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Abstract
Objective
Although blood urea nitrogen (BUN) has a crucial impact on many diseases, its effect on outcomes in patients with hyperlipidemia remains unknown. The study aimed to investigate the relationships between BUN levels and all-cause and cardiovascular disease (CVD) mortality in individuals with hyperlipidemia.

Methods
This analysis comprised 28,122 subjects with hyperlipidemia from the National Health and Nutrition Examination Survey (NHANES) spanning 1999 to 2018. The risk of BUN on mortality was evaluated using weighted Cox regression models. Additionally, to illustrate the dose-response association, the restricted cubic spline (RCS) was used.

Results
During the observation period, 4276 participant deaths were recorded, of which 1206 were due to CVD. Compared to patients with hyperlipidemia in the third BUN quintile, the hazard ratios (HRs) for all-cause mortality were 1.26 (95% CIs: 1.09, 1.45) and 1.22 (95% CIs: 1.09, 1.37) for patients in the first and fifth quintiles of BUN, respectively. The HRs for CVD mortality among patients in the fifth quintile of BUN were 1.48 (95% CIs: 1.14, 1.93). BUN levels were found to have a U-shaped association with all-cause mortality and a linear association with CVD mortality using restricted triple spline analysis.

Conclusions
This study revealed that both low and high BUN levels in patients with hyperlipidemia are associated with heightened all-cause mortality. Furthermore, elevated BUN levels are also associated with increased CVD mortality. The findings indicate that patients with hyperlipidemia may face an elevated risk of death if they have abnormal BUN levels.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12944-024-02158-1.
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Introduction
The term hyperlipidemia refers to the dysregulation of lipid metabolism, mainly caused by genetics, obesity, hypertension, diabetes, and an unhealthy lifestyle [1]. Between 2017 and 2020, approximately 86 million American adults aged 20 or older had total cholesterol levels exceeding 200 mg/dL, as reported by the American Heart Association [2]. Dyslipidemia is a significant adverse factor in the prognosis of various diseases. More than 3.8 million people die of CVD each year in Europe [3]. It highlights the urgent need for a thorough understanding and exploration of hyperlipidemia risk factors to reduce mortality.
Urea, a principal nitrogenous end product derived from the catabolism of proteins and amino acids, is predominantly excreted through renal pathways [4]. In clinical practice, BUN concentration is commonly used to reflect the amount of nitrogen coming from urea in the blood [5]. As indicated by previous studies, BUN has also been linked to disease progression, such as stroke, diabetes, and chronic liver disease [6–8]. Research indicates that dyslipidemia contributes to insulin resistance and endothelial cell inflammation [9, 10]. Additionally, BUN levels are linked with inflammation and vascular complications in individuals with chronic kidney disease (CKD), thereby heightening the incidence and mortality of CKD [11]. Despite this, the correlation between the risk of death and BUN levels in hyperlipidemic patients remains unknown.
Based on the these studies, this study hypothesizes that in patients with hyperlipidemia, elevated BUN levels may increase the risk of mortality. Using data from NHANES, the study explored the correlations between all-cause and CVD mortality and BUN levels among adult patients with hyperlipidemia. A U-shaped correlation was found between BUN and all-cause mortality, and a linear correlation was observed with CVD mortality in patients with hyperlipidemia.

Methods
Study population
The NHANES is an ongoing project of the National Center for Health Statistics (NCHS) [12]. The database comprises information obtained from interviews, mobile vehicle inspections, and laboratory tests, collected adopting multi-stage probability sampling method. NHANES was approved by the Research Ethics Review Board of NCHS, and each participant has provided signed informed consent. This study utilized data from ten cycles of the NHANES spanning the years 1999 to 2018. These data are freely available on the Centers for Disease Control and Prevention (CDC) website [13]. During this period, 101,316 individuals participated, including 49,256 patients with hyperlipidemia. The definition of hyperlipidemia includes total cholesterol of ≥ 200 mg/dL, triglycerides of ≥ 150 mg/dL, low-density lipoprotein of ≥ 130 mg/dL, or high-density lipoprotein < 50 mg/dL for females and < 40 mg/dL for males, or taking cholesterol-lowering medications [14]. After excluding individuals under 20 years of age (n = 9398), pregnant individuals (n = 542), those with cancer (n = 4386) at baseline, as well as those with missing data or lacking mortality follow-up (n = 6808), the final sample included 28,122 individuals (Fig. 1).
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Fig. 1Research flow chart



Exposure measurement
The BUN level was quantitatively determined using the enzymatic conductivity rate method. The measurements were conducted with the Hitachi Model 917 multichannel analyzer form 1999 to 2000, Beckman Synchron LX20 from 2001 to 2007, Beckman UniCel® DxC800 Synchron from 2008 to 2016 and Roche Cobas 6000 from 2017 to 2018 [15–18].

Ascertainment of mortality
Mortality statistics were obtained from the publicly accessible Linked Mortality File (LMF) provided by the CDC, and the deadline for death follow-up was December 31, 2019 [19]. The definition of CVD deaths adhered to the 10th revision of the International Statistical Classification of Diseases, Injuries, and Causes of Death (ICD-10) guidelines.

Covariates
Data regarding age, race/ethnicity, gender, education level, physical activity, household income-to-poverty ratios (PIR), smoking status, and history of CVD were gathered using a standardized questionnaire. Race/ethnicity was divided into Mexican American, non-Hispanic Black, non-Hispanic White, and other [20]. Education level was classified as college or higher, high school, and less than high school. PIR was divided into three groups: PIR ≤ 1.30, PIR ranging from 1.31 to 3.50, and PIR above 3.50 [21]. There were three categories for smoking status: former smokers, current smokers, and never smokers, based on participants’ answers [21]. For physical activity, individuals were classified as active or inactive based on whether they engaged in more than 10 min of moderate or vigorous physical exercise during their leisure time each week [22]. CVD includes self-reported stroke, congestive angina, coronary heart disease, heart attack, or heart failure [23]. Protein intake and alcohol consumption were assessed through one or two 24-hour diet surveys. Alcohol consumption was divided into heavy drinking, moderate drinking, and none. None was termed as consuming of 0 g/day of alcohol. Drinking between 0.1 and 13.9 g/day for women and 0.1–27.9 g/day for men is considered moderate. Heavy drinking was termed as alcohol consumption of ≥ 28 g/day for males and ≥ 14 g/day for females [21]. Systolic blood pressure (SBP), diastolic blood pressure (DBP), height, and weight were measured in a mobile examination van. Body mass index (BMI) is sorted as ≥ 30 kg/m2, < 25 kg/m2, and 25 to 29.9 kg/m2 [24]. Hypertension was defined as self-reported hypertension, taking antihypertensive medication, or DBP ≥ 80 mmHg and/or SBP ≥ 130 mmHg [25]. Diabetes was described as medically diagnosed, fasting blood glucose level of ≥ 126 mg/dL, or glycosylated hemoglobin of ≥ 6.5% [26]. The equation developed by the CKD Epidemiology Collaboration was used to estimate the glomerular filtration rate (eGFR) [27]. Additionally, antihyperlipidemic medication, aspartate aminotransferase (AST), albumin, serum uric acid, and alanine aminotransferase (ALT) were included according to previous studies [22, 28].

Statistical analysis
Following the NHANES analysis guidelines, all statistical analyses took into consideration the stratified survey design factors. To better investigate the effect of BUN on mortality, patients were categorized into five groups based on quintiles of BUN. Categorical variables were expressed as frequencies (%) and continuous variables as means (SD) in the analysis of baseline characteristics. The chi-square test and one-way ANOVA were used to detect group differences for categorical and continuous variables. By examining the Schoenfeld residuals, the study assessed the proportional hazards assumption and found no notable violations of this assumption. The relation of BUN levels to mortality was analyzed using Cox regression models. Three models were developed in this study. Model 1 included adjustments for race/ethnicity, age, and sex. Model 2 expanded upon Model 1 by adjusting for PIR, education level, BMI, alcohol intake, smoking status, protein intake, and physical activity. Finally, adjustments were made to Model 3 based on Model 2, including adjustments for antihyperlipidemic medications, CVD, diabetes, hypertension, eGFR, albumin, ALT, AST, and serum uric acid.
Stratified analysis was conducted for this study, and the factors included in the stratification were sex, race, age, PIR, education, physical activity, alcohol intake, smoking status, eGFR, BMI, CVD, hypertension, diabetes, and medications. Potential interactions between the aforementioned stratification factors and BUN were investigated. Subsequently, the observed associations between BUN levels and mortality rates related to both CVD and all-cause were visualized using the RCS method.
Sensitivity analysis was carried out to evaluate the robustness of the results. First, to mitigate the potential bias from reverse causality, individuals who passed away within two years prior to follow-up were excluded. Secondly, individuals with CVD at the start were excluded. All analyses were performed using R 4.2.3, with a two-sided P-value of < 0.05 considered statistically significant.


Results
Baseline characteristics of participants
Among 28,122 adult hyperlipidemia participants (mean age 48.52 ± 15.85 years, 48.88% men), the weighted mean BUN level was 4.89 mmol/L. Participants with higher BUN levels tended to be older, male, hypertensive, diabetic, have cardiovascular issues, consume higher levels of protein, take lipid-lowering medications, exhibit higher serum uric acid concentrations, and were less likely to be current smokers or have a normal weight (Table 1).
Table 1Baseline characteristics of patients with hyperlipidemia


	 	BUN, mmol/L
	 
	Characteristic
	Overall
	Q1
 < 3.60
	Q2
3.60-4.29
	Q3
4.30-5.00
	Q4
5.01-6.09
	Q5
 > 6.09
	P value

	Participants
	28,122
	7712
	5111
	4954
	4877
	5468
	 
	Age, years
	48.52 (15.85)
	41.99 (13.88)
	44.87 (14.60)
	47.99 (15.03)
	51.62 (14.91)
	59.21 (15.21)
	< 0.001

	Sex
	 	 	 	 	 	 	< 0.001

	Female
	14,484 (51.12)
	4921 (64.19)
	2754 (54.01)
	2337 (47.89)
	2142 (41.91)
	2330 (41.79)
	 
	Male
	13,638 (48.88)
	2791 (35.81)
	2357 (45.99)
	2617 (52.11)
	2735 (58.09)
	3138 (58.21)
	 
	Race/ethnicity
	 	 	 	 	 	 	< 0.001

	Mexican American
	5307 (8.22)
	1455 (9.67)
	1097 (9.69)
	970 (8.19)
	897 (7.05)
	888 (5.81)
	 
	Non-Hispanic White
	12,729 (70.02)
	3085 (63.09)
	2084 (66.99)
	2225 (70.43)
	2412 (75.16)
	2923 (77.52)
	 
	Non-Hispanic Black
	5374 (9.82)
	1932 (14.88)
	1009 (10.37)
	875 (8.35)
	722 (6.38)
	836 (6.91)
	 
	Others
	4712 (11.94)
	1240 (12.35)
	921 (12.94)
	884 (13.03)
	846 (11.42)
	821 (9.76)
	 
	Education level
	 	 	 	 	 	 	< 0.001

	Less than high school
	7746 (17.39)
	2096 (19.41)
	1370 (16.84)
	1304 (15.59)
	1273 (15.26)
	1703 (19.01)
	 
	High school
	6717 (25.33)
	1900 (26.34)
	1168 (24.01)
	1165 (24.87)
	1143 (25.16)
	1341 (25.84)
	 
	College or higher
	13,659 (57.29)
	3716 (54.25)
	2573 (59.15)
	2485 (59.54)
	2461 (59.58)
	2424 (55.15)
	 
	PIR
	 	 	 	 	 	 	< 0.001

	≤ 1.30
	8760 (21.23)
	2874 (28.22)
	1607 (21.34)
	1440 (19.72)
	1308 (16.09)
	1531 (17.71)
	 
	1.31–3.50
	10,685 (35.88)
	2863 (36.91)
	1921 (35.98)
	1840 (34.26)
	1810 (34.43)
	2251 (37.43)
	 
	> 3.50
	8677 (42.89)
	1975 (34.86)
	1583 (42.68)
	1674 (46.02)
	1759 (49.48)
	1686 (44.86)
	 
	BMI, kg/m2
	 	 	 	 	 	 	< 0.001

	< 25.0
	6529 (23.89)
	1937 (27.16)
	1181 (23.91)
	1113 (23.60)
	1090 (21.69)
	1208 (21.66)
	 
	25.0-29.9
	9915 (35.09)
	2469 (31.16)
	1769 (33.97)
	1796 (36.55)
	1883 (39.17)
	1998 (36.27)
	 
	≥ 30.0
	11,678 (41.02)
	3306 (41.68)
	2161 (42.12)
	2045 (39.85)
	1904 (39.14)
	2262 (42.08)
	 
	Smoking status
	 	 	 	 	 	 	< 0.001

	Never
	14,911 (52.53)
	3990 (48.79)
	2823 (55.46)
	2687 (53.41)
	2601 (53.17)
	2810 (53.46)
	 
	Former
	7276 (25.67)
	1381 (18.41)
	1165 (22.12)
	1311 (27.24)
	1439 (29.43)
	1980 (34.44)
	 
	Current
	5935 (21.80)
	2341 (32.80)
	1123 (22.42)
	956 (19.35)
	837 (17.41)
	678 (12.10)
	 
	Alcohol intake
	 	 	 	 	 	 	< 0.001

	None
	20,485 (68.55)
	5682 (70.26)
	3697 (68.25)
	3512 (66.91)
	3449 (65.53)
	4145 (71.13)
	 
	Moderate drinking
	4143 (16.15)
	970 (13.17)
	754 (15.85)
	801 (17.31)
	811 (18.74)
	807 (16.99)
	 
	Heavy drinking
	3494 (15.30)
	1060 (16.58)
	660 (15.90)
	641 (15.78)
	617 (15.72)
	516 (11.87)
	 
	Physical activity
	 	 	 	 	 	 	< 0.001

	Inactive
	13,897 (42.60)
	3765 (43.58)
	2440 (41.41)
	2334 (40.84)
	2375 (41.07)
	2983 (45.79)
	 
	Active
	14,225 (57.40)
	3947 (56.42)
	2671 (58.59)
	2620 (59.16)
	2502 (58.93)
	2485 (54.21)
	 
	Diabetes
	5319 (13.90)
	1050 (10.48)
	784 (11.09)
	817 (11.19)
	956 (14.49)
	1712 (23.99)
	< 0.001

	Hypertension
	16,483 (54.41)
	3693 (46.35)
	2699 (48.40)
	2924 (53.48)
	3033 (57.32)
	4134 (70.33)
	< 0.001

	CVD
	3358 (9.46)
	540 (5.91)
	409 (6.46)
	435 (6.72)
	630 (10.58)
	1344 (19.40)
	< 0.001

	Medications
	11,673 (38.39)
	2243 (28.53)
	1686 (30.11)
	1914 (35.17)
	2235 (42.55)
	3595 (60.32)
	< 0.001

	Protein intake, g
	82.37 (37.42)
	72.90 (34.02)
	80.27 (36.06)
	85.28 (37.35)
	89.65 (37.68)
	87.88 (40.20)
	< 0.001

	eGFR, mL/min/1.73m2
	103.96 (24.19)
	117.19 (20.47)
	110.15 (20.39)
	105.18 (19.87)
	97.87 (19.85)
	83.25 (25.14)
	< 0.001

	Albumin, g/L
	42.74 (3.32)
	42.21 (3.51)
	42.84 (3.22)
	43.15 (3.14)
	43.02 (3.15)
	42.69 (3.37)
	< 0.001

	ALT, U/L
	26.91 (25.89)
	26.39 (20.87)
	27.73 (22.01)
	26.99 (22.05)
	27.33 (23)
	26.31 (39.24)
	< 0.001

	AST, U/L
	25.57 (17.29)
	26.07 (18.97)
	25.87 (19.94)
	24.98 (16.10)
	25.50 (17.11)
	25.19 (12.43)
	< 0.001

	Serum uric acid, umol/L
	329.30 (84.84)
	305.74 (77.88)
	322.46 (81.02)
	329.64 (80.46)
	338.34 (82.63)
	361.24 (93.11)
	< 0.001


Values are weighted mean (SD) for continuous variables or numbers (weighted %) for categorical variables. BUN, blood urea nitrogen; PIR, poverty income ratio; BMI, body mass index; CVD, cardiovascular disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase




Associations between BUN and mortality
It was observed that there is a significant association between lower and higher BUN levels and an elevated risk of all-cause mortality after multivariable adjustment. Additionally, a strong correlation was found between elevated BUN levels and a higher risk of CVD mortality (Table 2). Multivariable-adjusted HRs (95% CI) for quintiles of BUN levels were 1.26 (1.09, 1.45), 1.08 (0.93, 1.25), 1(ref), 1.02 (0.89, 1.17), and 1.22 (1.09, 1.37) (P for trend < 0.001), respectively. Furthermore, it was 1.03 (0.74, 1.43), 1.24 (0.91, 1.69), 1(ref), 1.27 (0.97, 1.65), and 1.48 (1.14, 1.93) (P for trend = 0.042) for CVD mortality. BUN levels and all-cause mortality exhibited a U-shaped association (P < 0.001 for nonlinearity) in the RCS, while CVD mortality demonstrated a linear relationship (P = 0.10 for nonlinearity) (Fig. 2).
[image: ]
Fig. 2The multivariable adjusted restricted cubic splines for associations of BUN levels with all-cause (A) and CVD (B) mortality from NHANSE 1999–2018



Stratified and sensitivity analyses
A significant interaction was observed among PIR, alcohol intake, medications, and BUN levels in relation to all-cause mortality in the stratified analyses (P < 0.05) (Table 2). When compared to the reference group (Q3), subgroups with a PIR ≤ 1.30 exhibited associations between low (Q1) and high (Q4 and Q5) levels of BUN and all-cause mortality, with HRs (95% CIs) of 1.52 (1.22, 1.90), 1.24 (1.01, 1.52), and 1.31 (1.03, 1.67), respectively. Among subgroups with a PIR > 3.50, high BUN levels (Q5) were linked to all-cause mortality, with HRs (95% CI) of 1.41 (1.11, 1.80). Similar trends were observed in the subgroups of alcohol intake and medications. However, no statistically significant interaction was detected between the concentration of BUN and the stratification variables regarding CVD mortality in the study (Supplementary Table 1).
Table 2Association of blood urea nitrogen with all-cause and CVD mortality in patients with hyperlipidemia


	 	BUN, mmol/L
	 
	 	Q1
 < 3.60
	Q2
3.60-4.29
	Q3
4.30-5.00
	Q4
5.01-6.09
	Q5
 > 6.09
	P trend

	All-cause mortality
	 	 	 	 	 	 
	Model1
	1.55 (1.34, 1.78)
	1.17 (1.01, 1.34)
	1(ref)
	1.08 (0.95, 1.22)
	1.50 (1.34, 1.67)
	< 0.001

	Model2
	1.29 (1.12, 1.48)
	1.11 (0.96, 1.28)
	1(ref)
	1.12 (0.99, 1.26)
	1.50 (1.34, 1.68)
	< 0.001

	Model3
	1.26 (1.09, 1.45)
	1.08 (0.93, 1.25)
	1(ref)
	1.02 (0.89, 1.17)
	1.22 (1.09, 1.37)
	< 0.001

	CVD mortality
	 	 	 	 	 	 
	Model1
	1.25 (0.89, 1.75)
	1.34 (0.97, 1.85)
	1(ref)
	1.37 (1.05, 1.79)
	2.01 (1.57, 2.57)
	< 0.001

	Model2
	1.03 (0.74, 1.45)
	1.26 (0.91, 1.74)
	1(ref)
	1.42 (1.09, 1.87)
	1.98 (1.53, 2.55)
	< 0.001

	Model3
	1.03 (0.74, 1.43)
	1.24 (0.91, 1.69)
	1(ref)
	1.27 (0.97, 1.65)
	1.48 (1.14, 1.93)
	0.042


HR (95% CI) was estimated by weighted Cox regression analysis. Model 1: adjusted for age, sex, race/ethnicity. Model 2: Model 1 + education, PIR, smoking status, alcohol intake, protein intake, physical activity, BMI. Model 3: Model 2 + diabetes, hypertension, CVD, medications, eGFR, albumin, ALT, AST, serum uric acid



Table 3Subgroup analysis of the association between BUN levels and all-cause mortality in patients with hyperlipidemia


	 	BUN, mmol/L
	 
	Subgroups
	Q1
 < 3.60
	Q2
3.60-4.29
	Q3
4.30-5.00
	Q4
5.01-6.09
	Q5
 > 6.09
	P interaction

	Age, years
	 	 	 	 	 	0.072

	< 60
	1.24 (0.99, 1.55)
	1.20 (0.95, 1.53)
	1(ref)
	1.17 (0.90, 1.53)
	1.48 (1.15, 1.91)
	 
	≥ 60
	1.03 (0.85, 1.25)
	0.92 (0.77, 1.09)
	1(ref)
	0.97 (0.82, 1.13)
	1.15 (1.02, 1.30)
	 
	Sex
	 	 	 	 	 	0.757

	Female
	1.26 (1.04, 1.54)
	1.14 (0.92, 1.41)
	1(ref)
	1.07 (0.88, 1.30)
	1.26 (1.06, 1.49)
	 
	Male
	1.28 (1.05, 1.55)
	1.02 (0.83, 1.25)
	1(ref)
	0.99 (0.83, 1.20)
	1.22 (1.04, 1.42)
	 
	Race/ethnicity
	 	 	 	 	 	0.056

	Non-Hispanic White
	1.22 (1.02, 1.47)
	0.99 (0.82, 1.19)
	1(ref)
	1.00 (0.86, 1.17)
	1.18 (1.03, 1.35)
	 
	Other
	1.38 (1.09, 1.75)
	1.38 (1.11, 1.72)
	1(ref)
	1.08 (0.87, 1.35)
	1.44 (1.21, 1.73)
	 
	Education level
	 	 	 	 	 	0.479

	Less than high school
	1.16 (0.94, 1.44)
	1.16 (0.90, 1.49)
	1(ref)
	1.15 (0.94, 1.42)
	1.33 (1.11, 1.59)
	 
	High school
	1.38 (1.03, 1.84)
	1.07 (0.80, 1.41)
	1(ref)
	0.83 (0.64, 1.08)
	1.08 (0.88, 1.31)
	 
	College or higher
	1.20 (0.97, 1.49)
	1.03 (0.83, 1.28)
	1(ref)
	1.08 (0.87, 1.34)
	1.22 (0.99, 1.50)
	 
	PIR
	 	 	 	 	 	0.031

	≤ 1.30
	1.52 (1.22, 1.90)
	1.19 (0.92, 1.52)
	1(ref)
	1.24 (1.01, 1.52)
	1.31 (1.03, 1.67)
	 
	1.31–3.50
	1.05 (0.84, 1.30)
	1.00 (0.81, 1.24)
	1(ref)
	0.82 (0.67, 0.99)
	1.03 (0.88, 1.21)
	 
	> 3.50
	1.26 (0.97 1.63)
	1.04 (0.75, 1.46)
	1(ref)
	1.15 (0.88, 1.51)
	1.41 (1.11, 1.80)
	 
	BMI, kg/m2
	 	 	 	 	 	0.089

	< 25.0
	1.60 (1.21, 2.10)
	0.91 (0.68, 1.21)
	1(ref)
	1.16 (0.91, 1.47)
	1.20 (0.93, 1.54)
	 
	25.0-29.9
	1.15 (0.89, 1.49)
	1.00 (0.78, 1.28)
	1(ref)
	0.98 (0.77, 1.24)
	1.14 (0.91, 1.43)
	 
	≥ 30.0
	1.13 (0.90, 1.42)
	1.25 (1.00, 1.56)
	1(ref)
	1.00 (0.81, 1.23)
	1.33 (1.12, 1.59)
	 
	Smoking status
	 	 	 	 	 	0.640

	Never
	1.10 (0.88, 1.37)
	0.96 (0.78, 1.20)
	1(ref)
	0.97 (0.79, 1.20)
	1.16 (0.96, 1.41)
	 
	Former
	1.25 (0.97, 1.61)
	1.14 (0.87, 1.49)
	1(ref)
	1.01 (0.80, 1.28)
	1.15 (0.93, 1.41)
	 
	Current
	1.40 (1.08, 1.81)
	1.19 (0.87, 1.61)
	1(ref)
	1.17 (0.84, 1.63)
	1.46 (1.08, 1.88)
	 
	Alcohol intake
	 	 	 	 	 	0.008

	None
	1.15 (0.97, 1.38)
	1.04 (0.88, 1.24)
	1(ref)
	1.04 (0.89, 1.21)
	1.21 (1.06, 1.39)
	 
	Moderate drinking
	1.07 (0.76, 1.50)
	1.25 (0.88, 1.76)
	1(ref)
	0.74 (0.51, 1.06)
	1.00 (0.75, 1.33)
	 
	Heavy drinking
	1.98 (1.29, 3.02)
	1.22 (0.71, 2.08)
	1(ref)
	1.18 (0.71, 1.94)
	1.54 (1.04, 2.26)
	 
	Physical activity
	 	 	 	 	 	0.068

	Inactive
	1.41 (1.19, 1.67)
	1.05 (0.89, 1.25)
	1(ref)
	0.96 (0.82, 1.13)
	1.23 (1.06, 1.43)
	 
	Active
	1.06 (0.84, 1.34)
	1.11 (0.88, 1.40)
	1(ref)
	1.07 (0.88, 1.30)
	1.18 (1.01, 1.37)
	 
	Diabetes
	 	 	 	 	 	0.271

	Yes
	1.13 (0.85, 1.50)
	1.19 (0.91, 1.56)
	1(ref)
	1.24 (0.94, 1.62)
	1.45 (1.13, 1.86)
	 
	No
	1.29 (1.08, 1.53)
	1.05 (0.87, 1.26)
	1(ref)
	0.97 (0.83, 1.12)
	1.14 (1.00, 1.30)
	 
	Hypertension
	 	 	 	 	 	0.175

	Yes
	1.20 (1.03, 1.40)
	1.15 (0.98, 1.34)
	1(ref)
	0.99 (0.84, 1.16)
	1.21 (1.06, 1.37)
	 
	No
	1.35 (1.03 1.77)
	0.91 (0.66, 1.24)
	1(ref)
	1.09 (0.84, 1.43)
	1.25 (0.96, 1.63)
	 
	CVD
	 	 	 	 	 	0.466

	Yes
	1.19 (0.88, 1.60)
	0.95 (0.69, 1.30)
	1(ref)
	1.11 (0.86, 1.43)
	1.25 (1.00, 1.56)
	 
	No
	1.28 (1.07, 1.53)
	1.13 (0.96, 1.34)
	1(ref)
	0.99 (0.84, 1.17)
	1.22 (1.06, 1.40)
	 
	Medications
	 	 	 	 	 	 
	Yes
	1.22 (0.99, 1.50)
	1.01 (0.83, 1.23)
	1(ref)
	1.02 (0.86, 1.22)
	1.29 (1.10, 1.51)
	0.034

	No
	1.32 (1.09, 1.61)
	1.17 (0.95, 1.44)
	1(ref)
	1.05 (0.84, 1.30)
	1.08 (0.89, 1.30)
	 
	eGFR, mL/min/1.73m2
	 	 	 	 	 	 
	< 90
	1.18 (0.88, 1.57)
	1.07 (0.88, 1.29)
	1(ref)
	1.05 (0.89, 1.25)
	1.41 (1.22, 1.62)
	0.059

	≥ 90
	1.24 (1.08, 1.43)
	1.10 (0.91, 1.43)
	1(ref)
	1.09 (0.91, 1.31)
	1.14 (0.95, 1.37)
	 

Values are weighted hazard ratio (95% confidence interval). Models adjusted for age, sex, race/ethnicity, education level, PIR, BMI, smoking status, alcohol intake, protein intake, physical activity, diabetes, hypertension, CVD, medications, eGFR, Albumin, ALT, AST, serum uric acid, excluding the stratifying variable



Consistent results were obtained in sensitivity analyses that removed participants who died within 2 years of the start of the follow-up (Supplementary Table 2). Furthermore, after excluding patients who had CVD at baseline, the link of BUN levels and CVD mortality was weakened (Supplementary Table 3).


Discussion
This research is the first inverstigation of the connection between BUN levels and mortality in individuals with hyperlipidemia. In this extensive and prospective investigation involving a cohort of American individuals with hyperlipidemia, a U-shaped correlation between BUN levels and all-cause mortality, as well as a linear correlation with CVD mortality, were demonstrated. These associations remained significant after adjusting for various factors, including fundamental characteristics, behaviors, health history, and the use of lipid-lowering medications at baseline.
Epidemiological research has indicated a relationship between BUN and disease progression, as well as an elevated risk of mortality, but the findings have been inconsistent. In the general population, a research conducted using data from NHANES spanning the years 1999 to 2006 revealed that participants with elevated BUN levels, compared to those in the first quartile of BUN levels, exhibited an elevated risk of dying from CVD and all-cause [28]. However, data from the UK Biobank and Health Screening Survey X69 showed that BUN levels and mortality displayed a U-shaped relationship [29]. Various similar findings have been observed in clinical studies. A study conducted on 459 Japanese patients diagnosed with chronic kidney disease observed that a significant indicator for the development of renal disease is elevated BUN concentrations [30]. In individuals with chronic liver disease, a U-shaped correlation was observed between the development of liver fibrosis or dysfunction and urea levels [8]. These discrepancies in results may be attributed to variations in sample sizes, clinical features, or adjustments for confounding variables. Nevertheless, evidence is still lacking regarding the potential effect of BUN in patients with hyperlipidemia, particularly in relation to mortality outcomes. The results of this study on the connection between all-cause mortality and BUN align with those mentioned above, conducted in the UK Biobank, indicating a U-shaped relationship between BUN levels and all-cause mortality in individuals diagnosed with hyperlipidemia. The specific results indicate that in patients with hyperlipidemia, the all-cause mortality rates at BUN levels of less than 3.6 mmol/L and more than 6.09 mmol/L increased by 26% and 22%, respectively, compared to the control group. Concerning the impact of BUN on CVD mortality, these findings reveal a linear association between elevated BUN levels (> 6.09 mmol/L) and CVD mortality, consistent with prior NHANES data on the general population.
The production of BUN is directly influenced by daily protein intake [31]. Similarly, this investigation identified a positive relationship between BUN concentrations and protein intake. The liver plays a crucial role in the urea cycle, and liver damage can negatively impact urea nitrogen synthesis through various mechanisms [4, 32]. Moreover, elevated BUN levels are commonly observed in patients with renal insufficiency and are also observed in individuals with heart failure [33]. Nevertheless, after excluding individuals with baseline pregnancy and adjusting for protein intake, ALT, AST, eGFR, CVD, and lipid-lowering medications, a notable correlation between low and high levels of BUN and all-cause mortality remained. In stratified analyses, the study revealed a notable interaction between alcohol intake and hyperlipidemia. The impact of BUN was particularly prominent among hyperlipidemic patients who engaged in excessive alcohol consumpion. Therefore, regulating alcohol consumption in hyperlipidemic patients could potentially mitigate the risk of mortality. In addition, the impact of high levels of BUN on all-cause mortality was greater in patients taking lipid-lowering medications. This may be explained by the fact that patients taking lipid-lowering medications had a higher percentage of hypertension, diabetes mellitus, and CVD. Of note, the correlation between BUN concentrations and CVD mortality was no longer statistically significant after excluding participants with pre-existing CVD at baseline. This suggests that the impact of BUN on CVD in hyperlipidemia patients may be influenced by other confounding factors.
The mechanism of action of BUN in hyperlipidemia remains unclear at present. Previous research has reported that high urea levels can directly promote the progression of atherosclerosis by regulating the function and expression of pro-apoptotic proteins and inhibiting the proliferation of microvascular endothelial cells [34–36]. Moreover, urea serves as a source of cyanate and carbamoylated compounds [37]. Cyanate has been found to contribute to oxidative stress-induced liver damage and disrupt normal lipid metabolism [38]. Similarly, carbamoylated low-density lipoprotein uncouples endothelial nitric oxide synthase, directly contributing to endothelial dysfunction. Additionally, it can promote cholesterol accumulation and pro-inflammatory signaling by binding to macrophage scavenger receptors [39, 40].
Strengths and limitations
The research conducted exhibits several strengths. This study assessed the correlation between BUN and mortality in individuals with hyperlipidemia utilizing a highly representative sample with a high-follow-up rate. Moreover, potential confounding variables such as lifestyle, dietary habits, and the use of lipid-lowering medications were also considered. However, it is critical to recognize certain limitations. Firstly, the study is observational, so the ability to infer causality is limited. Secondly, BUN concentrations were measured only once at baseline, which may limit their accuracy in reflecting long-term conditions. Thirdly, despite accounting for numerous covariates, it remains challenging to completely rule out residual or unidentified confounding factors.


Conclusion
In this study, which utilized a sample representative of American adults with hyperlipidemia, a U-shaped correlation was observed between BUN levels and all-cause mortality, as well as a linear correlation with CVD mortality. Therefore, based on these findings, it is possible to manage the prognosis of patients with hyperlipidemia according to the concentration of BUN and to facilitate the development of individualized treatment plans.
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