& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Evelyn Nunes Goulart Da Silva Pereira,
Oswaldo Cruz Foundation (Fiocruz), Brazil

REVIEWED BY
Francesco Di Giacomo Barbagallo,
University of Catania, Italy

Raquel Silvares,

Oswaldo Cruz Foundation (Fiocruz), Brazil

*CORRESPONDENCE
Jun Xu
junxuty@163.com

RECEIVED 25 September 2024
ACCEPTED 09 December 2024
PUBLISHED 24 December 2024

CITATION
Fan Y-Q, Wang H, Wang P-P, Shi Z-Y,

Wang Y and Xu J (2024) The
non-high-density lipoprotein cholesterol to
high-density lipoprotein cholesterol ratio as a
predictive indicator of CKD risk in NAFLD
patients: NHANES 2017-2020.

Front. Nutr. 11:1501494.

doi: 10.3389/fnut.2024.1501494

COPYRIGHT

© 2024 Fan, Wang, Wang, Shi, Wang and Xu.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Nutrition

Frontiers in Nutrition

TYPE Original Research
PUBLISHED 24 December 2024
pol 10.3389/fnut.2024.1501494

The non-high-density lipoprotein
cholesterol to high-density
lipoprotein cholesterol ratio as a
predictive indicator of CKD risk in
NAFLD patients: NHANES 2017-
2020

Yong-Qiang Fan?, Hao Wang?, Pei-Pei Wang?, Zhi-Yong Shi?,
Yan Wang! and Jun Xu'*

!Liver Transplantation Center, The First Hospital of Shanxi Medical University, Taiyuan, China,
2Department of Respiratory, The Second Hospital of Shanxi Medical University, Taiyuan, China

Background: Non-alcoholic fatty liver disease (NAFLD) and chronic kidney
disease (CKD) are both closely related to dyslipidemia. However, the relationship
between dyslipidemia in patients with NAFLD and CKD is not yet clear. The non-
high-density lipoprotein cholesterol to high-density lipoprotein cholesterol
ratio (NHHR) is an innovative and comprehensive lipid index. The purpose of this
study was to investigate the correlation between NHHR and CKD risk in NAFLD
patients with or without fibrosis.

Methods: This study used data from the National Health and Nutrition
Examination Survey (NHANES) from 2017 to 2020 for analysis, including a total
of 4,041 subjects diagnosed with NAFLD. Among the NAFLD subjects, 3,315
individuals without liver fibrosis and 726 individuals with fibrosis. Weighted
multivariate linear regression, weighted logistic regression, restricted cubic
spline (RCS) curves, and subgroup analysis were used to evaluate the correlation
between NHHR and CKD in patients with NAFLD.

Results: Our findings indicate that in NAFLD subjects without liver fibrosis, the
highest tertile of NHHR, as compared to the lowest tertile, was inversely related
to glomerular filtration rate (eGFR) (8: —2.14, 95% CI: —3.97, —=0.32, p < 0.05) and
positively related to CKD (OR: 1.67, 95% CI: 1.12, 2.49, p < 0.05). No significant
associations were observed between NHHR and eGFR, urinary albumin to
creatinine ratio (ACR) in NAFLD subjects with liver fibrosis. The RCS revealed
a linear relationship between NHHR and ACR, CKD in NAFLD subjects without
liver fibrosis, while a U-shaped relationship was observed between NHHR and
ACR, CKD in NAFLD subjects with liver fibrosis.

Conclusion: In patients with non-fibrotic NAFLD, a significantly elevated
NHHR is closely associated with an increased risk of CKD and shows a linear
relationship with CKD. In patients with fibrotic NAFLD, NHHR shows a U-shaped
relationship with CKD. LD, Our findings underscore the practical utility of NHHR
as a biomarker for early risk stratification of CKD in patients with NAFLD.
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1 Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most prevalent
chronic liver disease, affecting approximately 25% of the global adult
population, according to statistics (1, 2). The spectrum of NAFLD
encompasses nonalcoholic fatty liver, nonalcoholic steatohepatitis,
progressing to liver fibrosis, cirrhosis, and ultimately hepatocellular
carcinoma (3). NAFLD is closely linked to insulin resistance, chronic
inflammation, and metabolic disorder (4). In this context, NAFLD, as
a multisystem disease, not only impairs the normal function of the
liver but also affects the kidneys, cardiovascular system, pancreas, and
other organs (4, 5).

Chronic kidney disease (CKD) denotes abnormalities in kidney
structure or function, with its diagnosis relying on the detection of
markers for kidney damage and the duration of such damage (6).
Research indicates that patients with NAFLD have a CKD incidence
rate ranging from 20 to 55%, significantly higher than the 5 to 35%
observed in non-NAFLD patients (7). Moreover, the incidence of
CKD differs among patients with NAFLD at varying stages, the
progress of NAFLD was positively associated with incidence of CKD
(8). The aforementioned studies suggest that NAFLD is a significant
contributor to the development of CKD. However, the initial
symptoms of patients with NAFLD are often subtle, and some
patients are already in the fibrosis stage when they seek medical care.
By then, their risk of developing CKD will increase significantly.
Therefore, early and timely identification of high-risk populations
among NAFLD patients is a critical step in preventing the occurrence
of CKD in NAFLD patients.

Numerous researches have identified the intricate link between
dyslipidemia and CKD. Dyslipidemia has been identified as a potentially
driving factors of CKD (9, 10). The dyslipidemia of CKD patients
primarily consists of elevated levels of triglycerides and triglyceride-rich
lipoprotein particles, along with reduced levels of high-density
lipoprotein cholesterol (HDL-C) (9). In the cardiovascular system, HDL
can exert a protective effect through the reverse cholesterol transport (6).
However, the protective effect of HDL on CKD is still controversial. In
certain research, excessively high levels of HDL can also damage kidney
function (11-13). Additionally, a prospective cohort study found that
multiple lipids or lipoproteins, including triglycerides, high-density
lipoprotein, and low-density lipoprotein, cannot be used as independent
predictors of CKD (14). Based on the above research results, a single lipid
or lipoprotein is not suitable as a biomarker for determining the severity
and progression of CKD.

Non-HDL-C primarily comprises LDL-C, very low-density
lipoprotein (VLDL), intermediate -density lipoprotein, and the
cholesterol within lipoprotein (a) (15). The Non-HDL-C to HDL-C
ratio (NHHR) serves as a new comprehensive index that includes
multiple lipid particles related to atherosclerosis (16). Research has
shown that compared to traditional lipid markers, NHHR exhibits
higher diagnostic performance in predicting insulin resistance and
metabolic syndrome (17). However, it is still unclear whether NHHR
can be used to predict the risk of developing CKD in NAFLD patients.
Therefore, utilizing data from the National Health and Nutrition
Examination Survey (NHANES), this study aimed to uncover the
relationship between the NHHR and the risk of developing CKD in
NAFLD patients. This study hypothesized that there would be a strong
association between the NHHR and the risk of developing CKD in
NAFLD patients.
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2 Methods
2.1 Study design

This study employed clinical data collected from NHANES
database (2017-2020). Participants were interviewed in their homes,
followed by physical examinations and laboratory tests at the Mobile
Examination Center (MEC). NHANES was conducted with the
approval of the Institutional Review Board of the National Center for
Health Statistics in the United States and secured informed written
consent from all participants (18).

2.2 Participants

To evaluate the correlation between NHHR and CKD in NAFLD
subjects with or without liver fibrosis, this study included subjects
diagnosed with NAFLD and liver fibrosis. Consequently, a total of
24,814 participants were examined across four interview periods
spanning from 2017 to 2020. The following participants were excluded
from this study: (1) age < 18 years (N = 9,265); (2) missing covariate
data (N = 5,835); (3) missing ACR data (N = 18); (4) missing CAP data
(N =328); and (5) participants without steatosis (N =5,327).
Ultimately, 4,041 participants were included in this study. In the
NAFLD population, there were 3,315 individuals without liver fibrosis
and 726 individuals with fibrosis (Figure 1).

This study evaluated liver steatosis and fibrosis using controllable
attenuation parameters (CAP) and liver stiffness measurement (LSM)
determined by vibration control transient elastography.
CAP >274dB/m is defined as NAFLD (19). LSM
8kpa is defined as liver fibrosis, and below 8kpa is defined as no
fibrosis (20).

above

2.3 Exposure variables

The exposure variable is NHHR, derived from the ratio of
Non-HDL-C (mmol/L) to HDL-C (mmol/L). Non-HDL-C is
calculated as the difference between total cholesterol (TC) and HDL-c
in the blood (21). Subjects were categorized into three groups based
on the third quartiles of NHHR: Q1 group (0.28, 2.49), Q2 group
(2.49, 3.54), and Q3 group (3.54, 24.5). Outcome variables included
eGFR, ACR, and CKD. In this study, CKD was defined as meeting any
of the following criteria, as per guidelines: (1) glomerular filtration
rate (eGFR) < 60 mL/min/1.73 m2, as calculated using the Chronic
Kidney Disease Epidemiology Collaboration equation and (2)
albuminuria > 30 mg/g (22, 23).

2.4 Covariates

The covariates included in this study include age (years), sex (male
or female), eth (Mexican American, other Hispanic, Non-Hispanic
White, Non-Hispanic Black, and other races), BMI (kg/m?), smoke
(former, never or now), alcohol (heavy, moderate, mild or never), Alt
(mg/dL), Ast (mg/dL), HbAlc (%), TC (mmol/L), HDL-C (mmol/L),
Non-HDL-C (mmol/L), ACR, DM (DM, IFG or no), Hypertension
(yes or no), CKD (yes or no).
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(2017-2020)

Total participants of NHANES

N=24814
> Exclude participants :age<18 (N=9265)
A
N=15549
Missing covariates data (N=5835):
HbAlc (N =1824), Alt (N =331), Ast (N=50),
» TC(N=8), BMI(N=220), Smoke(N =4), Alcohol
(N=3238),DM(N=92),Hypertension(N=6),CKD
\ (N=62)
| N=9714 |
= Missing ACR data :
o (N=18)
A 4
| N=9696 |
Missing and incomplete CAP data:
T (N=328)
v
N=9368
Exclude participants without steatosis: CAP
<274db/m (N=5327)
v
N=4041
A 4

NAFLD without liver
fibrosis
N=3315

FIGURE 1
Flowchart of participant enrollment and exclusion in this study.

A

NAFLD with liver
fibrosis
N=726

2.5 Statistical analysis

Considering the complex sampling design of the NHANES
database, this study employed weighted approaches throughout the
data analysis to ensure the generation of representative estimates
reflective of the US national population. Continuous variables were
expressed as means and standard errors, utilizing weighted t-tests.
Categorical variables are expressed using N and weighted
percentages (%), with differences compared using weighted
chi-square tests.

Multiple linear regression and logistic regression were utilized to
analyze the association between the third quartile of NHHR and
eGFR, ACR, CKD, respectively. This study utilized unadjusted,

Frontiers in Nutrition

minimally adjusted, and fully adjusted models for evaluation. Crude
model: Single-factor linear and logistic regression models; Model 1:
Adjusted for age and sex; Model 2: Further adjusted for eth, BMI,
smoking, alcohol, TC, Alt, Ast, HbAlc, and hypertension.

RCS curve model was used to analyze the nonlinear relationship
between NHHR and eGFR, ACR, CKD. Subsequently, subgroup
analyses were performed to assess the stability of the association
between NHHR and CKD across various stratifications, with the
results visualized as forest plots. Subgroups were stratified by sex, eth,
BMI, smoking, alcohol, DM, and hypertension. If the P for interaction
across different stratifications is >0.05, it suggests the results are
reliable across different subgroups; otherwise, it may indicate the
presence of special populations (24, 25).
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3 Results and 43.01% being female. The majority of the subjects were
Non-Hispanic White (62.84%). Compared to participants in the lowest
3.1 Basic characteristics of participants tertile of NHHR, those in the higher tertile were typically younger,

predominantly male, former or current smokers, heavy drinkers, with
Table 1 presents the demographic characteristics of 4,041 NAFLD  lower levels of HDL-C, higher levels of BMI, TC, Non-HDL-C, HbAlc,
participants, with an average age of 49.26 years, 56.99% being male, ~ ALT, AST, ACR, and an increased prevalence of CKD (p < 0.05).

TABLE 1 Clinical characteristics based on the third quartile of NHHR.

Variable
Age 49.26 (0.62) 52.47 (1.03) 49.18 (0.78) 46.30 (0.63) <0.0001
Sex <0.0001
Female 1798 (43.01) 743 (54.74) 636 (46.05) 419 (28.90)
Male 2,243 (56.99) 605 (45.26) 709 (53.95) 929 (71.10)
Eth 0.003
Mexican American 737 (12.58) 209 (10.51) 252 (12.55) 276 (14.56)
Non-Hispanic Black 786 (8.31) 350 (11.26) 250 (7.72) 186 (6.11)
Non-Hispanic White 1,446 (62.84) 480 (64.31) 495 (63.47) 471 (60.81)
Other Hispanic 410 (6.67) 119 (5.87) 135 (6.39) 156 (7.71)
Other Race 662 (9.60) 190 (8.05) 213 (9.87) 259 (10.81)
BMI (kg/m?) 33.65 (0.24) 32.46 (0.35) 33.87(0.32) 34.56 (0.26) <0.0001
Smoke <0.001
Former 1,014 (27.38) 363 (28.48) 321 (22.49) 330 (31.18)
Never 2,360 (57.69) 822 (60.64) 792 (61.44) 746 (51.18)
Now 667 (14.93) 163 (10.88) 232 (16.07) 272 (17.64)
Alcohol <0.001
Heavy 955 (25.34) 298 (23.08) 291 (24.18) 366 (28.65)
Moderate 747 (19.29) 300 (21.71) 239 (20.04) 208 (16.25)
Mild 1854 (46.46) 615 (49.33) 613 (43.28) 626 (46.89)
Never 485 (8.91) 135 (5.88) 202 (12.50) 148 (8.22)
TC (mmol/L) 4.98 (0.04) 4.38 (0.05) 4.91 (0.04) 5.62 (0.05) <0.0001
HDL-C (mmol/L) 1.26 (0.01) 1.55 (0.02) 1.23 (0.01) 1.01 (0.01) <0.0001
Non-HDL-C (mmol/L) 3.73(0.04) 2.83(0.04) 3.68 (0.03) 4.61 (0.04) <0.0001
HbAlc (%) 5.90 (0.03) 5.85(0.03) 5.82(0.05) 6.02 (0.04) 0.003
Alt (mg/dL) 28.21 (0.46) 25.30 (0.63) 25.76 (0.50) 33.40 (0.95) <0.0001
Ast (mg/dL) 23.54 (0.34) 23.45 (0.58) 21.89 (0.33) 25.24 (0.63) <0.0001
ACR 33.27 (3.60) 23.15(3.17) 20.12 (2.02) 55.85 (10.54) 0.003
eGFR 94.68 (0.78) 92.62 (1.49) 95.10 (0.98) 96.21 (0.83) 0.06
Hypertension 0.15
No 2047 (52.95) 664 (55.82) 674 (52.23) 709 (50.95)
Yes 1994 (47.05) 684 (44.18) 671 (47.77) 639 (49.05)
DM 0.15
DM 1,118 (23.72) 400 (24.77) 344 (22.01) 374 (24.43)
IFG 404 (10.96) 136 (11.60) 135 (8.99) 133 (12.31)
No 2,519 (65.31) 812 (63.63) 866 (69.00) 841 (63.26)
CKD 0.04
No 3,301 (84.07) 1,102 (86.84) 1,100 (84.38) 1,099 (81.14)
Yes 740 (15.93) 246 (13.16) 245 (15.62) 249 (18.86)

All the variables are presented as the mean (SE) or n (%). BMI, body mass index; HbA ¢, glycated haemoglobin; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; Alt, alanine
aminotransferase; Ast, aspartate aminotransferase; eGFR, estimated glomerular filtration rate; ACR, urinary albumin to creatinine ratio.
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3.2 Association between NHHR and CKD in
NAFLD without liver fibrosis

We observed that NHHR was significantly associated with eGFR
and CKD risk in individuals with NAFLD without fibrosis (Table 2).
When NHHR is considered as a continuous variable, it shows
significant correlation with both eGFR and CKD. In the unadjusted
model (Crudel Model), NHHR was positively correlated with eGFR
(f=0.95, 95%CI: 0.10, 1.80, p <0.05). In Model 1, NHHR was
negatively correlated with eGFR (f = —0.56, 95%CI: —0.96, —0.16,
p <0.05). It is noteworthy that a significant negative correlation still
exists in the fully adjusted model (Model 2) (# = —0.93, 95%CI: —1.26,
—0.60, p < 0.0001). In addition, NHHR was positively correlated with
increased risk of CKD, and this positive correlation was statistically
significant in both Model 1 (f = 1.16, 95%CI: 1.04, 1.30) and Model 2
(f =1.11, 95%CI: 1.01, 1.22). However, in the fully adjusted model,
we did not observe a significant correlation between NHHR and ACR
(p > 0.05). Similar results were also shown when NHHR was analyzed
as a categorical variable (tertile). Compared with the lowest tertile of
NHHR, a negative correlation was still observed between the highest
tertile of NHHR and eGFR (f = —2.14, 95%CI: —3.97, —0.32, p < 0.05).
In the adjusted multivariate model, NHHR was positively correlated
with CKD (Model 1: 1.16, 95% CI: 1.04, 1.30, p < 0.05; Model 2: OR:
1.11,95% CI: 1.01, 1.22, p < 0.05).

TABLE 2 The correlation between NHHR and CKD in NAFLD without fibrosis.

Crude model

OR/p (95%Cl)

OR/p (95%Cl)

10.3389/fnut.2024.1501494

3.3 The correlation between NHHR and
CKD NAFLD with liver fibrosis

As shown in Table 3, when NHHR was considered as a
continuous variable, NHHR was significantly positively correlated
with CKD risk in both the unadjusted model and Model 1 [Crude
Model: (95CI%) 1.18 (1.02, 1.38); Model 1: S(95CI%) 1.24 (1.08,
1.41), p <0.05]. However, in the fully adjusted model, this
significance disappeared (p > 0.05). We did not find a significant
relationship between NHHR and eGFR, ACR. When NHHR is
treated as a categorical variable, the results are consistent with
those previously observed.

3.4 Nonlinear relationships

The RCS curve model was used to further explore the possible
nonlinear relationship between NHHR and eGFR, ACR, and CKD
(Figure 2). After adjusting all confounding variables in Model 2, the
results showed that there was a linear relationship between NHHR
and ACR, CKD in NAFLD without liver fibrosis (P overall >0.05, P
nonlinear >0.05). A U-shaped nonlinear relationship between NHHR
and ACR, CKD was observed in NAFLD with liver fibrosis (thresholds
were 3.20 and 3.45, respectively).

Model 1 Model 2

OR/p (95%Cl)

eGFR
NHHR (continuous) 0.95 (0.10, 1.80) 0.03 —0.56 (—0.96, —0.16) 0.01 —0.93 (—1.26, —0.60) <0.0001
NHHR (quartile)

Q1 Ref Ref Ref

Q2 2.83 (=0.70, 6.36) 0.11 ~0.06 (—2.22, 2.10) 0.96 0.04 (—1.97, 2.06) 0.96

Q3 4.34(1.07,7.61) 0.01 —1.11 (-2.95,0.73) 0.23 —2.14 (-3.97, —0.32) 0.02
P for trend 0.01 0.23 0.02
ACR
NHHR (continuous) 7.37 (0.00, 14.74) 0.05 8.18 (1.01, 15.34) 0.03 4.48 (—0.79, 9.75) 0.09
NHHR (quartile)

Q1 Ref Ref Ref

Q2 —2.86 (—11.71, 5.99) 0.52 —1.29 (-9.83,7.26) 0.76 —2.53(—11.88,6.82) 0.58

Q3 29.84 (—0.33,60.01) 0.05 33.38 (4.41, 62.35) 0.03 24.36 (2.35,51.07) 0.07
P for trend 0.05 0.02 0.07
CKD
NHHR (continuous) 1.07 (0.97, 1.18) 0.18 1.16 (1.04, 1.30) 0.01 1.11 (1.01, 1.22) 0.03
NHHR (quartile)

Q1 Ref Ref Ref

Q2 1.22(0.81, 1.82) 0.34 1.46 (0.94, 2.25) 0.09 1.33 (0.78, 2.28) 0.28

Q3 1.42 (0.98, 2.05) 0.06 2.06 (1.40, 3.04) <0.001 1.67 (1.12,2.49) 0.02
P for trend 0.06 <0.001 0.01

Data are expressed as # or OR and 95% confidence interval (CI). Crude model: unadjusted model; Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, eth, BMI, smoking, alcohol,
Alt, Ast, HbA1c, hypertension, and DM.
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TABLE 3 Correlation between NHHR and CKD in NAFLD with fibrosis.

10.3389/fnut.2024.1501494

Crude model Model 1 Model 2
95%Cl 95%Cl 95%Cl

eGFR
NHHR (continuous) 0.95 (—0.32,2.22) 0.14 0.51 (—0.20, 1.23) 0.15 0.57 (—0.04, 1.18) 0.07
NHHR (quartile)

Q1 Ref Ref Ref

Q2 —2.06 (=7.55, 3.42) 0.45 —3.24 (-8.06, 1.59) 0.18 —1.57 (—5.88, 2.75) 0.46

Q3 1.94 (—4.26, 8.14) 0.53 —1.09 (—4.95,2.77) 0.57 0.72 (—2.92, 4.36) 0.68
p for trend 0.44 0.72 0.59
ACR
NHHR (continuous) 47.2 (—-4.91,99.32) 0.07 49.38 (—3.72,102.49) 0.07 48.51 (—4.82,101.84) 0.07
NHHR (quartile)

Q1 Ref Ref Ref

Q2 —10.35 (—32.67, 11.98) 0.35 —10.74 (—32.98, 11.50) 0.33 21.32(—53.92,11.28) 0.19

Q3 38.37 (—22.94, 99.68) 0.21 39.44 (—22.02, 100.90) 0.20 34.29 (—29.56, 98.15) 0.28
P for trend 0.18 0.18 0.24
CKD
NHHR (continuous) 1.18 (1.02, 1.38) 0.03 1.24 (1.08, 1.41) 0.003 1.14 (0.98, 1.31) 0.09
NHHR (quartile)

Q1 Ref Ref Ref

Q2 0.96 (0.47, 1.98) 0.91 1.04 (0.45, 2.39) 0.92 0.85 (0.40, 1.78) 0.65

Q3 1.30 (0.71, 2.39) 0.39 1.56 (0.83,2.92) 0.16 1.05 (0.53, 2.12) 0.88
P for trend 0.37 0.14 0.81

Data are expressed as ff or OR and 95% confidence interval (CI). Crude model: unadjusted model; Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, eth, BMI, smoking, alcohol,

Alt, Ast, HbAlc, hypertension, and DM.

3.5 Subgroup analysis

To further assess the impact of NHHR on outcome measures,
we analyzed NHHR as a continuous variable in subgroups defined by
sex, eth, BMI, smoke, alcohol, DM, and hypertension (Figure 3). The
results showed that in NAFLD individuals without fibrosis, a positive
correlation between NHHR and CKD was observed in female, BMI
<25, previous smokers, moderate alcohol, DM, and IFG patients (P
for interaction <0.05), while there was no significant interaction in the
subgroups of eth and hypertension. In addition, in NAFLD individuals
with fibrosis, NHHR was significantly associated with CKD in those
who were mildly or never alcohol, non-DM, and IFG (P for interaction
<0.05), while no significant interaction was observed in any
other subgroups.

4 Discussion

Our study from this large cross-sectional study reveals the
association between NHHR and the risk of developing CKD in
patients with NAFLD. Our study indicates a U-shaped relationship
between NHHR and CKD in NAFLD patients with liver fibrosis as
well as a linear relationship with CKD in NAFLD patients without
liver fibrosis. Our findings underscore the practical utility of NHHR

Frontiers in Nutrition

as a biomarker for early risk stratification of CKD in patients
with NAFLD.

Due to the global prevalence of obesity, type 2 diabetes, and
hypertension, the incidence rate of NAFLD and CKD has rapidly
increased in recent decades. Four similarities imply a substantial link
between NAFLD and CKD: both are common in chronic disease
populations, both are closely related to metabolic disorders, both are
linked with an increased risk of cardiovascular events, and there are
gender differences in incidence rates (4, 26, 27). Although, the overlap in
pathogenesis and risk factors between NAFLD and CKD makes it difficult
to distinguish the causal relationship between the two diseases. However,
many studies still clearly indicate that the presence of NAFLD increases
the likelihood of CKD, and the increase in the incidence rate of CKD is
directly proportional to the severity of NAFLD (8, 28-30). Therefore,
NAFLD is an independent risk factor for the development of CKD.

Patients with NAFLD frequently exhibit dysregulated lipid
metabolism, with their lipid profiles typically displaying elevated
levels of non-HDL cholesterol and reduced levels of HDL
cholesterol. Insulin resistance reduces the sensitivity of organs like
the liver and adipose tissue to insulin, resulting in heightened
fatty acid synthesis within the liver (31, 32). To maintain the lipid
metabolism homeostasis, the liver increases the synthesis and
secretion of VLDL triglyceride (VLDL-TG) (33-35). After
VLDL-TG enters the blood circulation, the triglyceride in VLDL
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P for ovarall < 0.05
P for nonlinear =0.512

P for ovarall < 0.001 ) P for ovarall = 0.364
P for nonlinear = 0.198 ;P for nonlinear =0.824

: B
NHHR hR i NHER 7 & e i
» . P for ovarall = 0.077 X N
! P for nonlinear =0.119 P for ovarall < 0.001 P for ovarall <0.01
! P for nonlinear < 0.001 i P for nonlinear < 0.01
X i g
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FIGURE 2

RCS curve model. After adjusting for confounding variables, RCS was used to analyze the nonlinear relationship between NHHR and eGFR, ACR, and
CKD.

NAFLD without fibrosis NAFLD with fibrosis
Character OR(95% CI) P P for interaction OR(95% CI) P P for interaction
Sex 0.01 0.8
Female 1.29(1.06,1.56) ——t 0.01 1.22(0.92,1.61) re— 0.16
Male 1.00(0.91,1.11) Ll 0.96 1.17(0.97,1.41) ro—t 0.09
Eth 0.19 0.73
Non-Hispanic Black  1.15(0.92,1.43) H— 0.22 1.21(0.82,1.79) H— 0.32
Mexican American 1.11(0.90,1.37) e 0.33 0.89(0.56,1.42) —— 0.6
Non-Hispanic White  1.15(0.97,1.35) o 0.11 1.19(0.96,1.46) e 0.1
Other Hispanic 0.99(0.91,1.09) w 0.85 1.22(0.86,1.71) H— 0.24
Other Race 0.85(0.67,1.09) - 0.21 1.08(0.56,2.08) -—}—~ 0.79
BMI 0.02 0.05
25-30 0.93(0.78,1.11) e 0.44 1.25(1.08,1.46) sl 0.004
<25 1.37(1.03,1.81) p—— 0.03 0.80(0.50,1.30) — 0.35
>=30 1.12(0.98,1.28) re- 0.09 0.85(0.22,3.30) —_—r— 0.69
Smoke <0.001 0.16
former 1.32(1.11,1.58) —— 0.003 1.25(0.95,1.65) — 0.11
never 0.94(0.81,1.08) o 0.36 0.83(0.59,1.16) e 0.26
now 1.11(0.95,1.30) e 0.18 1.23(1.01,1.50) e 0.04
Alcohol 0.02 0.004
mild 1.02(0.89,1.18) Ll 0.76 1.33(1.08,1.62) ot 0.01
moderate 1.54(1.17,2.02) —— 0.003 1.26(0.76,2.10) — 0.34
heavy 1.12(0.98,1.28) e 0.09 1.26(0.92,1.74) - 0.15
never 0.88(0.67,1.14) —— 0.32 0.49(0.32,0.76) —— 0.002
DM <0.001 0.002
DM 1.26(1.06,1.49) —— 0.01 1.04(0.83,1.31) b 0.71
no 1.06(0.96,1.17) - 0.26 1.22(1.06,1.41) }‘* 0.01
IFG 0.54(0.35,0.84) —_— 0.01 0.24(0.09,0.63) -— 0.01
Hypertension 0.79 0.57
yes 1.07(0.93,1.24) " 0.32 1.12(0.91,1.39) r— 0.27
no 1.10(0.98,1.23) el 0.11 1.21(1.01,1.46) =3 0.04
0 1 2 3 0 1 2 3 4
FIGURE 3

Subgroup analysis.
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are hydrolyzed under the action of lipoprotein lipase (36). At the
same time, VLDL receives cholesterol esters (CE) from HDL. As
the exchange continues, the TG content in VLDL decreases, while
the CE content increases. VLDL eventually becomes IDL and LDL,
which have higher density and smaller diameter (37). Additionally,
multiple studies found that HDL lever in NAFLD patients are
often lower than normal (38, 39). The exchange of triglycerides
and cholesterol esters between HDL and non-HDL is regulated by
cholesteryl ester transfer protein (CETP). In patients with NAFLD,
the increased activity of CETP promotes the production and
degradation of TG-rich HDL, resulting in a decrease in HDL-C
levels (37, 40). The increase in Non-HDL-C levels, along with the
decrease in HDL-C levels, jointly contribute to the elevation of
NHHR indicators in patients with NAFLD. The increase of NHHR
can be used as a characteristic marker of dyslipidemia and insulin
resistance in patients with NAFLD.

In terms of the risk of CKD, multiple studies have indicated that
the presence of insulin resistance greatly increases the risk of CKD in
patients with NAFLD (5, 41, 42). As mentioned above, an increase in
NHHR can be considered a sign of insulin resistance (17, 43).
Therefore, insulin resistance may be one of the key mechanisms
explaining NHHR as an assessment of the risk of developing CKD in
NAFLD patients. In addition, HDL is well-known for its antioxidant,
anti-inflammatory, and maintaining endothelial function properties.
The deficiency of HDL promotes the infiltration of inflammatory cells
and the dysfunction of endothelial cells, which contributes to the
progression of kidney diseases (44). Meanwhile, In patients with
non-alcoholic fatty liver disease (NAFLD), the imbalance between
clearance of VLDL-TG leads to
hypertriglyceridemia, which in turn leads to an increase in the
number of small dense LDL (sd-LDL) particles (45, 46). The sd-LDL
particles are easily oxidized by free radicals, and the oxidized low

increased secretion and

density lipoprotein (ox-LDL) has strong lipotoxicity (47). Ox-LDL can
induce the onset of CKD by enhancing the activity of the fibrotic
signaling pathway, fostering the infiltration of inflammatory cells, and
encouraging epithelial-mesenchymal transition in renal tubular
epithelial cells (48-51). Increased Non-HDL-C levels and decreased
HDL-C levels are two important risk factors for CKD. In summary,
the dysregulation of lipid metabolism caused by NAFLD is involved
in the development of CKD. Compared with other markers, NHHR,
as a comprehensive lipid metabolism marker, integrates key lipid
information related to dyslipidemia and can better reflect the overall
lipid status of patients. Our research results further found that NHHR
can be used to predict the risk of developing CKD in patients
with NAFLD.

Within this research, the stratification groups of the subjects
were divided into three tertiles based on the NHHR. Our study
reveals that in NAFLD patients without liver fibrosis, eGFR is
negatively correlated with NHHR and the risk of developing CKD
is higher in the group with the highest NHHR compared to the
group with the lowest. The RCS curve model results indicate that
the risk of developing CKD in NAFLD patients with without liver
fibrosis escalates with NHHR values rise. However, for NAFLD
patients with liver fibrosis, the impact of NHHR on the risk of
developing CKD has changed. In the NAFLD with liver fibrosis
group, although the correlation analysis results were negative, new
findings were discovered in the RCS curve model results. The RCS
curve model results showed a U-shaped relationship between
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NHHR and CKD in NAFLD patients with liver fibrosis. These
findings indicate that although an elevated NHHR is a risk factor
for CKD in NAFLD patients, an excessively low NHHR is not
beneficial. For patients with NAFLD, maintaining NHHR within an
appropriate range can significantly reduce the risk of developing
CKD. It also indicates that there are population-based differences
in NHHR among patients with NAFLD, and NHHR has different
impacts on different groups of patients with NAFLD.

In NAFLD patients without liver fibrosis, subgroup analysis
results show that NHHR is more significantly associated with a
higher risk of CKD in female patients, a phenomenon that may
be closely related to endocrine factors. Multiple studies have
pointed out that normal estrogen secretion before menopause is a
key mechanism for women to resist the development of
NAFLD. One of the core mechanisms of NAFLD is the excessive
accumulation of lipids in the liver and the death of liver cells
caused by excessive fat accumulation. The presence of estrogen
helps to increase tissue sensitivity to insulin and further promotes
the oxidation of free fatty acids in the liver, the secretion of VLDL,
and the deposition of fat in subcutaneous tissue, inhibiting the
deposition of lipids in the liver and achieving the purpose of
preventing the occurrence of NAFLD (27, 52). At the same time,
studies have shown that estrogen can slow down the progression
of kidney disease by dilating renal blood vessels and inhibiting
renal interstitial fibrosis (53-55). The average age of the
population included in this study is 49 years old, and some female
patients may have entered menopause. The sharp decline in
estrogen levels during menopause can lead to the loss of estrogen’s
protective effects on the liver and kidneys. In addition, a
considerable number of NAFLD patients also suffer from diabetes.
In women, the occurrence of diabetes is often related to the
increase in male hormone levels and the decrease in estrogen
levels (56-58). Studies have shown that testosterone can cause
kidney function damage by activating the C-jun or fibrotic
signaling pathways (59, 60). Therefore, diabetes may be another
reason for the higher risk of CKD in female patients. Thirdly, in
terms of sex hormone disorders, we cannot ignore the impact of
polycystic ovary syndrome on female patients’ hormone levels.
One of the specific manifestations of polycystic ovary syndrome
is excessive secretion of androgens (61). Studies have shown that
polycystic ovary syndrome is associated with the occurrence of
CKD, and common comorbidities of polycystic ovary syndrome
include diabetes, obesity, and other metabolic-related diseases
(62). Therefore, age, diabetes, and sex hormone disorders caused
by polycystic ovary syndrome may be the reasons for the
correlation between NHHR and a higher risk of CKD in female
NAFLD without fibrosis patients.

Additionally, in the subgroup analysis of NAFLD with fibrosis, it
was found that NHHR is more significantly associated with a higher
risk of CKD in non-diabetic patients. However, in the subgroup
analysis of NAFLD without fibrosis, NHHR is more significantly
associated with a higher risk of CKD in diabetic patients. The etiology
of CKD is multifactorial, involving both unchangeable factors such as
age and genetic susceptibility, as well as modifiable factors such as
diabetes, hypertension, and obesity. The overlap of risk factors
between CKD and NAFLD has been mentioned above. Furthermore,
Chang et al. found that in non-hypertensive and non-diabetic NAFLD
patients, NAFLD remains an independent risk factor for increased
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CKD risk (28). Ryu et al. discovered that the biomarkers gamma-
glutamyltransferase, which can be used for the diagnosis of NAFLD,
can also serve as independent predictors for assessing the risk of CKD
in non-hypertensive and non-diabetic patients (63-65). From the
above studies, it can be seen that the impact of NAFLD on CKD is
independent of metabolic disorders such as diabetes. However, the
mediating role of metabolic factors such as insulin resistance and lipid
metabolism disorders in the promotion of CKD by NAFLD cannot
be overlooked (66, 67). Therefore, both glucose metabolism disorders
and NAFLD are involved in the occurrence of CKD, which is a
reasonable explanation for the different impacts of diabetes on
different NAFLD patient groups. Moreover, the effects of glucose
metabolism disorders and NAFLD on CKD are both interconnected
and independent.

Our study possesses several limitations. Firstly, this study is a
cross-sectional analysis, focusing on an adult population in the
United States, which may have population-specific constraints,
especially in countries with different epidemiological characteristics
of dyslipidemia, NAFLD, and CKD. Secondly, the assessment of
liver fibrosis in this study was not based on precise liver biopsies.
Thirdly, although the association between NHHR and CKD has
been clearly emphasized in this study, it is not possible to determine
whether an increase in NHHR directly leads to deterioration of
renal function. Longitudinal studies are needed to confirm this
causal relationship and further elucidate the biological mechanisms
underlying the observed association. Additionally, missing self-
reported data or variables in NHANES, which may introduce
potential biases. Lastly, this study did not categorize CKD stages,
thus it cannot provide a detailed understanding of the impact of
NHHR on different stages of CKD in NAFLD patients. Future
research is needed to further explore the relationship between
NHHR and different stages of CKD.

5 Conclusion

In conclusion, our study found a U-shaped relationship between
NHHR and CKD in NAFLD patients with liver fibrosis as well as a
linear relationship with CKD in NAFLD patients without liver fibrosis.
Our findings underscore the practical utility of NHHR as a biomarker
for early risk stratification of CKD in patients with NAFLD. Monitoring
NHHR may assist in assessing the risk of CKD in patients
with NAFLD.
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