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Abstract
Background
Recent interest in the Non-High Density to High Density Lipoprotein Cholesterol ratio (NHHR) has emerged due to its potential role in metabolic disorders. However, the connection between NHHR and the development of kidney stones still lacks clarity. The primary goal of this research is to explore how NHHR correlates with kidney stone incidence.

Methods
An analysis was conducted on the data collected by the National Health and Nutrition Examination Survey (NHANES) between 2007 and 2018, focusing on adults over 20 years diagnosed with kidney stones and those with available NHHR values. Employing weighted logistic regression and Restricted Cubic Spline (RCS) models, NHHR levels’ correlation with kidney stone risk was examined. Extensive subgroup analyses were conducted for enhanced reliability of the findings.

Results
The findings indicate a heightened kidney stone risk for those at the highest NHHR levels relative to those at the lowest (reference group). A notable non-linear correlation of NHHR with kidney stone incidence has been observed, with a significant P-value (< 0.001), consistent across various subgroups.

Conclusion
A clear link exists between high NHHR levels and increased kidney stone risk in the American adult population. This study highlights NHHR’s significance as a potential indicator in kidney stone formation.
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Background
 The escalating global incidence of kidney stones, which has been documented extensively in recent literature [1–3], poses significant challenges to patient well-being and imposes considerable economic strains on healthcare systems worldwide [4–6]. This upward trend, coupled with the stones’ recurrent nature, underscores the critical need for enhanced preventive strategies [7, 8]. The concurrent surge in metabolic disorders, including obesity and diabetes, has paralleled an increase in kidney stone prevalence, signaling a worldwide exacerbation of metabolic health issues [2, 9, 10].
The development of kidney stones is understood to be a multifaceted combination of genetic, environmental, dietary, lifestyle, and metabolic influences. These elements can alter the urine’s chemical composition and pH, indirectly influencing stone risk [11–18]. In particular, dysregulated lipid metabolism may precipitate stone formation through modifications in urinary calcium and oxalate levels, and pH, thereby facilitating crystal nucleation and growth [17–19].
Despite significant advancements in understanding the metabolic determinants of kidney stone formation, the role of specific lipid parameters, particularly the Non-High Density to High Density Lipoprotein Cholesterol ratio (NHHR) is recognized for its enhanced precision in predicting metabolic syndromes and insulin resistance [20], with its elevated levels correlating with increased risks of various conditions, including abdominal aortic aneurysm, depression, and periodontitis [21–23]. However, the association between NHHR and the incidence of kidney stones has not been thoroughly investigated. Therefore, it is hypothesized that elevated NHHR levels directly correlate to a greater likelihood of developing kidney stones.
This investigation seeks to delineate the potential link between NHHR and the incidence of kidney stones, analyzing epidemiological data to shed light on this association. By examining the unique role of NHHR in kidney stone pathogenesis, the study endeavors to provide novel insights into the mechanisms underlying stone formation. Furthermore, the elucidation of NHHR’s involvement in kidney stones may hold implications for the development of targeted preventive and therapeutic strategies, thereby contributing to the advancement of patient care and management in this prevalent and burdensome urological condition.

Methods
Study population
The study utilizes information collected from the National Health and Nutrition Examination Survey (NHANES), which samples different groups across the U.S. in stages to evaluate their health and nutrition regularly. NHANES meticulously collects a wide array of data relevant to health and nutrition through annual surveys of approximately five thousand Americans, capturing detailed information on demographics, socioeconomic status, dietary patterns, and health conditions. Data collection is conducted through face-to-face interviews and comprehensive physical examinations, which include physiological measurements and laboratory tests. All participating individuals provided informed consent, and the survey’s methodology, including the informed consent process, received approval from the Ethics Committee at the National Center for Health Statistics.
Data spanning from 2007 to 2018 for a cross-sectional analysis were extracted from the NHANES database. The selection process for eligible research subjects, from an initial pool of 59,842 candidates, adhered to specific inclusion and exclusion criteria. Exclusion criteria eliminated individuals younger than twenty years (n = 25,072), those without the necessary information for NHHR calculation (n = 3,393), those without a documented history of kidney stones (n = 76), and participants lacking key covariate information (n = 10,217). Ultimately, 21,084 participants satisfied the criteria and were incorporated into the final analysis, as detailed in Fig. 1.
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Fig. 1The participant flow diagram



Assessment of NHHR
This research calculates the NHHR from the subjects’ lipid profiles. The NHHR is computed as Total Cholesterol (TC) minus High-Density Lipoprotein Cholesterol (HDL-C), all divided by HDL-C. Non- High-Density Lipoprotein Cholesterol (Non-HDL-C) equals TC minus HDL-C.

Assessment of kidney stones
This study assessed the participants’ prior instances with kidney stones by querying, “Did you previously experience kidney stones?” Data on kidney stones history derived from participants’ self-reports, validated by prior research confirming the accuracy of self-reported kidney stone histories [24]. Respondents affirming a history of kidney stones with a ‘yes’ were thus classified as having a history of the condition. Additionally, the data collected represents the prevalence of kidney stones among the participants, indicating whether they have ever had kidney stones at any point in their life, rather than the incidence of new cases during the study period.

Covariates
In this investigation, a comprehensive array of covariates associated with NHHR status and kidney stone risk was incorporated. These variables span three major categories: demographics, lifestyle habits, and health indicators. Population characteristics encompassed age, sex, ethnicity, marital status, education level, along with poverty ratio. Lifestyle factors considered were alcohol intake, smoking status, sedentary behavior, and physical activity levels. Alcohol consumption was categorized as never (fewer than 12 lifetime drinks), former (12 or more drinks annually, excluding the past year), and current (12 or more lifetime drinks, including at least one in the preceding year) [25]. Smoking was determined by a history of consuming over 100 cigarettes. Sedentary duration was defined as daily sitting time excluding sleep, categorized as under 5 h–5 h and more. Physical activity was assessed based on periods of moderate to vigorous activity lasting at least 10 consecutive minutes, aside from routine work and commuting tasks, with inactivity defined as less than 10 min of such activity [26]. Health indicators included Body Mass Index (BMI), estimated Glomerular Filtration Rate (eGFR), and total calcium levels. The data also covered medication usage such as thiazide diuretics, loop diuretics, and antihyperlipidemic agents, as well as history of gout, diabetes, hypertension, and cardiovascular diseases (CVD), collected via standardized questionnaires and clinical evaluations.

Statistical analysis
In this study, NHANES’ standard sample weighting guidelines were adhered to ensure the representativeness of the sample, applying necessary adjustments to weights. Specifically, weights for the 12-year, two-day dietary samples were adjusted to equal the sample weights for those two days, divided by six. Statistical analyses included both continuous (means and standard errors) and categorical (counts and ratios) variables, using weighted logistic regression and chi-square tests, respectively.
Investigations into NHHR’s impact on kidney stone formation utilized multiple logistic regression analysis. Odds ratios (ORs) and 95% confidence intervals (CIs) for NHHR got calculated, considering it as both a continuous and categorical variable. NHHR got divided into quartiles for analysis, using the bottom quartile for the baseline. Crude model was unadjusted, whereas Model 1 included adjustments for a variety of factors, such as age, sex, ethnicity, marital status, education level, along with poverty ratio. Model 2 additionally took into account factors including smoking, alcohol consumption behavior, BMI, total cholesterol, dietary cholesterol intake, eGFR, sedentary time, physical activity level, serum total calcium levels, thiazide diuretics, loop diuretics, and antihyperlipidemic agents, as well as history of gout, hypertension, diabetes, and CVD. Additionally, a restricted cubic spline (RCS) regression was utilized for examining dose-response interactions involving NHHR with kidney stone risk, with subgroup analyses assessing the robustness of the findings across various population factors. Statistical evaluations were conducted in R (version 4.3.2), maintaining a significance level of P < 0.05.


Results
Characteristics of participants
In the investigation, information from 21,084 participants covering six NHANES cycles from 2007 to 2018 was analyzed, categorizing them into two groups based on their history of kidney stones. Table 1 outlines demographic details for participants, with an average age of 47.24 ± 0.28 years. Among these individuals, 2,056 reported a history of kidney stones. Notably, those with kidney stones had a significantly higher NHHR than those without (3.13 ± 0.05 vs. 2.93 ± 0.02). The kidney stone cohort was characterized by a more advanced average age, a greater proportion of males and non-Hispanic whites, and a greater likelihood of being single (including divorced, separated, or widowed). Additionally, they exhibited higher BMI values and a higher prevalence of smoking or former drinking habits. This group also demonstrated a tendency towards a sedentary lifestyle, was more likely to use thiazide diuretics, loop diuretics, and antihyperlipidemic agents, and had higher rates of gout, hypertension, diabetes, and CVD. Further distinctions included lower eGFR, decreased levels of HDL-C, and lower TC values.

Table 1Baseline characteristics of the study population


	Characteristic
	Overall
(n = 21,084)
	Non-stone formers
(n = 19,028)
	Stone formers
(n = 2056)
	P-value

	Age, mean (SE)
	47.24(0.28)
	46.59(0.30)
	53.27(0.48)
	< 0.0001

	Age strata, n (%)
	 	 	 	< 0.0001

	 20–39
	6957(36.87)
	6567(38.52)
	390(21.50)
	 
	 40–59
	7052(37.59)
	6347(37.22)
	705(41.06)
	 
	 ≥60
	7075(25.54)
	6114(24.27)
	961(37.44)
	 
	Sex, n (%)
	 	 	 	< 0.001

	 Female
	10,901(51.61)
	10,007(52.44)
	894(43.89)
	 
	 Male
	10,183(48.39)
	9021(47.56)
	1162(56.11)
	 
	Race, n (%)
	 	 	 	< 0.0001

	 Mexican American
	2994(8.31)
	2745(8.59)
	249(5.68)
	 
	 Non-Hispanic White
	9562(68.75)
	8372(67.72)
	1190(78.37)
	 
	 Non-Hispanic Black
	4251(10.16)
	3987(10.63)
	264(5.76)
	 
	 Other Hispanic
	2067(5.34)
	1856(5.38)
	211(5.00)
	 
	 Other Race
	2210(7.44)
	2068(7.68)
	142(5.19)
	 
	Marital status, n (%)
	 	 	 	< 0.0001

	 Divorced/Separated/Widowed
	4588(17.70)
	4056(17.44)
	532(20.14)
	 
	 Married/Living with a partner
	12,762(63.63)
	11,424(62.89)
	1338(70.54)
	 
	 Never married
	3734(18.67)
	3548(19.67)
	186(9.33)
	 
	Education levels, n (%)
	 	 	 	0.99

	 High school and below
	9310(36.36)
	8372(36.36)
	938(36.34)
	 
	 Above high school
	11,774(63.64)
	10,656(63.64)
	1118(63.66)
	 
	Poverty ratio, n (%)
	 	 	 	0.29

	 <1.3
	6406(20.91)
	5782(20.98)
	624(20.25)
	 
	 1.3–3.5
	7958(34.66)
	7161(34.43)
	797(36.85)
	 
	 >3.5
	6720(44.43)
	6085(44.60)
	635(42.91)
	 
	BMI, n (%)
	 	 	 	< 0.0001

	 <18.5
	290(1.31)
	279(1.36)
	11(0.83)
	 
	 18.5-24.99
	5534(27.75)
	5148(28.55)
	386(20.31)
	 
	 25-29.99
	6931(32.71)
	6238(32.71)
	693(32.76)
	 
	 ≥30
	8329(38.22)
	7363(37.38)
	966(46.09)
	 
	Smoke, n (%)
	 	 	 	0.003

	 No
	11,739(56.60)
	10,747(57.10)
	992(51.87)
	 
	 Yes
	9345(43.40)
	8281(42.90)
	1064(48.13)
	 
	Alcohol user, n (%)
	 	 	 	0.003

	 Never
	2851(10.59)
	2578(10.51)
	273(11.32)
	 
	 Former
	3360(12.82)
	2919(12.41)
	441(16.64)
	 
	 Now
	14,873(76.60)
	13,531(77.08)
	1342(72.04)
	 
	Recreational activity, n (%)
	 	 	 	< 0.0001

	 Inactive
	10,645(43.69)
	9459(42.90)
	1186(51.04)
	 
	 Active
	10,439(56.31)
	9569(57.10)
	870(48.96)
	 
	Sitting time, n (%)
	 	 	 	0.06

	 <5
	8438(36.72)
	7644(37.02)
	794(33.83)
	 
	 ≥5
	12,646(63.28)
	11,384(62.98)
	1262(66.17)
	 
	Hypertension, n (%)
	 	 	 	< 0.0001

	 No
	13,403(68.48)
	12,401(70.13)
	1002(53.10)
	 
	 Yes
	7681(31.52)
	6627(29.87)
	1054(46.90)
	 
	Diabetes, n (%)
	 	 	 	< 0.0001

	 No
	17,887(88.74)
	16,352(89.94)
	1535(77.50)
	 
	 Borderline
	491(1.81)
	426(1.61)
	65(3.66)
	 
	 Yes
	2706(9.46)
	2250(8.45)
	456(18.84)
	 
	CVD, n (%)
	 	 	 	< 0.001

	 No
	20,416(97.78)
	18,478(97.94)
	1938(96.20)
	 
	 Yes
	668(2.22)
	550(2.06)
	118(3.80)
	 
	Gout, n (%)
	 	 	 	< 0.0001

	 No
	20,091(95.97)
	18,221(96.38)
	1870(92.07)
	 
	 Yes
	993(4.03)
	807(3.62)
	186(7.93)
	 
	Loop diuretic user, n (%)
	 	 	 	< 0.0001

	 No
	20,369(97.58)
	18,439(97.86)
	1930(94.98)
	 
	 Yes
	715(2.42)
	589(2.14)
	126(5.02)
	 
	Thiazide user, n (%)
	 	 	 	< 0.001

	 No
	19,942(95.54)
	18,030(95.78)
	1912(93.24)
	 
	 Yes
	1142(4.46)
	998(4.22)
	144(6.76)
	 
	Antihyperlipidemic agent user, n (%)
	 	 	 	< 0.0001

	 No
	16,579(81.37)
	15,184(82.36)
	1395(72.16)
	 
	 Yes
	4505(18.63)
	3844(17.64)
	661(27.84)
	 
	Serum total calcium (mmol/L), mean (SE)
	2.35(0.00)
	2.35(0.00)
	2.35(0.00)
	0.3

	eGFR (mL/min), mean (SE)
	94.40(0.35)
	95.20(0.37)
	86.98(0.61)
	< 0.0001

	Dietary cholesterol (mg), mean (SE)
	294.06(2.58)
	292.55(2.66)
	308.20(8.28)
	0.07

	Total Cholesterol (mg/dL), mean (SE)
	194.41(0.58)
	194.67(0.60)
	191.95(1.29)
	0.04

	HDL-C (mg/dL), mean (SE)
	53.36(0.23)
	53.72(0.24)
	49.99(0.52)
	< 0.0001

	NHHR, mean (SE)
	2.95(0.02)
	2.93(0.02)
	3.13(0.05)
	< 0.001


NHHR Non-HDL-C and HDL-C ratio, HDL-C High-density lipoprotein cholesterol, eGFR Estimated Glomerular Filtration Rate, BMI Body mass index, CVD Cardiovascular disease




Association between NHHR and kidney stones
Table 2 illustrates a significant positive correlation between NHHR as a continuous variable and the risk of kidney stones. Initial analysis without adjustment indicated that a one-unit increase in NHHR correlates with a 9% rise in kidney stone risk (95% CI: 1.05–1.13, P < 0.0001). This relationship persisted in Model 2, which accounted for all examined covariates, with an OR of 1.05 (95% CI: 1.00-1.11, P = 0.04). Furthermore, in the quartile-based model with full adjustments, the risk progressively escalated across the NHHR quartiles compared to the lowest quartile: the second quartile saw a 30% increase in risk (95% CI: 1.04–1.63, P = 0.02), the third quartile 43% (95% CI: 1.10–1.85, P = 0.01), and the fourth quartile 39% (95% CI: 1.07–1.80, P = 0.01). The analysis employing a RCS regression model suggested a potential dose-response relationship, manifested as a curve with a peak at an NHHR inflection point of 4.09 (Fig. 2).

Table 2Association of the NHHR with kidney stone


	Exposure
	Crude model
	Model 1
	Model 2

	OR (95% CI)
	P value
	OR (95% CI)
	P value
	OR (95% CI)
	P value

	NHHR
	1.09(1.05,1.13)
	< 0.0001
	1.06(1.02,1.10)
	0.01
	1.05(1.00,1.11)
	0.04

	NHHR quartile

	 Quartile1
	1 (Ref.)
	 	1 (Ref.)
	 	1 (Ref.)
	 
	 Quartile2
	1.40(1.14,1.71)
	0.001
	1.33(1.09,1.64)
	0.01
	1.30(1.04,1.63)
	0.02

	 Quartile3
	1.61(1.29,2.02)
	< 0.0001
	1.46(1.16,1.83)
	0.001
	1.43(1.10,1.85)
	0.01

	 Quartile4
	1.59(1.30,1.95)
	< 0.0001
	1.43(1.17,1.75)
	< 0.001
	1.39(1.07,1.80)
	0.01

	 P for trend
	 	< 0.0001
	 	< 0.001
	 	0.01


Crude model: unadjusted model
Model 1: Adjusted for age, sex, race, education levels, marital status, poverty ratio
Model 2: Additionally adjusted for BMI, smoking, alcohol user, recreational activity, sitting time, eGFR, serum total calcium levels, thiazide diuretics, loop diuretics, antihyperlipidemic agents, gout, hypertension, diabetes, CVD, TC and Dietary cholesterol
NHHR Non-HDL-C and HDL-C ratio, OR odds ratio, CI confidence interval
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Fig. 2Illustrates the correlation between NHHR and the incidence of kidney stones. The ORs, depicted by solid lines, were adjusted for age, sex, ethnicity, marital status, education levels, poverty ratio, BMI, smoking, alcohol user, recreational activity, sitting time, eGFR, serum total calcium levels, thiazide diuretics, loop diuretics, antihyperlipidemic agents, gout, hypertension, diabetes, CVD, TC, and Dietary cholesterol. Corresponding 95% CIs are represented by shaded areas



Subgroup analyses
Figure 3 presents the outcomes of a stratified analysis, demonstrating the differential associations of NHHR with kidney stone risk across various demographic segments. Notably, the strongest association was identified in individuals aged 20 to 40 years, with an OR of 1.15 (95% CI: 1.04–1.28, P = 0.01). Notable correlations were detected in non-Hispanic whites (OR = 1.07, 95% CI: 1.00-1.14) and non-Hispanic blacks (OR = 0.84, 95% CI: 0.74–0.96). Lower income levels showed a meaningful association (OR = 1.08, 95% CI: 1.00-1.17), and non-sedentary lifestyles also demonstrated a significant correlation (OR = 1.10, 95% CI: 1.01–1.21). Individuals without prior occurrences of gout (OR = 1.06, 95% CI: 1.00-1.11), CVD (OR = 1.06, 95% CI: 1.00-1.12) or diabetes (OR = 1.08, 95% CI: 1.02–1.14) also exhibited significant associations. Participants with no use of thiazide diuretics (OR = 1.07, 95% CI: 1.02–1.13) or antihyperlipidemic agents (OR = 1.07, 95% CI: 1.00-1.15) showed associations with NHHR levels, with all associations yielding P-values below 0.05. However, this relationship appears to be inversely correlated among non-Hispanic blacks. Additionally, a significant interaction was identified between marital status, the use of thiazide diuretics, and NHHR levels, affecting kidney stone risk and demonstrating the complexity these relationships, with a P-value < 0.05.
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Fig. 3Presents a stratified analysis of kidney stones and NHHR




Discussion
This investigation establishes a notable positive association between the NHHR and the incidence of kidney stones. This correlation persists across various model adjustments and analytical methodologies. Analysis through RCS regression models indicates a potential nonlinear relationship, with inflection points suggesting a more pronounced risk increase at certain NHHR levels. These findings bolster the hypothesis that NHHR, indicative of lipid metabolic activity, may influence kidney stone formation.
In this study, the stone group was observed to have a higher number of male participants compared to the non-stone group. This difference in gender ratio may impact the comparison of eGFR across groups. Existing research indicates that at equivalent levels of creatinine, eGFR is generally higher in males than in females. This difference could be attributed to greater muscle mass in males, leading to higher creatinine production. Therefore, gender is a significant factor to adjust for when using creatinine-based eGFR formulas. In the stone group, the higher proportion of males may lead to lower average calculated eGFR values, particularly when gender has not been appropriately adjusted for. Future research should further explore how gender affects the assessment of renal function in stone patients and consider incorporating more gender adjustment factors into the eGFR formula to enhance assessment accuracy.
Historically viewed as an isolated condition, recent research links kidney stones to systemic metabolic disturbances, notably lipid dysregulation [27–29]. Several studies have connected lipid anomalies with urolithiasis risk. Elevated triglycerides and cholesterol, for instance, may modify the urinary composition in individuals without stones, potentially facilitating stone genesis [30]. Similarly, links between obesity, metabolic changes, and stone recurrence have been identified [31], with heightened serum triglyceride levels correlating with increased urolithiasis risk [28]. Lipoproteins in their oxidized form might catalyze stone formation by promoting oxidative stress and inflammatory responses, altering the lithogenic environment [32].
NHHR mirrors the balance between HDL-C and non-HDL-C, lipoproteins with divergent roles [33]. An escalated NHHR may signify lipid metabolic imbalances. To further elaborate on the underlying mechanisms, it is imperative to consider the biochemical properties of HDL and non-HDL cholesterol. HDL-C is lauded for its cardio-protective effects [34] and is pivotal in the process of reverse cholesterol transport [35], which involves the removal of surplus cholesterol from peripheral tissues and atheromas and transports it back to the liver for excretion. whereas non-HDL-C elevation is linked to atherogenesis [36], it is known to contribute to the buildup of plaques in arteries [37], potentially exacerbating conditions conducive to kidney stone formation by affecting renal blood flow and calcification processes.
Therefore, NHHR rise could indicate a pro-inflammatory, pro-oxidative state associated with stone pathogenesis, as observed in metabolic syndrome [9]. Additionally, the influence of dietary factors on NHHR levels and kidney stone risk cannot be underestimated. Diets high in saturated fats can increase levels of harmful cholesterol [38–40], potentially worsening NHHR imbalances. On the other hand, diets rich in fruits, vegetables, and fibers can improve HDL-C levels and overall lipid profiles [41, 42], thereby mitigating the risk associated with high NHHR. These dietary effects are crucial to consider when developing preventive strategies against kidney stones, especially in populations predisposed to high cholesterol levels.
Considering NHHR’s influence on kidney stone risk necessitates acknowledging cholesterol’s multifaceted role within biological systems. Beyond cell membrane constitution, cholesterol is pivotal in cell signaling and inflammation [43, 44]. Hence, NHHR elevations might reflect cellular and metabolic shifts predisposing to crystallization. Furthermore, lipid dysregulation may alter urine’s chemical composition and pH, influencing stone formation [32]. Future research should delve into the biochemical and molecular dynamics of lipid metabolism and urolithiasis, aiding in novel preventative and therapeutic strategy development, possibly through dietary and lifestyle modifications targeting lipid management.
Moreover, the outcomes of this study are profoundly relevant to clinical practice, especially concerning patient care and the formulation of disease prevention strategies. By uncovering the link between NHHR and the risk of kidney stones, this research offers clinicians a potential biomarker for identifying high-risk patients in routine practice and implementing targeted preventive actions. Doctors, for example, might adjust treatment protocols and lifestyle advice based on a patient’s NHHR levels. For those with elevated NHHR, recommendations could include reducing intake of saturated fats and cholesterol, boosting high-density lipoprotein levels, and enhancing lipid metabolism through diet and exercise. Moreover, increasing monitoring frequency for these patients—regularly checking their lipid profiles and kidney function—could lead to early problem detection and intervention.
Additionally, the study underscores the necessity of a holistic treatment approach, recommending that the link between lipid metabolism and kidney stone risk be considered in patient management. This consideration is especially vital in preventing kidney stone recurrence, as managing lipid levels could reduce stone formation and improve overall health. Ultimately, these insights encourage clinicians to take a more comprehensive and personalized approach when treating kidney stone patients. This not only improves immediate clinical outcomes but also contributes to long-term health maintenance, reducing kidney stone formation and recurrence and significantly enhancing the patient’s quality of life.
Study strengths and limitations
This research employed the comprehensive and extensive NHANES database, which boasts a nationally representative sample and meticulous data collection methods. These attributes laid a solid foundation for t investigating how NHHR relates to the risk of kidney stones. Utilizing multivariate logistic regression and RCS regression models, the study revealed a potential dose-response correlation between NHHR and the likelihood of kidney stone development, thereby deepening comprehension of this linkage. Moreover, by adjusting for an extensive array of covariates related to demographics, lifestyle habits, and health indicators, the study’s robustness and interpretability were enhanced. Nevertheless, the cross-sectional design constrains capacity to infer causality from these findings. The reliance on self-reported data could introduce recall bias, particularly concerning the history of kidney stones and lifestyle practices. While subgroup analyses offered preliminary insights into varying associations across different populations, they did not encompass all potential interactive factors, indicating that further detailed exploration is necessary in future studies. Given these constraints, forthcoming longitudinal research and more precise data collection methodologies are essential to advance understanding of the NHHR’s relationship with kidney stone risk and to facilitate the formulation of more effective preventative and therapeutic strategies.


Conclusion
The findings clearly demonstrate a link between elevated NHHR and increased risk of kidney stone formation. The results confirm that elevated NHHR levels significantly correlate with higher kidney stone incidences, supporting NHHR’s potential as an effective biomarker for assessing individual risks. Additionally, these findings deepen understanding of the link between lipid metabolism abnormalities and kidney stone formation. Based on these observations, it is recommended that future prospective studies validate the efficacy and reliability of NHHR as a predictive biomarker, thus providing scientific grounds for the prevention and treatment of kidney stones.
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