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density lipoprotein cholesterol
ratio and chronic kidney disease in
elderly insights from NHANES
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The non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio (NHHR)

is a novel lipid index. Prior research has established a connection between lipid irregularities and
chronic kidney disease (CKD). This study aims to establish a possible link between NHHR and CKD.
Data from the National Health and Nutrition Examination Survey (NHANES) spanning from 2003 to
2016 was used to examine the relationship between NHHR and CKD among the elderly population.
This research utilized weighted logistic regression, smoothed curve fitting and subgroup analyses
along with interaction tests to evaluate the association between NHHR and CKD. The findings reveal
a positive correlation between NHHR and CKD in fully adjusted Model 3. Besides, NHHR had a J-curve
relationship with CKD. Subgroup analysis indicated that compared with those with lower body mass
index (BMI), individuals with higher BMI are more prone to CKD. Research has shown that increased
NHHR levels are associated with a higher likelihood of developing CKD in individuals aged above 60
in the United States. NHHR's role in lipid metabolism suggests it might be an effective marker for
tracking CKD's progression.
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CKD is marked by a decline in the glomerular filtration rate, heightened urinary albumin excretion, or a
combination of these factors'. Patients with CKD often exhibit no obvious clinical symptoms in the early stages,
but as the condition progresses, they may experience a range of symptoms, including edema, hypertension,
increased risk of infections, and disturbances in lipid and electrolyte metabolism*™*. CKD, marked by
diminished glomerular filtration rates and increased urinary albumin excretion, poses a significant public
health issue, affecting around 10% of the worldwide population, notably among the elderly®. Thus, early and
precise identification, intervention, and management of CKD are crucial to alleviate the healthcare burden on
both patients and society. The causes of CKD are multifaceted and remain incompletely defined; however, risk
factors such as inflammation, obesity, diabetes, hypertension, and cardiovascular disease (CVD) have been
recognized®’.

The relationship between lipid metabolism and CKD is complex, with various studies having delved into the
same. In the renal parenchyma, lipid deposits may induce inflammation and fibrosis. Renal tubulointerstitial
fibrosis, a major histopathological manifestation, is closely associated with CKD advancement and eventual
renal failure®. Commonly, CKD patients show raised levels of triglyceride-rich lipoprotein particles (TRLSs),
higher low-density lipoprotein cholesterol (LDL-C), and lower HDL-C. The NHHR, integrating the properties
of both HDL-C and non-HDL-C, serves as a new composite index for evaluating atherosclerosis risk. Previous
studies have confirmed that it is superior to traditional blood lipid indexes with respect to their assessment of
atherosclerosis and metabolic syndrome risk®!?. Moreover, it has been reported that NHHR is related to type 2
diabetes, hypertension, and osteoporosis in previous research. So, this may be one of the reasons why physicians
can consider the index of NHHR when evaluating disease risk in clinical practice!!~!3. Because of the superiority
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of NHHR in metabolic disease prediction, combining the relationship between CKD and lipid metabolism, the
hypothesis was raised that NHHR might relate to CKD.

While NHHR has been studied in various aspects, the relationship between NHHR and elderly CKD
patients has not been fully expounded. In this regard, the study leveraged data from NHANES from 2003 to
2016 to conduct the research on the potential link that may exist between NHHR and elderly CKD patients. It
is anticipated to address the need and establish a foundation for monitoring and preventing CKD patients from
the standpoint of lipid metabolism.

Methods

Survey description and study population

The NHANES is a recurring population-based database that is compiled in 2-year intervals by the National
Center for Health Statistics (NCHS), which is a part of the Centers for Disease Control and Prevention (CDC)
in the United States. The NHANES uses a complex, multistage, stratified, clustered probability design to create a
dataset representative of noninstitutionalized U.S. residents'. All participants are asked to provide their informed
permission once they have been fully explained the study’s goals. The study utilized data from the NHANES,
covering the years 2003 to 2016, starting with a base of 71,058 participants. As shown in Fig. 1 exclusion criteria
were systematically applied to refine the sample: (1) exclusion of individuals under 60 years old, numbering
58,639; (2) removal of participants without complete NHHR data, totaling 1,378; (3) exclusion of subjects lacking
comprehensive CKD data, amounting to 371; (4) patients with incomplete data on covariates such as poverty-to-
income ratio (PIR), alcohol consumption, diabetes mellitus (DM), BMI, educational attainment, smoking status
and hypertension (n=6,955). Ultimately, 3,715 participants were deemed eligible for the study.

Definition of NHHR and CKD

All participants in this study had venous blood samples drawn in a fasting state. NHHR represents the quotient
of non-HDL-C and HDL-C, with non-HDL-C calculated by deducting HDL-C from total cholesterol (TC)!>1°.
CKD was defined as an eGFR<60 mL/min/1.73m? or the presence of albuminuria!®. In order to determine
eGFR, the CKD-Epidemiology Collaboration (CKD-EPI) formula is used!’”. The main sign of albuminuria is an
albumin-to-creatinine ratio (UACR) of 30 mg/g or above!®.

Covariates

For this study, we investigated various factors that could influence the connection between NHHR and CKD.
We took into account demographic information like gender, age, race, education level, marital status, and PIR.
Laboratory and questionnaire data included triglycerides (TG), TC, HDL-C, glomerular filtration rate, urea,
BMI, diabetes, smoking habits, alcohol intake, blood pressure status, and CVD. The levels of PIR were classified
aslow (PIR<1), middle (1 <PIR <4), and high (PIR > 4). The smoking status was classified as never smoked, past
smoker, or current smoker. The levels of alcohol intake were likewise classified as none, light, moderate, or heavy.
Detailed definitions of these variables are available in supplementary table S1, with complete data accessible on
the NHANES website.

Statistical analysis

Considering the intricacies of the NHANES sampling process, this research adhered to CDC guidelines to
select appropriate sampling weights for statistical analysis. Specific sub-weight for TC and HDL cholesterol
(WTSAF2YR) were utilized. Continuous variables had their means and standard errors computed, whereas
categorical variables had their percentages computed. In order to compare groups based on categorical data, we
used weighted chi-square tests, and for continuous variables, we used weighted Student’s t-tests. To increase the
validity of the findings, confounders that might affect the relationship between NHHR and CKD were controlled
for. Three weighted logistic regression models were used to further analyze the connection between NHHR and
CKD. Basic demographic factors in Model 2 included: age, gender, race, education level, and marital status;
Model 3 corrected for all study variables comprehensively; and Model 1 was left unadjusted. Moreover, NHHR
levels were divided into quartiles to conduct a more nuanced analysis.

The individuals were categorized according to their gender, race, education level, marital status, BMI, PIR,
smoking status, hypertension, and DM. Our objective was to analyze the correlation between NHHR and
CKD across various clinical and demographic subgroups. To examine how this association varied among the
subgroups, interaction tests were used. Employing techniques such as threshold effect analysis, smoothed curve
fitting, the study investigated the correlation between NHHR and CKD. In the case of missing data, we opted to
perform deletion of the missing values. Statistical analyses were executed using R (version 4.2.0) and Empower
software, applying two-tailed tests with a significance threshold set at P<0.05.

Results

Baseline characteristics

Table 1 details the baseline characteristics of the study’s participants. The cohort comprised 3,715 individuals,
with 49.48% male and 50.52% female. Non-Hispanic whites formed the largest racial group, representing 58.59%
of the sample. CKD was prevalent in 35.99% of the participants, with an average NHHR of 2.70 + 1.13. As detailed
in Table 1, differences in covariates such as sex, age, race, PIR, alcohol consumption and BMI were significant
across NHHR quartiles (P <0.05). Conversely, no significant disparities were found in smoking, chronic diseases
like hypertension, cardiovascular disease and diabetes.
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Participants from NHANES

2003-2016
N=71,058
> Excluded participants < 60 years
N=58,639
Y
12,419 Participants
Excluded incomplete data of NHHR
N=1,378
Y
11,041 Participants
> Excluded incomplete data of CKD
N=371
Y
10,670 Participants
Excluded incomplete data of all covariates
N=6,955
Y

3,715 Participants

Fig. 1. Flow diagram of study cohort selection.

The association between NHHR and CKD

Table 2 displays the outcomes of a weighted multifactor logistic regression analysis that examined the correlation
between NHHR and CKD. In total, three models were used for the analysis: one that was unadjusted, one that
was adjusted for demographic characteristics such as age, sex, race, education level, and marital status, and
one that was fully adjusted for all covariates. Model 2 showed a positive correlation with odds ratios (ORs) of
1.14 (95% CI: 1.04, 1.25) and Model 3 showed an odds ratio of 1.18 (95% CI: 1.07, 1.31), respectively, when
NHHR was considered as a continuous variable. Further analysis dividing NHHR into quartiles showed a 41%
increase in CKD likelihood in the highest quartile compared to the lowest in Model 2 (OR=1.41; 95% CI:
1.08,1.86) and a 50% increase in Model 3 (OR=1.50; 95% CI: 1.08,2.09), with both models exhibiting statistically
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Quartiles of NHHR

Overall Q1(<1.877) | Q2(1.879-2.497) | Q3 (2.497-3.345) | Q4(>3.345)
Characteristics N=3,715 N=929 N=925 N=932 N=929 P-value
Age (years) 70.96+6.83 72.04+6.97 70.96+6.76 70.84+6.77 70.01+£6.65 <0.001
Sex <0.001
Male 1,838 (49.48%) | 365 (39.29%) | 434 (46.92%) 490 (52.58%) 549 (59.10%)
Female 1,877 (50.52%) | 564 (60.71%) | 491 (53.08%) 442 (47.42%) 380 (40.90%)
Race <0.001
Non-hispanic White 2,190 (58.95%) | 558 (60.06%) | 533 (57.62%) 537 (57.62%) 562 (60.50%)
Non-hispanic Black 600 (16.15%) 194 (20.88%) | 162 (17.51%) 141 (15.13%) 103 (11.09%)
Mexican American 480 (12.92%) 83 (8.93%) 114 (12.32%) 131 (14.06%) 152 (16.36%)
Other race 445 (11.98%) 94 (10.12%) | 116 (12.54%) 123 (13.20%) 112 (12.06%)
Educational attainment <0.001
High school or less 2,020 (54.37%) | 451 (48.55%) | 512 (55.35%) 512 (54.94%) 545 (58.67%)
More than high school | 1,695 (45.63%) | 478 (51.45%) | 413 (44.65%) 420 (45.06%) 384 (41.33%)
PIR <0.001
Low 553 (14.89%) 105 (11.30%) | 143 (15.46%) 145 (15.56%) 160 (17.22%)
Middle 2,253 (60.65%) | 557 (59.96%) | 550 (59.46%) 557 (59.76%) 589 (63.40%)
High 909 (24.47%) 267 (28.74%) | 232 (25.08%) 230 (24.68%) 180 (19.38%)
BMI (kg/m?) 29.05+£5.95 27.48+6.13 28.90+5.80 29.74+£5.92 30.07+5.61 <0.0001
Smoking status 0.073
Never 1,782 (47.97%) | 481 (51.78%) | 450 (48.65%) 429 (46.03%) 422 (45.43%)
Now 394 (10.61%) 86 (9.26%) 99 (10.70%) 96 (10.30%) 113 (12.16%)
Former 1,539 (41.43%) | 362 (38.97%) | 376 (40.65%) 407 (43.67%) 394 (42.41%)
Drinking status 0.007
Never 630 (16.96%) 153 (16.47%) | 171 (18.49%) 152 (16.31%) 154 (16.58%)
Mild 1,422 (38.28%) | 373 (40.15%) | 364 (39.35%) 360 (38.63%) 325 (34.98%)
Moderate 319 (8.59%) 100 (10.76%) | 75 (8.11%) 68 (7.30%) 76 (8.18%)
Heavy 250 (6.73%) | 60 (6.46%) | 70 (7.57%) 58 (6.22%) 62 (6.67%)
Former 1,094 (29.45%) | 243 (26.16%) | 245 (26.49%) 294 (31.55%) 312 (33.58%)
Hypertension 0.750
No 1,073 (28.88%) | 280 (30.14%) | 269 (29.08%) 262 (28.11%) 262 (28.20%)
Yes 2,642 (71.12%) | 649 (69.86%) | 656 (70.92%) 670 (71.89%) 667 (71.80%)
CVD 0.512
No 2,754 (74.13%) | 675 (72.66%) | 682 (73.73%) 705 (75.64%) 692 (74.49%)
Yes 961 (25.87%) 254 (27.34%) | 243 (26.27%) 227 (24.36%) 237 (25.51%)
DM 0.067
No 2,402 (64.66%) | 614 (66.09%) | 609 (65.84%) 612 (65.67%) 567 (61.03%)
Yes 1,313 (35.34%) | 315(33.91%) | 316 (34.16%) 320 (34.33%) 362 (38.97%)

Overall Q1(<1.877) | Q2(1.879-2.497) | Q3 (2.497-3.345) | Q4(>3.345) | P-value
CKD 0.020
No 2,378 (64.01%) | 583 (62.76%) | 617 (66.70%) 615 (65.99%) 563 (60.60%)
Yes 1,337 (35.99%) | 346 (37.24%) | 308 (33.30%) 317 (34.01%) 366 (39.40%)

Table 1. Baseline characteristics of the study population. Continuous variables: values are expressed as
mean *standard deviation. Categorical variables: values are expressed as numbers (percentage). NHHR
non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio, Q quartile, PIR family
poverty income ratio, CVD cardiovascular disease, DM diabetes mellitus, CKD chronic kidney disease, BMI
body mass index.

significant trends (p for trend 0.015 and 0.019, respectively). Conversely, Model 1 did not exhibit any significant
associations.

Smoothed curve fitting indicated a nonlinear relationship between NHHR and CKD (Fig. 2), manifesting
as a J-shaped relationship. Threshold effect analysis revealed a statistically significant difference between linear
and segmented linear regression models (P=0.002). Table 3 identifies an inflection point of 1.8, with OR as 0.65
(95% CI: 0.44, 0.96) when the OR was below this inflection point, suggesting a negative correlation between
NHHR and CKD. Conversely, a significant positive correlation existed between NHHR and CKD with an OR of
1.27 (95% CI: 1.16 ,1.39) above this inflection point, indicating a rise of 27% in CKD prevalence for every unit
increase in NHHR.
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Characteristic

Model 1
OR (95%CI), P value

Model 2
OR (95%CI), P value

Model 3
OR (95%CI), P value

NHHR (continuous)

1.05 (0.98,1.13), 0.169

1.14 (1.04,1.25), 0.004

1.18 (1.07,1.31), 0.002

NHHR (categorical)

Ql (<1.877)

Reference

Reference

Reference

Q2 (1.879-2.497)

0.83 (0.66,1.05), 0.131

0.88 (0.70,1.10), 0.252

0.87 (0.69,1.10), 0.241

Q3 (2.497-3.345)

0.86 (0.67,1.11), 0.250

0.97 (0.74,1.27), 0.812

0.96 (0.74,1.26), 0.778

Q4 (>3.345)

1.13 (0.88,1.46), 0.344

1.41 (1.08,1.86), 0.015

1.50 (1.08,2.09), 0.017

P for trend

0.367

0.015

0.019

Table 2. Weighted multivariate logistic regression analysis of NHHR and CKD. NHHR non-high-density
lipoprotein cholesterol to high-density lipoprotein cholesterol ratio, Q quartile, PIR family poverty income
ratio, CVD cardiovascular disease, DM diabetes mellitus, CKD chronic kidney disease, BMI body mass index;
Model 1: unadjusted. Model 2: adjusted for age, sex, race, educational attainment, and marital status. Model
3: adjusted for age, sex, race, education attainment, marital status, BMI, PIR, smoking status, drinking status,
hypertension, DM, CVD, dietary cholesterol intake and total cholesterol.
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Fig. 2. Smooth curve fitting for NHHR and CKD. Subjects who did and did not develop CKD are identified as
1 and 0 on the y-axis, respectively. NHHR was a continuous variable. The solid red line represents the smooth
curve fit between variables. Blue dotted lines represent the 95% CI from the fit. Adjustment factors included
age, sex, race, education attainment, marital status, BMI, PIR, smoking status, drinking status, hypertension,
DM, CVD, dietary cholesterol intake and total cholesterol.
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NHHR Adjust OR (95% CI), P value
Fitting by linear regression model | 1.19 (1.10,1.28), <0.0001

Fitting by two-piecewise linear regression model

inflection point 1.8

<18 0.65 (0.44,0.96), 0.0298
>1.8 1.27 (1.16,1.39), < 0.0001
Log-likelihood ratio test 0.002

Table 3. Threshold effect analysis of the association of NHHR with CKD. NHHR non-high-density
lipoprotein cholesterol to high-density lipoprotein cholesterol ratio, PIR family poverty income ratio, CVD
cardiovascular disease, DM diabetes mellitus, CKD chronic kidney disease, BMI body mass index The
threshold effect analysis was adjusted for age, sex, race, education attainment, marital status, BMI, PIR,
smoking status, drinking status, hypertension, DM, CVD, dietary cholesterol intake and total cholesterol.

Subgroup OR (95%CI) P-value | P for interaction
Sex 0.7425
Male 1.10 (1.01, 1.21) 0.0371

Female 1.13(1.02, 1.24) 0.0142

Race 0.5063
Non-Hispanic white 1.13 (1.04, 1.24) 0.0049
Non-Hispanic black 1.22 (1.02, 1.46) 0.0337
Mexican American 1.02 (0.85, 1.23) 0.8208

Other race 1.04 (0.84, 1.29) 0.7370
Educational attainment 0.6035
High school or less 1.14 (1.04, 1.24) 0.0045

More than high school | 1.10(0.99,1.21) | 0.0721

PIR 0.3713
Low 1.02 (0.87, 1.21) 0.7685

Middle 1.16 (1.07,1.26) | 0.0004

High 1.09 (0.92, 1.29) 0.3205

BMI 0.0203
<30 1.06 (0.97, 1.15) 0.2196

>30 1.24 (1.11, 1.38) | <0.0001
Hypertension 0.1264
No 1.02 (0.89, 1.17) 0.7858

Yes 1.15(1.07, 1.24) 0.0003

DM 0.4712
No 1.15 (1.05, 1.25) 0.0033

Yes 1.09 (0.99, 1.20) 0.0776
Smoking status 0.8528
Never 1.10 (1.00, 1.22) 0.0589

Now 1.17 (0.97, 1.40) 0.0957

Former 1.13 (1.02, 1.25) 0.0224

Table 4. Subgroup analysis of the association between NHHR and CKD. NHHR non-high-density
lipoprotein cholesterol to high-density lipoprotein cholesterol ratio, CKD chronic kidney disease, BMI body
mass index, DM diabetes mellitus. Adjusted for age, sex, race, education attainment, marital status, BMI, PIR,
smoking status, drinking status, hypertension, DM, CVD except the subgroup variable.

Subgroup analysis

Subgroup analysis and interaction tests assessed whether the correlation between NHHR and CKD varied
across different subgroups. Table 4 demonstrates that the correlation remained consistent across subgroups
stratified by sex, race, educational attainment, smoking status, PIR, BMI, hypertension, and DM (P values for all
interactions > 0.05, except for BMI). Within the subgroup of individuals with BMI > 30, there was a noTable 24%
increase in the prevalence of CKD for every unit increase in NHHR. There was a clear difference observed in the
BMI subgroup as shown in Fig. 3, figure S1 and figure S2, which is consistent with previous research.
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Fig. 3. Association between NHHR and CKD in different BMI group. Adjustment factors included age, sex,
race, education attainment, marital status, PIR, smoking status, drinking status, hypertension, DM, CVD,
dietary cholesterol intake and total cholesterol.

Discussion

This study focused on exploring the correlation between the NHHR and CKD among elderly Americans.
Analyzing data from 3,715 subjects, the study found that elevated NHHR levels correlated significantly with
heightened CKD risk, persisting even after adjustments for confounding variables. Employing smoothed curve
fitting and threshold effect analysis, a J-shaped curve was identified in the relationship between NHHR and
CKD, with a notable inflection point occurring at 1.8. Further analyses, including subgroup assessments and
interaction tests, upheld the consistency of this relationship across various demographics, with BMI being the
sole exception.

Over 10% of people worldwide suffer with CKD, making it a public health concern'®?. The incidence of
CKD is progressively increasing year by year, with a higher prevalence seen among individuals aged over 60'.
By 2050, the percentage of the population that is elderly is predicted to rise from 10% in 2024 to 16%>!. Kidney
function declines with age, and aging is a major risk factor for CKD**?. The incidence of chronic conditions
like diabetes, hypertension, and cardiovascular diseases has increased with population aging, which has aided
in the development of CKD?-2%, Thus, the link between NHHR and CKD in the senior population is the main
focus of this study. It is especially crucial to focus on the assessment, diagnosis, and treatment of CKD in elderly.

One important risk factor for chronic kidney disease (CKD) is dyslipidemia, which is characterized by
elevated TG, LDL-C, TC, or decreased HDL-C?-%. A cohort study involving 1,891 adults in China found a
substantial link between a heightened NHHR and increased CKD risk, even after adjusting for confounders like
uric acid. This relationship was especially strong among women, individuals who are overweight, and those with
hypertension®’. A similar association was noted in research by Wen et al., which further supported a positive
relationship between NHHR and CKD?. These results are supported by Korean research that found a nonlinear
U-shaped curve between non-HDL-c levels and CKD?!. This highlights even more how crucial NHHR is for
clinical CKD assessment and treatment, as well as its use as a prognostic marker.

Extensive research indicates that disturbances in lipid metabolism contribute to the development and
progression of CKD. Cholesterol metabolism is an important component of lipid metabolism®2. Compared with

Scientific Reports |

(2025) 15:12611 | https://doi.org/10.1038/s41598-025-96299-7 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

healthy individuals, lipid characteristics of CKD patients usually show low levels of HDL-C*. HDL-C, known
for its role in the reverse transport of cholesterol and its antioxidant capabilities, helps decrease the occurrence of
atherosclerosis and CVD risk**°. In a prospective U.S. study, lower levels of HDL-C were linked with a 40% and
77% increased risk of stroke and myocardial infarction, respectively, among CKD patients*®. Conversely, elevated
LDL-C levels and subsequent foam cell formation enhance the release of proinflammatory cytokines, which
intensify inflammation. This process can impair renal function by altering lipid metabolism and promoting
oxidative stress. Furthermore, LDL-C has been found to be a distinct determinant of renal illness, which may
be associated with reduced plasma levels of the enzyme lecithin cholesterol acyltransferase (LCAT), which is
critical for the elimination of cholesterol from the bloodstream. In CKD, one manifestation of abnormal lipid
metabolism is the ectopic deposition of lipids within the kidney*’. Such fat deposits are commonly found in the
perirenal space, renal sinus, and renal parenchyma. Adipocytes located in these areas release proinflammatory
adipokines, leading to renal inflammation, fibrosis, and dysfunction. These pathological conditions are linked
with renal-cell damage, glomerulosclerosis, interstitial fibrosis, and proteinuria®®. A cross-sectional study by
Krievina et al. demonstrated that serum levels of kidney injury molecule-1 (sKIM-1) and fibroblast growth
factor-21 (FGF-21) are associated with ectopic fat deposition in the kidney. sKIM-1 and FGF-21 are markers of
renal injury associated with abnormal lipid metabolism™.

Subgroup analysis indicated an elevated prevalence of CKD among individuals possessing a BMI exceeding
30, underscoring the substantial influence of obesity on CKD progression. Research supports that both obesity
and metabolic syndrome independently increase the risks associated with CKD and end-stage renal disease
(ESRD). A comprehensive cohort investigation conducted by Hsu et al. confirmed that individuals classified as
obese face a heightened risk of progressing to ESRD relative to their normal-weight counterparts, identifying
high BMI as a potent risk factor’’. Research conducted by Iseki et al. in Japan found a significant relationship
between BMI levels and the prevalence of CKD among older adults, suggesting that maintaining a healthy body
weight could lower the risk of this disease*!. The link between obesity and CKD is affected by factors such as
insulin resistance, lipotoxicity, adipocytokine dysregulation, and high blood pressure, making weight control
and a healthy lifestyle crucial for CKD patients*>~*4,

The study has several strengths. Firstly, the use of the NHANES database provides a large, representative
sample collected through standardized procedures, significantly reducing error. Thus, study results can be
reliably extrapolated to the entire U.S. population using appropriate sampling weights. Secondly, the inclusion
of extensive covariates such as demographic data, laboratory tests, and questionnaire responses enhanced the
credibility of the results. Additionally, subgroup analysis and interaction tests were undertaken to explore
variability among diverse demographic groups. Nevertheless, this study faces several limitations. Primarily, its
cross-sectional design necessitates subsequent longitudinal studies to confirm a causal link between NHHR and
CKD. Secondly, although adjustments were made for numerous critical covariates, residual confounding factors
remain unaccounted for. Lastly, the reliance on NHANES data, which focuses on the U.S. population, may limit
the applicability of the findings to other global populations or ethnic cohorts.

The J-shaped relationship between NHHR and CKD is an important finding of this study. Our research
indicates that both excessively high and low levels of NHHR are associated with an increased prevalence of CKD,
particularly in obese patients (BMI > 30). At the public health policy level, regular monitoring of NHHR may
help identify high-risk populations in a timely manner to protect their kidney health. At the same time, patients
should be encouraged to exercise actively, control their weight, and strive to maintain NHHR at optimal levels,
which may help reduce the incidence of CKD.

Conclusion

This study indicates a link between elevated NHHR and a heightened risk of CKD among U.S. residents aged
over 60, particularly among obese individuals (BMI > 30). It suggests that lipid management could be crucial for
preventing CKD and highlights the need for increased focus on renal health in those with elevated NHHR levels.
Further large-scale, prospective studies are needed to confirm these findings.

Data availability
All data for this cross-sectional study were obtained from the official NHANES website, and readers can access
the data free of charge from the website (https:// www. cdc. gov/ nchs /nhanes / index. htm).
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