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Abstract

Background: The neutrophil to High-Density Lipoprotein Cholesterol (HDL-C) ratio (NHR) has been identified as a novel biomarker reflecting 
inflammatory status and lipid metabolism disorders. The aim of the present study was to investigate the association between the NHR and the Uri-
nary Albumin-to-Creatinine Ratio (uACR) as well as the effect of risk prediction on Subclinical Renal Damage (SRD) in adults.

Methods: A total of 36640 eligible adult participants were recruited from 2005 to 2018 from the NHANES survey and were included in this 
cross-sectional study. The NHR was evaluated by the blood neutrophil-to-HDL-C concentration ratio. Correlation analysis was applied when the 
NHR and uACR were considered as continuous variables. In addition, the relationship between the NHR and SRD was further explored using logistic 
regression analysis.

Results: The uACR was positively correlated with the NHR (r=0.173, P<0.001). A total of 5007 individuals developed SRD, and the incidence of 
SRD increased from 10.07% in the first quartile to 18.04% in the fourth quartile of the NHR. Compared with those in the NHR first quartile group, 
subjects in the other groups had increasingly greater odds of suffering from SRD. This relationship held even after adjusting for multiple confounding 
factors. The area under the receiver operating characteristic curve of the NHR for predicting SRD was 0.572 (95% CI: 0.563–0.580, P<0.001), and the 
cutoff point was 3.129×109/mmol, with a sensitivity of 56.92% and a specificity of 53.40%.

Conclusion: Our study was the first to employ the inflammatory marker NHR to assess kidney function. We found that the NHR was positively 
correlated with the uACR and associated with the occurrence of SRD in adults. We believe that the NHR is an effective indicator for assisting in the 
screening of individuals with SRD in the general population.

Keywords: Neutrophil to high-density lipoprotein cholesterol ratio, Subclinical renal damage, Urinary albumin-to-creatinine ratio, National Health 
and Nutrition Examination Survey (NHANES)
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Introduction
Chronic Kidney Disease (CKD) is a progressive disease that 

affects at least 10% of the global population, and it is estimated that 
more than 800 million people suffer from CKD worldwide [1,2]. 
Specifically, it was shown that the incidence of CKD was 10.8% in 
China [3] and 13.0% in the United States [4] among adults. Moreover, 
CKD has been considered one of the most important causes of 
suffering and death in recent years [5]. It was reported that CKD has 
been the leading cause of worldwide mortality in Global Burden of 
Disease (GBD) studies [6]. Individuals with a number of risk factors 
for CKD may benefit most from preventive measures. Therefore, 
early identification, diagnosis and preventative intervention are 
urgently needed in populations at high risk of renal damage because 
these interventions are systematically implemented worldwide.

Inflammation plays a prominent role in promoting the 
development and progression of CKD through various mechanisms, 
including increased activation of the innate immune system, 
increased production of reactive oxygen species, dysregulation 
of the anti-inflammatory system and dysbiosis of the intestinal 

flora [7]. Neutrophils are a type of white blood cell that play vital 
roles in acute and chronic inflammation [8,9]. Dyslipidemia is a 
typical characteristic among CKD patients and is characterized 
by a decreased High-Density Lipoprotein Cholesterol (HDL-C) 
concentration [10]. HDL-C has natural anti-inflammatory and 
antioxidant effects [10,11] and may have potential benefits for 
renal health.

The Neutrophil-to-HDL-C Ratio (NHR) is a marker that 
combines information about inflammation and lipid metabolism. 
Previous studies have identified the role of the NHR in the context 
of inflammatory and Cardiovascular Diseases (CVDs) [12,13]. 
However, few studies have revealed the relationship between the 
NHR and kidney disease. It is still unknown whether the NHR 
is predictive of Subclinical Renal Damage (SRD) in the general 
population. Consequently, the aim of this study was to investigate 
the association between the NHR and the Urinary Albumin-To-
Creatinine Ratio (uACR) and the risk of SRD in adults via a large 
study population and the nationally representative National Health 
and Nutrition Examination Survey (NHANES) in the United States.

Materials and Methods
Study Population

Figure 1: Flowchart of the study population selection process.
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In this study, data were acquired from the NHANES, which is an 
ongoing continuous cross-sectional survey focused on evaluating 
the prevalence of disease and identifying disease-specific risk 
factors in civilian populations in the United States population, 
as previously described [14,15]. A detailed description of the 
publicly available datasets can be found at https://www.cdc.gov/
nchs/nhanes/. This investigation was devoted to estimating the 
relationship between the NHR and the risk of SRD in adults. Eligible 
data in this analysis were obtained from NHANES waves spanning 
2005-2006 to 2017-2018, and the study sample screening 
process is shown in Figure 1. Briefly, we selected participants 
who were aged at least 18 years, excluding individuals aged <18 
years (n=25060), excluding those with missing neutrophil count 
or HDL-C data (n=7336), or missing urine creatinine or albumin 
data (n=556). Due to the possible effect of urine albumin or urine 
creatinine assessing renal function, 598 pregnant women were also 
excluded from this study. As a result, 33550 individuals who did not 
meet the inclusion criteria were excluded from among the 70190 
participants in the 2005 to 2018 NHANES cycle, and a total of 36640 
subjects aged ≥18 years were eventually involved in the present 
study. The research was conducted following the ethical principles 
outlined in the Declaration of Helsinki. As all data from the NHANES 
survey is publicly available, no additional medical ethics committee 
board approval was required in accordance with the international 
practice. The study protocols for NHANES program were approved 
by the NCHS ethics review board (protocol number 2011-17, 
https://www.cdc.gov/nchs/nhanes/). Written informed consent 
was collected from all adult participants (Figure 1).

Demographic Characteristics

Trained interviewers participated in the home interview 
session to collect demographic information through questionnaires. 
The participants were divided into five race and ethnicity groups: 
Mexican American, other Hispanic, non-Hispanic White, non-
Hispanic Black, and other races. Other covariates, including age, 
sex, marital status and education background, were obtained via a 
self-reported method. Bodyweight and height were measured by a 
trained examiner at the mobile examination center, and Body Mass 
Index (BMI) was calculated as weight (kg)/height (m2).

Definitions

Cigarette smoking status was obtained by the survey questions 
“Have you smoked at least 100 cigarettes in your life?” and “Do you 
currently smoke cigarettes?”. The participants were subsequently 
classified into three categories: never smokers, former smokers 
and current smokers [16]. A history of alcohol consumption was 
determined by the survey question “In any 1 year, have you had at 
least 12 drinks of any type of alcoholic beverage?”. Individuals who 
answered “yes” were classified as drinkers [17]. Hypertension was 
defined as a mean blood pressure ≥140/90 mmHg or self-reported 
diagnosis of hypertension or prescription for hypertension. 

Diabetes status was determined by self-reported diagnosis of 
diabetes by a medical professional previously [18].

Exposure and Outcome

A complete blood analysis was performed on a Beckman Coulter 
MAXM analyzer using the phlebotomy component. HDL-C was 
detected by immunoassay procedures or precipitation methods. 
The NHR was calculated by the following formula: NHR= neutrophil 
count (109cell/L)/HDL-C concentration (mmol/L). Other 
biomarkers, including fasting blood glucose, Total Cholesterol (TC), 
triglycerides and Low-Density Lipoprotein Cholesterol (LDL-C), 
were evaluated in venous plasma or serum samples. In the NHANES 
cycles from 2005 to 2018, urinary albumin was detected using a 
solid-phase fluorescent immunoassay. Urinary creatinine levels 
were measured with the Jaffé rate reaction from the 2005 to 2008 
cycles and via enzymatic methods from the 2009 to 2018 cycles. 
Renal function was evaluated with the Urine Albumin-To-Creatinine 
Ratio (uACR). It was calculated by the following formula: uACR= 
urine albumin (mg/L)/urine creatinine (mmol/L). The presence of 
SRD was diagnosed on the basis of a uACR≥2.5 mg/mmol in men or 
a uACR ≥3.5 mg/mmol in women [19].

Statistical Analysis

Normally distributed continuous data are shown as the 
means ± Standard Deviations (SDs), and nonnormally distributed 
continuous variables are expressed as medians (25th and 75th 
percentile ranges). Categorical variables are reported as frequencies 
and proportions. The differences between continuous variables 
were Assessed Using One-Way Analysis of Variance (ANOVA) when 
the distribution and variance met the requirements; otherwise, 
the Kruskal–Wallis test was applied to three or more groups. The 
differences between categorical data were analyzed by chi-square 
(χ2) tests. Correlation analysis of two continuous variables was 
evaluated by the Pearson correlation coefficient or Spearman 
correlation coefficient when appropriate. Receiver Operating 
Characteristic (ROC) curve analysis was also conducted to evaluate 
the value of the novel predictor NHR for the incidence of SRD. 
Youden’s index, which was calculated as sensitivity + specificity -1, 
was used to assess the optimal cutoff NHR value.

Participants were divided into four groups according to the 
NHR quartile from lowest (Q1<2.1290) to highest (Q4≥4.2857) as 
an independent variable. Logistic regression analysis was applied 
to investigate the associations between SRD and NHR quartile 
groups, with odds ratios (ORs) and 95% Confidence Intervals (CIs) 
reported in the models. Model 1 was adjusted for no covariates, 
Model 2 was adjusted for sex, race/ethnicity, education level and 
marital status, Model 3 was adjusted for all covariates in Model 2 
as well as smoking and drinking, and Model 4 was adjusted for all 
covariates in Model 3 as well as hypertension and diabetes. The 
statistical analyses were conducted with SPSS software (SPSS, Inc., 

https://www.cdc.gov/nchs/nhanes/
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Chicago, IL). All the statistical tests were two-sided, and a P value < 
0.05 was used to indicate statistical significance.

Results

Demographic Characteristics of the Studied Subjects

A total of 36640 individuals were ultimately included in this 
study. The demographic characteristics and laboratory biomarkers 
of the studied subjects are shown in Table 1. The median age of the 
population was 48 (32,63) years, and 18117 (49.45%) subjects 

were male. Differences in sex, education level, race/ethnicity and 
marital status were statistically significant (P<0.05) (Table 1). 
Anthropometric data (including age, body weight and BMI) and 
biochemical data (fasting blood glucose, TC, triglyceride and LDL-C 
levels) were also significantly different (P<0.05) (Table 1). In 
addition, the incidence of current smoking, drinking, hypertension 
and diabetes increased with increasing NHR quartiles (P<0.05) 
(Table 1). Patients in the higher quartile groups were more likely 
to be male with greater body weight, greater BMI, and higher levels 
of current smoking, drinking, hypertension and diabetes (P<0.05).

Table 1: Demographic characteristics by quartiles of NHR.

Neutrophil to HDL-C Ratio (109 cells /L to mmol/L)

Variable All Participants Quartile 
1(<2.1290)

Quartile 2 (2.1290-
3.0597) Quartile 3 (3.0597-4.2857) Quartile 4 

(≥4.2857) P value

Age (Year) 48(32,63) 50(33,64) 48(32,64) 47(32,63) 45(32,61) <0.001

Gender n (%) <0.001

Male 18117(49.45%) 3575(39.05%) 4322(47.09%) 4791(52.23%) 5429(59.44%)

Female 18523(50.55%) 5579(60.95%) 4857(52.91%) 4382(47.77%) 3705(40.56%)

Sphygmus 
(Times/min) 72(64,80) 70(62,76) 70(64,78) 72(64,80) 74(68,84) <0.001

Body weight (kg) 81.3±11.6 73.7 ±8.1 78.6±9.5 83.1±11.1 90.0±13.9 <0.001

BMI (kg/m2) 29.01±6.94 26.54 ±5.93 28.20±6.34 29.62±6.75 31.70±7.61 <0.001

Race and ethnicity n (%) <0.001

Mexican American 5999(16.37%) 910(9.94%) 1424(15.51%) 1822(19.86%) 1843(20.18%)

Non-Hispanic 
White 15209(41.51%) 3166(34.59%) 3765(41.02%) 3945(43.01%) 4333(47.44%)

Non-Hispanic 
Black 7718(21.06%) 3252(35.53%) 1965(21.41%) 1422(15.50%) 1079(11.81%)

Other Hispanic 3555(9.71%) 687(7.50%) 900(9.80%) 1022(11.14%) 946(10.36%)

Other Races 4159(11.35%) 1139(12.44%) 1125(12.26%) 962(10.49%) 933(10.21%)

Education n (%) < 0.001

Less than 9th 
grade 3812(10.40%) 696(7.60%) 935(10.19%) 1069(11.65%) 1112(12.17%)

9-11th grade 5565(15.19%) 1224(13.37%) 1331(14.50%) 1393(15.19%) 1617(17.70%)

High school or 
equivalent 8636(23.57%) 1955(21.36%) 2115(23.04%) 2212(24.11%) 2354(25.78%)

Some college or 
AA degree 10712(29.24%) 2713(29.64%) 2604(28.36%) 2727(29.73%) 2668(29.21%)

College graduate 
or above 7884(21.52%) 2553(27.89%) 2188(23.84%) 1768(19.27%) 1375(15.05%)

Refused or other 30(0.08%) 13(0.14%) 6(0.07%) 4(0.05%) 8(0.09%)

Marital Status n (%) <0.001

Married 18000(51.32%) 4247(48.54%) 4595(52.59%) 4585(52.07%) 4573(52.03%)

Widowed 2747(7.83%) 752(8.59%) 748(8.56%) 674(7.66%) 573(6.52%)

Divorced 3757(10.71%) 1003(11.46%) 860(9.84%) 947(10.76%) 947(10.78%)

Separated 1180(3.36%) 274(3.13%) 298(3.41%) 303(3.44%) 305(3.47%)

Never married 6572(18.73%) 1825(20.86%) 1603(18.35%) 1568(17.81%) 1576(17.94%)



Am J Biomed Sci & Res Copyright© Yanping Ren

American Journal of Biomedical Science & Research 1211

Living with 
partner 2805(8.00%) 644(7.36%) 631(7.22%) 722(8.20%) 808(9.20%)

Refused or other 18(0.05%) 5(0.06%) 3(0.03%) 5(0.06%) 5(0.06%)

Smoking n (%) <0.001

Never smoker 21089(57.56%) 5926(64.74%) 5642(61.47%) 5186(56.54%) 4335(47.46%)

Former smoker 8364(22.82%) 1995(21.79%) 2103(22.91%) 2174(23.70%) 2092(22.90%)

Current smoker 7187(19.62%) 1233(13.47%) 1434(15.62%) 1813(19.76%) 2707(29.64%)

Drinking n (%) <0.001

Yes 15830(44.08%) 4126(46.05%) 4030(44.73%) 3887(43.31%) 3787(42.22%)

No 20083(55.92%) 4834(53.95%) 4979(55.27%) 5087(56.69%) 5183(57.78%)

Hypertension n (%) <0.001

Yes 14868(40.58%) 3415(37.31%) 3612(39.35%) 3764(41.03%) 4077(44.64%)

No 21772(59.42%) 5739(62.69%) 5567(60.65%) 5409(58.97%) 5057(55.36%)

Diabetes n (%) <0.001

Yes 6038(16.48%) 883(9.65%) 1335(14.54%) 1638(17.86%) 2182(23.89%)

No 30602(83.52%) 8271(90.35%) 7844(85.46%) 7535(82.14%) 6952(76.11%)

GLU (mmol/L) 5.55(5.16,6.16) 5.38(5.05,5.83) 5.55(5.16,6.11) 5.66(5.27,6.27) 5.83(5.38,6.77) <0.001

Neutrophils 
count (109 cell/L) 4.24±1.76 2.68±0.76 3.68±0.82 4.51±0.97 6.10±2.00 <0.001

Total cholesterol 
(mmol/L) 4.94±1.07 5.08±1.05 4.94±1.04 4.90±1.08 4.85±1.10 <0.001

Triglycerides 
(mmol/L) 1.40±1.13 1.01±0.65 1.27±0.78 1.56±1.14 2.01±1.67 <0.001

LDL-C (mmol/L) 2.90±0.92 2.90±0.91 2.93±0.91 2.93±0.92 2.83±0.92 0.0147

HDL-C (mmol/L) 1.37±0.41 1.74±0.43 1.43±0.31 1.25±0.26 1.04±0.24 <0.001

Urine albumin 
(mg/L) 8.20(4.30,17.30) 7.30(3.80,14.30) 7.80(4.10,15.90) 8.50(4.40,17.85) 9.70(5.00,22.40) <0.001

Urine creatinine 
(mg/dL) 112(64,171) 105(59,166) 109(61,165) 113(66,171) 122(72,180) <0.001

uACR (mg/ 
mmol) 0.81(0.52,1.58) 0.76(0.50,1.41) 0.78(0.51,1.49) 0.81(0.52,1.61) 0.88(0.54,1.93) <0.001

Associations Between the NHR and the uACR

To evaluate the relationship between the NHR and the uACR, 
these two variables were included in the correlation analysis as 
continuous variables. As a result, the uACR was positively correlated 
with the NHR (r=0.173, P<0.001) (Figure 2). Then, we classified 
the NHRs into quartiles to further investigate the distribution of 
the uACR among the NHRs in the quartile groups (Table 1, Figure 
3). Interestingly, compared with those in the NHR Q1 group (0.76 
[0.50, 1.41] mg/mmol), the uACR levels were significantly greater 
in the NHR Q3 (0.81 [0.52, 1.61] mg/mmol, P=0.012) and NHR Q4 
(0.88 [0.54, 1.93] mg/mmol, P<0.001) groups.

Risk of NHR Quartile Groups for SRD

Among the 36640 participants who were included in this study, 

5007 developed SRD as assessed by the uACR. The incidence of 
SRD was 10.07% in the lowest NHR quartile 1 group and increased 
to 18.04% in the highest NHR quartile 4 group (Figure 4). To 
estimate the relationship between the NHR quartile groups and 
SRD, binomial logistic regression analysis was performed, and 
the lowest NHR quartile 1 (NHR Q1) group was identified as the 
control group (Table 2). Compared with those in the NHR Q1 group, 
subjects in the NHR Q2, NHR Q3 and NHR Q4 quartiles had 1.28-, 
1.47- and 1.97-fold greater risks of suffering from SRD, respectively 
(P<0.05) (Table 2, Model 1). After gradual adjustment for sex, race/
ethnicity, education level and marital status in Model 2, additional 
adjustment for smoking and drinking status in Model 3, and further 
adjustment for hypertension and diabetes in Model 4, the results 
also showed that higher NHRs were associated with an increased 
risk of SRD.
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Figure 2: uACR levels are positively correlated with NHR.

Figure 3: Comparison of uACR values among different quartiles of NHR.

Table 2: Adjusted ORs and 95% CI of the association between NHR quartiles and SRD.

  Model 1 Model 2 Model 3 Model 4

Quartile 1 (<2.1290) 1 1 1 1

Quartile 2 (2.1290-3.0597) 1.27(1.16,1.39) 1.26(1.15,1.39) 1.26(1.14,1.39) 1.15(1.04,1.27)

Quartile 3 (3.0597-4.2857) 1.47(1.34,1.61) 1.44(1.31,1.58) 1.43(1.30,1.57) 1.23(1.12,1.36)

Quartile 4 (≥4.2857) 1.97(1.80,2.14) 1.88(1.72,2.06) 1.86(1.69,2.04) 1.45(1.32,1.60)

P for trend <0.0001 <0.0001 <0.0001 0.0005

The Utility of the NHR in Distinguishing the Occurrence 
of SRD

In this study, the NHR was positively correlated with the uACR, 
and the NHR was greater in patients with SRD than in those who 
were SRD free. Receiver operating characteristic (ROC) curve 

analysis was used to estimate the cutoff NHR value for indicating 
the incidence of SRD. The area under the ROC curve (AUC) of the 
NHR for predicting SRD was 0.572 (95% CI: 0.563-0.580, P<0.001), 
and the cutoff point was 3.129× 109/mmol, with a sensitivity of 
56.92% and a specificity of 53.40% (Figure 5).
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Figure 4: The prevalence of SRD patients among different quartiles of NHR.

Figure 5: The ROC curve of the value of NHR for predicting SRD.

Discussion
The present study investigated the relationship between the 

NHR and the incidence of SRD among adult subjects. Our findings 
determined that the NHR was positively correlated with the uACR. 
In addition, the NHR quartiles were significantly related to the 
presence of SRD; that is, the higher the quartile of the NHR was, 
the higher the uACR and the greater the risk of SRD in adults. To 
the best of our knowledge, this cross-sectional study was the first 
to evaluate the relationship between the NHR and the uACR as well 
as to reveal the NHR as a novel marker for predicting SRD in the 
general population.

Several studies have confirmed that the NHR is predictive of 
the incidence, progression and severity of coronary artery disease 
and Acute Ischemic Stroke (AIS) [20,21]. The NHR is a useful 

indicator for the early diagnosis and treatment of CVD [12] as well 
as for cardiovascular and all-cause mortality [13] in the general 
population. An elevated NHR was independently related to a 
higher risk of adverse cardiovascular events, including myocardial 
infarction and stroke, among normoglycemic subjects in the Kailuan 
study [22]. The NHR is practicable for in-hospital risk classification 
of ST-Segment Elevation Myocardial Infarction (STEMI) patients 
receiving primary Percutaneous Coronary Intervention (PCI) 
[23] and is a superior indicator of major adverse cardiovascular 
events and the degree of coronary artery stenosis among STEMI 
individuals after PCI during hospitalization [24]. A study revealed 
a nonlinear association between the NHR and atherosclerosis with 
a certain saturation effect in a healthy population [25]. In addition, 
the NHR has become a valuable biomarker for predicting Metabolic 
Syndrome (MetS) in the population, especially in females [26]. The 
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above reviewed studies have indicated that the NHR is increased in 
patients with many disease states, including CVD, atherosclerosis, 
AIS and MetS. Inflammation and dyslipidemia are commonly 
involved in the pathogenesis of these diseases. Consistent with 
these reports, we found a significantly greater NHR in SRD patients 
than in SRD-free participants, possibly because of these factors.

The NHR was calculated as the ratio of the neutrophil count 
to the HDL-C concentration. The neutrophil count, a marker of 
proinflammatory states, was confirmed to be an independent 
risk factor for the progression of CKD [27] and was found to be 
responsible for the prediction of surgery-related acute kidney injury 
in CKD patients [28]. Furthermore, a bidirectional relationship was 
discovered between HDL-C and kidney disease [10]. On the one 
hand, CKD may result in disorders of blood HDL-C levels, structure 
and functionality [10]; on the other hand, HDL-C is valuable for 
preventing oxidation, promoting the production of nitric oxide, 
preventing the adverse effects of oxidation on endothelial cells, and 
exerting anti-inflammatory and antiapoptotic effects [29], which 
may play a role in slowing the progression of CKD.

It is well established that inflammatory and lipid metabolism 
disorders are involved in the occurrence and progression of kidney 
disease. The NHR provides information about the interaction 
between inflammation and lipid metabolism. To the best of our 
knowledge, the direct risk prediction value of the NHR for kidney 
disease has not yet been evaluated. A previous study showed 
that urine albumin concentrations differed among NHR tertile 
groups [13], which provided us with insight into the relationship 
between the NHR and renal function. In this study, we estimated 
renal function based on uACR data and investigated the association 
between the uACR and the NHR. We observed a positive correlation 
between the two variables (r=0.173, P<0.001). The participants 
were further divided into four groups based on the NHR quartile, 
and the uACR levels and the incidence of SRD were greater in the 
higher-NHR quartile groups. This is the first study to examine the 
relationship between the NHR and renal function.

The NHR is now well established as a hot research predictor for 
CVD, atherosclerosis and AIS. For the first time, we found that the 
NHR has predictive value for SRD. The pathogenesis of these diseases 
is characterized by inflammation and lipid metabolism disorders. 
Accumulating evidence indicates that the extraordinary physiology 
of kidneys results in increased risk of injury and renders them 
vulnerable targets for inflammation-related injuries [30]. Persistent 
low-grade systemic inflammation contributes to the development 
and acceleration of renal function exacerbation through various 
mechanisms, such as increased production of proinflammatory 
cytokines and activation of oxidative stress [7]. Most CKD patients 
face lipid metabolism disorders, and the relationship between blood 
lipid levels and the kidney is bidirectional [10]. Currently, CKD is 
rarely diagnosed in the early phase due to its insidious nature, and 
its progression is unfortunately irreversible once it develops [30]. 
Therefore, identifying biomarkers useful for the early identification 
and diagnosis of CKD is crucial. In this study, we revealed that the 

NHR was independently associated with SRD. The NHR contains 
comprehensive information on inflammation and lipid metabolism 
and provides an advantage in the early identification and screening 
of individuals with kidney disease.

Although the present study included a representative and 
large sample, the general population was natural, was rigorously 
designed, and extensively controlled for confounding factors, 
several limitations should be taken into account. First, partial 
variables such as smoking status, drinking status, and medication 
use were collected in a self-reported way that could not be validated 
empirically, which could result in information and recall bias 
and misclassification of exposures. However, the NHANES survey 
applied strict quality control protocols to guarantee the quality and 
authenticity of the values, which may have contributed to reducing 
these biases. Second, although many confounders were adjusted 
appropriately, several variables that were not included may have 
contributed to other unavoidable biases. Third, an imperfection 
that was inevitable in the cross-sectional design was that we 
cannot establish a direct causal relationship between two variables. 
Finally, the individuals included in this study were limited to 
American residents; therefore, the generalizability of these findings 
to individuals of other ethnic backgrounds is unclear. Despite the 
above limitations, the multiangle analyses in this study provided us 
with the opportunity to understand the relationship between the 
NHR and SRD.

Conclusions
Taking the large-scale and representative general population 

into account, the present study was the first to apply the novel 
predictor NHR to estimate kidney function. The NHR was positively 
correlated with the uACR and independently related to the SRD 
among adult subjects. These findings suggested that the NHR may 
be an effective indicator for identifying and screening individuals 
with early-stage kidney disease.
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