncticn [90]. In the same mouse model,
treatment with recombinant human LCAT (rhLCAT) led o a
normalization of the lipid profile, incloding maturation of HDL,
elimination of Lpk in plasma amd kidnewys, and markedly reduced
proteinuria [102]. In vitro ftudies support the evidence that sup-
plementation with rhLCAT restore HDL-amtincidant activity by
reducing the farmation of RO% in cultured renal cells [ 103].

Targeting the HDL system by administration of fenofibrate, a
drug increasing plasma bevels of HOL-C, showed cardiorenal pro-
tective effects In a rat model of cardiac hypertroply and ne-
phropathy treatment with fenoffbrate can indeed attenuate candiac
hypertrophy, and protect the kidneys, preventing morphological
alterations [ 104].

Taken together this data support the clinical development of
treatments targeting the HDL system to slow (KD progression.

52 (inical stindies

Most dlinical studies on HOL-related drugs in CKD aimed to
reduce the atherosclerotic burden observed in CKD have not shown
any effect on renal disease progression. Approaches are in dlinical
development for genetically-determine CKD and in the Future can
be potentially apply to other renal disease.

CSL-1M2. a human plema-derived apof-l, was tested in pose-
sute myocardial infarction (AMI) patients with the aim of
increasing  cholestere] efflux capacity, which B substantially
impaired lbowing AMI [105]. The phase 2 trial CSL112_30010
enmalled AMI patients with moderate chronic kidney disease [eGFR
B0 mLjmin/1.73 m*) to evaluate the safety of infusions in this
subgroup [106]. Whether CSL112 protects from kidmey injury in this
cohart deserves further study.

Hung and colleagues demonstrate in a post-hoc analysis that [L-
1 inhibithon [canakinumab) improses HOL functionality in patients
with stage 3—5 (KD, mcuding those in maintenance hemodiabyzis,
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however whether these changes produced a delay in (XD pro-
gression is not proven [ 107).

A safe profile of a single infusson of thLCAT was assessed by
Shamburek et al. in patients with stable coronary heart disease and
low HDL-C [94] RhLCAT was next tested in a single FLD patient
where it corrected lipid abnormalities by esterifying the excess of
unesterified cholesterol, thus preventing LpX formation. Conse-
quently, renal function shows modest improvement during treat-
ment, despite the presence of an advanced disease. Interestingly,
anemia is also improved (93]

Recently, the HDL mimetic CER-001 has been tested through a
compassionate program in two FLD patients with a very progres-
sive renal disease [92,108]) CER-001 s a novel engineered nega-
tively charged HDL mimetic previously tested for atherosclerosis
regressson by virtue of s capacity to mobilize cholesterol from
peripheral cells [ 109]. CER-001 normalizes the lipoprotein profile,
decreasing LpX in favour of normal-sized LDL [92] and ameliorates
or at least slows renal function decline by the reduction of neph-
rotoxic LpX deposition in the kidney and by removing LpX-induced
lipid deposit [92,108]. CER-001 has the potential to be tested in
more common kidney diseases characterized by kidney lipad
deposits.

The potential targets in HDL metabolism and pharmacological
approaches in diinical development are summarized in g, 2.

6. Condusion

During CKD the reduction of HDL-C levels are followed through
significant alterations in HDL structure and function, which worsen
with the progression of renal impairment. The link between HDL
system and kidney is dearly emerged in general population as well
in genetic disorder of HDL system, which are characterized by
impairment in renal function. In famikial LCAT deficiency, leading to
dramatic HDL defects and serious kidney disease, the LCAT enzyme,
crucial player in HDL metabolism, s reduced and plasma concen-
trations are associated with CKD progression. Targeting the HDL
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system, including LCAT enzyme, can be a possible therapeutic
strategy to restore plasma HDL-C levels and Runctionality of HDL
particles, potentially slowing (KD progresson.
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Elevated triglycerides and reduced e
high-density lipoprotein cholesterol are
independently associated with the onset

of advanced chronic kidney disease: a cohort
study of 911,360 individuals from the United
Kingdom
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Abstract

Background: Increased total chobesterol (TC), trighwcerides (TG, kow-density lipoprotein cholestenal (LDL-C), and
decreased high-density lipoprotein cholesterol (HDL-C) concentrations, are established risk factors for cardiovascular
merbidity and moartality; but their impact on the risk of advanced chronic kidney disease (CKDY) is unclear. This soudy
evaluates the association between the different lipid profiles and the orset of advanced CED using a general popula-
T sanple.

Methods: This observational study used records of 911,360 individuals from the English Clinical Practice Research
Datalink (from 2000 to 2014}, linked to coded hospital discharges and mortality registrations. Cox models wene used
to examine the independent association between the equal quarters of TC, TG, LDL-C, and HDL-C and the risk of
advanced CKD, after adjustment for sex and age, and potential effect mediators.

Results: During a median follow-up of 7 5years, 11,825 individuals deweloped CED stages 4-5. After adjustmeant for
seod and age, the hazard ratios (HRs) and confidence intervals (Clg) for CKD stages 4-5 comparing the 4th v, 15T guar-
ters of TG and 15t ws. 4th guarners of HOL-C were 265 (95% C), 2492 90) and 2.61 (95% Cl, 2.42-2 80), respectively.
Additional adjustrment for potential effect mediators reduced the HRs to 1.28 (95% CI, 1.15-1 43), and 127 (%5% C|,
1.714-1.41), respectively. There was no evidence of fully adjusted associations with CED stages 4-5 for levels of either
TC ar LDL-C.

Conclusions: Elevated TG and reduced HDL-C levels are independently associated with the onset of advanced

CED. Future studies, such as in basic science and randomized trials, are needed 1o understand whether associations
berween TG and HDL-C and the develogment of CED are causal.
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Background

Chronic kidney disease (CKD) is an emerging major
global public health problem, due to its increasing prev-
alence, poor outcomes, and substantial cost of renal
replacement therapy [1]. CKD has multiple risk factors.
Some risk factors for CKD, especially hypertension and
diabetes, are well established; others are emerging, and
vet others are unknown [2]. Thus, identification and
treatment of modifiable risk factors remain the best strat-
egy to prevent and delay CKID development.

Dryslipidaemia, induding increased total cholesterol
{TC), triglycerides (TG), low-density lipoprotein chaoles-
terol (LDL-C), and decreased high-density lipoprotein
cholesterol (HDL-C) are risk factors for cardiovascu-
lar disease (CVDY) [3-9). Data from several dinical tri-
als have confirmed that treatment with a statin, which
lowers LDOL-C, substantially reduces the incidence of
CVD [10, 11]. However, the association of these differ-
ent lipids with the development of renal dvsfunction
remains controversial. Some observational studies have
demonstrated a significant association between TC [12],
TG [13], LOL-C [12], and HDL-C [14] and the develop-
ment of CKD, whereas an opposite result was ohserved
in other studies [15, 16]. These inconsistent findings may
be attributed to reverse causality, different study popula-
tions, different adjustments, different definitions of CKD,
and concurrent lipid-lowering therapy.

Given the dinical uncertainty, we sought to determine
whether TC, TG, LDL-C, and HDL-C are independently
assoriated with the onset of CKD stages 4-5 using large-
scale, prospectively collected data from a general popula-
tion. Also, we aimed to assess how much of the observed
lipid-CKD» associations are explained by the established
risk factors for CED.

Methods

Study design

The English Clinical Practice Research Datalink {CPRD)
provides anonymous data from electronic health records
of == 674 primary care practices, covering == 4.4 million
active individuals, who represent approximately 8 % of
the United Kingdom (UK} population. The CPRD popu-
lation has been validated to be representative of the UK
general population vis-d-vis sex, age, and ethnicity [17].
Linkage to area-based social deprivation, Hospitalisa-
tion Episode Statistics (HES), and mortality data was
available for approximately 75% of all UK CPRD prac-
tices. HES database includes admission and discharge
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dates and diagnostic data (coded with the 1CD-10) for
several clinical conditions. Scientific approval for our
study (15_029R) was given by the Independent Scientific
Advisory Committee (ISAC), who govern research using
CPRI» data.

Study population
The data used here was formerly used to evaluate
the association between body-mass index (BMI) and
advanced CKD and end-stage renal disease (ESRD) [18].
It included 1,405,016 individuals from the CPRD data-
base with a valid BMI measurement at any time between
January 2000 and March 2014 [18, 19). Details of the ini-
tial inclusion and exclusion criteria is described previ-
ously [18, 19]. In brief, eligible individuals had to be aged
hetween 20 to 79years, had BMI between 15 to 60kg/
%, and had a3 minimum of 2 years of data prior to their
b.aselme date [19]. OF 1,405,016 individuals, we selected a
secondary population of 1,006,629 (71.6%) with baseline
data on TC. The first measurement of TC was the index
date, and individuals were censored at the earliest date
of - death, transfer out of practice, the last collection of
quality data for their practice, or the end of the study in
March 2014. To minimize reverse causality, we excluded
85,269 (9.5%) who had less than 2 years of follow-up data,
leaving 911,360 individuals for analysis.

Definition of covariates

Covariates were defined at the individual’s baseline or,
when not present at that date, the most recent when
they were recorded in the previous 2 years. For ease, all
are labeled “baseline characteristics” We characterized
smoking status as current or not. The index of multiple
deprivation (IMD), a measure of area-based social dep-
rivation, was characterized into equal tenths, where the
first implied the least deprived 10%, and the tenth the
most deprived 10%, of the English population. We char-
acterised BMI into five groups: <20, =20- <25, =25- <30,
=30-<35, =35kg/m’. Comorbidities included prior
diabetes mellitus (defined using disbetes diagnosis or
treatment-related codes, a prescription of anti-diabetic
medication or hemoglobin A, =65% [=48 mmaol/mol])
and prior CVD (defined using 12 validated cardiovascu-
lar outcomes, and includes heart failure, coronary artery,
cerebrovascular and peripheral arterial diseases) [18, 20].
Medications included the use of insulin, antihyperten-
sives (renin-angiotensin-aldosterone system inhibitors,
thiazides, and any other anti-hypertensive medication),
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and statin (simvastatin, atorvastatin, and any other
statin).

Definition of predictors and outcomes

Predictors - TC, TG, LDL-C, and HDL-C were deter-
mined from laboratory results and were grouped into
equal quarters. The outcome of this study was the first
record of CKD stages 4-5, derived from internationally
recognised clinical definitions and a set of rules integrat-
ing mortality records, inpatient procedural or diagnos-
tic codes, and laboratory test/diagnostic results [18, 19].
Where laboratory results were recorded, we calculated
estimated glomerular filtration rate (eGFR) from cre-
atinine results using CKD Epidemiology Collaboration
(CKD-EPD) formula [21]. CKID stages 4-5 were defined
if there were a minimum of two eGFR measurements
< 30mL/min/1.73m>, separated by no less than 3 months,
with no eGFR result =30 mL/min/1.73m? in the interven-
ing period [18, 19].

Statistical analyses

Baseline characteristics of the secondary population
were stratified by the quarters of lipids and presented
as means and standard deviations (SDs) for normally
distributed variables, but for asymmetric distributions
medians and interguartile ranges (25th—75th percentile)
were reported. Mumber and percentage were reported
for categorical variables. The associations between the
quarters of lipids and the risk of advanced CKD were
quantified wsing complete case Cox proportional haz-
ards analyses. We constructed two models: Model 1
was adjusted for sex and age; Model 2 was adjusted for
sex, age, and potential mediators of the effect, compris-
ing smoking status, IMD tenth, systolic blood pressure
(SBP), BMI, eGFR, prior diabetes mellitus, prior CVD,
antilypertensive medication, insulin, and statin use, at
baseline. Pre-specified subgroup analyses by baseline age,
sex, BMI, eGFR, diabetes mellitus, CVD, and statin use
were performed to evaluate potential effect modification
in the adjusted models. The overall and sex-stratified cor-
relations among the different lipids were assessed using
Pearson’s correlation coefficients. Furthermore, lipids
were analyzed as continuous variables using a restricted
spline model adjusted for all the variables in Model 2.
The reference values were fixed at the median value of
the first quarters - 166, 66.4, and 88.9 mg/dL for TC, TG,
and LDL-C, respectively, while for HDL-C, the reference
value was fixed at the median value of the fourth quarter,
73.5mg/dL. All reported p values were two-tailed, and p
values less than 0L05 were considered statistically signifi-
cant. All statistical analyses used R v3.2.2 (www.R-proje
ct.org).
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Results

(o the 911,360 individuals who had baseline total cho-
lesterol recorded, 53% were women, the mean age of
the study population was 54.6 (51 12.9) years, the mean
eGFR was 796 (SD 17.7) mL.fmin.l'l_?Sm} and 12% took
statins (Table 1). Baseline characteristics of the individu-
als, stratified by the quarters of baseline TC, TG, LDL-C,
and HDL-C are presented in Table 1 and Supplemental
Table 51-53. Age, S5BF, TG, and LDL-C increased with
higher TC. The frequency of females and overweight
(BMI =25 and{ﬂ-ﬂkg.fmz} also increased, whereas eGFR
levels and frequencies of prior diabetes mellitus, prior
CVD, antihypertensive, insulin, and statin use decreased
with higher TC levels | Table 1).

Association between quarters of baseline lipids

and advanced CKD

During a median follow-up of 7.5 (25th-75th percentile,
49-10.1) years, 11,825 individuals developed advanced
CKD. The hazard ratios (HEs) and confidence interval
(Cls) of the association between the quarters of base-
line lipid levels and advanced CKD are shown in Table 2.
After accounting for sex and age, the HRs and Cls com-
paring the 4th vs. 1st quarters of TC, TG, and LDL-C and
advanced CKD were 0.62 (95% Cl, 0.59-0.65), 2.69 (95%
Cl, 2.49-2.90), and 0.61 (95% CI, 0.57-0.66), respecti\'Fer.
For HDL-C the HRE comparing the st vs. 4th quarters
and advanced CKD was 2.61 (95% C1 2.42-2.80) (Table 2,
Muodel 1) Adjustment for sex, age, and potential effect
mediators reduced all lipid-advanced CKD associations,
but the HRs remained significant for TG (HR 4th vs. 1st,
1.28, 95% C1, 1.15-1.43) and HDL-C (HR 1st vs. 4th, 1.27,
95% CI, 1.14—1.41) I:Ta.hle?, Model 2).

To further evaluate the assodation between the lipids
and advanced CKD), we fitted the lipids as a continuous
wvariable using a restricted spline model adjusting for sex,
age, smoking status, IMD tenth, SBE, BMI, eGFR, prior
diabetes mellitus, prior CVD), antihypertensive medi-
cation, insulin, and statin use. %We found an increasing
log-linear relationship between TG and advanced CKD,
whereas a decreasing association was observed with
HDL-C (Fig. 1). In contrast, there were no associations
between TC and LDL-C levels and advanced CKD.

The associations between the quarters of both TG and
HDL-C with advanced CKD were consistent across sub-
groups of the baseline characteristics (Fig. 2). Yet, there
was evidence of heterogeneity (p value for interaction
= (L05) by sex. Visual inspection of the forest plot indi-
cates a stronger association between quarters of TG (4th
ws. lst) and HDL-C (1st vs. 4th) with advanced CKD
in females than males. The sex-stratified correlation
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Table 1 Baseline characteristics of the main study population across the guarters of baseline total cholesterol
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Variables Total (n=911360) Q1 (pn=227.711}) 0Q2(n=222,006] Q3 (ph=2305201 OQ4in=231,123)
TC, mgdL, rredian [250h-750h %] 13 [1B2-243] 166 [151-174] 157 [1E3-205] 234 [17-137] 2453 [251-284]
B, wears, mean (0] A2 SE0(14.6) 5370125 555 (1200 5723
Fesriale sex, r (¥) 470458 (52.6) 109,838 (4B2) 113,745 (51.3) 121,532 (5249) 133,583 (5800
Cuirrent Sriked, ri (%) 185,234 (J0.E) i 7 246 [207) 4d BT5 (103} 47006 {20.4) 50,107 (210
IMD terith = 5, r1 (%) 381,892 {41.9) 100,777 (443) 92,535 [41.7) 93,717 40.7) 4,862 (4100
BMI, kg.-‘m‘,-'n&an D0 FAS(5.8) 184 (5.2) 2B5(59) 2B7 (BT HA[33)
BMI categary, kam?, n (%)
<2 17,862 (3.3) 624D (4.5) 4484 (37 3604 (21 744 (21)
=20, <25 141,377 {25.00 42219 (27 4) 36,159 (25.8) 33,173 (23E) P82 (226)
=35, <30 4,076 (37 E) 53723 (348) 51,854 (37.0} 54,326 (39.0)0 54,173 4100
=30, <35 120009 {21.2) 0535 (194) 26,134 (20.38) 30,366 (21.E) 954 (22N
=35 T2I02E 20 TF7H[13.5) 18,504 (132} 17586 {127) 15,338 (1160
SAF, mmHg mean (S0) 135 (209] 134 (199) 138 {205) 141 {200 144 (21.2)
TG L, rvedian [250h-750h %] 124 [@5.0-177] T4 [M05-136] 112 [F2.7-159] 136 [BEE&-181] 159 [112-230]
LOL-C, mgfdl, median [25th-T5rh % 12B [104-155] BROQ[773-103] 120 [108-128] 143 [131-151] 174 [160-193]
HOL-C, magfdll, mesiian [250h-751h %] 538 M29-85.0] 495 [40.2-58.01 534 [425-54.2] 54.1 [455-65.7] 55.7 [454-64.1]
eGFR, mLfmirg'1.73m’, mean (S0 TME{17T) B2 (15.00 BLT 174y TR7 (168) 762 [167)
Prior diabetes mellipus, yes, n (%) 93,057 (10.2) 36,985 [16.2) 22,607 (102} 182535 {7.% 15,250 6.5}
Priar OVT, yes, ri (%) 120643 (14.2) 49 F24 [21.9) 30,272 (134} 2545101100 24,056 (104)
Antifyperensive mied, yes, n (36 317,501 (348) BB 545 [39.1) 74,634 (33 6} 7604043300 FPARZ (33N
Irguliry yes, m) 19,458 (2.1} Sl (4.0) 4716 (21) 3362 (14 2159 {1.00
Statin categary, n (%)
SiffwaSLATIn 60,556 (5.7) 3010 [14.5) 13,603 [E1) 3143 (35) 3940 {1.6)
ALOrvAsLATn 34237 (38) 1B44E [E1) 7600 (35) 4327 (1.5 6
Other sLatns 12,345 (1.4} 4462 (2.0) M5 2562 (1.1} 72050

Continucwus walues shown as mean {standard desiation) or median [interquartile range ], categaorical vahses shown as number (percentage)
Abbrewistions ( Quarters, IMD fenth Index of Multiple Deprivation terth (First = least deprived, Tenth = mast deprived), B! body-mass index, S8° systolic blood

pressure, TC total chol estesnl, TG trighyoerides, LOL-C low-density lipoprotein chaolesterod, HO0-C high-density ipopeoten chodestenol, #GFR estimated ghomenular
filtrarthon rabe, VD candiovascular disease, med medication, Oifver shotins Cexivastating, Fluvastatin, Pravastating, oo Bosureastatin

analyses showed that TG levels are negatively correlated
with HDL-C levels in both females {r=— 0.36) and males
{r=—10.35) {Supplemental Table 54).

Discussion

In this large cohort, nearing a million individuals,
with more than 7 years median follow-up we found an
independent and graded association between gquarters
of baseline TG and HDL-C and onset of CKD stages
4-5. The hazard ratio for the highest versus low-
est quarters was 1.28 (95% Cl, 1.15-1.43) for TG and
the lowest versus the highest quarters was 1.27 (95%
I, 1.14-1.41) for HDL-C, after adjustment for sex,
age, smoking status, IMD tenth, BMI, 5BF eGFR,
prior diabetes mellitus, prior CVD, antihypertensive
medication, insulin, and statin use, at baseline. Alsa,
the pattern of the associations between the guarters
of TG and HDL-C with CKD stages 4-5 appears to be
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consistent by pre-defined baseline subgroups, except
that there was evidence of a greater effect in women
than men. Iln addition, there was a stronger associa-
tion between TG and advanced CKD in individuals
with eGFR =60mL/min/1.73m? than eGFR <60mL/
min/1.73m>. These findings suggest that therapeutic
approaches such as fibrates that reduce TG levels and
raise HDL-C levels, which were correlated in this study
population, may thus reduce the risk of advanced
CKD. Conversely, there was no evidence of an asso-
ciation between quarters of TC and LDL-C with risk
of CKD stages 4-5, suggesting that lowering TC and
LDL-C levels might not have an effect on the preven-
tion of advanced CKD.

Several small studies have found that TG and/or
HDL-C levels are associated with the development
and/or progression of CKD [13, 22-25]. A system-
atic review and meta-analysis of longitudinal studies
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the case. 5econd, the completeness of data was another
limitation. In our study, 27.5% of individuals had miss-
ing TG measurements, 445% individuals had missing
LDL-C measurements, and 28.6% individuals had miss-
ing HDOL-C measurements. The decisions to perform
cholesterol tests may have been related to confounding
by indication if laboratory tests were ordered when indi-
viduals presented with illness. Accordingly, individu-
als with non-measured cholesterol values might differ
from those with values recorded. Third, although major
risk factors and the issue of reverse causality have been
considered, as with any epidemiological study, there are

possibilities that residual confounding and selection
bias might still exist. Finally, the inclusion of proteinuria
would have been helpful as extra confirmation of renal
dysfunction, however, it was only available in a small
proportion of individuals, so, unfortunately, it was not
included in our CKD definition.

Conclusions

Owur study found that elevated TG and reduced HDL-C
levels are independently associated with a higher risk
of CKD stages 4-5. This suggests that TG and HDL-C

{5ee figure on nest page.)

Fig. 2 Association between quamers of baselne TG and HOL-C with the hazard of CKD stages 4-5 by pre-defined subagroups of baseline
charactensiics The mulivariate model was sdjusted for sex, age, sroking $Latus, IMD 1enth, SER BMI, eGFR, prior disbetes melitus, prior OV,
anlitypentensive medication, nslin, and statin use O ndicates lipid quarters, and the refererce value = Q1 and Q4 for TG and HDL-C, respectively.
Fuaue < 005 indicates the presence of significant interaction by baseline sub-groups
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levels might be useful for risk stratification as well as
for a potential target to reduce the risk of development
of CKIY Future studies are needed to understand the
potential causal relationship between TG and HDL-C
levels and CKID.
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Objective: Chronic kidney disease (CKD) and cardiovascular disease (CVD) have a
high morbidity and mortality among the elderly. Low levels of high-density lipoprotein
cholesterol (HDL-C), a traditional risk marker for CVD, are common in CKD patients. Little
is known about the association of low HDL-C with renal dysfunction in the community
dwelling population.

Methods: This was a population-based cross-sectional study included 4,753
participants enrolled in a prospective study, the Shanghai Elderly Cardiovascular Health
(SHECH) study. Estimated glomerular fitration rate (eGFR), caiculated by the Chinese
Mcdification of Diet in Renal Disease (C-MDRD equation), was used to assess renal
dysfunction. Associations between renal dysfunction and low HDL-C were evaluated
using muiltiple logistic regression models and restricted cubic splines.

Results: Of 4 649 individuals who met inclusion criteria, 620 (13.349) had low HDL-C
at <40 mg/dl. In the fully adjusted model, lower eGFR of <60 mVmin/1.73 m? (OR, 2.03;
95% CI, 1.21-3.43) and marginal eGFR of 60 to 90 mVmin/1.73 m? (OR, 1.26; 95% CI,
1.01-1.58) were significantly associated with low HDL-C, compared with normal eGFR of
=90 mimin/1.73 m?. Moreover, consistent findings were obtained in subsidiary analyses
using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EP1) equation. Fully
adjusted cubic spline models indicated a significant dose-response relationship between
eGFR and low HDL-C (P for non-linearity, 0.356).

Conclusion: In this general elderty population, renal dysfunction was independently and
significantly associated with low HDL-C, and the prevalence of low HDL-C increased with
decreasing eGFR, such that even slight changes in renal function may be associated with
altered lipid levels.
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INTRODUCTION

China has gained remarkable achievements in controlling the
burden of cardiovascular disease (CVD) over the past two
decades, and the standardized mortality rate has shown a
significant decrease (1). However, the disease burden due to CVD
remains severe in patients with chronic kidney disease (CED)
{2). The China Kidney Disease Network {CK-NET) annual report
shows that the prevalence of CVD in CED patients in China is
as high as 50.8% (3). CVD is the leading canse of death in CKD
patients at different stages of CKD (4), especially in patients with
end-stage renal disease (ESRDY), the CVID mortality rate is 10—
20 times higher than that of the general population (5). On the
other hand, population aging is increasing with socineconomic
development. It is estimated that by 2025, there will be 300
million people aged 60 and abose in China (&), Studies show that
the disease burden in CKD patients increases with age (7, 8), and
nearly one-half of CKD patients were aged 60 years or older (3).
Therefare, it is imperative to prevent CVD events in the elderly
population, especially those with CKD.

High-density lipoprotein cholesterol (HDL-C) is a iraditional
protective factor for CVD (9), which was thought to achieve its
protective effect by mediating the reverse cholesterol transport
pathway (10, 11), but it is known to decrease significantly in
CKD patients (12, 13). The Framingham Heart Study showed
that for every 1 mg/dl (0.026 mmol/L) increase in HDL-C,
CVD risk was significantly reduced by 2-3% (14). Since then,
more and more epidemiological studies have expanded and
validated the findings (15). Previous studies have observed that
HDL-C may be related to renal function in adults {16-19).
However, the association of low HDL-C with renal dysfunction
has not been well-defined, especially in elderly subjects living
in the community in China. Since HDL-C changes might
alsp be related to age, gender, body weight, physical activiry,
medication, disease, etc. (20), the independent association
between HDL-C and renal dysfunction in the community
elderly population should be estimated after adjusting for these
potential confounders.

METHODS

Study Population

The Shanghai Eldedy Cardiovascular Health (SHECH)
sindy is a muoliistage cluster sampling survey of community
non-institutionalized residenis aged 60 wyears and older
conducted simce 2003, Its design details have been described
previously (21). Briefly. 4,753 participants aged 60 to 104
vears were recruifed in the community during 2017 and
underwent a comprehensive health screening at Shanghai
East Hospital. Participants uonderwent blood tests  after
fasting for at least I0h owernight, and blood samples
were sent to the Blood Laboratory of Tongii Medical
School affilisted Shanghai East Hospital for measurement
within 2h. In the current analysis, 104 participants were
excluded due o missing both HDL-C and serum creatinine
(SCr) measurements, so 4,649 participants were included

{Figure 1).

SHECH study
participants n=4753

Aszezzed Tor eligibility
n=4733

Excluded {Total = 104)
= Mo HDL-C andfor 5Cr n= 104

Remaining participants
afier exclusions
m= 4649

Final sample for analyses
= All eligible participants n = 46459
= Without missing covariates n = 4332

FIGLARE 1 | Shudy fiow. HOL-C, high-density ipoprotein cholestenal; S0,
sensm creatinine; SHECH, Shanghai Bidery Cardiovascular Health.

Data Collection

Participant information was collected through standardized
guestionnaires, incloding demographics, lifestyles, medication
and disease history, etc. It was recoded if postrmenopausal
females were taking hormone replacement therapy as estrogen
and/or progestin.

Body mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared. Abdominal obesity was
defined as a waist circumference of =90 cm in males and =80cm
in females (22). Creatinine clearance (CCr) was determined
by the Cockeroft-Gault equation (23). Current smoking was
defined as smoking more than 100 cigarettes in a lifetime
and still smoking. Current drinking as drinking | or more
alooholic beverages each week during the previous year. Physical
activity was considered active if at least 4 days of exercise or
recreational activities were performed per week and more than
30 minfday.

Hypertension was defined as an average of two measurements
of systolic blood pressure of =140 mmHg, or diastolic blood
pressure of =% mmHg. or normal bloed with concomitant use
of antihypertensive agents (24). Diabetes was defined as fasting
plasma glucose of =7.0 mmol/L or current nse of insulin or
oral antidiabetic agents. Atherosclerotic cardiovascular disease
{ASCVD) was defined as a history of myocardial infarction, stable
or unstable angina, coronary or other anerial revascularization,
stroke, transient ischemic amack, or atherosclerotic peripheral
artery disease (25). Liver dysfunction was defined as aspartate
aminotransterase of =40 U/L, alanine aminotransferase of =50
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UfL, or a history of liver disease. All disease histories were
confirmed by reviewing the outpatient medical records of
primary care in the community health centers.

Twao seated blood pressure measurements using a mercury
sphygmomanometer after at least 5min of quiet rest were
obtained by trained and certified staff who followed a standard

protocol, with the average of two measurements used for the
analysis. Hemoglobin Alc was measured using high-performance
liguid chromatography (Tosoh Corporation, Tokyo, Japan). SCr,
wric acid (UA), urea mitrogen (LN}, lipids, and glucose were
measured using a biochemical autoanalyzer (Cobas 8000, Roche
Diagnostics, Mannheim, Germany).

TABLE 1 | Basdine characienistics of participants according o low HOL-C stabus.

Characteristics All = 4,548) Low HDL-C Povalue
es (o = 620) Mo in = 4,029)
fge fyears) T2 B TE 8 0580
Male 2,060 (44 56 AT |BEusa) 1,719 {42 67) =000
Bl fhogmr) 24 58 (3.48) 25,68 (3.03) 24,52 [3.500 0000
WG jom) A7.B2 1222 90,94 (1071} B7.37 (12a7) 000N
Abdominal obesity 2 627 (5426 AFA (BEED) 2,168 |53 568 oo
Cumern smoking a7 (2085 174 {28,068 TET LT 0000
Cumesrnt drirking T4T (1BOT) 115 {1855} B2 (15,659 oam
Physical actiiby 0002 519 {B3.71) 2,983 B A7) [ kg
Statin ATT @A) &7 {@1d) A0 (7.84) ik &1
p-Blocker 281 B0 A7 (7.68) 234 (5.81) 0106
Hamones 21 (D45 4 (088 17 .43 DUEES
ASCND TR (1B 117 {1887} E11{15.17) e
Diabetes 1,540 (A5 28 277 a4 68y 1,253 (2380 =000
Hypertersion 3,464 (74.20 405 {B0.00 2,968 (T34 0000
Liver dysfunction 204 4.8 47 j5.04) 161 {4.45) 0L00a
Homooysteine [pmall) 1480 12.60-18.00) TEI0 (3. T0=-19.78) 1460 2.80-17.70) =000
SBEP [mmig) 141,98 (2.7 142 7T (19.88) 14185 2008 D208
DEF {rmmiHig) B0.4S [10.7E) BOUED (1065} B0.44 (10704 OGRS
Hoddc i) .00 (5.80-5.500 .20 (5,806,801 ELO0 (5806400 =o0U00N
FPG jmmelL) 528 (4.04-5.24) 585 (5.07-6.06) EUAE (4.80-6.14) 0000
TiC jmgidl 192 (48 171 [&5) 1595 (450 =000
TG [mg/dl) 124 {81=-172 186 (141-2T4) 118 @8-155 0000
LDL -G frmgycdl 127 (A7) 1132 (&Y 123 AT 0000
ALT L) 16 (12-21) 18 13-24) 16 [12-21) =000
AST LWL 20(18-24) 20(17-24) 20 (18-24) D048
L gl 16,78 [4.41) 16,78 [4.81) 16.78 [4.35) 0977
LU, (gl BUE3 [1.46) 817 [1.55) 5.54 [1.43) =000
SCr mgedh 087 [0.25) L D) .85 §0.24) =000
CCr {rmikémir) BEAT [1E.TE) B0 (1812 GE.13 [1E84) U0
eGFR (C-MDRD) mlimin'.73 m7} oo
Bl 126 [2.71) 25 (4.0 101 {2.61)
B0 1,198 2677 189 {30, 28 1,008 2504}
=80 3,273 [Fo.A0 AD0 8452y 28T Man
ei5FR (CKD-ER) fmbmind1.73 m?) <0000
il S0 {1228y 105 | 18.94) 285 (11.54)
EO-00 3,087 [BE.40) 401 {84.58) 2,685 (BEET)
=50 S40 {20022 108 {17.42) B2 2065

andior proges .

HOL -, high-olansfy §oonrotein chokesiond, S0, bodly mass inder; WE, wals!hormumierance; ASCYD, athernsolemic candiovasoular dsease; SEF sysiokc hood pressone; GEF dias folc
unimm'm,m.ﬁt;ﬁﬂa fasfing plasma piucose; T, dodad cholesiorod, m,wm-qmmwm—utmmm-
A&'ﬂmmm“m;m wric amat SO sonen creaiining mmmm,ummmmc.mm
Mockficasian of Dot in Renal Dsoasa; CED-EFY, Chronic Fidnay Dsosso Snscamicsngy Collaboration.
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Outcome Ascertainment

In this study, estimated glomerolar fliration rate (eGFR)
was used to assess renal dysfunction. eGFR was calculated
using the Chinese Modification of Diet in Renal Disease {C-
MDRIDY equation where eGFR (mU/min/1.73 m*) = 186 = SCr
(mg/dl) =154 x age (years)— "  0.742 (if female) * 1.233 (if
Chinese) (26) [with subsidiary analyses using eGFR calculated
with the Chronic Kidney Disease Epidemiology Collaboration
{CKD-EPI) equation (27)).

Statistical Analyses

The study outcome was low HDL-C, which was defined as
<40 mg/dl according to Chinese guidelines (28). Baseline
characteristics of participants were summarized as mean
[standard deviation (SD] or median [interguartile range
{IQR)] for continuous variables, and frequency {percentage) for
categorical variables.

Statistical significance was tested using Students 1 test,
Welchs ¢ test, and Mann-Whitney U7 test for normally or
skewed distributed continuous variables and Chi-square test
for categorical variables. Pearson's correlation coefficients were
caloulated to initially assess the correlation between HDL-C and
renal function.

Multiple logistic regression models were performed o
evaluate the relationship between eGFR and low HDL-C. Three
muodels were fitted: Model 1: unadjusted; Model I1: adjusted for
age, gender, and BMI: and Model II: as for Model IT plus
smoking, drinking, physical activity, f-blocker, statin, diabetes,
liver dysfunction, ASCVD and triglycerides. Resiricted cubic
splines with three knots at the 25th, 50th, and 75th percentiles
were used to simulate the association of eGFR with low HDL-C.

All P-values were two sided, and statistical significance was
defined as P = 0L05. Analyses were performed using SAS, version
9.4 (3AS Institute, Inc., Cary, NC, USA).

RESULTS

Baseline Characteristics

Among 4,649 participants, 2,090 (44.96%) were males, 1,640
(3528 %) had diabetes, and 224 (4.82%) had liver dysfunction.
The mean (50 age was 72 (&) years: the mean (5D) eGFR was
101.77 (22.56) and 77.27 (14.35) m/min/1.73 m? for the C-
MDRD and CKD-EPI equations, respectively; the mean (SD)
HDL-C was 55 (16) mg/dl. Low HDL-C was observed in 620
participants { 13.34%). Compared with those with non-low HDL-
. participants with low HDL-C were more likely to be males,
obese, current smokers, hypertensive, diabetic, and ASCVD
patients (Table 1).

HDL-C and Renal Function

The preliminary exploration of HDL-C and renal function is
presented in Table 2. HDL-C was positively correlated with UN,
UN/SCr, and eGFR, while negatively correlated with UA, SCr, and
CCr (P = 0010). Although there were significant correlations
between HDL-C and renal function, all were relatively weak.
Therefore, further analysis was performed.

TABLE 2 | Pearson’s cormalation coeficients betaeen HOL-C and renal function

HDL-C

r 8% CI P-value
L, ~ D361 020G -~ 0205 <0001
L [idil] Q01D - 006 ol
S0 =014 —0L16T ~ =0.114 =0.001
LS Q73 QU143 - 0200 =000
CCr =053 ~0L 181 -~ 0122 0001
elGFR, C-MDAD Q04T Q01T = 0060 0002
elGFR, CKD-ER [P ] 0017 - 0ul7a Q.00

atherosclercdic cadiovasoular dsaase; CCr oeabinine ceamnoe; @5FH, astimaied
glomaruiar ation rate; C-MDORD, Chinose Modifcation of alal in renal disea sa; THID-EF),
chmnis diciney disen s aoiciemicingy colaboraian,; O, confichencs intoreal.

eGFR and Low HDL-C

Decreased eGFR (C-MDRD) showed a significant independent
association with low HDL-C. Compared with normal eGFR,
the unadjusted odds ratios (OR) for lower and marginal eGFR
were 178 (95% CI, 1.13-2.79) and 135 {95% CI, 1.12-1.62),
respectively (Mode I). The association was further sirengthened,
and the ORs were 181 (95% CI, 1.13-290) and 1.33 (95%
CI, 1.10-1.62), respectively, after adjusiment for age, gender,
and BMI only (Model 1I). The association with low HDL-C
was significantly higher in lower (OR, 2.03; 95% CI, 1.21-
3.43) and marginal eGFR (OR, 126; 95% CI. 1.01-1.58) after
further adjustment for lifestyles, medication and disease history,
and triglycerides (Maodel II1). eGFR, as a continuous variable,
was significantly associated with low HDL-C {unadjusted OR
{95% CI) per 5D decrease: in Model I: 1.15 (1.05, 1.25), P
= (.02 multivariable-adjusied OR (95% CI): in Model II:
116 (106, 1.27), P = 0u00l; in Model 111: 117 (1.06, 1.30), P
= 0.002) (Table 3 and Figure 2). To further evaluate whether
the relationship between eGFR and low HDL-C was linear, a
restricted cubic spline model was fitted, and no evidence of
non-linearity was found (P for non-linearity, 0356, Figure 3A).

Subsidiary Analyses

To further confirm the findings, the CKD-EPI equation was
used instead of the C-MDRD equation to calculate eGFR for
verification (27). The results revealed that the association of low
HDL-C with lower eGFR. was significantly increased compared
with normal eGFR in any of the models, and the ORs were
increased with adjusiment for lipid metabolism confounders (OR
{95% CI) in Model I: 1.74 (1.30, 233), P < 00001; in Model II:
205 (146, 2.88), P = 0.001; in Model III: 2.05 (144, 2.92), P =
.001) (Table 4). However, the association of low HDL-C with
marginal eGFR was not statistically significant compared with
normal eGFR in any of the models (all P = 0.1, Table 4). Notahly,
the strength of association and non-linear relationship between
eGFR, as a continuous variahle, and low HDL-C remained
generally consistent [fully adjusied OR (95% CIj. 1.17 (1.06,
1.29), Table 4; P for non-linearity, 0,602, Figure 3B].
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TABLE 3 | Odds ratios (96% Cf) for eGFR, calculated by C-MDAD equation, in relation with, low HOL-C.

=GFR Model | Model B Model i
fmilfmin1.73 m=,
median)

Odds ratio (8% C1) P-value Odds ratio (88% CI) P-value Odds ratio [98% Ci) P-value
Per 20 decraase’ 1.6 {1.05-1 .25 .02 116 [1.08-1.27 oo 117 (1081304 0.002
Bl {5164 178 (1.13-2.79) 012 181 (1.13-2.90 o.o0ia 208 (121-0.43) L0086
GOS0 (B0 TE) 1.35 (112162 0. 02 1533 (1101638 {00a 126 [1.01-1.58 003
=0 (106.43 1.00 jpef.] 1.0 fref] 1.00 fref.]
Trend 2= 000 P = 000 P 0002

Modal [ unadiusion’. Adooio! ¥ adjusiod forage, pendar;, ana' BUL. Modal F: as o Mooal [ plus smoking, deindang, physical acialy, f-hiockor, siatin, aaboles, Feordgysbooton, 45000,

and Iiglyoosoes.

20, standand daviation; CT comiaano infanal BT hady mass indes S50V, affemosciontc canmiovasouiar disoasa; HDL-C, gh-oansity §poprodein Shokesion, o357, astimatad

giormaruiaT Aranion rate; C-MOAD, Chinese AMdooicaton of Deef in Ranal’ Disea se.
e S0 s oquad f0 226

DISCUSSION

This study found that eGFR was significantly associated with
low HDL-C in community dwelling elderly, and this relationship
was independent of identified HDL-C confounders, including
age, gender, BMI, smoking. drinking, physical activity, f-blocker,
statin, diabetes, liver dysfunction, ASCVD, and triglycerides.
The findings also confirm some of the associations previously
found in population studies: HDL-C levels were lower in males
than females (29, 30), decreased with imcreazing BMI and
triglycerides (31, 32), and were higher in individuals drinking
alcohol (33, 34).

The decrease in eGFR is thought to lead to low HDL-C,
which may be related to the significant changes in proteomics
and lipidomics. Vaziri et al. found ApoA-l levels in ESRD
patients were significantly decreased, due to both impaired
synthesis and enhanced catabolism of ApoA-1in CKD patients.
ApoA-l is an essential component of HDL particles, and its
concentration decreases in CKD leading to a decrease in HDL-
C (35). Meanwhile, the lack of hepatic triacylglycerol lipase in
CKD patients leads to a decrease in cholesterol in HDL particles
and an increase in triacylglyceral (36). On the other hand,
oxidative stress and inflammatory reactions, uremic toxins, etc. in
CED patients cause denaturation, oxidation, and carbamylation
of ApoA-I1 and other protein components of HDL particles,
which affects the binding of HDL to cell surface cholesterol
transporters, resulting in a decrease in HDLs ability to promote
cholesterol efflux (37, 38). This in furn impairs the reverse
cholesteral transport, and consequently promotes foam cell
formation, accelerated atherosclerosiz, endothelial dysfunction,
oxidative stress, systemic inflammation, and glomerulosclerosis,
which would exacerbate the occurrence and development of
CVD or ESRD (12). Thus, it might be predicted that low HDL-C
wiould be associated with decreased eGFR

Conversely, previous studies have shown that lew HDL-
C can predict a deterioration in renal function (16-19). Low
HDOL-C could independently predict an increase in renal
dysfunction in 840 patients with different kidney diseases. from
the MDRD study ( 16), which was consistent with the result of the
Atherosclerosis Risk in Communities (ARIC) cohort smady (17).

Bowe et al. used the US. Veterans Administration (WA) databases
to conduct a retrospective cohort study of nearly 2 million male
veterans and found that low HDL-C was significantly associated
with the risk of incident kidney disease and its progression (18).
Meanwhile, it has been reported that low HDL-C may be a
surrogate marker of poor overall metabolic health (18). From
our findings, it could be suggested to some extent that even
in the general population, decreased #GFR may contribute to
poor overall metabolic health and thus indirectly enhance CVI.
Lees et al. incorporated eGFR into the traditional CVD risk
prediction model and found that eGFR significantly enhanced
the risk prediction ability of the models (39), which somewhat
reflected the results of the present study. Additionally, data from
UK Biohank showed that jost examining total cholesterol and
HDL-C could predict the impact of blood lipids on CVD risk
(40). Consequently, in the general population, especially those
with renal dysfunction, more attention should be paid to HDL-C
levels, which may help predict the development of CVD as early
as possible.

The association of low HDL-C with marginal eGFR presented
different results in the analysis using C-MDRD and CKD-EFI
equations, which may be attributed to differences in the original
populations used to develop the equations. The cohort wsed
to develop the MDRD equation was CED patients, and the
relationship between GFR and 5Cr concentrations is different
among healthy and CED individuals (41). Consequently, it is not
unexpected to observe that the MDRD equation systematically
underestimates GFR at high GFR levels (=60 mlimin/1.73
m?). This systematic underestimation at the population level
leads to overestimations of CKDv stage 11 prevalence (eGFR
=60 ml/min/1.73 m*) in the general population. However, the
population used to develop the CED-EPI equation was mostly
individuals with GFR = 60 ml/min/1.73 m?, which somewhat
corrected the bias of the MDRD equation (27). Hence, the
performance of the CED-EPI equation was particularly improved
for individuals with GFR =60 ml/min/1 73 m?®, which was also
seen in the European elderly population (42). However, it is
notewaorthy that the CKID-EPI equation provided only marginal
improvement in precision compared with the MDRD equation
(43, 44). Murata et al. compared the accuracy of the MDRD
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FIGLAE 2 | Multivariabie-adjusted odds ratics of iow HOL-C in participant subgroups. HOL-C, high-density ipoprodein cholesterol; 5P, estimated giomerular
fitration rate; BMI, body mass index; ASCVD, athemsclerctic cordiovascular disease; TG, inghoendes.

and CED-EPI creatinine equations for estimating GFR in 5,238
patients and confirmed that the CKIMEPI creatinine equation
underestimated GFR to a lesser extent than the MDRD equation
in pre- and post-donation kidney donors. However, in patients
with native CKD, renal transplant recipients and other organ
recipients, the CKD-EFI equation did not perform better or was
even slightly worse than the MDRD equation with a trend to
overestimation (45). This overestimation in CKD patients could
be the price of improved performance at higher GFR levels
{44, 46). Furthermore, van den Brand et al. investigated 6,097
Caucasian participants and caloulated eGFR using the MDRD

and CED-EPI equations and found that the CKD-EPI had higher
estimates of GFR for subjects aged =70 years compared with the
MDRD equation, but lower estimates for those aged 70 years and
alder (47). Hence, it might be considered that MDRD and CED-
EPI equations help to complement each other for validation in
epidemiological studies.

This study had several strengths, incloding a large natural
population of older participants, numerous confounders,
medical record review to determine disease status and use
of the China-specific eGFR definition. These all help in
reducing bias.
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TABLE 4 | Oclds ratios (95% Cf) for eGFR, calculsted by CED-EP| equabion, in rekation with low HDL-C.

eGFR Model | Maodel il Madel i
{milimin/1.73 m*®,
median)

Odds ratio (35% C1) P-value Odds ratio (38% CI) P-value Odds ratio (98% CI) P-value
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Limitations of the present study should be considered. Firstly,
given the nature of cross-sectional studies, it remains unclear
whether the association between eGFR and low HDL-C changes
aver time, and therefore the causality between the two canmot
be determined. Secondly, although confounders affecting HDL-
C levels have been considered as much as possible, residual
unmeasured confounders may remain. Thirdly, all participants
were older adults in the Chinese commumnity, making it difficult to
generalize to different ethnic populations. Furthermaore, over 70%
of subjects in this sample had normal renal function according
to the C-MDRD equation, which was markedly higher than the
elderly population in the Caucasian community (48). Though
previous studies have illustrated that the prevalence of CED was
Iower in Asians than in Cancasians after adjusting for sex and age

g

e,

(=)

(49), considering that GFR of individuals decreases with age, the
possibility that this may be an artifact of the C-MDRD equation
could not be ruled out. Lastly, given the nature of epidemiological
studies, multiple assessments of renal functional status were not
achievable. Though poor eGFR may represent an episode of
acute kidney injury, this is less likely in community po i
There are limitations to the estimation of GFR in alder adults
regardless of equations applied, but importantly, these equations
are all frequently used in the clinical setting so that understanding
the association between eGFR and lipids remains relevant. It is
also reassuring that, despite these limitations, similar strength
of association and dose-response relationships existed between
renal dystunction and low HDL-C, irrespective of methods used
to define renal dysfunction.
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CONCLUSION

In this general elderly population, renal dysfunction was
strongly associated with low HDL-C, independent of established
HDL-C confounders. There was a dose-response relationship
between low HDL-C and eGFR. with low HDL-C frequency
increasing with decreasing eGFR. These findings raise the
possibility that even slight changes in renal function may be
associated with lipid levels in humans. Thus, it is speculated that
there may be a reciprocal causality between renal dysfunction
and lipid changes, which warrants further exploration in
prospective studies.
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Abstract: Chronic kidney disease (CKD) represents a major and widespread global health
challenge. It affects over 800 million people worldwide, which is approximately 13% of
the world’s population. Over the past 20 years, it has consistently ranked among the
leading causes of death. As a result of its typically painless and asymptomatic presentation
in the early stages of the disease, CKD is frequently diagnosed late, when the patient is
already suffering from serious complications. In recent years, studies have identified novel
biomarkers associated with the pathophysiology of CKD, including chronic inflammation,
tubular injury, and CKD-related outcomes such as bone and mineral metabolism disor-
ders, cardiovascular events, and all-cause mortality. Identifying and using these emerging
biomarkers—like kidney injury molecule, N-acetyl-D-glucosaminidase, ficolins, the NLRP3
(nucleotide-binding domain, leucine-rich—-containing family, pyrin domain—containing-3)
inflammasome, soluble suppression of tumorigenicity-2, galectin-3, growth differentiation
factor-15, soluble urokinase-type plasminogen activator receptor, sclerostin, the Dick-kopf
proteins, and indexes such as the systemic inflammation response index—may lead to
a significant advancement in early diagnosis, risk stratification, and personalized treat-
ment strategies for CKD patients. Despite their potential, the routine clinical use of these
novel biomarkers remains limited due to challenges such as high costs and the lack of
standardized testing methods. There is still considerable room for advancement in both
the diagnosis and management of CKD. Hopefully, increasingly more new biomarkers
will become usable in clinical practice, ultimately improving care quality and outcomes for
patients with CKD.

Keywords: inflammation; kidney biomarkers; chronic kidney disease; cardiorenal
syndrome risk; kidney physiopathology; kidney injury

1. Introduction

Chronic kidney disease (CKD) is a widespread global health issue affecting approx-
imately 13% of the world’s population, which means that it afflicts over 800 million
people [1]. It has remained one of the most prominent causes of death over the past
two decades [2,3]. The rise in risk factors, particularly diabetes mellitus, hypertension,
cardiovascular disease, and obesity, compounds the burden of CKD in the population [1].
CKD i1s defined as abnormalities of kidney structure or function, present for a minimum
of 3 months, with implications for health [4]. The pathophysiology of CKD is complex,
but the main pathological hallmarks include fibrosis, tubular atrophy, and chronic inflam-
mation. The progression of this process is primarily driven by proteinuria, hypoxia, and
oxidative stress [5]. Early detection of CKD provides opportunities to effectively attenuate
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the progression of renal dysfunction and prevent outcomes associated with CKD. However,
prmarily due to its typically painkess and initially asymptomatic presentation, CKD is
frequently diagnosed in the later stages. Currently, in clinical practice, the diagnosis and
staging of CKD are made by estimating glomerular filtration rate (GFR) using creatinine
and cystatin C or by albuminuria (ACR) [4]. These diagnostic criteria reflect renal function
based on glomerular filtration. However, studies from recent decades identified novel
biomarkers associated with the pathophysiology of CKD, including chronic inflamma-
tion, tubular injury, and CKD-related outcomes. These markers enable a more spexific
representation of overall kidney function and CKD complications.

2. Methodology

In this narrative review, we attempted to provide a comprehensive overview of recent
advances in the identification of novel biomarkers for CKD. We conducted a comprehen-
sive search of the relevant literature, mainly studies published in the last decade. Both
clinical studies (observational studies, cobort studies, clinical trials) and preclinical research
(animal models, mechanistic studies) were included to provide a broad understanding
of biomarker relevance from basic science to clinical application. Studies not available
in English, conference abstracts without full texts, and data still awaiting publication
were excluded.

We strived to include a wide array of bsomarkers and present an integrated view on
both established and newly emernging btomarkers, with special attention to those that ane
rarely mentioned in previous reviews, such as ficolins or Dick-kopf proteins, and others that
have caly recently gained attention in CKD rescarch, like inflammatory indices. Through
a comprehensible pathophysiclogical framework and extending the understanding of
biomarkers’ functions beyond their primary roles, we tried to place a focal point on the
translation of these into clinical practice.

A major limitation of this review is the fact that, given our focus on covering a
broad spectrum of biomarkers, the depth of discussion for each individual marker was
necessarily limited.

3. Biomarkers of Tubular Secretion

Creatinine, cystatin C, and estimated glomerular filtration rate (¢GFR) are the primary
parameters used for the definition and staging of chronic kidney disease (CKD). These
markers reflect renal funchion based on glomerular filtratton. However, their utility is
limited, particularly in detecting the carly stages of CKD [¢]. Consequently, there is an
urgent need to identify more sensitive biomarkers for the carly detection of CKD that may
maore comprehensively represent overall kidney function. Considering tubular ingury as a
key mechanism in the progression of CKD [7], biomarkers of tubular secretion may prove
useful for diagnosing this condition.

Kidney mjury molecule-1 (KIM-1) is a transmembrane glvcoprotein with undetectable
expression i the normal kidney [4]. KIM-1 consists of an immunogiobulin-like domain
and an extracellular mucin domain. Renal injury factors lead to the upregulation of KIM-1
expression by proximal tubule epithelial cells. The mucin domain is shed, resulting in
clevated levels of KIM-1 in urine and plasma [9,10]. KIM-1 serves as a sensitive biomarker
of proximal tubule injury in both acute kidney injury (AKI) and chronic kidney discase
(CKD) [10-12]. In a cross-sectional study by Waikar et al. (2016), a strong positive cor
relation was demonstrated between urinary KIM-1 level and the albumin-to-creatinine
ratio (ACR) 1n individuals with and at risk for CKD (95% CI: (L15-0.17), suggesting its
potential role in the diagnosis and prognosis of CKD [13]. Urinary KIM-1 levels increased
progressively with declining ¢GFR, until ¢GFR fell below 15 mL/min/1.73 m?, likely re-
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flecting a reduction in tubular mass responsible for KIM-1 expression | 15]. Waikar et al.
al=n reported reduced wrinary KIM-1 levels in uwsers of angistensin-converting enzyme
inhibitors {(ACEl)} or angiotensin [ receptor blockers ( ARBs), which correlates with the
nephroprotective properties of these classes of medications [13-15]. The upregulation of
EIN-1 has al=x been observed in varouws ELFI-I:IW‘IJ'.FIFﬂlhi.ﬁ-, irrdud.irg diabetic Eh‘I'I:I'I.ﬂ'IJ'
lopathy and IgA nephropathy [16.17] Chronic KIM-1 expression & a component of the
pal]'u:gemﬂls of chronic kidney disease. It Pla:u:.a :iﬂ;n:iEr_anl: rode i Ehe P:I'I.'IIETH.DIEII-Bf
inflarnmation and tububsinterstitial fibrosis in renal tissue, partly by promaoting the se-
cretion of monocyte chemoattractant progein-1 (MCP-1) [ 1E]. In conclusion, KIM-1 is not
aonly a sensitive biomarker for CKID but can alsn be a potential therapeutic target in kidney
disease [15,19].

M-acetyl-D-glucosaminidase (MAG) represents another urimary biomarker of prosimal
tubular injury [20]. This lysosomal enzyme has been investigabed s a potential predictor of
dishetic nephropathy, highlighting the rode of tubular mjury inthe early stages of diabetic
kidney disease [21, 22]. Urmnary MNAG exoretion can be detected before the appearance of
microalbuminuna and macroalbuminuria in diabetic kidney disease (DEDY [23]. NAG
i% not fltered H'l:r-n-u;gh the Elﬂﬂ'ﬂ:‘l‘ulmd‘l.! b iks :rl|:|.a.til.rr_'|:|.' hi.j_?‘,,h mecdecular w:iﬁ;hl. buf st
may appear i the urine as a consequence of tubolar injury, including exposure to high
urimary glucose | 24,25]. Urinary MAG levels are not only significantly higher in diabetic
Pali.l:ﬂls but aleo reflect renal i.11.1|:lai:|1|1.=n't.. :iru:]i.—..ﬂina; the Fl'ﬂllTI:i!:il'tE utility of MAG in
maonitoring diabetic kidney disease (KD [24]. Furthermore, Kim ef al. demonstrated
that urinary BNAG may reflect glyoemic control in patients with type 2 disbetes mellitus
dwe b its correlation with glucomietabolic parameeters [27]. MMore recently, the application
of WAL in the real-time monitoring of kidney function i DED was presented. Ten et al.
fabricated a MAG-responsive BNIRE-I1 luorescent nanoprobe that specifically interacts with
MLAL 1o Fu'hn-:lunc MIE-II flucrescence xiEnak,. Enab]m.ﬁ thi: nonimvasive detection of ]u:lrl.u-].
dysfunction [28].

Urommad uling, also knossn as Tamem-HorsEall Pm‘tl!"ll'l. is & Il!'lil-!ipnl:iﬁl: Pm‘tl::i.n e
pressed exclusively by the thick ascending limb of the loop of Henbe and the distal connvo-
lwted tubube [29]. It is a major probein present in the wrine of healthy imdiveduals [30.51].
Mumenous studies demonsirated m'l.l]l:.pll.- Ph'g.fsi.nl.ngi-l:a] functions of urcomosdulm, inchad-
i.l'LE u:l'l.:l'ﬂl:u.m'pl'l.n:l'l.mﬂ:m ﬂﬁdtmndi.ng]i.nﬁ,bhrﬂ Frmummth‘d,]:rm.ipiu:t
kidney stone formation, and immunomaodolation [52-37]. Additionally, uromodalin pee-
vents bacterial urinary tract infections. [t counteracts the adherence of Escherichis coli to
the urnthelial surface by binding specifically to type 1 fimbriated Escherichia coli [%5.59]

Eoth nrinary and serum uromodulin have been investigated in the context of CKDR. Dhs-
tal tubvalar damage beads to lessenesd wrinary excretion of Tamon-Horsfall protein [40-42]. Tt
iz al=o modulated by common vanants in the UMOD gene, which encodes uromaodualim [43].
In & case—control study, l{nﬂgm et al. idenbfBed an association bebween a si.nE]-c-nuclnn-tiir
polymonphism in the UMOD region {rs4295393) and elevated uromodulin concentrations
as a predictor of CKID onset [44]. Urmary uremodulin serves a5 a biomarker of kidney fubua-
lointerstitial damage [45]. a key pathological mechanism affecting CKD development [46].
Urinary uwromodulin level has been shown to predict rapid progression o end-stage kidney
dsease (ESKD m CED patients within 1 year [47]

According to research, serum wromaodulin may alse serve as a biomarker for kidney
function assessment [48=-50]. In an cbservatiomal study including 170 patients with CED,
Fedak et al. demonstrated a strongly positive correlation between serum uromaodulin
concentrations and ¢GFE [51]. Imiportantly, the relationship bebseen serum womeod wlin
.arldmmirdtperﬂnm-nfagr, m.ﬂdl.mﬂbﬂd}'mr{aﬂr area, mhﬂ'u:i.ngl]'hrp-n'tnnlial
dixgnestic utility of this protein [51]. Serum uromodulin, 25 a marker of tobular secretion,
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represents functional nephron mass and kidney function as a whole [49.52]. In this way,
serum uromaodulin can help identify the carly stages of CKLDY, including the creatime-blind
range af CKD [52,53]. Similarly to urinary uromeduokin, serum uromadulin may be used o
identify high-risk groups for the incidence of ESKD in CKIDY patients [54]. Its level is also
assocabted with a common CKD oufcome—cardiovascular disease [55].

What = more, uromodulin bes been i:r|:||:|-]i.|:a|:n:|.'l1. wvarious health condibions associabed
writh CKIX. Low serom urnmenduline kevels may be correlated weith kidney function and
renal disease activity im lupus nephritis and ANCA-associated glomerulomephritis [546,57].
In the course of Fabry disease, uromodulin excretion is also disturbed, ranging from
normal to markedly decreased or even absent. However, a study of 15 male Fabry discase
patienis has shown that enzyme replacement therapy leads to the normalization of urinary
uremeadulin excretion [58]. Mumtions in the gene encoding uromadulin underlie medulary
cystic kidney disease type 2 and familial juvenile hyperuricemic nephropathy [59]. In
these kidney diseases, impaired uromodulin export dynamics kead to an intracellular
accumulation of this protein in the tubular epitheliom of the thick ascending lmb of
Henle's loop. Consistently, urinary uromedulin excretion is reduced [&0].

In comchesion, uromadulin is a P:rﬂ'ni.:i.n,_q biomarker for KL, i.'rh:ludi.nE the earhy
stage of CKIN. Furthermore, given its important role in maintaming kidney function, this
protein may serve 25 a predictor of CKD onset and progression and could represent a novel
target for therapeutic intervention.

The Klotho protein, another potential biomarker for CEKD, was first identified in
1957 as an anti-aging molecule [61]. Subsequent research has established the role of
Klotho deficiency in the aging process and the pathogenesis of age-related diseases [62-65].
This profein is predominantly expressed in the kidney, specfically in both the prosimal
and distal tubules [&4]. Additionally, it has also been detected in the epithelivm of the
charid plexus in the brain, as well as in the heart, pituitary gland, parathyroid gland, and
other tisswes [67]. Klotho is a transmembrane protein that functions as a corecepitor for
fibroblast growth factor (FGF) [&5]. s extracellular domain undergoes: shedding, resulbing
in the relesse of 3 spduble form into the bloodstream and wrime [§9]. Many studies have
investigated the correlation between circulating soluble Klotha bevels and kidney funchon.
The majarity indicated a posibive correlation between serum and urine Elotho levels and
estimated glomerular filtration mbe (eGFR]) in CKDY [70-T2]. In contrast, Seiler et al. reporbed
i link between plasma Klotho and kidney function [73]. These divergences are likely
due b variability in assay methods and the heterogeneity of CKD populations. However,
Elothio is a substantiated renoprotective molecule, and its defickency plays an impaoctamt
role in CKD progressiom [74=716]. It may sexve as a potential biomarker for the early stages
of CKD} and a therapeutic farget, and it can also predict CKD complications, though there is
a requirement for the standardization of measumemient method s for its clinical application.

Proteins im the Dickkopf (DK} family are antagonists and modulators of the
Wt beta-catenin signaling pathway [77]. This family encompasses four key proteins
Drick-kopf-1, Dick-kopf-2, Dick-kopf-3, and Dick-kopf-4 [77]. OF these, Dick-kopf-1 and
Dhck-kopf-3 have recently emerged as potenbally significant novel biomarkers in the course
of niot conldy the disgnosis and progression of CKD comiplications due to their direct maecha-
nism of action, as well as their involvement in “onoss-talk” with other body tissues, bot also
as a potential prognestic marker [75.749].

Deckkopd-3 (DEEK-3] is a wrinary gheoprotein secreted 2= a response to stress and is
expressed in tubuwlar cells after injury [E0], serving as a marker for ongoing tubular stress
with the Pﬂml:i.al L'Ilf].l'.‘l".'I'I.E.ll. a biomarker of CEKL Fl'nﬁ;msn'n-n; currenithy, several studies
have confirmied its pobential 25 an ongoing biomarker of renal imjury [E1]. Urinary kevels
of K-35 (ul¥KK-3] have been associated with poor renal survival in CED and estimaited
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eGFR decline [52] High wrinary levels of DKE-3 have demonstrated moreased eGFR
loss [B3] in resistant hypertension CED patients, where oGFR loss was higher even up
to 24 months later [£2]. This was especially the case swhen ulHDE-3 was greater than or
equal to 400 pgml, resulting in a statistically significant eGFR decline 2= well 2= the more
frequent appearance of proteinuria [52]. aDDK-3 has also been cornelated with an ncreased
rizk of CKD progression in patients diagnesed with chromic obstructive pulmonary disease
(COFD) [83].

Mickkopd-1, a= a protein involved in the regulation of bone metabolism, will be further

descussed in !IJ]'.'ﬂEll:llﬂll sectinns of this review.
The bicmarkers mentioned in the text are presented in Table 1

Table 1. Binmarkers. of fubular secretion.
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4. Inflammatory Biomarkers

Impaired kidmney functson leads to the scoumulation of uremic foxins and ooda-
tive stress, activating pro-inflammatory pathweays. Owver the years, many inflammatory
markers have been associated with chronic kidney disease. They are not only indicators
of systemic inflammation bt can also be used as predictors of cardiovasoular disease,
stroke, progression of kidney damage, and boss of renal functicm, 25 well as overall mortal-
ity |[54-92]. Elevated levels of binmarkers such as C-reachive protein (CRP) [95= 103], tumos
necrosis factor alpha (TAF-a) [95,94,004-114], mterlenkin- (IL-A) [93,99 101,113 115-120],
interleukin-1b (IL-1k} 102,103,113, 121,122], imberlewkin- 10 (IL-10) [93125-125], Abrino-
gen [103,014,115,126,137], serum amyloid A (SAA) [128=131], and Transforming Growth
Factor-Beta [TGF-£) [ 152, 133] ane well known to be cormelated with CED

On the other hand, a high concentration of some inflammatory markers may seem
to play a therapeutic rale. For example, interbeukin-10 {1L-10) may reduce fibrosis and
inflammation [123,124].

[n recent years, ey inflammatory molecules and indeses have emerged as biomarkers
for CETY. Below are some key findings regarding their potental rode in CED.

Ficolins are patbern recognition molecules. They play a role i pathogen recognition,
mmplrmtnl actvabion, and inflammatson :I'ES).I'J‘I:-I.'HL Thiere are three maim bypes af fucnlins:
M-ficolin {Foolin-1), L-ficolin {ficolin-2) and H-ficolin {ficolin-3). Mainly, L-foolin and
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H-ficolin were studied in relation to CKD. The pattern recognition molecules withm the
complement system, such as H-ficolin and mannan-binding lectin (MBL), recognize specific
molecular patterns on the surface of microorganisms and, by binding them, can activate
the lectin pathway of the complement system. This, in tum, leads to inflammation. Hyper-
glycemia alters glycans enzymatically and non-enzymatically by the formation of advanced
glvcation end-products. These glycan alterations may be the cause of a harmful comple-
ment auto-attack initiated by pattern recognition molecules. Ostergaard et al, in their
article, suggested that higher levels of H-ficolin were assocated with diabetic kidney dis-
case progression. However, while the association with DKD progression was independent
of other well-established risk factors, the effect disappeared after adjusting for trighycenide
levels. Furthermore, in the studied cohort, high concentrations of H-ficolin predicted
diabetes-related mortality but were not connected to all-cause mortality and cardiovascular
events [134]. Elevated H-ficolin levels at the time of kidney transplantation were found to
be an independent and significant risk factor for shorter graft survival [135]. What is more,
L-ficolin gene polymorphism was shown to influence kidney allograft functions [156].

The NLRP3 (nucleotide-binding domain, leucine-rich-containing family, pyrin
domain-containing-3) inflammasome is a multiprotein complex and a component of the
innate immune system. By triggenng the redease of pro-inflammatory cytokines such as IL-
1B and IL-18, it plays a role in inflammation, fibrosis, and the progression of CKD. Research
has shown that through damaged mitochondria and an elevated production of reactive
oxygen species (ROS), the NLRP3 inflammasome is activated in uremic patients treated
with dialysis [157]. Other authors have suggested that NLRP3 inflammasome inhibition
may be a promising therapeutic target in hyperoxaluria and nephrocalcinasis [121], as well
as reducing renal fibrosis [ 138].

Serum tumaor necrosis factor receptor 1 and 2 (TNFR1 and TNFR2) levels are related
to ¢GFR in healthy subjects, which highlights their potential as early biomarkers for
CKD [139]. In a study by Oh et al., elevated concentrations of tumor necrosis factor
receptors (TNFRs) were correlated with an increased nsk of progression in immoglobulin
A nephropathy {IgAN). Circulating TNRFs can be eardy biomarkers to predict the severity
and clinical outcome of IgAN [140]. TNFRs can also be a prognostic biomarker for diabetic
kidney disease [107]. Further studies focused on TNFRs evaluated Black individuals with
hypertension-attributed CKD and older adults with type 2 diabetes and albuminuria,
proving that increases in TNFR1 and TNFR2 were associated with worsening kidney
function in those groups [ 141}

Calprotectin is circulation damage-associated molecular pattern protein, considered
an acute-phase protein. It originates mainly from myedoid cells and is released during
neutrophil degranulation. Higher levels of circulating calprotectin are linked to increased
nisk of new-onset CKD [142]. Plasma calprotectin was also identified as a contributor
to vascular calcification, cardiovascular (CV) outcomes, and mortality in patients with
CKD [143,144].

The systemic inflammation response index (SIRI) is 2 novel predictive bromarker de-
rived from the ratio of peripheral neutrophil, monocyte, and lvmphocyte counts, calculated
as (neutrophil count x monocyte count /lymphocyte count). The SIRI, as well as other
indexes like the neutrophil-to-lymphocyte ratio (NLR), the platelet-to-lymphocyte ratio
(PLR), and the systemic immune-inflammation mdex (SII), were found to be significantly
increased in CKD stage 5 compared to other CKD stages [145,146]. A high SIRI is lmked
to a greater risk of CKD in patients with hypertension. As the SIRI increases, the risk of
CKD in hypertensive patients also rises [147]. Furthermore, an elevated SIRI is linked to an
increased nisk of both all-cause and cardiovascular mortality in patients with CKD. Regular
monitoring of the SIRI can aid in the early identification of high-risk patients, cnabling
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prompt and targeted interventions [145]. Some studies have shown that it can be especially
significant in the carly stages (I-11) of CKID [57].

An elevated MLR ks Imked to mncressesd Flml:ci.nur.i.a,]'i:iﬂ;}lﬂ' seram creatinime levels,
reduced =GFR, and a pra'h:rpm‘alnrunfad.varud CE Therefore, a h:iEh MLE mndicates
a miore advanced stage of CED and may serve 25 a bicmarker for predicting its progres-
sion [145). NLE can also be used 25 a complementary prognostic marker for cardiovascular
rizsk evaluation in patients with moderate-to-severe chronic kidney disease [150] and a
predictor of cardiovascular and all-cavse mortality in hemodialysis patients [ 151].

Hypoalbumimemis, a well-known sign of protein-energy wasting (PEW) or malmo-
tritiom, L':-frnql.l.:rrl:l'grn:m in indnviduals with CEKD and is inked 8o an increased sk of
cardicvascular complications. Eecently, the C-reactive protein to albumin ratio (CAR)
has emerged a2 a novel marker for FEW, as this condition appears io stem not onby from
insufficient dictary intake but also foom perssbent systemic mflammation. Measurement of
CAR may be useful in clinical practice because this newly introduced surrogate marker
of the PEW is simple and can be easily obtained in routine practice. In their research,
Takahashi et al. showed that the pre-procedural CEFalbumin ratio could predict both the
risk of amputabion and mortality after lower extremity revasculanization and could stratify
the risk in HID pabients with PAL [152]. In other studies, a higher CAR was found to be an
independent risk factor for disbetic nephropathy [153] and CED in general [154]. CAR has
the: patential to become a key biomarker for offering new avenues for advancing eaxrly risk
stratifcation, prn:nm I:I1.l.-:r.a|:|i.r:s. pcrsmnl:imd management, amd ]:-:rmrﬂ'lli.'l.'r: mtrgu-.:- m
CED [155]-

Although increased levels of inflammatory indices such as the SR or NLER correlate
writh Ehee prﬂ-ﬂ;n:mi.m of CED, as well as with wmh'lﬁ ot i CELY Pali.l:ﬂl:,. it s
important o mobe that this association does not always imply a direct cansal relationship.
Systemic inflamnmation may be a conssquence of underlying conditions such x= malignan-
cles, infectsons, or autoimmune disesses, which also contribute fo CED pmﬁ,ﬂ:mi.rm. Im
thase cases, the mflammation may mot ke primarily caused by CKD or be the main reason

Thez bipmarkers mentioned i the text are presented in Table 2.

Table 2. Inflimmatory bismarkers
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prompt and targeted interventions [145]. Some studies have shown that it can be especially
significant in the carly stages (I-11) of CKID [57].

An elevated MLR ks Imked to mncressesd Flml:ci.nur.i.a,]'i:iﬂ;}lﬂ' seram creatinime levels,
reduced =GFR, and a pra'h:rpm‘alnrunfad.varud CE Therefore, a h:iEh MLE mndicates
a miore advanced stage of CED and may serve 25 a bicmarker for predicting its progres-
sion [145). NLE can also be used 25 a complementary prognostic marker for cardiovascular
rizsk evaluation in patients with moderate-to-severe chronic kidney disease [150] and a
predictor of cardiovascular and all-cavse mortality in hemodialysis patients [ 151].

Hypoalbumimemis, a well-known sign of protein-energy wasting (PEW) or malmo-
tritiom, L':-frnql.l.:rrl:l'grn:m in indnviduals with CEKD and is inked 8o an increased sk of
cardicvascular complications. Eecently, the C-reactive protein to albumin ratio (CAR)
has emerged a2 a novel marker for FEW, as this condition appears io stem not onby from
insufficient dictary intake but also foom perssbent systemic mflammation. Measurement of
CAR may be useful in clinical practice because this newly introduced surrogate marker
of the PEW is simple and can be easily obtained in routine practice. In their research,
Takahashi et al. showed that the pre-procedural CEFalbumin ratio could predict both the
risk of amputabion and mortality after lower extremity revasculanization and could stratify
the risk in HID pabients with PAL [152]. In other studies, a higher CAR was found to be an
independent risk factor for disbetic nephropathy [153] and CED in general [154]. CAR has
the: patential to become a key biomarker for offering new avenues for advancing eaxrly risk
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Although increased levels of inflammatory indices such as the SR or NLER correlate
writh Ehee prﬂ-ﬂ;n:mi.m of CED, as well as with wmh'lﬁ ot i CELY Pali.l:ﬂl:,. it s
important o mobe that this association does not always imply a direct cansal relationship.
Systemic inflamnmation may be a conssquence of underlying conditions such x= malignan-
cles, infectsons, or autoimmune disesses, which also contribute fo CED pmﬁ,ﬂ:mi.rm. Im
thase cases, the mflammation may mot ke primarily caused by CKD or be the main reason

Thez bipmarkers mentioned i the text are presented in Table 2.
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Soluble suppression of tumarigenicity-2 (sST-2) is a soluble soform of ST2, an
interleukin-1 receptor-like 1 and member of the interleukin-1 receptor family. Interac-
tion between interleukin -33 (IL-33), the transmembrane ST2 receptor (ST2L), and sST-2
plays a signaficant role in the inflammatory response to cardiac stress, and sST-2 is strongly
associated with myocardial fibrosis, remodeling, and heart failure progression [172,173].
Several studies have reported that elevated serum levels of sST-2 are comrelated with pro-
gression and higher risk of mortality in CKD participants [ 169,174] and increased risk of
cardwovascular mortality in dialysis patients. Furthermore, sST-2 levels are not correlated
with e¢GFR in CKD patients, indicating that sST2 is the least impacted by declining kidney
function. These findings suggest its potential as a reliable biomarker for patients with
cardiowvascular disease and coexisting chronic kidney disease [175]

Recent reports reveal that elevated concentrations of sST2 and Gal-3 are associated
with an increased cardiothoracic ratio (CTR) in CKD patients. This relationship may enable
better cardiovascular risk evaluation for CKD patients [176].

Crowth differentiation factor-15 (GDF-15) is a stress-responsive cytokine elevated
in conditions associated with inflammation and oxidative stress, as well as in different
types of cardiovascular events like heart faitlure and atrial fibrillation. Recently, GDF-15
has been described as a promising biomarker of atherosclerosis [177]. In terms of kidney
disease, available studies indicate that GDF-15 is involved in the pathophysiology of CKD,
diabetic nephropathy, and kidney cancer [175]. Furthermore, clevated levels of GDF-
15 are associated with adverse renal outcomes and may serve as a potential biomarker
for predicting the progression of chronic kidney disease (CKD) and its cardiovascular
complications [ 179,180].

Soluble urckinase-type plasminogen activator receptor (suPAR) is a soluble form of
urokinase-type plasminogen activator receptor (uPAR) involved in systemic inflammation
and immune activation [ 151]. suPAR is a membrane bound receptor that interacts with
and activates integrins in diverse cell types, such as podocytes, tubular epithelial cells
(TECs), and fibroblasts, leading to a loss of glomerular filtration barrier integrity and
podocyte damage.

Elevated suPAR levels have been associated with an mcreased risk of cardiovascular
disease and kidney function decline in CKD patients [182,153]. Recent studies suggest that
higher suPAR levels correlate with greater mortality and cardiovascular events, making
suPAR a significant predictor for improving nsk stratification and carly intervention in
CKD populations.

The combination of NT-proBNF, cardiac troponins, galectin-3, sST-2, GD¥F-15, and
suPAR represents a promising approach for a more comprehensive cardiovascular risk
assessment and mortality prediction in CKD patients. These biomarkers also demonstrate
the potential of predicting CKD progression and guiding future therapeutic strategies.

The biomarkers mentioned in the text are presented in Table 3.

Table 3. Cardiovascular biomarkers.

Elevated in CKD and heart failure.
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with e¢GFR in CKD patients, indicating that sST2 is the least impacted by declining kidney
function. These findings suggest its potential as a reliable biomarker for patients with
cardiowvascular disease and coexisting chronic kidney disease [175]

Recent reports reveal that elevated concentrations of sST2 and Gal-3 are associated
with an increased cardiothoracic ratio (CTR) in CKD patients. This relationship may enable
better cardiovascular risk evaluation for CKD patients [176].

Crowth differentiation factor-15 (GDF-15) is a stress-responsive cytokine elevated
in conditions associated with inflammation and oxidative stress, as well as in different
types of cardiovascular events like heart faitlure and atrial fibrillation. Recently, GDF-15
has been described as a promising biomarker of atherosclerosis [177]. In terms of kidney
disease, available studies indicate that GDF-15 is involved in the pathophysiology of CKD,
diabetic nephropathy, and kidney cancer [175]. Furthermore, clevated levels of GDF-
15 are associated with adverse renal outcomes and may serve as a potential biomarker
for predicting the progression of chronic kidney disease (CKD) and its cardiovascular
complications [ 179,180].

Soluble urckinase-type plasminogen activator receptor (suPAR) is a soluble form of
urokinase-type plasminogen activator receptor (uPAR) involved in systemic inflammation
and immune activation [ 151]. suPAR is a membrane bound receptor that interacts with
and activates integrins in diverse cell types, such as podocytes, tubular epithelial cells
(TECs), and fibroblasts, leading to a loss of glomerular filtration barrier integrity and
podocyte damage.

Elevated suPAR levels have been associated with an mcreased risk of cardiovascular
disease and kidney function decline in CKD patients [182,153]. Recent studies suggest that
higher suPAR levels correlate with greater mortality and cardiovascular events, making
suPAR a significant predictor for improving nsk stratification and carly intervention in
CKD populations.

The combination of NT-proBNF, cardiac troponins, galectin-3, sST-2, GD¥F-15, and
suPAR represents a promising approach for a more comprehensive cardiovascular risk
assessment and mortality prediction in CKD patients. These biomarkers also demonstrate
the potential of predicting CKD progression and guiding future therapeutic strategies.
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with e¢GFR in CKD patients, indicating that sST2 is the least impacted by declining kidney
function. These findings suggest its potential as a reliable biomarker for patients with
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Recent reports reveal that elevated concentrations of sST2 and Gal-3 are associated
with an increased cardiothoracic ratio (CTR) in CKD patients. This relationship may enable
better cardiovascular risk evaluation for CKD patients [176].

Crowth differentiation factor-15 (GDF-15) is a stress-responsive cytokine elevated
in conditions associated with inflammation and oxidative stress, as well as in different
types of cardiovascular events like heart faitlure and atrial fibrillation. Recently, GDF-15
has been described as a promising biomarker of atherosclerosis [177]. In terms of kidney
disease, available studies indicate that GDF-15 is involved in the pathophysiology of CKD,
diabetic nephropathy, and kidney cancer [175]. Furthermore, clevated levels of GDF-
15 are associated with adverse renal outcomes and may serve as a potential biomarker
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Soluble urckinase-type plasminogen activator receptor (suPAR) is a soluble form of
urokinase-type plasminogen activator receptor (uPAR) involved in systemic inflammation
and immune activation [ 151]. suPAR is a membrane bound receptor that interacts with
and activates integrins in diverse cell types, such as podocytes, tubular epithelial cells
(TECs), and fibroblasts, leading to a loss of glomerular filtration barrier integrity and
podocyte damage.

Elevated suPAR levels have been associated with an mcreased risk of cardiovascular
disease and kidney function decline in CKD patients [182,153]. Recent studies suggest that
higher suPAR levels correlate with greater mortality and cardiovascular events, making
suPAR a significant predictor for improving nsk stratification and carly intervention in
CKD populations.

The combination of NT-proBNF, cardiac troponins, galectin-3, sST-2, GD¥F-15, and
suPAR represents a promising approach for a more comprehensive cardiovascular risk
assessment and mortality prediction in CKD patients. These biomarkers also demonstrate
the potential of predicting CKD progression and guiding future therapeutic strategies.

The biomarkers mentioned in the text are presented in Table 3.

Table 3. Cardiovascular biomarkers.
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Another significantly promising biomarker is sclerostin. Like FGF-23, it is also pro-
duced by osteocytes and has been associated with chronic kidney disease-mineral bone
disorder (CKD-MED) [204].

Sclerostin, a 22 kDa glycoprotein and a product of the SOST gene, is a soluble an-
tagonist of the classical Wint-beta signaling pathway |205] and regulates bone mass via
Wnit-chain signaling. Like FGF-23, sclerostin has been found to be positively correlated
with stages of CKD, beginning at CKDD stage 2, and its Jevels increase with disease pro-
gression. Both FGF-23 and Sclerostin have been associated with bone turmover parame-
ters [204]. However, unlike FGF-23, sclerostin’s presence is greater in cortical bone than in
canceflous bone.

Overall, sclerostin has been linked with fewer osteoblasts and osteoclasts, and its
elevation results in a thinner trabecular bone and a lower osteoid surface because of its
correlation with decreased bone building, demonstrated through a lower activation fre-
quency and beoe formation rate, which occurs at high sclerostin levels [204]. Ji et al. (2018)
have shown that sclerostin is elevated in serum in CKD3-CKD5 and is positively correlated
with serum creatinine, blood phosphate [ 206], PTH, vitamin D, alkaline phosphatase, and
calcium-phosphate products [207]. Sclerostin has been shown to be related to the calcium
and phosphate mechanism, but there is still a Lack of specific research regarding the exact
mechanism of the cormelation between calcium and phosphate in CKD-MEBD. On the other
hand, it has been negatively correlated with ¢GFR and blood calcium [207].

Serum sclerostin has been predicted as a potential sensitive indicator of the occurrence
of CKD-MBD, and due to its close relationship to the prognosis of CKD, there has been a
proposed assocation of sclerostin’s involvement in CKD pathogenesis [205]. Moreover,
sclerostin has been shown to be related to metabolic disturbances, and a recent study
demonstrated its relationship to hyperglycemia in non-dialysis CKD males specifically [206].
In pre-dialysis end-stage kidney failure (ESKD), serum sclerostin has been shown to have a
positive correlation with pulmonary hypertension [205].

Dick-kopf-1 is a secreted antagonist of the Wnt pathway and inhibits the formation
of the Wnt-Fzd-LRP5/6 trimenic complex [209]. It has an established role in embryonic
development and bone formation in adults, where it is increasingly recognized as a major
modulator of the metabolism of bone [210]. Elevated levels of DKKI have also been
observed in numerous human cancers.

However, more recently, it has emenged as a potential therapeutic target for CKD pro-
gression and the development of complications. DKK1 has been independently associated
with low bone tumover, and in stages 3 and 4 of CKD, circulating levels of DKKI and
sclerostin have appeared to be predictive of bone disease [200]; however, further research
is required to assess its efficacy as a potential biomarker in the diagnosis, treatment, and
monitoring of renal osteodystrophy [209]. Serum levels of DKKI were positively associated
with faster progression to end-stage renal discase [209]. Several studies have reported lower
levels of DKK1 in CKD as compared to controls, with levels dropping even carly in the
course of CKD [210], with the lowest being reported in CKD-4 [209]. Yet, Fang et al. (2014)
demanstrated that increased renal production of DKK1 and arculating DKK1 levels were
positively associated, and they hypothesized their relationship to CKD pathogenesis [211].
Further studies to gain a more precise insight into this mechanism and its relationship to
CKD-MBD are required to validate it as a potential biomarker.

The biomarkers mentioned in the text are presented in Table 4.
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7. Conclusions

There is a multinde of bicmarkers related to CKTY, with new ones emetging every
year. The identification and implementation of novel bomarkers in CKD in chinical practice
canm result in :iﬂ;ltiE-l:.int advancements im earky d:.agpnm::_. rizk sirateficakson, and pel'mu]-
ized mreatment strategies. These arising biomarkers may offer superior sensitivity i the
detection of early kidney dysfunction and provide desper insights into disease progression,
correlated comorbidities, and potential therapetic targets. However, the widespread cling-
cal integration of these biomarkers faces challenges, maimly relsted to high costs and the
mecessity for standardized assxys. The growing relevance of bicmarkers in assessing kid-
mey disease progression has been increasingly emphasized in the recent liferature. Several
reviews have exploned advances in biomarker research for CKI [212-215], underscorning
thedr pn-tl:'il:i.al inﬂ.‘mmmpmh:mi‘l.'n- managemaent af the disease, while also n.ddrﬂu'.lﬁ_ﬂu
substantial challenges associated with their clinical implementation. It s essential to note
that, whilst !.'-FlEI:IE: biomarkers are bnked to di:ﬂ‘u'i.nE CEKD mechandsms and comorbedibies,
itis vital b ize that mamy of the aforementioned beomarkers exchibit associations with
multiple comiplications of CKT. This intersection is a reflection of the imherent complexity
and multi-maorbid nature that & characteristic of CKD. Dwe to this, the proposed division
of biomarkers cannot be regarded as either definibive or exclusive. Acknowledging this
inter-related mature of CED is crucial for the appropriate interprefation of current and
mew biomarker data and for the swooessful development of comprehensive management
:l.'l:nl:es;i-u The extension and continuatson ufmd\i:]:-:ivnm.'l fior advancements in the
-diaﬂ;rmis and treatment of CKID, and ]'hnpel’l.l.l]].', as a mesult, a wider array of biomarkers
will become accessible for use in daily clinical practice, enhancing the quality of healthcare
defivered and improving patient cutoomes for CEDL
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2.2 Metabolismo lipidico

Las lipoproteinas son moléculas de gran magnitud que son las responsables de
transportar lipidos a través del torrente sanguineo facilitando su debida distribucion,

almacenamiento, y uso energético.

Estas macromoléculas son de caracter anfipatico, dado a que mantienen una porcion
proteica y lipidica. Desde punto de vista biomolecular estas conforman una porcion
esférica que presenta un nucleo hidréfobo compuesto por triglicéridos y colesterol; y una
monocapa de fosfolipidos, porciones de colesterol y estructuras proteicas

especializadas, como las apolipoproteinas.

Carlos Carvajal (2014) describe los cuatro grupos de lipoproteinas basadas en su

densidad.

e Quilomicrones: Son grandes moléculas de triglicéridos que se encargan de
transportar los lipidos que fueron ingeridos en le dieta desde el intestino delgado,
hasta los tejidos periféricos, junto a ello permiten la absorcion de las proteinas
liposolubles.

e VLDL: Esta es una lipoproteina de muy baja densidad, ya a partir a esta se le
puede empezar a considerar como colesterol malo debido a la baja densidad
proteica. Esta particula tiene la principal funcion de llevar los triglicéridos del
torrente sanguineo hacia los tejidos circundante.

e LDL: Al igual que VLDL, esta lipoproteina de baja densidad se denomina
colesterol malo. La gran diferencia es la densidad lipidica en comparacién a el
VLDL. También se debe considerar que el LDL tiene un poco mas de porcentaje

proteico en comparacion a la VLDL.
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e HDL: Esta es la lipoproteina alta densidad, coloquialmente conocida como
“colesterol bueno”. Esta particula posee la propiedad antiaterogénica. Esto
significa que cuenta con la capacidad de eliminar el colesterol de los tejidos
circundantes y devolverlo al higado, a este proceso se le conoce como transporte
reverso de colesterol. Sin embargo, en pacientes con alteraciones renales
cronicas estas macromoléculas experimentan cambios a nivel bioquimico y

estructural que limitan su capacidad ateroprotectora.

2.2.1 Estructura de las lipoproteinas de alta densidad

La estructura de la HDL es una de las arquitecturas biolégicas mas complejas y
variantes en el cuerpo humano. Ya que, a diferencia de las demas lipoproteinas, esta
depende de la dinamicas de sus apolipoproteinas. La HDL es un compendio de la

apolipoproteina Al y la ApoE.

No solo actua como componente estructural de las lipoproteinas, sino que cuenta con

la caracteristica de poder solubilizar las moléculas lipidicas por medio de las hélices a

anfipaticas.
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Figura 1. Estructuras de apolipoproteinas en estado libre de lipidos. Fuente: Lund-Katz,
S., & Phillips, M. C. (2010). High density lipoprotein structure-function and role in reverse
cholesterol transport. Sub-cellular biochemistry, 51, 183-227.

https://doi.org/10.1007/978-90-481-8622-8 7

2.2.1.1 Apolipoproteina A-l

Es una proteina de 243 aminoacidos, formada en el higado, que tiene como funcién

clave el metabolismo de lipidos. Compone la HDL (colesterol bueno).

Su trabajo no es solo transportar, sino que también coordina procesos y la activacion

de la ABCA1 y la LCAT para estimular la salida de los fosfolipidos y el colesterol libre.

De acuerdo con Stasi et al. C (2022) y Ducasa, GM, et al. (2021) la accién del ABCA1
y la LCAT dependen directamente del estimulo por parte de la ApoA-Il. Se evidencié que
sin este estimulo el colesterol no saldria de las células facilitando procesos inflamatorios,

perdiendo su capacidad a antiaterogénica. Y terminando en la muerte celular.

Desde el punto de vista sistémico, la ApoA-l se organiza estructuralmente en dos

porciones.

La porcién amino-terminal (N-terminal), esta formada por cadenas de hélice de
sentido antiparalelo, que estan organizadas en sentido globulares que mantienen su
estabilidad gracias a las capacidad de tener interacciones hidrofébicas en su interior. En
cambio, la porcion carboxi-terminal (C-terminal) esta conformada de manera irregular. Y

desorganizada, Y mantiene su capacidad lipofilica.
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2.2.2 Transporte reverso del colesterol

El exceso de colesterol en las células periféricas, junto a su incapacidad de llegar a
catabolizarlo obliga al organismo a recurrir al transporte reverso de colesterol, para poder

mantener su homeostasia de los lipidos.

El transporte reverso del colesterol constituye una serie de mecanismos que van
desde la captacion del colesterol celular en los tejidos periféricos, su metabolismo en el

interior de la particula y su paso al higado, luego a su excrecion.

Asimismo, se ha evidenciado que no todo el colesterol tiene como sitio final el higado,
y que estos pueden seguir una via alternativa en donde los ésteres de colesterol son
transferidos a lipoproteinas de bajas densidades (VLDL, LDL) por la mediacion de la
CETP. Pero esto representa un proceso con potencial tanto proaterogénico como
antiaterogénico, ya que hasta cierto punto puede facilitar que las lipoproteinas de bajas
densidades (VLDL, y LDL) sean eliminadas por el organismo, ya que una vez estas sean
transferidas son captadas por los receptores de LDL (LDLr) o el receptor relacionado con

LDL (LRP1), para contribuir con la excrecion en la bilis, o la sintesis de acidos biliares.

Sin embargo, este proceso puede no ser exitoso, ya que, si el higado no capta de
manera eficiente, estas moléculas pueden permanecer por un largo plazo en la
circulacién favoreciendo asi la oxidacion, y la posterior formacién de células espumosas
por el proceso de fagocitosis por parte de los macréfagos, favoreciendo asi el origen o la

formacion de las placas de ateroma. (Figura 2).
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Atherosclerotic lesion progression

(A) Fatty streak formation (B) Stable plaque/Fibroatheroma (C) Vulnerable plaque/Thrombus formation
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Figura 2. Formacion de la placa aterosclerética. La retencion de lipoproteinas en la pared

vascular y el flujo sanguineo alterado activan la expresion de moléculas de adhesion
endotelial (VCAM-1, ICAM-1), promoviendo el reclutamiento de monocitos al endotelio.
Estos se diferencian en macréfagos, fagocitan lipoproteinas de baja densidad oxidadas
(oxLDL) y dan origen a celulas espumosas que contribuyen al entorno proinflamatorio y
al desarrollo de la lesién ateromatosa. Fuente: Adaptado de Gong, S., Li, Y., Yan, K., &
Ning, K. (2025). The crosstalk between endothelial cells, smooth muscle cells, and
macrophages in atherosclerosis. International Journal of Molecular Sciences, 26(3),

1452. https://doi.orqg/10.3390/iims26031452

2.2.2.1 Lipoproteina lipasa

Hay relacién directamente proporcional entre el avance de la ERC y los niveles

descontrolados de lipidos séricos.
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Lacount.et.al. (2025) compara que el cuerpo humano en su fisiologia base tiene la
capacidad de eliminar los triglicéridos gracias a la lipoproteina lipasa (LPL), una enzima
que hidroliza los triglicéridos de los quilomicrones y de las VLDL en sangre periférica. En
cambio, durante una alteracion cronica a nivel renal, la regulacién de la LPL disminuye y
las lipoproteinas que tienen mas composicion de triglicéridos en membrana como la
VLDL no se degradan bien dado a su catabolismo retardado, y se acumulan en sangre

periférica.

Mas alla de que se alteren los niveles séricos de estas moléculas, se puede concluir

qgue no solo importa cuanto colesterol hay, sino como son las particulas y su composicion.

2.2.2.2 Lectina-Colesterol Acetiltransferasa

Es la enzima clave para el transporte inverso de colesterol, actia como principal

factor precursor de la eliminacion del exceso de colesterol en tejidos periféricos.

Este esterifica el colesterol presente en la capa mas superior de la HDL y
posteriormente atrayéndolo hacia el nucleo. Actia como un limpiador superficial, que
atrapa el colesterol en el nucleo impidiendo que este pueda liberarse al torrente
sanguineo, y que llegue al higado para su correcta conversion a bilis y excrecion en las

heces.

2.2.3 ABCA1

La formacién de las lipoproteinas de alta densidad (HDL) requiere de la participacion

del ATP binding cassette (ABCA1).

Segrest et. al (2022) sugiere que este cuenta con un mecanismo de tunel hidrofébico

que anteriormente se tomaba como floppasa, en donde solo movia lipidos de una capa

115



a otra. Pero en el reciente estudio se evidencié que este se adapta al mecanismo de

tunel hidrofébico.

De acuerdo con los modelos de representacion. El fosfolipido es “secuestrado” de la
membrana externa y pasa a través de un cavidad y llega a una regién especifica

denominada “Gateway” que identifica y extrae el lipido de la membrana.

Posteriormente este pasa por el orificio anular o “annulus” que esta es la porcién que
principalmente actua como un tunel alargado que se encarga de conducir los fosfolipidos

hacia la ApoA-I.

En diversas literaturas se ha mencionado que en enfermedades en donde el ABCA1
estd mutado se genera una acumulacion patologica de los esteres colesterol en tejidos,
y principalmente en macréfagos. Esto se debe a la incapacidad de expulsar el colesterol

de la célula.

2.2.4 Funcidn antioxidante, antiinflamatoria y endotelial del HDL

Las HDL son un complejo multimolecular que es capaz de proporcionar una potente
proteccion ante los lipidos oxidativos proaterogénicos, pero su funcion antioxidante

puede verse alterada en enfermedades ligadas a trastornos metabdlicos, como la ERC.

Estas moléculas no solos son colesterol bueno, sino que dependen fuertemente de

su composicién, dado a que es factor clave de sus propiedades.

2.2.4.1 Disminucion de la funciéon antiinflamatoria

Durante la ERC se reduce la capacidad de las lipoproteinas de alta densidad de
inhibir la expresion de las citoquinas proinflamatorias, tales como IL-13, IL-6 y TNF-a en

macrofagos.
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Como consecuencia, se favorece un estado proinflamatorio a nivel sistémico.

De esta manera, se genera un ambiente urémico que propicia las modificaciones
estructurales en cual se oxidan los componentes de HDL, y se altera la ApoA-I, proteina
fundamental en la funcion del HDL. En este contexto se inhibe significativamente su
sintesis hepatica. Lo que causa un deterioro paulatino en la actividad antiinflamatorio

en pacientes urémicos

2.2.4.2 Actividad vasodilatadora

Las HDL no solo transportan el colesterol, sino que también tienen la propiedad
de estimular la produccion de éxido nitrico. En condiciones normales, el 6xido nitrico
(NO) es esencial para mantener una homeostasis vascular y la adecuada funcién
endotelial. La pérdida de esta funcién se asocia con un aumento de la concentracion de
SDMA (dimetilarginina simétrica), un biomarcador sensible a la alteracion en la
capacidad de filtracion glomerular. En este contexto, el SDMA inhibe la produccion de
NO, lo que favorece la aparicidon de hipertension y el dafo vascular.

Es muy importante mencionar que esta disfuncién se puede presentar en etapas
tempranas de la ERC. Inclusive se ha observado una recuperacion parcial luego del

trasplante renal exitoso.

2.2.4.3 Reduccion de la actividad antioxidante

En pacientes con ERC la actividad antioxidante de las HDL se encuentra reducida,
pudiendo ser incluso nula en casos puntuales. Esta alteracion compromete la capacidad
de atenuar el estrés oxidativo e inflamacién causados por las LDL oxidadas. Pavanello,

C., & Ossoli, A. (2023)
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2.2.5 Definiciéon de enfermedad renal crénica (ERC)

La enfermedad renal cronica es una alteracion caracterizada por el dafio a nivel
estructural y funcional. Se define como la pérdida progresiva y, generalmente, irreversible
de la funcion renal en la cual los rifiones no llegan a filtrar debidamente los desechos

metabdlicos, ni el exceso de liquido de la sangre.

La disminucién de la filtracion glomerular es medible con un marcador de funcion
renal, la tasa de filtracion glomerular estimada (TFGe). Se considera que hay un dafio en
el funcionamiento renal cuando la TFGe es inferior a 60 mL/min/1,73 m? que persiste a

un periodo monitorizado en tres meses sin causa especifica.

Aunque la ERC no se clasifica como una enfermedad metabdlica, si esta
estrechamente ligada a multiples alteraciones metabdlicas, tales como: trastornos

hidroelectroliticos. Y el desequilibrio acido-base.

2.2.6 Clasificacion de la ERC

A nivel mundial, la ERC ha aumentado entre un 10% a un 15% en poblaciones adultas
em la region del occidente. En el afio 2002 la Kidney Disease Outcomes Quality Intitative,
Fundacién nacional de riidn, Sent6é una guia para la clasificacién de la ERC mediante

los criterios de diagndstico, y el estadio segun la TFG.

2.2.6.1 Criterios de diagnéstico

Segun la KDIGO, la ERC se considera por la presencia sostenida por un tiempo igual o

mayor de tres (3) meses.

e TFGe es inferior a 60 mL/min/1,73 m?

e Dano renal (Alteraciones estructurales, o indicadores en orina)
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2.2.6.2 Clasificacion segun la TFG

e G1 (Normal o alto) = 290 TFG/ml/min/1,73 m?
e G2 (Leve disminucion) = 60-89 TFG/ml/min/1,73 m?
e (G3a (Leve a moderadamente disminuida) = 45-59 TFG/ml/min/1,73 m?
e G3b (Moderada a severamente disminuida) = 30-44 TFG/ml/min/1,73 m?
e G4 (Disminucion severa) = 15-29 TFG/ml/min/1,73 m?
e G5 (Insuficiencia renal) = <15 TFG/ml/min/1,73 m?
En ausencia de evidencia de dafio renal, ni la categoria G1 ni G2 cumplen como criterio para

la determinacién de la ERC

2.2.7 Factores de riesgo y progresion del dano renal

La ERC es considerada uno de los mayores riesgos asociados a la salud publica
global. El riesgo de deterioro renal esta mediado por una serie de factores que incluyen

la su genotipo, comorbilidades y estilo de vida.

e Genotipo, incluye todas su caracteristicas heredadas. La raza, predisposicion al
desarrollo de enfermedades renales por antecedentes familiares.

e Comorbilidades, continuan siendo en todas las patologia los principales perfiles
de riesgo. Infecciones virales (hepatitis C, VIH). Entre otras al diabetes mellitus,
hipertension arterial, obesidad, hiperlipidemia.

e El estilo de vida puede llegar a ser un detonante fundamental. Tales como, el

tabaquismo, alcoholismo, uso excesivo de AINEs

2.3 Fisiopatologia de la dislipidemia en la ERC

Preponderadamente, la dislipidemia ha sido vinculada al contexto de la enfermedad

cardiovascular. Sin embargo, su impacto a la homeostasis renal no ha sido ampliamente
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documentado. Y el deterioro que puede llegar a causar a nivel de la fisiologia renal puede
llegar ser subestimado. A pesar del rol critico que estos pueden llegar a causar en la
microvasculatura y el parénquima renal su estrecha relacion con la lipotoxicidad renal ha
permanecido en segundo plano. La lipotoxicidad se ha correlacionado con la disfuncion
cardiaca, renal, endocrina e inclusive muscular. Su relaciéon con la alteracién renal no
comienza en el mismo riidn, sino que es una serie de eventos que lleva a la acumulacion
de toxinas urémicas intravasculares que van a alterar el metabolismo de los lipidos en
sangre. Estos evento son: La inhibicién de LPL por accién de la toxina urémicas, La

falla en la maduracion por LCAT, y la modificacién por carbamilacién.
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2.3.1 Inhibicién de la Lipoproteina Lipasa (LPL)

En el espacio intravascular, el metabolismo lipoproteico es afectado por la accién de
las toxinas urémicas. Holmar, J., et al. (2022), concluy6 que en un ambiente urémico las
principales toxinas disruptoras del metabolismo lipidico son la: Sulfato de p-Cresilo
(PCS), Acido Indol-3-Acético (IAA), Indoxil (IS). La LPL gracias a una serie de
mecanismos reguladores la LPL es capaz de suprimir la activacion de esta sea,
necesaria para regular el desequilibrio del metabolismo lipidico, Y al estar compuesta de
elementos Cis-activos es capaz de regular o potenciar reacciones por accion de factores
de transcripcidon. Es importante conocer que en los pacientes con ERC los mecanismo

reguladores se inhiben

Estos mecanismos reguladores no son mas que una porciones cortas de ADN que
van a determinar el comportamiento de la LPL dependiendo a quién se una, un activador,
o un supresor. Entre esos, la regulacion transcripcional, la regulacion postranscripcional,

traslacional y postraduccional
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2.3.1.1 La regulacién transcripcional:
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Figura 3. Estructura del gen LPL. Hong Wang y Robert H. Eckel Revista Americana
de Fisiologia-Endocrinologia y Metabolismo.

https://doi.orqg/10.1152/ajpendo.90920.2008

Este mecanismo actua en base a cuatro (4) elementos:
Elementos de respuesta metabdlica:

La LPL no se produce de manera automatica. Su produccién va a depender del
ambiente en el que se encuentre, en otras palabras, va a estar mediado por la

concentracion se lipidos en sangre.

e PPAR (Elemento de respuesta al receptor al receptor activado por
proliferadores de peroxisomas). Este se encarga de regular la produccién de la

LPL en base a factores como la dieta, ayuno, ejercicio.
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o Durante la ERC la accién del PPAR se ve inhibida, gracias a que las toxinas
actuan como reguladores negativos. Es decir, frenos que no permite la
produccion de LPL indistintamente de los niveles séricos de lipidos presentes.

e LXR y SRE-2 (reguladores /receptores de oxiesteroles, y esteroles) Estos
elementos determinan el exceso de colesterol celular y ayuda a eliminar el exceso de

lipidos celulares.

Elementos de control basal:

El sistema humano tiene la capacidad de producir una gran cantidad de enzimas para
catalizar varias reacciones en el cuerpo simultaneamente. Los elementos de control
basal cumplen con la funciéon de producir enzimas, constantemente, aunque no haya
algun estimulo externo. Es decir que en la ERC como hay una falla del rindn, se acumulan
toxinas que actuan como reguladores negativos que generan un aumento descontrolado
del factor de necrosis tumoral alfa (TNF-a) y este impide la unién al factor de transcripcién
nuclear Y a la caja CCAAT e impide del debido funcionamiento de la LPL al tratar de

disminuir el colesterol excedente o células saturadas.

2.3.1.2 La regulacién postranscripcional:

La principal caracteristica de la LPL radica en estar unida a una unidad igual. Pero es
importante saber que en la ERC la traduccién de la LPL puede verse bloqueada
inactivando la produccion la proteina estabilizadora. En situaciones normales, la LPL se
glicosila en el reticulo endoplasmico con su homodlogo que seria el aminoacido

asparagina.

En caso tal que durante el proceso a través de reticulo endoplasmico haya un mal

plegamiento de la LPL por un mal uso o ausencia de calcio, esta se reserva para ser
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posteriormente destruida. Y el calcio no es solo utilizado como un estabilizador del
plegamiento de la LPL, sino que de ella depende la homeostasis para los siguientes

procesos necesarios para llegada de la LPL al lumen vascular.
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Figura 4. Anclaje luminal mediado por la GPIHBP1. Hong Wang y Robert H. Eckel
Revista Americana de Fisiologia-Endocrinologia y Metabolismo.
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La funcionalidad de LPL ya sintetizada va a depender de la capacidad que esta tiene
de migrar y translocarse al lumen vascular. Si esta no esta bien ubicada en espacio
endotelial no puede interactuar debidamente con la con moléculas no proteicas
precursoras de un funcién, como la apolipoproteina C-1l. Wolska et. al. (2020) describe

la ApoC-Il como el cofactor activador de la funciones en la lipoproteina lipasa.

Es decir, en ambas situaciones, la regulacion transcripcional. Y postranscripcional
implican una alteracion funcional en la LPL, proliferando la concentracion de triglicéridos
a nivel vascular. Dado a la incapacidad de depurar las particulas lipidicas se condiciona
un ambiente téxico, que, posteriormente, por una serie de factores fisiopatoldgicos mas

van a promover un estado proinflamatorio mediador para el avance de la ERC.
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2.3.2 Hipertrigliceridemia, y la formacién de remanentes lipoproteicos

Luego de saber como se inhibe la depuracion de lipidos mediado por la LPL, la gran
interrogante seria: ¢ Qué ocurre con los remanentes que no han sido depurados y se

mantienen en la vasculatura?

Al alterarse la cinética de los lipidos en el espacio intravascular, se da origen a una

serie de eventos fisiopatologicos hasta llegar a la lipotoxicidad renal.

2.3.2.1 Retraso en la tasa de aclaramiento de los triglicéridos.

Durante la ERC el cuerpo pierde la capacidad de poder eliminar los desechos del
cuerpo, no solo en el ambito de toxinas en el torrente sanguineo, también pierde la
dinamia lipidica a nivel intravascular. Esto quiere decir que el proceso desde la

produccion, hasta la eliminacion de grasas presenta un fallo critico.

Errbneamente se suele pensar que, en la ERC, el cuerpo aumenta la produccion de
triglicéridos, pero este aumento se debe al fallo en el metabolismo plasmatico. La enzima
encargada de catabolizar los lipidos, la lipoproteina lipasa, disminuye su actividad y al
no poder hidrolizar las moléculas de grasa causa un falso aumento de estos
componentes plasmaticos, este se debe a que mantiene las porciones no hidrolizadas,

junto a las agregadas por la dieta.

Esto, no solo se afecta la accion de la lipoproteina lipasa, sino que también se observa
una notable alteracion en las proteinas reguladores del metabolismo. Entre estas la
CETP (proteina transportadora de ésteres de colesterol) esta proteina juega un rol
fundamental en el transporte reverso del colesterol. La fisiologia esta estructurada en su
libre circulacion en el espacio plasmatico, permitiendo que los lipidos extraidos por el

HDL-c y posteriormente almacenados como ésteres de colesterol en el interior de la
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particula sean intercambiados con los triglicéridos presente en el LDL, es decir que los
ésteres de colesterol pasan a las lipoproteinas baja densidad proteica, mientras que los
triglicéridos pasan al HDL. Las moléculas cargadas por ésteres de colesterol o sea el
LDL post intercambio, van a ser reconocidas por los receptores de lipoproteinas de baja
densidad (LDLR). Estas, se unen por la presencia de ApoB-100 en la superficie de las
moléculas de LDL y gracias a esta unién se produce una endocitosis de la particula del
LDL para ser degradada en aminoacidos, colesterol libre, acidos grasos entre otros para

ser desechado al intestino mediante la bilis.

La particula de HDL, es metabolizada de una manera distinta, ya que esta no entra
directamente al hepatocito, sino que dependiente de la accién de los receptores de
Scavenger clase B tipo | (SR-B1), que a diferencia de los receptores de lipoproteinas de
baja densidad (LDLR) estos se no incorporan a la molécula de HDL mediante una
endocitosis, sino mas bien, por medio de una captacién selectiva que facilita la
transferencia de esteres de colesterol. EL SR-B1 se une a la ApoA-1 en el HDL que
permite un flujo bidireccional entre el hepatocito. Y la particula de HDL. Es decir que los
ésteres de colesterol en el nucleo de la HDL van a pasar a través de un canal lipofilico

que se va a formar gracias a su union.

De lo contrario, cuando ser cursa con una ERC, estas vias de procesamiento se ven

saturadas lipidicamente

2.4 Correlaciones entre los biomarcadores y la molécula de HDL-C mientras se

cursa con una enfermedad renal crénica.

La presente seccion se enfoca en evaluar la interaccion matematica y clinica entre el

perfil lipidico y la funcion renal, tomando como eje central la correlacion entre el colesterol
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de lipoproteinas de alta densidad (HDL-C) y la creatinina sérica. Desde el planteamiento
metodologico de esta investigacion, se postula la existencia de una correlacion inversa
0 negativa de caracter significativo. Esto implica en términos probabilisticos que la
reduccion progresiva de las concentraciones circulantes de HDL-C se vincula
directamente con una retencion y elevacion proporcional de la creatinina plasmatica en
la poblacion de estudio. Esta premisa no solo responde a una logica fisiopatoldgica, sino
que se encuentra robustamente respaldada por la evidencia epidemiolégica e
internacional mas reciente, la cual permite desglosar este fendmeno desde diversas

perspectivas numéricas.

2.4.1 Correlacion creatinina y HDL- C

Para comprender la magnitud de esta asociacion en la poblacion geriatrica, es
imperativo analizar el estudio observacional desarrollado por (Srivastava S, 2022) Esta
investigacion examiné de forma transversal a una cohorte de adultos mayores con una
edad media de 75 afos, un grupo etario con una vulnerabilidad intrinseca al declive
funcional organico. Los resultados de dicho estudio pusieron de manifiesto que los
individuos que padecian de hipoalfa-lipoproteinemia crénica —definida analiticamente
como niveles de HDL-C inferiores al umbral critico de 50 mg/dL— presentaban una tasa
sustancialmente mayor de disfuncidon renal evidenciada por la acumulacién de
metabolitos nitrogenados. Al aplicar un analisis estadistico multivariado para controlar
variables confesoras como la edad, el sexo y la presencia de comorbilidades
cardiovasculares, los autores reportaron un Odds Ratio (OR) ajustado que oscil6 entre
1.85 y 2.10 (Sp < 0.01). En el contexto de la interpretacion de datos, este indicador
demuestra que un adulto mayor con déficit cuantitativo de HDL-C posee hasta el doble

de probabilidad de desarrollar hipercreatininemia en comparacion con aquellos que
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mantienen un perfil lipidico optimo, sugiriendo que la pérdida de esta lipoproteina

precede o agrava el compromiso de la filtracion glomerular.

Complementando este hallazgo, el macroestudio longitudinal de caracter masivo
ejecutado por (Takaaki Kosugi, 2024) aportd la validacion matematica y predictiva
necesaria a través del seguimiento temporal de una muestra superior a los 760,000
participantes. Al someter los datos a modelos robustos de regresién lineal y correlacion,
los investigadores lograron demostrar que las concentraciones de HDL-C por debajo de
40 mg/dL muestran una pendiente de asociacion negativa constante frente a los valores
de creatinina sérica. Los coeficientes de correlacion obtenidos en este analisis fluctuaron
enunrangoder=-0.28 ar=-0.42, manteniendo una rigurosa significancia estadistica
de p < 0.001 Metodoldégicamente, el signo negativo en estos coeficientes es la evidencia
matematica directa que convalida la hipotesis de proporcionalidad inversa: a medida que
el valor numérico del HDL-C se desplaza de manera decreciente en el eje de las
variables, el valor de la creatinina sérica experiencia un incremento sistematico debido a

la reduccién en la capacidad de aclaramiento del nefron.

La importancia de profundizar en este analisis radica en que la creatinina sérica, al
ser un subproducto del catabolismo muscular metabdlicamente estable, depende casi
exclusivamente de la eficacia de la filtracion glomerular para su depuracién. Cuando la
literatura cientifica actual demuestra estos niveles de correlacion negativa (r negativos y
Odds Ratios elevados), esta evidenciando que el déficit de HDL-C altera de forma
sistémica la microvasculatura renal, promoviendo microangiopatias subclinicas que
lesionan el aparato filtrante. Al disminuir el flujo plasmatico renal efectivo por la falta de
proteccion endotelial del HDL-C, el rindn pierde su capacidad de depurar la creatinina a
la velocidad metabdlica requerida, provocando su acumulacién sérica. Por lo tanto, los
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antecedentes presentados justifican plenamente el analisis estadistico individualizado de
estas dos variables, consolidando al HDL-C disminuido no solo como un trastorno lipidico
aislado, sino como un indicador indirecto y temprano del compromiso en la funcién

excretora renal en el adulto mayor.

2.4.2 Correlacion entre la TFG y HDL-C

La Tasa de Filtracion Glomerular Estimada (eTFG) constituye el indicador clinico de
eleccion y el estandar de oro para la monitorizacion de la funcion renal depurativa, asi
como para la estadificacion de la Enfermedad Renal Crénica (ERC) segun los
lineamientos internacionales de las guias KDIGO. En la poblaciéon de adultos mayores,
si bien la senescencia renal fisiolégica se caracteriza por una pérdida progresiva y
cronologica de nefronas funcionales, la presencia concomitante de alteraciones
metabodlicas —especificamente el descenso de las concentraciones séricas de colesterol
de lipoproteinas de alta densidad (HDL-C)— actua como un acelerador exdgeno y un

predictor independiente de este deterioro hemodinamico y estructural.

Al analizar este fendmeno a nivel molecular, encontramos que la relacion clinica entre
ambas variables es directa. Esto significa que cuando el HDL-C baja, la tasa de filtracion
glomerular disminuye de forma mucho mas rapida. Detras de esto hay un mecanismo
fisiopatolégico claro: al no haber suficientes particulas de HDL funcionales, el rifion
pierde esa proteccion natural contra la inflamacion, antioxidantes y de transporte reverso
de colesterol inherentes a las particulas de HDL-C funcionales. Bajo condiciones de
hipoalfalipoproteinemia (definida clinicamente como un HDL-C < 40 mg/dL en varones y
< 50 / mg/dL en mujeres) se suprime la estimulacion de la enzima éxido nitrico sintasa
endotelial (eNOS), lo que disminuye la biodisponibilidad de 6xido nitrico y desencadena

una vasoconstriccion refleja en la arteriola aferente del glomérulo. Esta alteraciéon
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hemodinamica reduce la presion hidrostatica intraglomerular, comprometiendo de forma

inmediata el volumen de ultrafiltrado plasmatico por unidad de tiempo.

Paralelamente, el fracaso en el aclaramiento de lipidos aterogénicos promueve la
acumulacion lipidica en las células del mesangio renal. Las células mesangiales
fagocitan estas lipoproteinas oxidadas y activan una cascada proinflamatoria local que
reclutas macrofagos, mimetizando el proceso de aterogénesis sistémica. Este fenomeno
de “aterosclerosis glomerular” induce el desarrollo de glomeruloesclerosis microvascular,
dafio podocitario y fibrosis tubulointersticial. La destruccion histologica de la barrera de
filtracion se traduce clinicamente en un descenso sostenido de la TFG por debajo del
umbral critico de los 60 mL/min/1.73 m”2 el cual delimita la transicion hacia el Estadio
G3a (disfuncién renal moderada), una etapa donde las complicaciones metabdlicas del

adulto mayor se agudizan.

La pertinencia de esta correlacion se encuentra solidamente respaldada por evidencia
epidemioldégica de cohortes longitudinales a gran escala. Estudios como el
Atherosclerosis Risk in Communities (ARIC), desarrollado por (Fan Wang, 2013)
colaboradores en poblaciones geriatricas con una media de edad de 75 a 53 afios,
demostraron que los pacientes ubicados en los estadios moderados de disfuncion renal
(TFG entre 30 y 59 mL/min/1.73 m”2) exhiben de forma concomitante niveles séricos de
HDL-C criticamente reducidos en comparacion con aquellos que mantienen una funcion

renal preservada (90 mL/min/1.73 m”2).

Asimismo, analisis estadisticos multivariables liderados por investigadores como
(Sadiya S. Khan, 2023) colaboradores corroboraron la solidez de esta asociacion

mediante el coeficiente de correlacién de Pearson, el cual objetivd una relacién lineal
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positiva directa entre el HDL-C sérico y la TFG (r = 0.16; p < 0.01). Tras ajustar los
modelos de regresion logistica por variables confesoras tradicionales como la edad, el
sexo, el indice de masa corporal, la hipertensién arterial y la diabetes mellitus, los
resultados confirmaron que el riesgo relativo de presentar una filtracion glomerular
deficiente se magnifica exponencialmente en los estratos de edad mas avanzada cuando
coexiste el déficit de HDL-C. Estos descubrimientos metodoldgicos consolidan la premisa
de que la monitorizacién conjunta del perfil lipidico y la TFG (calculada preferencialmente
mediante la ecuacion de precision CKD-EPI para evitar la subestimacion funcional en

geriatria) es vital para predecir el ritmo de progresion del dafio renal en el adulto mayor.

2.4.3 HDL-C Disminuido y Albuminuria

Una correlaciéon clinica, fisiopatoldogica e inversamente proporcional,
profundamente respaldada por la investigacion nefrolégica y metabdlica contemporanea,
entre el descenso de los niveles plasmaticos de colesterol de lipoproteinas de alta
densidad (HDL-C) y el incremento progresivo y severo en la tasa de excrecién urinaria
de albumina (albuminuria). En la poblacién geriatrica, esta relacion no se limita a un
simple epifendmeno o a un hallazgo estadistico secundario derivado del sindrome

metabdlico; por el contrario, representa un eje patogénico activo y bidireccional.

La pérdida cuantitativa y cualitativa del HDL-C que actua como un inductor directo
e independiente del dafio ultraestructural crénico sobre la barrera de filtracion glomerular
(TFG), acelerando de forma drastica la transicion hacia la enfermedad renal cronica
terminal. Si queremos entender por qué existe esta relaciébn tan marcada, primero
debemos revisar como trabaja el HDL-C en condiciones normales. Fisiolégicamente, esta
lipoproteina cumple un papel protector muy importante en el endotelio y el epitelio renal.
En condiciones normales, las particulas de HDL son las encargadas exclusivas de
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mediar el Transporte Reverso de Colesterol (TRC). Este proceso homeostatico remueve
el exceso de colesterol libre y fosfolipidos de los tejidos periféricos a través de la
interaccion directa con los transportadores de casete de union a ATP A1y G1 (ABCA1y
ABCG1) localizados en la membrana de las células residentes del glomérulo,
especialmente en las células mesangiales y los podocitos. Cuando las concentraciones
de HDL-C circulante caen de forma critica, este eflujo lipidico celular se colapsa por
completo, desencadenando un fendémeno conocido como lipotoxicidad renal. La
acumulacion intracelular de ésteres de colesterol y acidos grasos saturados dentro del

podocito altera gravemente la dinamica de su citoesqueleto de actina.

Los podocitos son células terminales altamente especializadas cuyos pedicelos
abrazan los capilares glomerulares, formando los diafragmas de hendidura que
constituyen el “colador” molecular final del riidn. La investigacion de (baohai shao, 2020)
afirma que la reduccion cuantitativa de las particulas de HDL se acompafa de un
remodelamiento patolégico de su proteoma superficial, caracterizado por la pérdida de
la enzima antioxidante paraoxonasa 1 (PON1) y la apolipoproteina A-I (ApoA-Il). Al verse
privado de este escudo protector, el glomérulo queda indefenso ante las especies
reactivas del oxigeno (ERO) y las lipoproteinas de baja densidad oxidadas (LDLox). Este
estrés oxidativo masivo induce el borramiento, la retraccion y la fusion de los pedicelos
podocitarios. Al destruirse la arquitectura geométrica de la TFG, el rifdn pierde su
selectividad de tamano, lo que permite que la albumina plasmatica atraviese la
membrana basal y se filtre de manera masiva hacia el espacio urinario. A nivel
microvascular, la correlacion se hace evidente desde las etapas mas tempranas y
subclinicas del deterioro renal, sirviendo como un indicador predictivo de disfuncion

endotelial.
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El estudio longitudinal publicado por (Ren M, 2021) demostr6 de manera
concluyente que un perfil lipidico con HDL-C disminuido constituye un factor de riesgo
independiente y estadisticamente significativo para el desarrollo de albuminuria de bajo
grado (definida como una relacién albumina/creatinina en orina [UACR] entre 11 y 30

mg/g) en la poblacion de adultos mayores.

Los autores destacan que el déficit de HDL-C apaga las vias de senalizacion
dependientes del receptor Scavenger de clase B tipo 1 (SR-B1), las cuales normalmente
estimulan a la enzima 6xido nitrico sintasa endotelial (eNOS) para producir 6xido nitrico,
el principal vasodilatador y protector capilar. La consecuente disfuncion microvascular y
la degradacion de la glucocalix endotelial (la capa de carga negativa que repele a la

albumina) provocan microfugas proteicas iniciales.

Este fendbmeno ocurre de forma prematura, mucho antes de que los marcadores
azoados convencionales detecten una caida franca en la Tasa de Filtracion Glomerular
estimada (TFG), consolidando al descenso de HDL-C como un biomarcador clinico de
alerta temprana. la literatura médica mas reciente describe que esta correlacion
evoluciona de manera deletérea en forma de un circulo vicioso metabdlico que perpetua
la enfermedad en el paciente geriatrico. Segun la revision clinica dirigida por (Steven
Lacount, 2025) la presencia de albuminuria persistente y el estado inflamatorio sistémico
cronico de bajo grado propio de la senescencia (inflammaging) inducen una regulacion
a la baja (downregulation) en la transcripcion génica de la ApoA-l en el higado y una
inhibicion de la enzima lecitina-colesterol aciltransferasa (LCAT). La deficiencia de LCAT
impide la maduracién de las particulas de HDL nacientes a su forma esférica activa,
deprimiendo aun mas los niveles de HDL-C funcional en el plasma. De este modo, el

sistema entra en una retroalimentacion positiva patologica: a mayor pérdida urinaria de
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albumina, menor es la concentracion de HDL-C disponible, lo que exacerba la
inflamacion local mediada por el factor nuclear kappa B (NF-\kappa B), acelera la
esclerosis del mesangio y precipita la transicibn descontrolada desde wuna
microalbuminuria incipiente hacia una macroalbuminuria franca o una insuficiencia renal

establecida.

2.4.4 Correlacion de la Cistatina C

En el estudio de variables cuantitativas continluas aplicadas a poblaciones en edades
avanzadas, la literatura cientifica internacional describe de forma unanime una
interaccién de caracter estrictamente inverso o negativo entre las concentraciones
circulantes de colesterol de alta densidad (HDL-C) y los niveles séricos de Cistatina C.
Este comportamiento bivariado establece que el decremento progresivo de la fraccion
lipidica se asocia, de manera proporcional y constante, con una elevacién sistémica de
este biomarcador de filtracion glomerular. A nivel ultraestructural y analitico, las
fluctuaciones concomitantes de ambas moléculas coexisten dentro de un mismo eje de
deterioro microvascular, donde la caida en los niveles de HDL-C se vincula de manera
directa con la pérdida de la integridad hidrodinamica y estructural de la barrera de
ultrafiltracion del ovillo capilar. Este dafio microangiopatico restringe el aclaramiento
fisico de la Cistatina C a través de las hendiduras podocitarias glomerulares, provocando
que la proteina experimente una retencion sostenida en el espacio intravascular al no ser
depurada ni catabolizada eficientemente por las células tubulares proximales. Esto
consolida una dinamica de codependencia donde el punto minimo de la curva de
concentracion de HDL-C coincide de forma lineal con el punto maximo de acumulacion
plasmatica de la Cistatina C, trazando una pendiente negativa constante en los graficos

de dispersion bivariado.
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Esta direccion analitica y su comportamiento epidemiolégico se encuentran
ampliamente avalados por investigaciones clinicas contemporaneas que describen con
precision la robustez de este vinculo molecular. Al evaluar el comportamiento bivariado
en cohortes masivas de edad avanzada, los hallazgos del estudio epidemiologico
Atherosclerosis Risk in Communities (ARIC), reportados por (Shreya Srivastava, 2022)
colaboradores en su analisis sobre funcién renal y niveles lipidicos en adultos mayores,
demuestran que el declive de la tasa de filtracidn glomerular calculada mediante la
Cistatina C no se comporta como un evento bioquimico aislado, sino que guarda una

estrecha relacion inversa con perfiles lipidicos deficientes.

Los datos de esta cohorte describen que los sujetos con los valores mas criticos de
hipoalfalipoproteinemia exhiben, de forma simultanea, las mayores concentraciones de
Cistatina C sérica, definiendo esta correspondencia lineal como un reflejo directo de una
disfuncion microvascular sistémica donde la reduccion del filtrado corre en paralelo con
el agotamiento de las fracciones lipidicas de alta densidad. Por su parte, el estudio
poblacional dirigido por (Fan Wang, 2013) y colaboradores publicados en la revista PLOS
ONE aborda esta interdependencia analitica mediante modelos de regresion
multivariante y coeficientes producto-momento, reportando una correlacion negativa
altamente significativa entre el HDL-C y la Cistatina C circulante. Un acierto crucial en
dicha publicacién es el efecto de interaccidn biolégica condicionado por el
envejecimiento, describiendo que la pendiente de esta correlacién inversa se agudiza y
se vuelve estadisticamente mas robusta a medida que avanza la edad de los individuos
evaluados debido a la susceptibilidad acumulada del endotelio renal ante la ausencia de

la fraccion lipidica protectora.
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Asimismo, las investigaciones transversales de estadificacion renal recopiladas en el
Journal of Clinical Nephrology and Renal Care (P Ravi Kumar, 2020) por investigadores
que analizan las ecuaciones de Cistatina C y su correlacion con lipidos confirman que el
comportamiento de esta proteina responde de forma lineal y predecible ante los
descensos del HDL-C, avalando que el aclaramiento disminuido de este marcador
coexiste con el déficit de la fraccidn lipidica y permitiendo trazar una linea de asociacion
continua, homogénea vy libre de interferencias antropométricas entre el estado de la
microcirculacion capilar y la retencion molecular precoz en el compartimento

intravascular del sujeto evaluado.

La determinacion inferencial de esta relacién bivariado dentro de una revision
cuantitativa se ejecuta mediante el analisis de covariacion estadistica, seleccionando la
prueba matematica idénea segun el comportamiento previo de la distribucién de la
muestra evaluada a través de los algoritmos analiticos de Shapiro-Wilk o Kolmogoérov-
Smirnov con correccion de Lilliefors. Ante datos que siguen una distribucion normal, se
aplica el coeficiente de correlaciéon producto-momento de Pearson, el cual computa la
covariancia de las variables normalizada por el producto de sus desviaciones estandar
para medir el grado de asociacion lineal entre el perfil lipidico y el biomarcador renal a

través de la férmula:

Por el contrario, si los datos muestran asimetria o distribuciones libres de supuestos,

se ejecuta el coeficiente de correlacion por rangos de Spearman (rho), el cual evalua la
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monotonicidad de la relacion de dos variables a través de las diferencias de rangos
asignados a cada par de datos intersujeto mediante la ecuacion:
n 2
631, d:

pzl—m(Ec.2)

De acuerdo con los parametros estandar reportados en las investigaciones, el vector
resultante de la correlacion debe arrojar de manera invariable un coeficiente con signo
negativo, situandose habitualmente en un rango de magnitud moderado a fuerte,
comprendido entre r -0.50 \le r \le -0.75. Este signo negativo constituye la evidencia
matematica fundamental de la relacion inversa del modelo, demostrando
estadisticamente que ambas variables se mueven en direcciones opuestas donde al
aproximarse el HDL-C a sus rangos minimos, la Cistatina C sérica tiende hacia sus
valores maximos. La significancia asintética del constructo se supedita a un valor critico
de probabilidad de error tipo | inferior al 5% (p < 0.05) bajo un intervalo de confianza
bilateral del 95%, un comportamiento estadistico robusto que permite rechazar
formalmente la hipoétesis nula de independencia y demuestra que la covariacion entre el
descenso del HDL-C y la elevacion de la Cistatina C es un fenémeno real, reproducible

y con un alto poder estadistico predictivo dentro de la poblacion de estudio.

2.4.5 Correlacion del BUN

El nitrégeno ureico en sangre (BUN, Blood Urea Nitrogen) es un indicador bioquimico
ampliamente utilizado para valorar el metabolismo proteico y la capacidad excretora
renal. Su concentracion refleja la cantidad de urea circulante generada a partir del

catabolismo de aminoacidos en el higado y eliminada principalmente por via renal.
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Cuando existe compromiso funcional del rifidn, especialmente a nivel glomerular o por

alteraciones hemodinamicas renales, sus niveles séricos tienden a incrementarse.

En relacion con el metabolismo lipidico, diferentes estudios han demostrado que las
alteraciones renales suelen coexistir con perfiles de HDL-C disminuido, particularmente
en adultos mayores. Un estudio poblacional realizado por (You A, 2021) en 4,649 adultos
mayores mostré que la reduccién de la funcién renal se asocié de forma independiente
con niveles bajos de HDL-C, evidenciando una relacion significativa entre deterioro renal
y dislipidemia. Investigaciones recientes como la de (Lan Q, 2021) reportaron que valores
elevados de BUN en poblacién geriatrica se relacionan con mayor riesgo cardiovascular
y mayor carga de dafio metabdlico, reforzando su utilidad como marcador pronostico en

adultos mayores.

En el articulo (Blanca Guadalupe Baez-Duarte, 2022) observaron que indices
lipidicos que incluyen HDL, como el indice TG/HDL, presentaron asociacion significativa
con BUN y otros marcadores de dafo renal, sugiriendo que la disminucion del HDL puede
acompanarse de alteraciones tempranas en biomarcadores nitrogenados antes de que

aparezca enfermedad renal avanzada.

El BUN se cuantifica, principalmente, mediante métodos enzimaticos basados en
ureasa, los cuales ofrecen buena sensibilidad analitica. Sin embargo, su interpretacion
debe contextualizarse en el adulto mayor, ya que factores como deshidratacion, ingesta
proteica elevada o cambios metabdlicos relacionados con el envejecimiento pueden

modificar sus valores.

En conjunto, la evidencia cientifica que existe una relacion inversa entre HDL-C y

BUN, donde la disminucion del HDL-C se asocia con elevacion del nitrégeno ureico,
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reflejando un posible estado de compromiso renal temprano y mayor vulnerabilidad

cardiometabdlica en adultos mayores.

2.5 Antecedentes historicos

Los términos colesterol bueno y colesterol malo han sido acufados desde hace
mas de una década. Junto con su descubrimiento, se evidencié que, debido a su
composicién bioquimica, el colesterol no viaja libremente por la sangre. En su estructura,
posee una porcidn polar que permite a las macromoléculas lipoproteicas encargadas de
su transporte interactuar mediante puentes de hidrogeno con los grupos polares de los

fosfolipidos y las proteinas presentes en la superficie de la lipoproteina.

Las lipoproteinas son particulas sumamente complejas que se caracterizan por
poseer en su superficie una monocapa de fosfolipidos y colesterol libre. En su nucleo
presentan una region de naturaleza hidrofoba. Compuesta, principalmente por lipidos no
polares, como los ésteres de colesterol y los triglicéridos. Cabe destacar que las
lipoproteinas difieren tanto en su contenido lipidico como en su composicion proteica.
Una vez comprendido lo anterior, podemos describir cada una de estas moléculas. Las
lipoproteinas plasmaticas se pueden clasificar comunmente en siete: Quilomicrones,

Resto de quilomicrones, VLDL, IDL, LDL, HDL y Lp(a).

2.6 Magnitud del problema

A nivel mundial la problematica por poblacién que padecen de enfermedad renal cada
vez es mas grande, se estima de uno de cada diez adultos en el mundo padece de ERC,
entre ellos la poblacién que mas suele desarrollar esta patologia es la poblacion adulta

especificamente individuos mayores de 50 afos.
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Al ser una enfermedad de progresion asintomatica, en la mayoria de los caso, esta puede
llegar a estadios avanzados, evitando que se pueda dar un tratamiento menos invasivo,

procurando su calidad de vida.

2.7 Bases legales

Ley 64 de 2012 sobre Derecho de Autor y Derechos Conexos establece que:
TiTULO V
CONTENIDO DEL DERECHO DE AUTOR
CAPITULO Il
DERECHOS MORALES

ARTICULO 46: “Corresponde exclusivamente al autor la facultad de resolver sobre la

divulgacion total o parcial de la obra y, en su caso, el modo de hacer dicha divulgacion.

Nadie puede dar a conocer, sin el consentimiento de su autor, el contenido esencial de

la obra antes de que él lo haya hecho o la obra se haya divulgado.”

ARTICULO 47 “El autor tiene el derecho de ser reconocido como tal, determinando que
la obra lleve las indicaciones correspondientes y de resolver si la divulgacion ha de

hacerse con su nombre, seudonimo o signo, o en forma anénima.”

ARTICULO 48 “El autor tiene, incluso frente al propietario del objeto material que
contiene la obra, el derecho de prohibir toda deformaciéon, mutilacion, alteraciéon o
cualquier otro atentado a la misma, que pueda poner en peligro el decoro de la obra o su

reputaciéon como autor”
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CAPIiTULO I

METODOLOGIA
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Metodologia

3.1 Tipo y diseio de investigacion

El presente estudio tendra un disefo tipo revisién bibliografica de tipo descriptivo,
analitico con un enfoque correlacional que esta dirigido a consolidar las evidencias
cientificas con respecto a los niveles bajos de HDL-C y su correlacion con los

biomarcadores de disfuncion renal en adultos mayores.

Este disefio permitirda evaluar la relacion existente en base al analisis critico de
estudios previamente publicados. No implica una recoleccion de datos primarios, ni una
intervenciéon directa a la poblacion, permitiendo asi unificar los distintos enfoques y

disminuir la heterogeneidad de conclusiones.

3.2 Poblacion

Dado que el presente estudio corresponde a una revision bibliografica, su poblacion
esta basada en el compendio de articulos cientificos, extraidos de base de datos
internacionales, y revistas indexadas, los cuales fueron seleccionados tomando en
cuenta su concordancia con las caracteristicas de titulo, a los objetivos generales y
especificos del estudio. Esta seleccion se enfocd principalmente, en evidencias
cientificas que reflejen la lipotoxicidad renal basada en las dislipidemias y hayan sido

editadas en el periodo comprendido desde el 2020 y 2025.

3.3 Muestra

A partir de la poblacién, se evaluaron una serie de articulos mediante un muestreo no
probabilistico, que mantuviera concordancia con los objetivos de la revision. Descartando

el manejo de muestras bioldgicas, ni intervencion directa con humanos o animales; se
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evitd tomar de referencia expedientes clinicos, ni datos de pacientes de una institucion
en especifico que alteren los derechos de propiedad del articulo. De este modo guiado
por los criterios de inclusion y exclusidn, se delimité que la muestra quedé compuesta de
siete (7) articulos cientificos. Para optimizar el desarrollo de la investigacion estas
fuentes se distribuyeron entre los investigadores, finalizando el primer investigador con

cuatro (4) articulos, y al segundo investigador tres (3) articulos.
3.4 Criterios de elegibilidad

3.4.1 Criterios de inclusion:

e Articulos publicados en los ultimos (cinco) 5 afios

e Estudios realizados en una poblacién adulta mayor de (cincuenta) 50 afios

e Publicaciones que analicen la relacion entre las alteraciones metabdlicas lipidicas en
la particula de HDL, y los principales biomarcadores de funcion renal tales como
creatinina sérica, tasa de filtracion glomerular, proteinuria y nitrégeno ureico en

sangre.

3.4.2 Criterios de exclusioén:

¢ Articulos que enfoquen el aspecto cardiovascular.
e Estudios realizados con pacientes pediatricos.
¢ Investigaciones que se enfoquen unicamente en pacientes bajo los efecto

de farmacos que alteren su metabolismo lipidico.
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3.5 Técnicas de recolecciéon de datos

Para determinar el proceso desde la eleccién del titulo, hasta el analisis formal de

cada uno de los articulos; se determinaron una serie de etapas, y actividades enfocadas

para el desarrollo de la investigacion basandose en la tabla 1.

Tabla 1. Etapas del Proceso de Investigacion sobre HDL-C y Disfunciéon Renal

Etapa Métodos Actividades Materiales Procedimientos
1. Revision/  Definicion del  Delimitacion del ~ Guias metodoldgicas Establecer qué se
Planificacion  tema y alcance y criterios de busqued: va
documental objetivos a investigar y como
2. Seleccién  Aplicacion de  Implementacién  Articulos a texto Filtrar estudios utile
criterios de del diagrama de completo y con accesc y confiables
inclusion y flujo PRISMA libre
exclusion
3. Sintesis Analisis Extraccion y Fichas y matrices de  Sistematizacion de
documental organizacion de  analisis datos
informacion
clave
4. Analisis Analisis Comparacioén de Literatura Identificacion de
comparativo conclusiones entre coincidencias

articulos

seleccionada
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Etapa Métodos Actividades Materiales Procedimientos

5. Discusién  Discusion Elaboracion del  Documento final Redaccion y
académica informe final divulgacion de

conclusiones

3.6 Herramientas de recoleccién de datos

La herramienta utilizada en esta revision se bas6 en una matriz de analisis
bibliografico disefiada para la sistematizacion de informacion y optimizacion de la
recopilacion de la evidencias. De esta misma manera, se utilizé Microsoft Excel para

plasmar, registrar y ordenar la evidencia de los siete articulos.
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3.7 Procesamiento y analisis de la informacién

Junto a las metodologias mencionadas anteriormente para el correcto desarrollo de

la recoleccion de datos, el procesamiento de la informacién se desarrollé en base al

diagrama de flujo propuesto por la declaracion PRISMA para revisiones bibliograficas.

Antes de poder determinar los siete (7) articulos expuestos en la revision se llevd un

proceso de filtracion y depuracion de que nos permiti6 mantener los articulos que se

adaptaban mas a nuestros objetivos.

Figura 5. Diagrama de flujo de procesamiento en seleccién y analisis de informacion

Nota: Adaptado de Page et.al (2021)

[ Identificacion de estudios a través de bases de datos ]

Identificacion

[

Cribado

)

Incluidos

[

Articulos identificados de:
Bases de datos (n=60)

Divididos equitativamente entre

los dos autores

!

Articulos cribados )

(n=60)

!

Articulos buscados para su
recuperacion (n=29)

!

Articulos eliminados antes del cribado:
Articulos duplicados eliminados (n = 0)
Articulos marcados como no elegibles
por herramientas automatizadas (n = 0)
Articulos eliminados por otras razones

(n=0)

Articulos excluidos (n =31)

Articulos no recuperados
(n=5)

Articulos evaluados para su
elegibilidad (n=24)

!

Articulos incluidos en la
revision: (n=7))

\4

Articulos excluidos

Razon 1: Enfoque en poblacion pediatrica. (n=1)
Razon 2: Incluye la relacion cardiovascular (n=11)
Razoén 3: Sin acceso libre al documento (n=5)
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3.8 Aspectos éticos de la investigacion

En concordancia con el reglamento de citacion y referenciacion requerido por la
institucion, se respetod la propiedad intelectual de los autores referenciados, evitado el
uso indebido de la informacién, manteniendo fidelidad a su autoria. Nuestra maxima
prioridad fue mantener a rigor la utilizacién adecuada de las normas del estilo APA (7.2
edicion).

En cuanto a consideraciones éticas, se puede garantizar que se dio estricto
cumplimiento a la declaracion de Helsinki. Dado a que el presente estudio es una revision
bibliografica y no implica la participacion directa de sujetos humanos ni el uso de datos
clinicos confidenciales, no se requirié consentimiento informado de parte una institucion

hospitalaria para el debido analisis de datos.
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CAPITULO IV

PRESENTACION Y ANALISIS DE LA INFORMACION
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4.1 Presentacion de la informacién

Con el proposito de romper el esquema tradicional de un analisis descriptivo,
individualizado; consolidamos los hallazgos tedricos en los siete (7) articulos aplicando
las matrices comparativas en la secuencia légica del Estado del arte, siguiendo asi la
etapa de comprension, para desglosar el articulo de manera analitica y descriptiva; la
etapa de reflexion critica en donde el objetivo principal es que se pueda sintetizar los
hallazgos cientificos, y compararlos con los criterios de elegibilidad y justificar que
cumplan con tus criterios de inclusién; y por ultimo, la etapa de naturalizacion que nos

permite explicar la metodologia en el ambito practico de laboratorio.

Esta estrategia nos permite sintetizar de manera mas integrada cada una de las

variables en los articulos.

El analisis de la informacion empieza directamente en la etapa 3, posteriormente a la
4 y 5 exceptuando a la etapa 1 y 2 que ya fueron abordadas de manera tacita,
correspondientes a la contextualizacion y a la clasificaciéon de las fuentes utilizadas para

la revision.
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4.1.1 Caracterizacion documental de la muestra

Tabla 2. Caracterizacion de la muestra documenta seleccionada

Pais, o lugar de
Caddigo Autor(es) y afio Titulo del articulo
desarrollo

Sun, Y, et al. Association of non-high-density Estados Unidos
(2025) lipoprotein cholesterol to high-
density lipoprotein cholesterol
A1 ratio and chronic kidney

disease in Elderly insights from

NHANES
Xu, Z.et al. Understanding the China
(2024) heterogeneity and dysfunction
A2 of HDL in chronic kidney

disease: insights from recent

reviews

Patel., A. et al. A Study of Lipid Profile in Pre- India
(2025) Dialysis Chronic Kidney
A3
Disease Patients in Tertiary

Care Hospital, South Gujarat
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A4

A5

A6

A7

Pavanello, C et al.

(2023)

Weldegiorgis, M.,
& Woodward, M.

(2022).

You, A. et al.

(2021)

Dopierata, M. et

al. (2025)

HDL and chronic kidney

disease

Elevated triglycerides and
reduced high-density
lipoprotein  cholesterol are
independently associated with
the onset of advanced chronic
kidney disease: a cohort study
of 911,360 individuals from the

United Kingdom.

Association Between Renal
Dysfunction and Low HDL
Cholesterol Among the Elderly

in China

New and Emerging Biomarkers

in Chronic Kidney Disease

Italia

Reino Unido

China

Polonia
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Nota: Cédigos fueron asignados a partir de la A1-A7 representando cada articulo, para

su facil identificacion en las siguientes descripciones.
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4.2 Etapa 3: comprensién de los fendmenos

4.2.1 Estudio 1

Association of non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio and chronic kidney

disease in Elderly insights from NHANES. Sun, Y., Li, Z. & Feng, N. Sci Rep.15, 12611 (2025).

https://doi.org/10.1038/s41598-025-96299-7

Tabla 3. Comprensiéon de fenédmenos; estudio 1

Se busco establecer las relaciones entre los indices de lipidicos, y la ERC, se consideraron los criterios de inclusion

/exclusion para su debido analisis en la matriz correspondiente.

Revista/afio Métodos
Formulacién del / o Criterios Tipo de Variables de Instrumento
problema Autor/ambit Objetivos elegibilidad estudio Muestra principales recoleccio s

o] n de datos
El Sci Rep. Establecer Criterios de Estudio El estudio Presencia o Se Utiliz6 R
envejecimiento (Scientific la relacién inclusion: transversal, estuvo ausencia de la consideré (version
celular es una reports), que hay Personas observacional, | desarrollado | ERC. labasede |4.2.0)yel
de las mayores | 2025, Sun, entre el mayores de retrospectivo, en base a datos de la | software
predisposicione | Y. et al. indice 60 afos de caracter datos Demografia: NHANES, | Empower
s para el EE.UU. lipidico residentes en | epidemiolégic | recopilados | Sexo, raza, que es
desarrollo de (NHHR) y el | los Estados o] entre el edad, recopilada
enfermedades desarrollo unidos 2003 y escolaridad, por la
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cronicas. Y en
adultos mayores
la probabilidad

de desarrollar
una ERC es

sumamente alto.

Las alteraciones

que pueden

hacer a nivel de

moléculas
lipidicas son

clave para el

desarrollo de la

relacion

proporcional del

deterioro renal y

la dislipidemia

de una
enfermedad
renal

cronica.

considerando
especialment
e

personas
obesas
(IMC>30).

Criterios de
exclusion:
Individuos
menores de
60 afos, que
no presentan
datos en la
NHHR, nien
seguimiento
por ERC.

2016. En
total se
tomaron
datos de
3715
participante
s en donde
el 49.9%
eran
hombres y
un 50%
eran

mujeres.

estado civil,
indice de

pobreza.

Comorbilidades

Diabetes,
Tabaquismo,
hipertension,
enfermedad
cardiovascular
u otras
enfermedades

cronicas.

NCHS,y
las CDC

Nota. ERC: Enfermedad Renal Crénica; NHHR: Ratio de colesterol lipoproteico de densidad no alta/colesterol lipoproteico; IMC:

ndice de Masa Corporal; NCHS:

Centro Nacional de Estadisticas de Salud; NHANES: Encuesta Nacional de examen de salud y Nutricion; CDC: Centros para el Control y la Prevencién de

Enfermedades.

155



4.2.2 Estudio 2

Understanding the heterogeneity and dysfunction of HDL in chronic kidney disease: insights from recent reviews.

Xu, Z., Yang, S. y Cui, L. BMC Nephrol 25, 400 (2024). https://doi.org/10.1186/s12882-024-03808-3

Tabla 4. Comprension de fendmenos; estudio 2

Establecimos caracteristicas fisiopatoldgicas y comorbilidades que pueden aumentar la progresion de la ERC. Se extrajo

el fundamento conceptual agregada a la matriz de analisis.

Formulacioén del | Revista/afo/ o Criterios Tipo de Variables MétOdOS_, de

problema autor/ambito Objetivos elegibilidad estudio Muestra principales recoleccion instrumentos
de datos

En los ultimos | BMC Evaluar la | Criterios de | Revision El  acervo | Alteracion en la | Se determind | Herramientas

afios la ERC ha | Nefrology, alteraciones | inclusion: sistematica bibliografico | microvasculatur | un tamizaje | para el registro

supuesto una | 2024, Xu, Z. | en el | Metaanalisis, | con un | seleccionad | a. por cribado | de datos junto

gran China metabolismo | revistas enfoque o} Comorbilidades | para la | a guias

problematica en los lipidos, | indexadas, y | analitico, minuciosam | metabdlicas exclusién de | estandarizada

el ambito de principalment | articulos descriptivo, vy | ente como él esté |los articulos | s.

salud publica. e en la HDL- | cientificos conceptual. respetando | oxidativo, menos

Durante la ERC C y su | que los criterios | diabetes, adecuados.

la homeostasia importancia describan el de sindrome

del cuerpo esta en el | fundamento elegibilidad, | urémico.

alterada. Esto transporte fisiopatolégic a la

quiere decir que reverso de | odela ERC vanguardia
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muchas de las
funciones
normales  del
cuerpo se
encuentran
afectadas,
entre ellas el
equilibrio
metabdlico
especificament
e cuando el
HDL-C se
vuelve
disfuncional
debido a Ia
pérdida de su
capacidad
protectora,
antioxidante vy

antinflamatorio.

colesterol y la
pérdida de la
capacidad
antiaterogéni
ca. Describir
la
lipotoxicidad
y
caracterizarla
con la ERC.

del enfoque

en la
progresion
del dafo
renal, y el
impacto de
las
lipoproteina
s a la
toxicidad
renal.

Nota. ERC: Enfermedad Renal Crénica; HDL-C: Lipoproteinas de Alta Densidad.
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4.2.3 Estudio 3

A study of lipid profile in pre-dialysis chronic kidney disease patients in tertiary care hospital, south Gujarat.

Patel, A., Goyani, R., Dudhrejiya, R., Varma, V., & Naik, G. (2025). The European Journal of Cardiovascular Medicine, 15,

912-917. https://doi.org/10.61336/ejcm/25-04-147

Tabla 5. Comprensiéon de fenédmenos; estudio 3

Establecimos caracteristicas fisiopatologicas y comorbilidades que puede aumentar la progresion de la ERC. Se extrajo el

fundamento conceptual agregada a la matriz de analisis.

] . o ] ] Métodos de

Formulacién del | Revista/afio/ o Criterios Tipo de Variables .
o Objetivos ) Muestra o recoleccion Instrumentos
problema autor/ambito elegibilidad estudio principales
de datos
La ERC ha sido | The Determinar la | Criterios de | Estudio de tipo | 50 pacientes | Antecedentes | Analisis Epi Info. CDC
clasificada una | European prevalencia inclusion: transversal, adultos, de quimicos version 7.
de las mayores | Journal  of | de pacientes | Pacientes observacional, | atendidos en | hipertensién (séricos) crio
causa de | Cardiovascu | con adultos, con | retrospectivo. el GMERS. arterial, preservados
muerte a nivel | lar Medicine, | alteraciones | ERC bajo Mediante un | condiciones a -20°C.
mundial. Su | 2025, Patel, | en el | manejo por muestreo demograficas Registro de
impacto en la | A. metabolismo | predialisis en intencién, no | (Sexo, raza, | las muestras
poblacién  es | India lipidico a | estadios 1 a probabilistico | edad, procesadas
cada vez mas causa de la | 5. con un escolaridad, en
frecuente. progresion Criterios de predominio estado  civil, | analizadores
de la ERC y | exclusion: de estadio 5 | indice de | automaticos
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La progresion evaluar los | Mujeres al 75%y pobreza), perfil | del

del dafo renal patrones de | embarazada 24% en lipidico laboratorio
eventualmente dislipidemias | s, bajo estadio 4. completo. centra de
encamina al en distintas | tratamiento referencia.
paciente y al etapas de la | con

personal de ERC. estatinas.

salud a recurrir
a la dialisis, en
la mayoria de
los casos
desconociendo
loa marcadores
de riesgo
aterogénico

que pueden

prever
temprano, y
preservar la

integridad  de

los rinones

Nota. ERC: Enfermedad Renal Crénica; HDL-C: Lipoproteinas de Alta Densidad; CDC: Centro de Control y prevencién de Enfermedades; GMERS: facultad de
medicina y hospital general.
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4.2.4 Estudio 4

HDL and chronic kidney disease.

Pavanello, C., & Ossoli, A. (2023). Atherosclerosis plus, 52, 9—17. https://doi.org/10.1016/j.athplu.2023.04.001

Tabla 6. Comprension de fendmenos; estudio 4

Se sintetizo la relacion entre la HDL-C y su correlacién ciertos comportamientos enzimaticos que prolongan la lipotoxicidad

renal.

Revista/afio
y o ) ) Métodos de
Formulacién del | / o Criterios Tipo de Variables .
_ | Objetivos ) Muestra o recoleccion Instrumentos
problema autor/ambit elegibilidad estudio principales
de datos
o}
Una de las | ELSEVIER, | Resumir las | Criterios de | Revision El  corpus | Presencia de la | Integracion Diagramas de
mayores 2023, alteraciones | inclusion: sistematica, documental | ERC, uso de | conceptual flujo
problematicas Pavanello, metabdlicas Enfoque descriptiva, que fue | estatinas, de los datos | metabdlico,
en la ERC es | Ch. Etal 0 (genéticas | directo al | retrospectiva. | seleccionad | niveles de | bibliograficos | registro de
que el cuerpo | ltalia que pueden | metabolismo o base a sus | colesterol , Yy revistas | datos en
humano no tiene propiciar la | lipidico. criterios de | sérico, y | indexadas. aplicaciones
la capacidad de progresion elegibilidad. | triglicéridos. de  Microsoft
depurar toxinas de la ERC y | Criterios de Word.

por si  mismo,
afectando
directamente el

catabolismo de

su relacion
con las
dislipidemias

y su

exclusion:
Estudios
enfocados a

pacientes
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las grasas, disminucién | tratados con

causando asi un en la | estatinas
falso aumento particula de

de ftriglicéridos. HDL-C. Se

Las alteraciones evallua las

propias de la probables

ERC impiden estrategias

que las vias de para

procesamiento disminuir la

de las grasas progresion

actuen de de la ERC.

manera correcta
permitiendo que
las  moléculas
lipidicas se
mantengan mas
tiempo en el
espacio

plasmatico.

Nota. ERC: Enfermedad Renal Crénica; HDL-C: Lipoproteinas de Alta Densidad; CDC: Centro de Control y prevencion de Enfermedades.
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4.2.5 Estudio 5

Elevated triglycerides and reduced high-density lipoprotein cholesterol are independently associated with the onset of

advanced chronic kidney disease: a cohort study of 911,360 individuals from the United Kingdom.Weldegiorgis, M., &

Woodward, M. (2022). BMC nephrology, 23(1), 312. https://doi.org/10.1186/s12882-022-02932-2

Tabla 7. Comprension de fenédmenos; estudio 5

Se reviso6 el estudio para resaltar que los triglicéridos altos y el HDL bajo son factores independientes que predicen el

avance hacia un dafo renal grave.

Métodos de

Formulacién del | Revista/afio/ o Criterios Tipo de Variables .
o Objetivos ) Muestra o recoleccion Instrumentos

problema autor/ambito elegibilidad estudio principales

de datos
Aunque las | BMC Evaluar de | Criterios de | Estudio Una cohorte | Concentracione | Extraccion Datos
alteraciones en | Nephrology, | manera inclusion: observacional, | masiva de |s séricas de | automatizada | analiticos
las 2022 prospectiva y | Individuos retrospectivo, | 911,360 Colesterol Total | de procedentes
concentracione | Weldegiorgi | a gran escala | activos y de cohorte. individuos (TC), expedientes | de laboratorios
s de lipidos | s, M. etal. si el (TC), | registrados pertenecient | Triglicéridos clinicos clinicos
plasmaticos Reino unido | (TG), (LDL- | enla base de es al | (TG), LDL-C vy | electrénicos | automatizados
son factores de C), (HDL-C) | datos CPRD (CPRD), HDL-C anonimizado | integrados al
riesgo estan entre enero vinculada a s del CPRD. | sistema de
firmemente asociados de | de 2000 vy registros salud del
establecidos forma marzo de hospitalario Reino Unido
para la independient | 2014, con s de altas
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morbimortalida
d
cardiovascular,
su impacto
directo e
independiente
sobre el riesgo
de desarrollar
Enfermedad
Renal Crénica
(ERC)
avanzada en la
poblacién
general seguia
siendo
controvertido e
inconsistente
en la literatura

cientifica

e con la
aparicion de
ERC
avanzada
(estadios 4-
5).

edades entre
20y 79 anos,
un (IMC 15-
60)

Criterios de
exclusioén:
Pacientes
que tuvieran
menos de 2
anos de
datos de
seguimiento
tras su
medicién
basal para
minimizar el
riesgo de
causalidad

inversa.

médicas

registros

y

Nota. ERC: Enfermedad renal cronica; TC: Colesterol total; TG: Triglicéridos; LDL-C: Lipoproteinas de baja densidad, HDL-C: Lipoproteinas de alta densidad;
CPRD: Clinical Practice Research Datalink; IMC: indice de masa corporal.
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4.2.6 Estudio 6

Association Between Renal Dysfunction and Low HDL Cholesterol Among the Elderly in China

You, A, Li, Y., Tomlinson, B., Yue, L., Zhao, K., Fan, H., Liu, Z., Zhang, Y., & Zheng, L. (2021). Frontiers in cardiovascular

medicine, 8, 644208. https://doi.org/10.3389/fcvm.2021.644208

Tabla 8. Comprension de fendmenos; estudio 6

Se encontré que a medida que cae la tasa de filtracion de los riflones, aumenta el riesgo de presentar el colesterol HDL

bajo, lo que convierte a la falla renal en un aviso directo de esta alteracion.

] . o ] ] Métodos de
Formulacién del | Revista/afio/ o Criterios Tipo de Variables .
o Objetivos o ) Muestra o recoleccion Instrumentos

problema autor/ambito elegibilidad estudio principales

de datos
Al presentar | Frontiers in | Evaluar de | Criterios de | Estudio 4,649 TFG, datos | A través de | Medicion de
disminucién en | Cardiovascu | manera inclusion: observacional, | pacientes demograficos datos analitos a
las lar Medicine | transversal si | Individuos transversal. seleccionad | de los | registrados través del
concentracione | /Ano: 2021/ | la disfuncion | comunitarios os en base a | participantes, en analizador
s de HDL-C se | Autores: renal de 60 afios o los criterios | consumo de | cuestionarios | cobas 8000 de
observa una | Aijun You (medida a | mas de alcohol, y uso | estandarizad | Roche
alteracién renal | China través de la | Criterios de elegibilidad | de 0s diagnostics

que supone
estar vinculada

con una

eGFR)

asociada de

esta

forma

exclusion:
Individuos

con ausencia

medicamentos.
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poblacién
adultos

mayores.

de

independient
e con la
presencia de
niveles bajos
de HDL-C en
una
poblacién
anciana de
base
comunitaria

en China.

simultéanea
de
mediciones
de HDL-C y
creatinina

sérica

Nota. ERC: Enfermedad renal cronica; eGFR: Tasa de Filtracion Glomerular estimada.
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4.2.7 Estudio 7

New and Emerging Biomarkers in Chronic Kidney Disease

Dopierata, M. Department of Nephrology, Transplantology and Internal Medicine, Poznan University of Medical Sciences,

61-701 Poznan, Poland Biomedicines 2025, 13(6), 1423; https://doi.org/10.3390/biomedicines13061423

Tabla 9. Comprension de los fenédmenos

Se reviso6 el estudio para resaltar que los triglicéridos altos y el HDL bajo son factores independientes que predicen el

avance hacia un dafo renal grave.

] . B o ] ] Métodos de

Formulacién del | Revista/afio/ o Criterios Tipo de Variables )

] Objetivos ] Muestra o recoleccion Instrumentos
problema autor/ambito elegibilidad estudio principales

de datos

Los Frontiers in | Evaluar y | Criterios de | Revision Un Concentracione | Analisis Datos
biomarcadores | Cardiovascu | sintetizar el | inclusion: analitica considerabl | s séricas de | comparativo | analiticos
tradicionales lar Medicine, | valor Estudios observacional, | e corpus | marcadores y validacién | procedentes
(creatinina/albu | 2021 / | pronéstico de | clinicos y | retrospectivo. | documental | (SIRI, NLR, | de de laboratorios
mina) son | (Revision biomarcador | observaciona cientifico CAR, Ficolinas, | marcadores | clinicos
insuficientes técnica de | es les que que abarca | NLRP3, mediante automatizados
para predecir la | biomarcador | inflamatorios | evalian multiples TNFR1/2, pruebas integrados  al
transicion ales y ficolinas, cohortes de | Calprotectina, inmunoldgica | sistema de
eventos asociados a | cardiovascul | inflamasoma pacientes Galectina-3, s, citometria | salud del
cardiovasculare | ERC y | ares NLRP3, con ERC en | sST-2, GDF-15, | de flujo vy | Reino Unido
S adversos | riesgo emergentes receptores diversos suPAR) ensayos
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(MACE) vy la
progresion de la
ERC, la cual
cursa como un
estado de
inflamacion
cronica

sistémica.

cardiovascul

ar).

en la
progresion

de la ERC y
su asociacion
independient
e con la

mortalidad.

de TNF,
calprotectina,
SIRI, NLR,
CAR,
galectina-3,
sST-2, GDF-
15 y su par
en el

contexto de
ERC.
Criterios de
exclusion:
Estudios que
no
establecen
una
correlacion
significativa
entre el
marcador, la
funcién renal
y eventos
cardiovascul

ares.

estadios (I-
V) y con
comorbilida
des

asociadas.

bioquimicos
en pacientes
con ERC.

Nota. CAR: ratio proteina C reactiva-albumina; ERC: enfermedad renal crénica; GDF-15: factor de diferenciacion de crecimiento 15; MACE: eventos
cardiovasculares adversos mayores; NLR: relacion neutréfilo-linfocito; NLRP3: inflamasoma NLRP3; SIRI: indice de respuesta inflamatoria sistémica; sST-2: ST2

soluble; suPAR: receptor soluble del activador del plasminégeno tipo urocinasa; TNFR1/2: receptores del factor de necrosis tumoral 1y 2.
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4.3 Etapa 4: Reflexion para la accién critica

4.3.1 Estudio 1: Asociacion entre la relaciéon colesterol no HDL/colesterol HDL y
la enfermedad renal crénica en ancianos: informaciéon obtenida del estudio

NHANES.

En este estudio de caracter transversal, observacional, retrospectivo, y de caracter
epidemioldgico realizado en Estados Unidos pone en evidencia una gran problematica
de salud publica que aqueja a la poblacion estadounidense o residente. Los autores
utilizaron la base de datos de la NHANES para seleccionar 3715 participantes mayores
de 60 afnos, con ERC, considerando, especialmente, a la poblacion estadounidense o
residente que cuenta con indice de masa corporal mayor a 30 kg/m?. El objetivo principal

fue establecer la relacidén que habia entre un nuevo indice lipidico.

Entender la correlacion entre la ERC con la dislipidemia es un tanto complejo, y
mas aun cuando hay un limitado acceso a informacién que realmente priorice la relacion

entre estas dos alteraciones.

Sun, Y. (2025) utiliza la base de datos de la NHANES comprendida entre 2003 a
2016. Junto a ello se revisaron alrededor de 71,058 participantes que fueron sometidos
a una riguroso proceso de seleccion que priorizd a los 3715 que cumplian con los criterios
de elegibilidad. Considerando la complejidad en la etapa de muestreo, los participantes

fueron estratificados segun caracteristicas demograficas.

La cohorte del estudié estuvo compuesta por el 49,48% de los hombres y el 50,
52%. Dandonos asi una relacién equitativa que evita es sesgo por sexo. El autor

menciona que el grupo racial mas grande fueron los blancos no hispanos representando
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el 58.59% es decir que los resultados de este estudio describirian en un contexto

geografico racial la poblacion estadounidense.

Al evaluar los resultados, el autor revelé que la asociacion en el indice NHHR en
donde se asocia directamente con la ERC, arrojando un 35.99% de participantes con
ERC y un 2,70 £ 1,13. Descartoé la presencia de alguna disparidad por caracteristicas
demograficas, esto quiere decir que la lipotoxicidad renal actua indiferente a la
demografia, siendo el IMC la unica excepcién. De esta manera se puede concluir que, si
el participante cursa un peso normal y una ERC, el indice lipidico NHHR le afectara
indistintamente, pero si el participante cursa con un IMC>30 la aumenta
exponencialmente la progresion de la ERC. De esta misma manera, se hallé una fuerte

prevalencia en el subgrupo de adulto mayores.

4.3.2 Estudio 2: Comprender la heterogeneidad y la disfuncion de las HDL en Ia

enfermedad renal cronica: perspectivas de revisiones recientes

La revision evalua grandes aspectos de la correlacion entre el HDL y la ERC,
desde la composicion de las HDL hasta la inactivacion de rutas catabdlicas de las

lipoproteinas séricas.

Entender la fisiopatologia de la ERC y su factor de riesgo asociado a las
dislipidemias puede ser algo complejo, ya que multiples evidencias se enfocan en la
implicaciéon parénquimal y la pérdida de la capacidad antiaterogénica, en vez de
enfocarse en los mecanismos que llevan a que haya cambios estructurales en las
particulas de HDL cursando la ERC. Al revisar la heterogeneidad de las HDL logramos

entender los multiples factores que propician la progresion de la ERC.
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Xu, Z. (2024) plantea la premisa que la mayoria de los autores mencionan como
eje central al higado como el principal responsable del catabolismo de las grasas, pero
nuevos articulos contradicen la premisa basandose en la teoria de que, aunque el efecto
del higado sea directo, el de los rifiones es indirecto, pero mas complejo al momento de

eliminar el componente lipidico.

El autor asevera que la disminucion del HDL-C en la ERC esta asociada
directamente a la falta de regulacion enzimatica. Entre ellas se menciona la disminucién
de la proteina lipasa y consecuente a ello el aumento de los triglicéridos. También se
menciona la expresion reducida de los ABCA1 que impide el transporte reverso del
colesterol, aunado a ello se menciona la alteracién en la estructura de la HDL-C que
resultan en perdida en la funcion antiinflamatoria, y antioxidante propiciando el ambiente

urémico, junto a la progresion de la ERC.

De esta manera este estudio, descriptivo concluyd con la teoria que ademas de
las funciones antiaterogénica de la HDL-C, esta puede aumentar el riesgo de progresion
al exacerbar el dafno a nivel de células endoteliales, o simplemente a la liberacion de

radicales libres por el estrés oxidativo.

4.3.3 Estudio 3: Estudio del perfil lipidico en pacientes con enfermedad renal
cronica en etapa predialisis en un hospital de atencion terciaria del sur de

Gujarat

El desarrollo de este estudio de tipo observacional, transversal tiene como objetivo

establecer un patrén en los distintos estadios de la ERC.
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Patel, A. (2025) tomd de la base de datos del hospital cincuenta (50) pacientes
con distintos estadios de la ERC, desde los que estan en etapa de predialisis, hasta los

que ya habian recibido trasplante.

El autor expresa su preocupacion en la creciente problematica en el pais que
busca desarrollar patrones con los niveles de lipidos séricos para usarlos como
marcadores tempranos de dano renal que pueden evitar que el paciente llegue inclusive
al tratamiento con dialisis.
Al realizar este estudio el autor consideré que los pacientes que se encontraran bajo
tratamiento con inmunsupresores, embarazadas, y tratados con estatinas. La guia para
clasificacion de las variables estuvo basada en directrices de la KDIGO. Y, de esta misma
manera, se seleccionaron a los pacientes ingresados a cuidados de atencion terciaria,
atendidos entre mayo 2022 a enero de 2024 basandose en un muestreo intencional, no
probilistico para su debida cuantificacion sérica en analizadores en el laboratorio central

de referencia.

El autor recopil6 los datos estadistico en el software Epi Info CDC, version 7. Los

resultados arrojaron una grave alteracion en los niveles de lipidos séricos.

Al haber recopilado pacientes con algunas comorbilidades, se concluydé que la
poblacion de mediana a avanzada edad que esta actuan como un acelerador de lesion
renal. Se determind que el nexo entre le ERC y la dislipidemia es inevitable y ambos son
consecuentes. Se destaco que los pacientes que no presentaban enfermades cronicas,
a medida que la ERC se desarrollaban, empezaron tener muchas mas alteraciones

metabdlicas que parcialmente corroboran nuestra expectativa de resultado.
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4.3.4 Estudio 4: HDL y enfermedad renal crénica

Al igual que este estudio, muchos se enfocan en el impacto negativo que puede
llegar a tener el deterioro de la funcioén renal describiendo la relacion entre el HDL-C y la
progresion de la ERC. Pero esta no siempre se observa. Pavanello, C. (2023) en su
escrito describe el estudio CRIC Rahman, M. (2014) e indica que la relacion entre el
HDL-C y el rindn no es directa, el autor analiza una cohorte de 3,939 paciente en donde
se evidencio que los niveles séricos si presentan niveles oxidativos, pero, no predice el

dafio renal. Planteandonos la siguiente interrogante.

¢ El HDL-C disminuido causa lesion renal, o es el dafio en el parénquima renal

que afecta el metabolismo lipidico?

Esta cohorte nos evidencia que los niveles plasmaticos de la HDL-C no causa
directamente la progresion en la ERC, ni con la alteracion de la TFG. Sino que, esta se
debe a una cascada fisiopatoldgica de eventos multifactoriales tales como: el estrés
oxidativo, inactivacibn de mecanismos antiinflamatorios, y retraso de la tasa de
aclaramiento de los lipidos séricos; que no corresponde a una causalidad lineal directa,

sino a un detonante metabdlico que resulta en progresion de la ERC.

4.3.5 Estudio 5: Los niveles elevados de triglicéridos y la disminucion del
colesterol de lipoproteinas de alta densidad se asocian de forma
independiente con la aparicion de enfermedad renal crénica avanzada: un

estudio de cohorte de 911.360 individuos del Reino Unido.

Este articulo de investigacion desarrolla el papel del perfil lipidico como factor de riesgo

independiente y no invasivo para el diagndstico predictivo de la enfermedad renal créonica

172



(ERC) avanzada, especialmente util en entornos clinicos donde se busca prevenir la

progresion hacia estadios terminales. El informe establece que:

Los factores de riesgo tradicionales, como la hipertension y la diabetes, estan bien
establecidos, pero el papel de los lipidos en la progresion a la ERC avanzada
sigue siendo controvertido. Los estudios anteriores han arrojado resultados
contradictorios, posiblemente debido a la causalidad inversa, las diferencias en
los ajustes por confusién, las definiciones de la ERC y el uso de estatinas.

(Misghina Weldegiorgis, 2022, pag. 4)

Uno de los aportes centrales del documento es explicar la utilidad clinica del monitoreo
de los triglicéridos y las lipoproteinas de alta densidad (HDL-C). En ese sentido, se senala

que:

Los triglicéridos elevados y el colesterol HDL reducido se asociaron de forma
independiente con un mayor riesgo de desarrollar ERC avanzada. Por el contrario,
el colesterol total y el colesterol LDL no se asociaron con la ERC avanzada
después de ajustar por comorbilidades y el uso de estatinas. (Misghina

Weldegiorgis, 2022, pag. 3)

A diferencia de otros reportes, este estudio clinico cuenta con una muestra directa
masiva fundamentada en evidencia epidemioldgica de gran escala, analizando registros
de 911,360 individuos de una cohorte poblacional del Reino Unido. Asimismo, el
documento destaca la relevancia de analizar estas fracciones de forma especifica en

subgrupos vulnerables:
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La fuerza de la asociacion entre los triglicéridos y el colesterol HDL con la ERC
avanzada fue mayor en las mujeres que en los hombres. Ademas, en adultos
mayores de 60 afnos o mas, los niveles bajos de HDL-C mantuvieron una
correlacion de riesgo solida y significativamente alta para el inicio del dafio renal.

(Misghina Weldegiorgis, 2022, pag. 7)

En conjunto, este documento representa una fuente cientifica de alto nivel que respalda
la incorporacion del perfil de triglicéridos y HDL-C como herramientas clinicas validas
para orientar decisiones médicas y estrategias preventivas en la salud renal del adulto

mayor.

4.3.6 Estudio 6: Asociacion entre disfuncién renal y niveles bajos de colesterol

HDL en ancianos en China

Este articulo de investigacién desarrolla el papel de la disfuncion renal como un factor
predictor independiente de niveles bajos de colesterol HDL en la poblacion geriatrica,
resultando una herramienta valiosa para la evaluacion del perfil metabdlico en adultos

mayores que viven en la comunidad. El informe establece que:

Aunque los niveles bajos de colesterol HDL son un marcador tradicional de riesgo
cardiovascular, la asociacion especifica entre la disfuncion renal y el HDL-C bajo
en la poblacion de adultos mayores que vive en la comunidad sigue siendo un

area que requiere mayor claridad. (Aijun You, 2021)

Uno de los aportes centrales del documento es explicar la relacidon entre la Tasa de
Filtracion Glomerular estimada (eGFR) y las alteraciones lipidicas. En ese sentido, se

sefala que:
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La disfuncion renal se asocié de forma independiente con la presencia de niveles
bajos de colesterol HDL, observandose una relacién dosis-respuesta donde la
prevalencia de HDL-C bajo aumentaba progresivamente a medida que disminuia

la eGFR. (Aijun You, 2021)

A diferencia de otros reportes, este estudio clinico aporta evidencia en una muestra
poblacional de adultos mayores de 60 a 104 afios, analizando a 4,649 participantes tras
excluir aquellos con datos incompletos. Asimismo, el documento destaca la relevancia

de considerar la funcion renal para entender la salud metabdlica:

La asociacion independiente entre eGFR y HDL-C bajo se mantuvo constante tras
realizar ajustes multivariables por edad, sexo, indice de masa corporal,
tabaquismo, uso de medicamentos y comorbilidades como la diabetes y la

hipertension. (Aijun You, 2021)

En conjunto, este documento representa una fuente cientifica de alto nivel que respalda
la incorporacién del monitoreo de la funcidn renal como un indicador estrechamente
ligado al perfil lipidico, siendo fundamental para orientar decisiones clinicas y estrategias

preventivas en la salud del adulto mayor.
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4.3.7 Estudio 7: Nuevos biomarcadores emergentes en la enfermedad renal

croénica

El analisis de los biomarcadores renales y cardiovasculares en el contexto de la
enfermedad renal crénica (CKD) permite establecer una herramienta valiosa para la
evaluacion integral de la salud metabdlica en pacientes con riesgo de deterioro renal

progresivo. El informe establece que:

Aunque los marcadores tradicionales son utiles, la evaluacion de biomarcadores
especificos de secrecion tubular, inflamatorios y cardiovasculares sigue siendo un area
que requiere mayor claridad para optimizar la deteccion temprana y la estratificacion del

riesgo. (Mikotaj Dopierata, 2025)

Uno de los aportes centrales es explicar como diferentes perfiles de
biomarcadores se relacionan con la progresion de la lesién renal y las complicaciones

sistémicas. En ese sentido, se sefiala que:

La presencia de biomarcadores como KIM-1, NAG, uromodulina, Klotho y DKK-3
se asocia de forma independiente con la salud tubular, mientras que la elevacién de
marcadores inflamatorios (como NLRP3, TNFR1/2, SIRI) y cardiovasculares (como
Galectina-3, sST2, GDF-15, suPAR) refleja la magnitud del dafo y el riesgo de mortalidad
cardiovascular, observandose una relacion directa entre estos perfiles y el prondstico del

paciente. (Mikofaj Dopierata, 2025)

Este enfoque aporta evidencia sobre la relevancia de considerar la

heterogeneidad de los biomarcadores para entender la patologia renal compleja.
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Asimismo, el documento destaca la importancia de integrar estas mediciones para la

toma de decisiones clinicas:

La asociacion independiente entre estos biomarcadores y el deterioro de la
funcién renal se mantiene constante tras realizar ajustes por factores de riesgo
metabdlico, como el estado lipidico y la presencia de otras comorbilidades. (Mikotaj

Dopierata, 2025)

En conjunto, este marco representa una fuente cientifica de alto nivel que respalda
la incorporacién de un monitoreo multifactorial de biomarcadores, esto es fundamental

para orientar decisiones clinicas y estrategias preventivas en la salud del paciente renal.

4.4 Conclusiones y recomendaciones generales

4.4.1 Etapa 5: Reflexion para la accion critica

Tras el analisis individual de los estudios incluidos en esta revision, se evidencian
coincidencias relevantes en torno al valor diagnostico de los perfiles lipidicos y los
biomarcadores tubulares en la enfermedad renal cronica (ERC). La mayoria de los
autores coincide en que los niveles elevados de triglicéridos y una concentracion
reducida de colesterol HDL actuan como factores predictores independientes y
significativos de la progresion hacia estadios renales avanzados, manteniendo una
correlacion clinica solida, particularmente, en la poblacién de adultos mayores. Esta
asociaciéon demuestra que las alteraciones en el metabolismo lipidico actuan como

indicadores criticos del deterioro progresivo de la funcién renal.
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Asimismo, la integracion de biomarcadores especializados que abarcan
indicadores de salud tubular como el KIM-1, la NAG y la uromodulina permite trascender
las limitaciones de los métodos tradicionales, como la creatinina o la albumina. Esta
evaluacion permite una estratificacion del riesgo mas precisa al aportar informacion
especifica sobre la integridad del dafio tubular, facilitando la deteccidén de la progresion
de la ERC antes de alcanzar estadios terminales. En conjunto, esta evidencia respalda
la implementacion de un abordaje diagndstico integral que combine el perfil metabdlico
con nuevos indicadores biomoleculares renales para frenar eficazmente el avance de la

enfermedad.
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Conclusiones

Se determinan que la disminucidn cuantitativa y la disfuncion cualitativa de la
lipoproteina de alta densidad actuan como un marcador fisiopatolégico precoz de
dafno endotelial e inflamacion sistémica, lo que justifica plenamente su analisis
clinico preventivo para identificar el compromiso renal mucho antes de que se
manifiesten los sintomas clinicos avanzados de la patologia.

Los biomarcadores convencionales empleados en la rutina diagndstica
demostraron reflejar de manera proporcional el avance del dafo tisular
establecido en etapas tardias, pero carecen de la sensibilidad analitica necesaria
en las fases iniciales, validando asi la urgencia metodoldgica de incorporar indices
lipidicos compuestos para optimizar el cribado oportuno.

El desarrollo progresivo de la enfermedad renal cronica genera un entorno
urémico adverso que inhibe de forma directa la actividad de enzimas metabdlicas
clave como la lipoproteina lipasa, lo cual bloquea el transporte reverso de
colesterol y explica el mecanismo molecular reciproco por el que las alteraciones
lipidicas aceleran el deterioro de la funcién renal.

El estrés oxidativo cronico y los factores demograficos propios del envejecimiento
celular amplifican la susceptibilidad y la citotoxicidad renal en la poblacién mayor
de 50 afios, consolidando el motivo fundamental de esta investigacion de
establecer perfiles preventivos desde el laboratorio clinico aplicable a las

necesidades de la salud publica panamena.
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Recomendaciones

Se propone incorporar en la practica del laboratorio clinico el calculo sistematico
del indice lipidico compuesto mediante la relacion entre el colesterol No-HDL y el
HDL-C como una herramienta analitica accesible y altamente predictiva que
permita un diagndstico oportuno orientado a evitar que el paciente progrese hacia
estadios terminales irreversibles de la patologia.

Se sugiere fortalecer de manera integral el enfoque de la medicina preventiva
mediante la interpretacion conjunta de los biomarcadores renales y metabdlicos
en lugar de analizar valores aislados, contribuyendo directamente a la reduccién
del impacto de las comorbilidades cronicas y garantizando un envejecimiento
digno, saludable y de calidad para el adulto mayor.

Se recomienda impulsar el uso formal y la validacion en el laboratorio de
parametros analiticos alternativos de mayor sensibilidad analitica precoz tales
como la Cistatina C y la Albuminuria, lo cual optimizara de forma significativa los
recursos econdmicos del sistema de salud publica panameina mediante la
deteccion temprana en fases reversibles.

Se plantea desarrollar e implementar programas de capacitacién sanitaria y
educacidén comunitaria dirigidos especificamente a la poblacion mayor de 50 afos
sobre el control estricto de los factores de riesgo metabdlicos, empoderando
activamente a los ciudadanos en su autocuidado y disminuyendo de este modo la

incidencia critica de la insuficiencia renal a nivel nacional.
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