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population

Yuheng Liao%??, Qijun Wan*?**, Haofei Hu'** and
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Guangdong, China, 2School of Medicine, Shenzhen University, Shenzhen, Guangdong, China,
SDepartment of Nephrology, Shenzhen Second People’s Hospital, Shenzhen, Guangdong, China

Objective: The association between lipid metabolism markers, particularly the
TG/HDL-c ratio, and kidney dysfunction has not been thoroughly investigated
in Chinese wellness examination cohorts. This study examines the correlation
between these parameters and evaluates the role of TG/HDL-c asan independent
predictor of CKD.

Methods: Our multicenter investigation encompassed data from 33,850
consecutive participants across eight major Chinese metropolitan areas
(Shanghai, Guangzhou, Wuhan, Dalian, Zhengzhou, Lanzhou, Luzhou, and
Guangxi). To evaluate the relationship between TG/HDL-c ratio and CKD,
we employed multiple statistical approaches. The primary analysis utilized
binary logistic regression to assess the independent association between
these variables. We further characterized the relationship pattern through
generalized additive modeling (GAM) with smooth curve fitting, implementing
the penalty spline method. The reliability of our findings was validated through
comprehensive sensitivity analyses, complemented by stratified subgroup
evaluations.

Results: The average age of the study participants was (57.65 + 9.28) years,
with females accounting for 67.15%. The prevalence of CKD was 15.9%, and the
median TG/HDL-C ratio was 1.06 (0.69-1.65). After adjusting for covariates, the
results indicated a positive correlation between the TG/HDL-C ratio and CKD
(OR =1.17, 95% CI: 1.13, 1.21). There was also a nonlinear relationship between
the TG/HDL-C ratio and CKD, with an inflection point at 1.086. The effect sizes
on either side of the inflection point were 1.800 (1.542, 2.100) and 1.049 (1.049,
1.411), respectively. Sensitivity analysis confirmed the robustness of the study
findings.

Conclusion: This study demonstrates a positive and non-linear relationship
between TG/HDL-c ratio and CKD in the Chinese health check-up population.
TG/HDL-c ratio is strongly related to CKD when TG/HDL-c ratio is more than
1.086. It makes sense to reduce the TG/HDL-c ratio level below the inflection
point from a treatment perspective.
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1 Background

Chronic kidney disease (CKD) has emerged as a significant public
health challenge, affecting 13.4% (11.7-15.1%) of the global
population. Current epidemiological data indicate that between 49.02
and 70.83 million individuals are at risk of progressing to End-Stage
Renal Disease (ESRD) (1). Currently, China has the highest number
of CKD patients in the world, approximately 119.5 million (2). Despite
access to dialysis interventions, CKD patients continue to experience
substantial health challenges, including elevated cardiovascular
disease (CVD) risk, compromised life quality, and significant mortality
rates approximating 50% (3). Therefore, early screening and
management of risk factors associated with CKD are crucial for
disease prevention.

Extensive research has established the pivotal influence of lipid
profiles on CKD initiation and progression (4, 5), with dyslipidemia
manifesting in approximately 82% of affected individuals (6). Among
various lipid parameters, the triglyceride to high-density lipoprotein
cholesterol (TG/HDL-c) ratio has emerged as a significant metabolic
marker. Clinical evidence supports its predictive utility for multiple
outcomes, including diabetes (HR: 1.85, 95% CI: 1.46-2.35) (7),
chronic kidney disease (OR: 1.54, 95% CI: 1.21-1.96) (8), adverse
renal events (9), and cardiovascular events (5, 10, 11).

However, given the multifaceted relationship between lipid
metabolism and renal function, individual lipid parameters may
insufficiently characterize the metabolic dysregulation in CKD (6).
Recent investigations have established that elevated TG/HDL-c ratios
correlate significantly with insulin resistance (12), an established
driver of CKD progression (13). Moreover, this integrated marker has
shown superior diagnostic efficacy compared to traditional lipid
indices in identifying early-stage renal impairment (8).

Research examining the relationship between TG/HDL-c and
CKD has yielded heterogeneous results. In a notable investigation,
Ji-Young Kim and colleagues (14) identified TG/HDL-c as the sole
lipid-related ratio significantly associated with CKD stage >3
prevalence, demonstrating gender-specific associations (men: OR
1.82,95% CI 1.09-3.03; women: OR 2.34, 95% CI 1.44-3.79; p < 0.05).
Similarly, a prospective cohort analysis of 7,316 middle-aged and
elderly Chinese participants (5) revealed an independent association
between elevated TG/HDL-C ratio and declining renal function.
Following multivariate adjustments, subjects in the highest TG/
HDL-C tertile exhibited significantly elevated risk for reduced renal
function compared to those in the lowest tertile (OR: 1.30; 95% CI:
1.03-1.65; p = 0.03). Conversely, contradictory evidence exists. A
large-scale randomized controlled trial in 2006 demonstrated that
while statin therapy effectively reduced LDL-c levels, it showed no
significant impact on CKD progression (15). Further research (16)
suggested that dyslipidemia may not constitute an independent risk
factor for long-term outcomes in patients with CKD stages 3-4.
Moreover, the generalizability of existing evidence remains limited, as
previous investigations predominantly focused on specific
populations, including middle-aged and older adults, individuals with
cardiovascular conditions, hypertension, or diabetes (17-19).
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Furthermore, current evidence presents conflicting patterns in the
TG/HDL-c ratio and CKD relationship, with investigations
documenting both linear associations (5, 20) and more intricate
non-linear correlations (21). This highlights the need for further
investigation to better understand the association between TG/HDL-c
ratio and CKD. Additionally, previous studies predominantly defined
CKD solely based on eGFR <60 mL/min/1.73 m? without considering
urinary albumin-to-creatinine ratio (UACR). This single-criterion
approach might have underestimated the true prevalence of CKD (17,
22, 23). In the present study, we adopted a more comprehensive
definition of CKD according to the latest KDIGO guidelines (24),
incorporating both eGFR <60 mL/min/1.73 m? and UACR >30 mg/g
criteria. This dual-criterion approach provides a more accurate
assessment of kidney dysfunction, as it captures both structural and
functional abnormalities of the kidney.

To address current research limitations, this investigation
evaluates the relationship between TG/HDL-c ratio and CKD utilizing
data from a comprehensive multi-center health examination cohort
representative of the Chinese population. Our hypothesis posits a
significant association between these parameters, potentially
characterized by non-linear patterns not previously elucidated.
Through examination of this demographically diverse cohort, this
study aims to enhance the clinical utility of TG/HDL-c ratio as a CKD
risk marker and facilitate the development of refined risk
assessment strategies.

2 Methods
2.1 Study design

The study employed a cross-sectional design to evaluate the
association between TG/HDL-c ratio (designated as the primary
predictor) and CKD status (outcome variable, categorized
dichotomously: CKD = 1, non-CKD = 0).

2.2 Data source
We downloaded the raw data freely from,' provided by Ye et al.
(25). Under the terms of the Creative Commons Attribution License,

which allows unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited (25).

2.3 Study population

To reduce selection bias, the REACTION study enrolled 33,850
consecutive participants across eight Chinese metropolitan centers

1 https://journals.plos.org/plosone
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(Dalian, Guangzhou, Zhengzhou, Lanzhou, Luzhou, Wuhan, Guangxi,
and Shanghai). Standardized questionnaires were administered to
collect comprehensive baseline data, including medical history,
physical activity patterns, and lifestyle behaviors (smoking and alcohol
consumption). The study protocol received approval from the Human
Research Committee of Ruijin Hospital, Shanghai Jiao Tong University
School of Medicine. All participants provided written informed
consent before study initiation (25).

The initial study (25) employed the following criteria for
exclusion:(1) Individuals with primary kidney disease; (2) Participants
on daily ACEI or ARB medications; (3) Those with a fallacious self-
reported sleep duration (<4 h or >12 h). Ultimately, the initial research
involved 33,850 individuals in the analysis.

In this current study, following the original research, we removed
individuals with TG/HDL-c values beyond three standard deviations
from the mean (n = 549) (21). 33,301 people in total participated in
the present study at the end. Figure 1 shows illustrate the process of
selecting participants.

The flow chart illustrates the selection process of study participants
from the REACTION study. Initially, 33,850 participants were
recruited. After excluding participants with TyG-BMI values beyond
three standard deviations from the mean (n = 549), 33,301 participants
were included in the final analysis.

2.4 Variables

2.4.1 Data collection and measurements

Demographic characteristics, medical history, and lifestyle
parameters (physical activity, smoking status, and alcohol
consumption) were assessed using a standardized questionnaire.
Smoking and alcohol consumption were stratified into three
categories: regular, occasional, or never users. Missing data were
identified for lifestyle variables, including smoking (1 = 275), alcohol
consumption (n = 262), and physical activity (n = 127). To optimize
statistical power and mitigate potential selection bias, participants
with missing data were retained and classified as “Not recorded”
rather than excluded from analyses (26).

Baseline assessments were conducted by trained healthcare
professionals following standardized protocols. Anthropometric
measurements comprised height (stadiometer; precision: 0.1 cm),
weight (calibrated electronic scales; precision: 0.1 kg), and waist
circumference (measured at the horizontal plane between the anterior
superior iliac spine and inferior costal margin). Blood pressure
measurements were obtained in triplicate at 1-min intervals following
a 5-min seated rest period, with the arithmetic mean utilized for
analyses. Mean arterial pressure (MAP) was calculated from the
triplicate measurements. Obesity was defined according to established
criteria (BMI > 28 kg/m2) (27). Hypertension was classified based on
systolic blood pressure >130 mmHg, diastolic blood pressure
>80 mmHg, or documented hypertension history.

Following an 8-h overnight fast, morning blood samples were
collected at baseline and 120 min post-challenge. Biochemical
parameters assessed included triglycerides (TG), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-c), low-density
lipoprotein cholesterol (LDL-c), serum creatinine (Scr), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and
y-Glutamyl transpeptidase (GGT). Diabetes mellitus (DM) was
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defined according to established criteria (28): fasting plasma
glucose (FPG) >7.0 mmol/L, 2-h postprandial blood glucose
(PBG) > 11.1 mmol/L, or documented diabetes history.

2.4.2 Calculation and assessment of TG/HDL-c
ratio

At baseline, we collected and recorded the TG/HDL-c ratio as a
continuous variable. The calculation method for the TG/HDL-c ratio
was performed according to established protocols (14), where serum
triglyceride concentration (measured in mmol/L) was divided by
high-density lipoprotein cholesterol level (measured in mmol/L).

2.4.3 Definition of chronic kidney disease

CKD was defined according to established diagnostic criteria as
either the presence of albuminuria (urinary albumin-to-creatinine
ratio [UACR] > 30 mg/g) or reduced estimated glomerular filtration
rate (eGFR <60 mL/min/1.73 m?) (29). For UACR assessment,
morning urine samples were collected. The estimation of glomerular
filtration rate was performed using the Modification of Diet in Renal
Disease (MDRD) equation30: eGFR (ml/min*1.73 m?) = 186*Scr
(mg/dl) > Age (years) ****(female*0.742) (30).

2.5 Assessment of covariates

Variable selection in this study was based on preliminary
investigation, clinical expertise, and previous research examining
CKD risk factors (21, 31, 32). The analyzed covariates were categorized
into two groups: (1) Continuous variables: age, WC, LDL-c, TC, AST,
ALT, GGT, HDL-c. (2) Categorical variables: demographic factors
(gender), lifestyle characteristics (smoking and drinking habits),
chronic disease history (including hypertension, diabetes mellitus,
and malignancy).

2.6 Statistical analysis

Study participants were stratified into quartiles according to their
TG/HDL-c ratio values. In descriptive statistical analyses, continuous
variables with normal distribution were presented as mean + standard
deviation, while those with skewed distributions were expressed as
median (range). For categorical variables, frequencies and percentages
were reported. Statistical comparisons across TG/HDL-c ratio
quartiles were conducted using One-Way ANOVA for normally
distributed variables, Kruskal-Wallis H tests for variables with skewed
distributions, and 2 tests for categorical variables.

The assessment of potential covariate collinearity was
performed using variance inflation factors (VIF) (33). VIF values
were calculated according to the formula: 1/(1-R?), where
R? was obtained from sequential linear regression models in
which each variable was treated as the dependent variable against
all remaining variables. To address collinearity concerns,
variables demonstrating VIF > 5 were excluded from subsequent
multiple regression analyses (detailed results presented in
Supplementary Table S1).

The association between TG/HDL-c ratio and CKD was
investigated using univariate and multivariate binary logistic
regression analyses, following the STROBE statement guidelines (34,
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According to the data source article:
General physical examination
population in China, coming from 8
regional centers
Participants were excluded:
(1) Suffering from primary kidney disease
(2) Participants with daily ACE/ARB
medicine use
(3) Those with a fallacious self-reported sleep
duration (<4 hours or >12 hours)
\4
33,850 Were included in the original study.
y
According to our studying:
Participants with abnormal and extreme values of
—>
TG/HDL-c ratio(n=549)
v
33,301 participants eventually entered the study
FIGURE 1
Flow chart of study participant selection.

35). The analyses included an unadjusted model without covariate

adjustment, a minimally adjusted model accounting for
sociodemographic variables (age, gender, and BMI), and a fully
adjusted model incorporating all covariates listed in Table 1 (gender,
age, BMI, LDL, ALT, AST, GGT, smoking and drinking status,

hypertension, and cancer history). The strength of associations was
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quantified using odds ratios (OR) with corresponding 95% confidence
intervals (CI).

To explore potential nonlinear relationships between the TG/
HDL-c ratio and CKD, generalized additive models (GAM) with
penalized spline fitting were employed. When nonlinearity was
detected, we utilized a recursive algorithm to identify the inflection
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TABLE 1 The characteristics of participants.

TG/HDL-c Q1(<0.69) Q2(0.69-1.06)  Q3(1.06-1.65) Q4(> = 1.65)
quartile
Participants 8,324 8,326 8,324 8,327
Age (years) 56.16 +9.33 57.70 £9.29 58.33+9.27 58.41 +9.05 <0.001
Gender, 1 (%) <0.001

Male 2,129 (25.58) 2,546 (30.58) 2,881 (34.61) 3,384 (40.64)

Female 6,195 (74.42) 5,780 (69.42) 5,443 (65.39) 4,943 (59.36)
BMI (kg/m?) 23.21+£3.52 24.29 £ 3.56 25.19 £ 3.60 25.86 £3.54 <0.001
MAP (mmHg) 92.55 £ 12.57 94.92 £ 12.67 96.61 £ 12.51 98.41 + 12.46 <0.001
WC (cm) 81.93 +9.90 85.10 £ 9.66 87.76 £9.62 89.73 +9.17 <0.001
HC (cm) 94.46 £7.71 96.40 +7.63 98.09 £7.72 98.99 £7.52 <0.001
HDL-c (mmol/L) 1.63£0.33 1.37 £0.26 1.22+0.23 1.07 £0.21 <0.001
LDL-c (mmol/L) 2.88+£0.83 3.08+£0.91 3.14+£091 2.87+£0.89 <0.001
TC (mmol/L) 5.01+1.03 5.05+1.13 510+ 1.15 5.09 £ 1.17 <0.001
TG(mmol/L) 0.81+0.20 1.18 £0.25 1.61 +0.34 2.69+091 <0.001
TG/HDL-c ratio 0.51 £0.12 0.87 £0.10 1.32+0.17 2.56 £0.87 <0.001
ALT (U/L) 15.62 £13.01 16.89 + 12.04 18.39 + 13.96 20.68 = 14.99 <0.001
AST (U/L) 21.76 £ 11.66 22.01 £11.43 2248 £12.32 23.21+£13.12 <0.001
GGT (U/L) 23.00 £ 26.31 26.79 £35.23 30.58 + 37.01 37.45+43.78 <0.001
Scr (mmol/L) 66.00 + 14.18 67.42 £16.30 68.88 £ 15.77 71.36 + 20.09 <0.001
eGFR (ml/min/1.73m?) 95.72 £ 1791 94.59 +18.48 93.46 + 18.88 92.32 +£20.41 <0.001
UACR (mg/g) 23.10 £222.19 30.70 £ 430.44 34.16 + 466.03 41.34 +£377.12 0.022
Smoking habits, n (%) <0.001

Never smoker 7,361 (89.03) 7,134 (86.43) 6,974 (84.58) 6,625 (80.22)

Sometimes smoker 162 (1.96) 189 (2.29) 224 (2.72) 278 (3.37)

Regular smoker 745 (9.01) 931 (11.28) 1,047 (12.70) 1,356 (16.42)

Not record 56 (0.673) 72 (0.865) 79 (0.949) 68 (0.817)
Drinking habits, n (%) <0.001

Never drinker 6,213 (75.20) 6,142 (74.37) 6,142 (74.39) 5,967 (72.23)

Sometimes drinker, % 1,475 (17.85) 1,581 (19.14) 1,585 (19.20) 1,650 (19.97)

Regular drinker, % 574 (6.95) 536 (6.49) 530 (6.42) 644 (7.80)

Not record 62 (0.745) 67 (0.805) 67 (0.805) 66 (0.793)
Exercise habits, n (%)

Yes 2018 (24.33) 1719 (20.74) 1,637 (19.72) 1,685 (20.33) <0.001

No 6,276 (75.396) 6,568 (78.885) 6,666 (80.082) 6,605 (79.320)

Not record 30 (0.360) 39 (0.468) 21 (0.252) 37 (0.444)
Tumor, 1 (%) 250 (3.00) 240 (2.88) 241 (2.90) 246 (2.95) 0.965
CKD, n (%) 928 (11.15) 1,229 (14.76) 1,451 (17.43) 1,690 (20.30) <0.001
Hypertension, 7 (%) 4,052 (48.68) 4,784 (57.46) 5,332 (64.06) 5,847 (70.22) <0.001
Diabetes, 1 (%) 1,036 (12.45) 1,577 (18.94) 2074 (24.92) 2,783 (33.42) <0.001
Obesity, n (%) 626 (7.52) 1,031 (12.38) 1,523 (18.30) 1839 (22.08) <0.001

Values are n (%) or mean + SD or median (quartile). BMI, body mass index; MAP, mean arterial blood pressure; WC, waist circumference; HC, hip circumference; TC, total cholesterol; TG,
triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; TG/HDL-c, ratio triglyceride/high-density lipoprotein cholesterol ratio; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; Scr, serum creatinine; GGT, y-glutamyl transpeptidase; eGFR, Glomerular Filtration Rate; UACR, Random urinary protein/creatinine ratio;
OR, Odds ratios; CI, confidence interval; Ref reference.
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point and conducted subsequent two-piece logistic regression
analyses. Model selection was performed using the log-likelihood
ratio test (36).

We conducted stratified logistic regression analyses to investigate
potential effect modifications by gender, age, BMI, smoking status,
drinking status, exercise habits, and cancer history. Prior to analysis,
continuous variables were transformed into categorical variables using
established clinical thresholds. Age was categorized into five groups
(<40, 40-50, 50-60, 60-70, >70 years), and BMI was classified into
four categories (< 18.5, > 18.5 to < 24, > 24 to < 28, > 28 kg/m?).
Additional categorical variables included smoking status (Regular
smoker, Sometimes smoker, Never smoker), drinking status (Regular
drinker, Sometimes drinker, Never drinker), exercise habits (Yes, No),
and tumor history (Yes, No). Each stratified analysis incorporated
adjustments for all covariates except the stratification variable itself,
including gender, age, BMI, LDL-c, ALT, AST, GGT, smoking and
drinking status, hypertension, and cancer history. Interaction effects
were assessed through likelihood ratio tests comparing models with
and without interaction terms (37, 38).

To validate our findings, we performed comprehensive sensitivity
analyses. The relationship between TG/HDL-c ratio and CKD was
examined using both continuous and categorical (quartiles)
approaches, with trend testing to evaluate result consistency and
potential non-linear associations. Considering the well-documented
relationships between CKD risk and diabetes, hypertension, and
obesity (39-41), we conducted additional analyses after excluding
participants with these conditions. The robustness of our findings was
further verified using a generalized additive model (Model IV), which
incorporated the continuous covariate as a curve (42). We calculated
E-values to assess the potential impact of unmeasured confounding
on the association between TG/HDL-c ratio and CKD risk (43). All
research was performed in accordance with relevant guidelines and
regulations and in accordance with the Declaration of Helsinki.
Furthermore, to address potential confounding by lipid-lowering
therapy, we considered that people with high lipid levels would
be susceptible to lipid-lowering therapy, we performed sensitivity
analyses excluding patients who might be receiving such drugs.
Specifically, we included only participants with TG < 1.7 mmol/L (44)
(i.e., those with normal triglycerides who are less likely to receive
lipid-lowering therapy). Similarly, we also only included participants
with LDL-c < 3.12 mmol/L (45) to further determine the stability of
the relationship between TG/HDL-c and the risk of CKD.

The data analysis was performed utilizing two statistical software
packages, namely R (The R Foundation, http://www.R-project.org)
and EmpowerStats (X&Y Solutions, Inc., Boston, MA, http://www.
empowerstats.com). All statistical tests were conducted as two-sided
tests, and a significance level of p-value < 0.05 was employed to
ascertain statistical significance.

3 Results
3.1 Characteristics of participants

Table 1 provided the demographic and clinical characteristics
of participants included in the study. A total of 33,301 research

subjects were included in the final analysis, of which females
accounted for 67.15%, with an average age of 57.65 + 9.28 years.
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The median TG/HDL-C ratio was 1.06 (0.69-1.65), the average
BMI was 24.64 + 3.69 kg/m’. The prevalence of CKD was 15.91%
(5,298/33,301). Participants were categorized into subgroups based
on the quartiles of the TG/HDL-c ratio (<0.69, 0.69 to 1.06, 1.06 to
1.65, >1.65). There were no significant differences in tumor history
among the different quartiles of the TG/HDL-c ratio (p value >
0.05). Compared with QIl, participants in Q4 demonstrated
significantly higher levels of age, BMI, WC, HC, MAP, TC, TG,
ALT, AST, GGT, UACR, and TG/HDL-c ratio, with greater
proportions of males, hypertension, diabetes and tobacco/alcohol
users (Table 1).

Figure 2 shows the distribution of TG/HDL-c ratio levels, which
is right-skewed distribution, ranging from 0.143 to 5.730, with median
of 1.314. Participants were classified into CKD and non-CKD groups,
with TG/HDL-c ratio values compared between groups (Figure 3).

0.6 \x
= 04 x
5
8 \
0.2 x
0.0 M
0 6
TG/HDL-c
FIGURE 2

Distribution of TG/HDL-c ratio in the study population.

non-CKD [7] [] CKD

0.8

0.6

=
204
o)
°
0.2
0.0
0 2 4 6
TG/HDL-c ratio
FIGURE 3

Comparison of TG/HDL-c ratio distribution between CKD and non-
CKD groups.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1629303
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://www.R-project.org
http://www.empowerstats.com
http://www.empowerstats.com

Liao et al. 10.3389/fmed.2025.1629303

TABLE 2 Prevalence rate of CKD.

TG/HDL-c ratio CKD events (n)

Participants (n)

Cumulative incidence rate (95% Cl) (%)

Total 33,301 5,298 15.9 (15.5-16.3)
Q1 8,324 928 11.1 (10.4-11.8)
Q2 8,326 1,299 14.8 (14.0-15.5)
Q3 8,324 1,451 17.4 (16.6-18.2)
Q4 8,327 1,690 20.3 (19.4-21.2)
P for trend <0.0001
The results showed that TG/HDL-c ratio levels were significantly
higher in the CKD group. P for trend<0.0001
The histogram shows the distribution of TG/HDL-c values among
all participants. TG/HDL-c ratio exhibited a Right-skewed distribution 3 407
with values ranging from 0.143 to 5.730, with a mean value of 1.314. p
Figure 3 illustrates the comparison of the distribution of TG/ g 30
HDL-c ratio between participants with and without CKD. The results K
indicated that the CKD group demonstrated higher TG/HDL-c ratio E 20-
levels compared to the non-CKD group. g
104
&
3.2 The prevalence rate of CKD = :
Q1 Q2 Q3 Q4
TG/HDL- i
Table 2 shows that among all participants, a total of 5,298 ¢ ratio
individuals had chronic kidney disease (CKD). The overall prevalence FIGURE4
Prevalence of CKD across TG/HDL-c ratio quartiles.
rate was 15.9% (15.5-16.3%). The prevalence of CKD varied across the

four groups based on the TG/HDL-c ratio, with a significant increase
in incidence compared to the Q1 (<0.69) group. Specifically, the
prevalence rates for each TG/HDL-c ratio group were as follows:
15.9% (15.5-16.3%), 11.1% (10.4-11.8%), 14.8% (14.0-15.5%), 17.4%
(16.6-18.2%), and 20.3% (19.4-21.2%). Notably, participants in the
high TG/HDL-c ratio group had a higher prevalence of CKD
compared to those in the lowest TG/HDL-c ratio group (p < 0.0001
for trend; Figure 4).

Bar chart showing the prevalence of CKD across different TG/
HDL-c ratio quartiles. The prevalence rates were 17.52, 23.20, 27.39,
and 31.9% from the lowest to highest quartile, demonstrating a
significant increasing trend (p < 0.0001). Compared with the lowest
TG/HDL-c ratio group, participants with a high TG/HDL-c ratio had
a higher cumulative prevalence of CKD (p < 0.001 for trend).

When stratified by 10-year age intervals, the prevalence of CKD
was consistently higher in the female population compared to their
male counterparts across all age groups (Figure 5). Furthermore, a
significant age-associated increase in CKD risk was observed in both
male and female participants.

Bar graph showing CKD prevalence stratified by age groups
(10-year intervals) and sex. Female participants showed higher CKD
prevalence than males across all age groups. The prevalence increased
with age in both sexes, with a more pronounced trend in females.

The results of univariate analyses using a binary logistic
regression model.

In univariate analysis, HDL-c, LDL-c, eGFR, regular smoking, and
regular drinking showed negative associations with CKD risk. In
contrast, age, gender, BMI, WC, HC, MAP, TG, TG/HDL-c ratio, ALT,
AST, GGT, Scr, UACR, hypertension, diabetes, obesity, never smoking,
and never drinking were positively associated with CKD risk. No
significant associations were observed between CKD risk and tumor
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history, TC, or regular smoking status (all p < 0.0001, detailed results
shown in Table 3).

The results of multivariate analyses using the binary logistic
regression model.

The relationship between TG/HDL-c ratio and CKD risk was
examined using three binary logistic regression models. In the
unadjusted model (Model I), each unit increase in TG/HDL-c
ratio was associated with a 26% higher risk of CKD (OR = 1.26,
95% CI 1.22 to 1.30). The minimally adjusted model (Model II),
which accounted for demographic variables, showed that each
unit increase in TG/HDL-c ratio was associated with a 25%
increased risk of CKD (OR = 1.25, 95% CI 1.21 to 1.29). In the
fully adjusted model (Model III), each unit increase in TG/HDL-c
ratio corresponded to a 17% higher risk of CKD (OR = 1.17, 95%
CI 1.13 to 1.21). The narrow confidence intervals across all
models suggest robust associations between TG/HDL-c ratio and
CKD risk (Table 4).

3.3 Sensitivity analysis

To confirm the robustness of our findings, we conducted a
series of sensitivity analyses by transforming TG/HDL-c ratio into
a categorical variable based on quartiles and incorporating it into
the model. In these analyses, we examined CKD risk across TG/
HDL-c ratio quartiles (Table 4). In the unadjusted model (Model
I), compared with the lowest quartile, the ORs for CKD were
1.3801 (95% CI, 1.2598-1.5120), 1.6826 (95% CI, 1.5398-1.8368),
and 2.0294 (95% CI, 1.8609-2.2131) for the second, third, and
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fourth quartiles, respectively. These associations persisted after
adjusting for age, sex, BMI, LDL-c, ALT, AST, WC, GGT, smoking,
drinking, diabetes, hypertension, and tumor history (Model II). In
the fully adjusted model (Model III), the ORs were 1.2732 (95% CI,
1.1583-1.3994), 1.4493 (95% CI, 1.3193-1.5922), and 1.6232 (95%
CI, 1.4771-1.7837) for the second, third, and fourth quartiles,
respectively (P for trend <0.00001). The non-uniform effect size
trends across quartiles suggested a potential non-linear relationship
between TG/HDL-c ratio and CKD risk.

Further analyses were conducted using a generalized additive
model (GAM) to incorporate the continuous covariate as a smoothing
curve. The results from Model IV remained consistent with those
from the fully adjusted model (Model IIT) (OR = 1.1890; 95% ClI,
1.1497-1.2298; p < 0.00001) (Table 4). To assess the robustness to
unmeasured confounding, we calculated the E-value, which was 1.68.
This value suggests that the observed association between TG/HDL-c
ratio and CKD is relatively robust to potential unmeasured
confounding factors.

In addition, we conducted several supplementary sensitivity
analyses to strengthen our research findings. When individuals with
diabetes were excluded from the analysis, the results demonstrated
that TG/HDL-c ratio remained significantly and positively associated
with CKD risk (OR = 1.1848, 95% CI: 1.1230-1.2500) after adjusting
for age, sex, BMI, LDL-c, ALT, AST, GGT, smoking, drinking,
hypertension, and tumor history. The results were also consistent in
supplemental analyses that excluded participants with hypertension
or obesity (Table 5).

In Supplementary Table S2, we included only participants with
TG < 1.7 mmol/L, and the results show that the association between
TG/HDL-c and CKD remains significant (OR = 1.441, 95% CI: 1.294-
1.604, p <0.00001). Similarly, in Supplementary Table S3, where
we only included participants with LDL-c < 3.12 mmol/L, the results
also show that the association between TG/HDL-c and CKD remains
significant (OR = 1.115, 95% CI: 1.072-1.160, p < 0.00001).
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3.4 The nonlinearity addressed by the
generalized additive model

Generalized additive model and smooth curve fitting revealed a
non-linear association between TG/HDL-c ratio and CKD risk
(Figure 6). Based on sensitivity analyses using a standard binary
logistic regression model, we selected the optimal fit through
log-likelihood ratio testing (p < 0.05; Table 6). Subsequently, a
two-piecewise binary logistic regression model was implemented,
with a recursive algorithm identifying an inflection point at 1.086.
Analysis revealed distinct associations on either side of this inflection
point: below the threshold, the odds ratio was 1.800 (95% CI 1.542 to
2.100), while above it, the association strengthened to 1.094 (95% CI
1.049 to 1.411).

To present the clinical significance of the TG/HDL-c ratio
threshold more intuitively, we conducted a group analysis of the
participants based on the determined turning point of 1.086
(Supplementary Table S4). The results showed that compared with the
group with a TG/HDL-c ratio < 1.086, the metabolic indicators in the
group with a TG/HDL-c ratio > 1.086 were significantly worse: the
prevalence of hypertension (67.297% vs. 53.383%, p < 0.001), diabetes
(29.421% vs. 15.903%, p < 0.001), and obesity (20.318% vs. 10.170%,
P < 0.001) was significantly higher; The MAP, BMI, WC, HC, TC, TG,
ALT, AST, GGT, Scr, eGFR, as well as male, smoking and drinking
proportions were significantly higher (all p < 0.001), while HDL-c,
UACR and exercise proportions were significantly lower. Particularly
importantly, the prevalence of CKD in the group with a TG/HDL-c
ratio > 1.086 was significantly higher than that in the group with a
ratio < 1.086 (18.951% vs. 13.068%, p < 0.001).

Smooth curve plot demonstrating the non-linear association
between TG/HDL-c ratio and CKD risk, generated using generalized
additive models. The curve shows an inflection point at 1.086, above
which the association between TG/HDL-c ratio and CKD risk
becomes stronger.
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TABLE 3 The results of univariate analysis.

Univariate analysis of risk Statistics OR (95% ClI)

factors associated with clinical
outcomes

Age (years) 57.652 +9.279 1.050 (1.047, 1.053) <0.00001

Gender, 1 (%)

Male 10,940 (32.852) Ref

Female 22,361 (67.148) 1.194 (1.120, 1.273) <0.00001
BMI (kg/m?) 24.637 +3.692 1.036 (1.028, 1.044) <0.00001
WC (cm) 86.131 + 10.027 1.018 (1.015, 1.021) <0.00001
HC(cm) 96.982 + 7.839 1.016 (1.013, 1.020) <0.00001
MAP (mmHg) 95.623 + 12737 1.027 (1.024, 1.029) <0.00001
HDL-c (mmol/L) 1.323 £0.335 0.666 (0.609, 0.730) <0.00001
LDL-c (mmol/L) 2.993 + 0.893 0.949 (0.918, 0.981) 0.00200
TC (mmol/L) 5.062 + 1.123 0.991 (0.965, 1.017) 0.48412
TG (mmol/L) 1.575 + 0.872 1.290 (1.251, 1.330) <0.00001
TG/HDL-c ratio 1.315 + 0.897 1.266 (1.230, 1.304) <0.00001
ALT (U/L) 17.896 + 13.676 1.004 (1.002, 1.006) 0.00009
AST (U/L) 22367 + 12.163 1.008 (1.006, 1.010) <0.00001
GGT (U/L) 29.459 + 36517 1.002 (1.001, 1.003) <0.00001
Scr (mmol/L) 68.417 + 16.842 1.031 (1.029, 1.033) <0.00001
eGFR(ml/min/1.73m?) 94.023 + 18.984 0.971 (0.969, 0.972) <0.00001
UACR, mg/g 32.326 + 385.412 1.272 (1.263, 1.281) <0.00001

Hypertension, 1 (%)

Yes 20,015 (60.103) 1.956 (1.833, 2.087) <0.00001

No 13,286 (39.897) Ref

Diabetes, 1 (%)

Yes 7,470 (22.432) 2.153 (2.020, 2.294) <0.00001

No 25,831 (77.568) Ref
Obesity, n (%)

BMI > = 28 kg/m? 5,019 (15.072) 1.361 (1.261, 1.470) <0.00001

BMI < 28 kg/m* 28,282 (84.928) Ref

Tumor, n (%)

Yes 977 (2.934) Ref

No 32,324 (97.066) 1.011 (0.849, 1.204) 0.89861

Smoking habits, 7 (%)

Never smoker 28,094 (85.066) Ref

Sometimes smoker 853 (2.583) 0.958 (0.795, 1.156) 0.65576
Regular smoker 4,079 (12.351) 0.810 (0.736, 0.890) 0.00001
Not record 275(0.8) 0.750 (0.525, 1.071) 0.11309

Drinking habits, n (%)

Never drinker 24,464 (74.046) Ref

Sometimes drinker 6,291 (19.041) 0.705 (0.650, 0.765) <0.00001
Regular drinker 2,284 (6.913) 0.725 (0.638, 0.822) <0.00001
Not record 262 (0.787) 0.775 (0.544, 1.104) 0.15781

Exercise habits, n (%)

Yes 7,059 (21.279) Ref
No 26,115 (78.721) 1.724 (1.589, 1.871) <0.00001
Not record 127 (0.381) 1.729 (1.085, 2.754) 0.02120

Values are n (%) or mean + SD or median (quartile). BMI, body mass index; MAP, mean arterial blood pressure; WC, waist circumference; HC, hip circumference; TC, total cholesterol; TG,
triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; TG/HDL-c ratio, triglyceride/high-density lipoprotein cholesterol ratio; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; Scr, serum creatinine; GGT, y-glutamyl transpeptidase; eGFR, Glomerular Filtration Rate; UACR, Random urinary protein/creatinine ratio;
OR, Odds ratios, CI, confidence interval, Ref, reference.
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TABLE 4 Relationship between TG/HDL-c ratio and CKD under different models.

10.3389/fmed.2025.1629303

Variable Model | (OR, 95%Cl, Model II(OR, 95%ClI, Model lll (OR, 95%CI,  Model IV (OR, 95%CI,
P) P) P) P)
TG/HDL-c 1.2665 (1.2296, 1.2554 (1.2166, 1.1754 (1.1371, 1.1890 (1.1497,
1.3044) < 0.00001 1.2955) < 0.00001 1.2151) < 0.00001 1.2298) < 0.00001
TG/HDL-c (Quintile)
Q1 Ref Ref Ref Ref
Q2 1.3801 (1.2598, 1.2857 (1.1715, 1.2732 (1.1583, 1.3063 (1.1877,
1.5120) < 0.00001 1.4110) < 0.00001 1.3994) < 0.00001 1.4366) < 0.00001
Q3 1.6826 (1.5398, 1.5230 (1.3897, 1.4493 (1.3193, 1.4963 (1.3608,
1.8386) < 0.00001 1.6691) < 0.00001 1.5922) < 0.00001 1.6454) < 0.00001
Q4 2.0294 (1.8609, 1.8610 (1.6995, 1.6232 (1.4771, 1.6938 (1.5390,
2.2131) < 0.00001 2.0379) < 0.00001 1.7837) < 0.00001 1.8643) < 0.00001
P for trend <0.00001 <0.00001 <0.00001 <0.00001

Model I: we did not adjust other covariates. Model II: we adjust age; sex; BMI. Model III: we adjust age; sex; BMI; LDL; ALT; AST; WC; GGT; smoking habits, drinking habits; diabetes,
hypertension, tumor. Model IV: we adjust age(Smooth); sex; BMI(Smooth); LDL-c(Smooth); ALT(Smooth); AST(Smooth); WC(Smooth); GGT(Smooth);smoking habits, drinking habits;
diabetes, hypertension, tumor. OR, Odds ratios; CI, confidence; Ref, reference.

TABLE 5 Relationship between TG/HDL-c ratio and CKD in different sensitivity analyses.

Exposure

TG/HDL-c

Adijust | (OR, 95% Cl, P)

1.1848 (1.1230, 1.2500) < 0.000001

Adjust Il (OR, 95% Cl, P)

1.1793 (1.1346, 1.2257) < 0.000001

Adjust 11l (OR, 95% ClI, P)

1.1660 (1.0810, 1.2577) 0.000070

TG/HDL-c (Quartile)

QI (<0.69 mmol/L)

1.0

1.0

1.0

Q2 (0.69-1.06 mmol/L)

0.9760 (0.8008, 1.1895) 0.809704

1.1521 (1.0228, 1.2977) 0.019694

1.2638 (0.9470, 1.6868) 0.111856

Q3 (1.06-1.65 mmol/L)

1.2040 (0.9985, 1.4517) 0.051800

1.3585 (1.2104, 1.5247) < 0.000001

1.4530 (1.1086, 1.9043) 0.006784

Q4 (> = 1.65 mmol/L)

1.4142 (1.1816, 1.6927) 0.000157

1.5694 (1.4003, 1.7590) < 0.000001

1.6113 (1.2355, 2.1013) 0.000430

P for trend <0.0001

<0.0001 <0.0001

Model I was a sensitivity analysis in participants without diabetes (N = 7,380). We adjust age; sex; BMI; LDL; ALT; AST; WC; GGT; smoking habits, drinking habits; hypertension and tumor.
Model II was a sensitivity analysis in participants without hypertension (N = 1,9,794). We adjust age; sex; BMI; LDL; ALT; AST; WC; GGT; smoking habits, drinking habits; diabetes, and
tumor. Model III was a sensitivity analysis in participants without obesity (N = 4,972). We adjust age; sex; BMI; LDL; ALT; AST; WC; GGT; smoking habits, drinking habits; diabetes,
hypertension, tumor. OR, odds ratios; CI, confidence; Ref; reference; TG/HDL-c ratio, triglyceride/ high-density lipoprotein cholesterol ratio.

3.5 The results of subgroup analyses

To further validate the robustness of our findings presented in
Table 2 against potential confounders, we conducted stratified
analyses. The results shown in Table 7 demonstrated a highly
consistent pattern: the positive association between TG/HDL-c ratio
and CKD persisted across all subgroups. Notably, none of the stratified
variables exhibited significant effect modification on the relationship
between TG/HDL-c ratio and CKD (P-interaction > 0.05 for all
stratified variables).

4 Discussion

This study investigated the relationship between TG/HDL-c ratio
and CKD in a large, multi-center cohort of the general Chinese
population. Our findings demonstrated that elevated TG/HDL-c ratio
was independently and positively associated with CKD risk, with this
association persisting after adjustment for potential confounders.
Importantly, we identified a non-linear relationship with an inflection
point at 1.086, where the association was more pronounced below this
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threshold. These findings suggest that maintaining appropriate TG/
HDL-c levels might be a potential target for CKD prevention strategies.

A meta-analysis of observational studies indicates that the global
prevalence of CKD is approximately 13.4% (1). In this study, the
prevalence of CKD was found to be 15.9%, which is higher than
reported levels in the literature. This discrepancy may be attributed to
several key factors. Firstly, differences in CKD definition criteria,
particularly our inclusion of albuminuria as a diagnostic marker, likely
contributed to the higher prevalence rates, as albuminuria is a sensitive
indicator of early kidney damage. Secondly, dietary patterns vary
significantly between Western and Chinese populations, with Western
populations typically consuming more animal protein and high-
calorie foods, which may influence the relationship between lipid
metabolism and kidney function (46). Additionally, our study
population’s demographic characteristics, including a relatively older
average age (57.63 years), higher average BMI (24.637 £ 3.692)and a
higher proportion of female(67.148%) and patients with
hypertension(60.103%), may have influenced the observed prevalence.
These population-specific features, combined with variations in study
design across different research, could explain the observed differences
in CKD prevalence rates (47-50). Therefore, it is acceptable that the
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Non-linear relationship between TG/HDL-c ratio and CKD risk.
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TABLE 6 The result of the two-piecewise linear regression model.

Incident CKD Model I(OR,95%Cl, P)

Fitting model by standard logistic 1.186 (1.144, 1.229) < 0.0001

regression

Fitting model by two-piecewise

logistic regression

Inflection point of the TG/HDL-c 1.086

ratio

<=Inflection point 1.800 (1.542, 2.100) < 0.0001

> Inflection point 1.094 (1.049, 1.141) < 0.0001

P for log-likelihood ratio test <0.0001

We adjusted age; sex; BMI; LDL; ALT; AST; WC; GGT; smoking habits, drinking habits;
diabetes, hypertension, tumor. OR, odds ratios; CI, confidence, Ref, reference; TG/HDL-c
ratio, triglyceride/ high-density lipoprotein cholesterol ratio.

prevalence of CKD among the participants in this study is higher than
that of the general population.

Our findings demonstrated a significant association between TG/
HDL-C ratio and CKD risk, which is largely consistent with previous
research while also revealing some novel insights. In a Japanese cross-
sectional cohort study of 216,007 adult participants from a national
health screening program, the mean TG/HDL-C ratio was
2.66 * 2.59 in men. Higher TG/HDL-c ratio was associated with a
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significantly increased risk of CKD (OR = 1.57, 95%CI 1.49-1.65 in
men; Female: 1.41, 1.34-1.48, respectively), which was negatively
correlated with eGFR and positively correlated with proteinuria. The
results remained consistent after adjustment for relevant confounders
(23). Another longitudinal cohort study was conducted to investigate
the association between TG/HDL-c ratio and renal function decline
in 7316 subjects. The results suggested a positive association between
the TG/HDL-c ratio and the risk of CKD (OR: 2.56, 95% CI: 1.05-
6.38, p < 0.05). After adjusting for related confounding factors, it was
still found that TG/HDL-c ratio was positively correlated with the risk
of renal function decline (OR 1.90, 95%CI 1.21-3.23, p = 0.02) (47).
Notably, Jia et al. (20) found in a large cross-sectional study higher TG
and lower HDL-c were significantly associated with CKD (TG:
OR = 1.17, 95%CI: 1.10-1.23; HDL-c: OR = 0.86, 95%ClI: 0.79-0.93);
Similar association was found between CKD and higher TG/HDL-c
ratio (OR = 1.21, 95%CI: 1.13-1.31). Lv et al. (5) found that high TG/
HDL-c ratio was an independent risk factor for renal function decline
in middle-aged and elderly Chinese patients (OR = 1.90, 95%CI:
1.21-323).

However, our study extends beyond previous research by
identifying a non-linear relationship between TG/HDL-c ratio and
CKD risk, with an inflection point at 1.086. Our findings indicate that
when TG/HDL-c < 1.086, for each unit increase in TG/HDL-c, the
risk of CKD increases by 80% (OR = 1.800, 95% CI: 1.542 ~ 2.100).
Conversely, when TG/HDL-c > 1.086, each unit increase in TG/
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TABLE 7 Effect size of TG/HDL-c ratio on CKD in prespecified and exploratory subgroups.
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Characteristic No of participants OR (95%Cl) P value P for interaction
Age (years) 0.1732
<40 533 1.179 (0.890, 1.563) 0.2507
40 to <50 6,776 1.088 (1.001, 1.183) 0.0480
50 to <60 14,669 1.184 (1.124, 1.247) <0.0001
60 to <70 7,858 1.264 (1.160, 1.377) <0.0001
>70 3,462 1.264 (1.160, 1.377) <0.0001
Gender 0.5861
Male 10,940 1.189 (1.127, 1.255) <0.0001
Female 22,361 1.168 (1.122, 1.216) <0.0001
BMI (kg/m?) 0.2339
<18.5 788 0.817 (0.536, 1.244) 0.3458
>=18.5,<24 14,425 1.157 (1.094, 1.224) <0.0001
>=24,<28 13,051 1.195 (1.139, 1.254) <0.0001
>=28 5,037 1.198 (1.113, 1.289) <0.0001
Smoking habits 0.7695
Never smoker 28,094 1.287 (1.245, 1.330) <0.0001
Sometimes smoker 853 1.107 (0.933, 1.314) 0.2423
Regular smoker 4,079 1.263 (1.167, 1.367) <0.0001
Not record 275 1.389 (0.954, 2.021) 0.0860
Drinking habits 0.8685
Never drinker 24,464 1.295 (1.251, 1.340) <0.0001
Sometimes drinker 6,291 1.206 (1.120, 1.299) <0.0001
Regular drinker 2,284 1.195 (1.071, 1.335) 0.0015
Not record 262 1.505 (1.077, 2.103) 0.0165
Tumor 0.6620
Yes 977 1.321 (1.122, 1.555) 0.0008
No 32,324 1.265 (1.227, 1.303) <0.0001
Exercise habits 0.2122
Yes 26,115 1.282 (1.241, 1.325) <0.0001
No 7,059 1.191 (1.108, 1.280) <0.0001
Not record 127 1.553 (0.999, 2.414) 0.0503

Above model adjusted forage; sex; BMI; LDL; ALT; AST; WC; GGT; smoking habits, drinking habits; diabetes, hypertension, tumor. In each case, the model is not adjusted for the stratification
variable. OR, odds ratios; CI: confidence, Ref: reference; TG/HDL-c ratio triglyceride/ high-density lipoprotein cholesterol ratio.

HDL-c corresponds to a 9% increase in CKD risk (OR = 1.094, 95%
CI: 1.049 ~ 1.141). A large number of studies have pointed out that
insulin resistance (51), metabolic disease (52), obesity (53), and
inflammation (54) are closely related to the risk of CKD, and TG/
HDL-c ratio can reflect insulin resistance (55), metabolic disease (56),
obesity (57), and inflammation (58). Therefore, high TG/HDL-c level
may indicate that patients are in insulin resistance, metabolic
disorders, obesity and inflammation, and then increase the risk of
CKD. The identification of this non-linear pattern may help explain
some of the seemingly conflicting results in the literature (20, 23, 59,
60). In a cross-sectional study involving 2006 participants from the
United States (21), a nonlinear relationship between TG/HDL-c ratio
and CKD was observed, with an inflection point of 6.68 and odds
ratios (95% CI) of 1.08 (1.04 to 1.13) and 0.97 (0.89 to 1.05),
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respectively. However, other studies have reported no significant
association between TG/HDL-c and CKD risk in certain populations
(16). These apparent differences in the literature can be attributed to
several factors. First, genetic variation between Asian and Western
populations may influence patterns of lipid metabolism and response
to renal function (61). Second, different dietary habits -Western
populations typically consume more animal protein and saturated fat,
while Chinese populations follow a more plant-based diet -may affect
baseline TG/HDL-C levels and their association with renal function
(62). In addition, Asian populations are more sensitive to metabolic
disturbances at lower thresholds than Western populations (63),
which may explain the earlier onset of the inflection point in our
study. Finally, variations in sample size across studies may influence
the statistical power to detect complex relationships. Our large-scale
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study (n = 33,301) provided robust statistical power to detect and
characterize the non-linear nature of this association, which might
have been undetectable in studies with smaller sample sizes.

The elevation of TG/HDL-c ratio is associated with increased
CKD risk, though this relationship is likely modulated by participants’
baseline characteristics. As demonstrated in Supplementary Table 54,
participants with TG/HDL-c > 1.086 exhibited significantly higher
levels of multiple clinical parameters compared to those with TG/
HDL-c < 1.086, including age, BMI, liver enzymes (ALT, AST, GGT),
lipid profiles (TG, TC), serum creatinine, uric acid, and mean arterial
pressure—all established risk factors for CKD (64-66). When TG/
HDL-c ratio exceeds 1.086, its relative contribution to CKD risk
appears attenuated, potentially due to the concurrent presence of
multiple CKD risk factors. Conversely, when TG/HDL-c ratio is below
1.086, the lower levels of other risk factors (including BMI, GGT, TG,
AST, ALB, BUN, TC, ALT, and LDL-c) may reduce their confounding
effects, thereby amplifying the relative impact of TG/HDL-c ratio on
CKD risk.

Recent studies (67) suggest that abnormalities in glucose metabolism
and low-grade inflammation significantly modulate the cardiovascular
and renal response to lipid derangement independently of LDL-C levels,
which are in close agreement with our findings. When the TG/HDL-c
ratio exceeded 1.086, the risk of CKD increased by 9% for each unit
increase. When the ratio was lower than 1.086, CKD risk increased by
80% per unit increase. This nonlinear relationship may reflect the
different mechanisms by which abnormalities in glucose metabolism
and low-grade inflammation affect renal function damage at different
TG/HDL-c levels. In terms of clinical application, it is reccommended
that medical staff can use TG/HDL-c ratio >1.086 as a screening tool,
because only when the TG/HDL-c ratio of patients is controlled below
the inflection point, it is possible to reduce the occurrence of CKD by
controlling TG/HDL-c ratio. This approach is particularly valuable for
resource-limited Settings and primary care Settings, where advanced
biomarkers may not be available or expensive. From a public health
perspective, the simplicity and cost-effectiveness of calculating the TG/
HDL-c ratio make it an ideal tool for mass screening programs aimed at
early identification of people at risk of CKD.

Finally, given the bridging role between low-grade inflammation and
insulin resistance and CKD, future studies could explore whether anti-
inflammatory strategies could reduce the risk of CKD in patients with
high TG/HDL-c ratios. This will provide more comprehensive guidance
for clinical decision making, focusing not only on lipid regulation but
also on interventions targeting inflammation-mediated pathways,
especially in patients with preexisting metabolic and inflammatory risks.

Previous studies have shown that an elevated ratio of triglycerides
to high-density lipoprotein cholesterol is an indicator of systemic
metabolic dysfunction, often accompanied by increased inflammation
and enhanced endothelial stress pathways, which are also key factors for
cardiovascular and renal damage. We further expanded our findings to
reveal that insulin resistance, lipotoxicity, and fat factor signaling
pathways may all be involved in the possible mechanism linking
triglycerides/high-density lipoprotein cholesterol to chronic kidney
disease. The specific mechanism is as follows: (1) Insulin resistance and
systemic metabolic dysfunction: This study found that the TG/HDL-c
ratio was significantly associated with the risk of CKD (OR = 1.17, 95%
CI: 1.13-1.21), which is consistent with existing literature, that is, the
TG/HDL-c ratio is a reliable alternative marker for insulin resistance
(68). In stratified analysis, we observed that this association was
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consistent in various subgroups, including different ages, genders, and
BMI levels. This indicates that insulin resistance may be a common
pathological basis. In particular, when diabetic patients were excluded,
the association between TG/HDL-c and CKD remained significant
(OR =1.1848, 95% CI: 1.1230-1.2500), which further supports that TG/
HDL-c may affect renal function through mechanisms independent of
insulin resistance in diagnosed diabetes. Insulin resistance can damage
the kidneys through mechanisms such as high glomerular filtration,
podocyte dysfunction, and sodium retention (69); (2) Lipid toxicity and
abnormal lipid metabolism: We found that the TG/HDL-c ratio was
significantly higher in the CKD group compared to the non-CKD
group, suggesting that lipid toxicity may directly contribute to the
occurrence of renal injury. When we grouped the participants according
to the quartiles of the TG/HDL-c ratio, from the lowest to the highest
quartile, the prevalence of CKD showed a significant upward trend
(11.1, 14.8, 17.4, and 20.3%, p < 0.0001). Abnormal lipid metabolism
can lead to abnormal accumulation of lipids in renal cells, causing lipid
peroxidation, mitochondrial dysfunction, and endoplasmic reticulum
stress (70). At the glomerular level, the accumulation of lipoproteins in
the mesangial area can stimulate mesangial cells to produce matrix
proteins and pro-inflammatory cytokines, ultimately leading to
glomerular sclerosis (71). Our analysis indicates that even in non-obese
populations, the association between TG/HDL-c and CKD remains
significant (OR = 1.1660, 95% CI: 1.0810-1.2577), which supports that
lipid toxicity may function independently of obesity; (3) Endothelial
dysfunction and vascular injury: dyslipidemia triggers inflammatory
cytokine production and adipokine imbalance (increased leptin,
decreased adiponectin), which leads to endothelial dysfunction and
vascular injury (72). This endothelial damage affects both kidneys and
cardiovascular system simultaneously, with shared pathological
processes including oxidative stress, reduced nitric oxide bioavailability,
and increased adhesion molecule expression (73). The resulting
microvascular dysfunction and tissue fibrosis manifest as progressive
renal impairment and cardiovascular complications, establishing TG/
HDL-c ratio as a valuable biomarker reflecting systemic vascular health
(74); (4) Inflammation and dysregulation of adipokines: Our stratified
results showed that compared with TG/HDL-c ratio Q1 group, TG/
HDL-c ratio Q4 group had a significantly higher prevalence of obesity
(22.08% vs. 7.52%), which reflects the association between adipose
tissue dysfunction and the increase in the TG/HDL-c ratio. Adipose
tissue dysfunction can lead to imbalance of adipokines, such as
increased leptin and decreased adiponectin, triggering a systemic
low-grade inflammatory state, which is a key factor in the development
of CKD (75, 76).

Inclisiran (77) represents a major advance in lipid-lowering therapy
in recent years, and several notable features complement our findings.
As a small interfering RNA targeting PCSKO9, inclisiran demonstrates
potent LDL-C lowering efficacy (up to 50-55% reduction) with the
unique advantage of twice-yearly dosing after initial administration.
Crucially, unlike some traditional lipid-lowering agents, inclisiran
exhibits minimal perturbation of glucose metabolism and inflammatory
pathways (78). This favorable profile addresses a critical need for patients
with elevated TG/HDL-c ratios, who often exhibit insulin resistance and
systemic inflammation—both key mediators in the pathogenesis of CKD.

The potential synergy between our TG/HDL-c threshold and
inclisiran therapy is particularly noteworthy in patients with
comorbid CKD and glucose metabolism abnormalities. These
patients face heightened cardiovascular risk yet are often most
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vulnerable to adverse effects from conventional therapies that may
worsen glycemic control or introduce inflammatory perturbations.
For patients with TG/HDL-c ratios exceeding our identified
threshold of 1.086, inclisiran may offer a therapeutic option that
effectively manages dyslipidemia without exacerbating metabolic or
inflammatory dysregulation. We envision a complementary
approach in which the TG/HDL-c ratio can be used both as a risk
assessment tool for CKD and as a potential biomarker for
monitoring treatment response. Clinicians could utilize our
threshold of 1.086 to identify high-risk patients, implement targeted
interventions such as inclisiran when appropriate, and subsequently
monitor changes in the TG/HDL-c ratio as part of treatment
assessment. This integration of risk prediction and therapeutic
intervention creates a comprehensive framework for managing
patients at risk for CKD: 1. Risk Identification: TG/HDL-c ratio
>1.086 identifies patients at increased CKD risk; 2. Targeted
Intervention: Implementation of appropriate therapies, potentially
including inclisiran in patients with concomitant elevated LDL-C,
particularly those with glucose metabolism abnormalities; 3.
Treatment Monitoring: Tracking changes in TG/HDL-c ratio
alongside traditional markers of renal function.

Our findings extend the current literature by demonstrating
that elevated TG/HDL-c ratio increases CKD risk independently of
participants’ normal ranges for age, BMI, LDL-c, HDL-c, and other
parameters. Our study’s methodological strength lies in its
comprehensive covariate adjustment, which surpasses previous
investigations by incorporating lifestyle indicators and additional
biochemical markers, including ALT, AST, GGT, and LDL-c—
parameters demonstrated to be associated with CKD risk (79, 80).
Notably, sensitivity analyses confirmed this association persisted
among subjects without pre-existing diabetes, hypertension, or
obesity. These robust findings substantiate the independent
relationship between TG/HDL-c ratio and CKD risk, providing an
evidence-based foundation for clinical interventions targeting TG/
HDL-c reduction as a strategy for CKD risk management.

This study exhibits several methodological strengths that
enhance the reliability and generalizability of our findings. First,
our analysis utilized a large, multi-center cohort (n =33,301)
providing robust representation of the Chinese population,
ensuring sufficient statistical power and strengthening the external
validity of our results. Second, the dataset demonstrates exceptional
completeness with minimal missing data across most covariates.
Third, our identification of a non-linear relationship between TG/
HDL-c ratio and CKD risk, including precise determination of the
inflection point, substantially advances current understanding in
this field. While the observational nature of our study introduces
potential confounding, we implemented rigorous statistical
methodology to minimize residual confounding effects. The
robustness of our findings was validated through comprehensive
sensitivity analyses, including transformation of the primary
independent variable, stratified subgroup analyses, incorporation
of continuous covariates as smooth curves using GAM, and e-value
calculations to quantify potential unmeasured confounding effects.

Our study has several methodological limitations that warrant
consideration when interpreting the findings. Our research has
some methodological limitations, which need to be taken into
account when interpreting the research results. First, according to
the KDIGO 2024 guidelines, CKD (24) is defined as abnormalities
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in kidney structure or function that persist for more than 3 months
and have implications for health. We acknowledge that in this study,
we were unable to strictly follow the KDIGO guidelines for
diagnosing CKD, which is indeed an inherent limitation of cross-
sectional studies. However, repeated measurements are often
difficult to achieve in large epidemiological surveys, and many well-
known cross-sectional studies have faced similar challenges [such
as NHANES and China Epidemiological Survey of chronic kidney
disease (2)]. To enhance the diagnostic sensitivity, we adopted a
dual criterion of eGFR < 60 mL/min/1.73m? and/or UACR >
30 mg/g, which is consistent with recent large-scale epidemiological
studies (81, 82). We commit to continuing to conduct GFR, urine
protein, urine occult blood, renal structure and 3-month follow-up
for patients in future prospective studies, in order to achieve a more
accurate and scientific diagnosis of CKD.

Second, during the data collection process, this study failed to
record in detail the participants’ use of lipid-lowering drugs, which may
affect the interpretation of TG/HDL-c ratio levels, especially for those
participants who had received lipid-lowering treatment (30). To address
the potential confounding factors brought about by lipid-lowering
treatment, we considered that patients with high lipid levels were more
likely to receive lipid-lowering treatment. Therefore, we conducted a
sensitivity analysis, excluding patients who might be receiving such
drug treatment. The results showed that the TG/HDL-c ratio was still
significantly associated with CKD (see Supplementary Tables S3, S4).
Given the large sample size of this study (n = 33,301) and the stability
of the results from multiple sensitivity analyses, we believe that this
limitation will not fundamentally change our main conclusions.
However, for future research, we plan to include drug use data,
especially data on lipid-lowering drugs, to more accurately assess the
relationship between the TG/HDL-c ratio and the risk of CKD.

Third, despite our efforts to control for established confounders
including blood pressure, waist circumference, and body mass index,
residual or unmeasured confounding factors may persist—an inherent
limitation of observational studies. However, our E-value calculations
suggest that the influence of unmeasured confounders would need to
be substantial to meaningfully alter our primary conclusions.

Fourth, our study population consisted predominantly of Chinese
urban residents who underwent health examinations, which may limit
the generalizability of our findings to populations of different
ethnicities, socioeconomic backgrounds, or clinical profiles. The
applicability of the identified TG/HDL-c threshold (1.086) should
be validated in diverse populations before broad implementation.

Fifth, the single measurements of lipid content, urine protein, and
glomerular filtration rate in this study may affect the stability of the
results, and may underestimate the actual incidence of chronic kidney
disease. This is one of the common limitations of cross-sectional studies.
However, when the actual incidence of chronic kidney disease is
underestimated, multivariate regression analysis shows that the
relationship between TG/HDL-c ratio and the risk of CKD remains
stable in various sensitivity analyses and stratified analyses. This to some
extent supports the reliability of the results of this study. We observed
consistent associations in different age, gender, and comorbidity
subgroups, which strengthens the robustness of our research results.
This method has been recognized in many studies on kidney diseases
(17, 28). In future studies, we will repeat the measurement of blood lipid
and renal function levels, and dynamically observe the relationship
between changes in TG/HDL-c ratio and the risk of CKD.
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5 Conclusion

In conclusion, this study showed both linear and nonlinear
associations of TG/HDL-c with the risk of CKD in a Chinese
population. TG/HDL-c ratio >1.086 was independently and positively
correlated with CKD. The results of this study may provide clinical
guidance for the primary prevention of CKD. TG/HDL-c ratio is a
valuable risk assessment measure for CKD, suggesting the potential
of threshold-based risk assessment in clinical practice. Future
longitudinal studies are needed to confirm these associations and to
explore the underlying mechanisms in different populations.
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Glossary
CKD - Chronic kidney disease

TG/HDL-c ratio - The ratio of triglycerides to high-density
lipoprotein cholesterol

ESRD - End-stage renal disease
CVD - cardiovascular disease
BMI - Body mass index

GAM - Generalized additive model
WC - Waist circumference

HC - hip circumference

Scr - Serum creatinine

TC - Total cholesterol

TG - Triglyceride

ALT - Alanine aminotransferase
AST - Aspartate aminotransferase

HDL-c - High-density lipoprotein cholesterol
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LDL-c - Low-density lipoprotein cholesterol
GGT - y-Glutamyl transpeptidase

FPG - Fasting plasma glucose

PBG - Postprandial blood glucose

SBP - Systolic blood pressure

DBP - Diastolic blood pressure

MAP - Mean arterial blood pressure

DM - Diabetes mellitus

UACR - Urinary albumin-creatinine ratio
eGFR - estimated glomerular filtration rate
MDRD - Modification of Diet in Renal Disease
OR - Odds ratio

Ref - Reference

CI - Confidence intervals

VIF - variance inflation factors
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