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Abstract
Background
Chronic kidney disease (CKD) is a worldwide public health problem characterized by changes in kidney structure and function, usually leading to a loss of kidney function. The identification of risk factors and management of patients with early-stage CKD may slow or prevent the progression to end-stage renal disease.

Methods
This study used the population-based cohort database from the China Health and Nutrition Survey (CHNS). Data from 11,978 patients were collected from the 2009 to 2011 wave of the CHNS. After removing patients with missing data, we finally included 8322 participants. A cross-sectional design was used to assess the association between Apolipoprotein B (Apo-B) levels and CKD. We used overlapping covariates to develop 5 models to evaluate the odds ratios.

Results
Among the study participants, patients with estimated glomerular filtration rates (eGFR) < 60 ml/min/1.73m2were more likely to have increased Apo-B levels (> 1.2 mmol/L, 19.41%), likely to be elderly (> 65 years, 61.76%), likely to be female (61.21%), and likely to be less educated (< 6 years and > 6 & ≤12 years, 32.07 and 52.44%, respectively).The significant association between Apo-B and CKD defined by eGFR even after adjusting for confounders including demographic characteristics, nutritional status, comorbidities, biochemical indicators, and lifestyle factors. In addition, stratified analyses showed that young and middle age (< 65 years), being overweight (body mass index [BMI] > 25 kg/m2), and hyperuricemia were associated with higher risks of CKD stages.

Conclusions
The results of this Chinese population-based study revealed a strong positive correlation between Apo-B and CKD stages. The current findings were obtained from an epidemiologic study; therefore, these data cannot directly address the mechanisms of disease progression. The underlying mechanisms require analysis in future independent validation and prospective cohort studies.
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Background
Chronic kidney disease (CKD) is a worldwide public health problem characterized by changes in kidney structure and function usually leading to a loss of kidney function [1]. A national survey reported a CKD prevalence of 10.8% (approximately 120 million patients) among the adult Chinese population [2].The identification of risk factors and management of patients with early-stage CKD may slow or prevent the progression to end-stage renal disease (ESRD).
Dyslipidemia is common among patients with CKD [3]. Serum lipid levels are linked to atherosclerotic diseases and lipid and lipoprotein ratios are risk factors for atherosclerosis with renal failure [4]. ESRD is associated with accelerated atherosclerosis and a high incidence of cardiovascular disease. Higher very-low-density lipoprotein cholesterol (VLDL-C) and apolipoprotein B (Apo-B) levels and lower high-density lipoprotein cholesterol (HDL-C) and Apo-A1 levels are associated with an increased risk for arteriosclerotic cardiovascular disease (ASCVD) [5]. Dyslipidemia is associated with a reduction of the glomerular filtration rate (GFR). Apo-B levels are increased in CKD stages 1–5 [6]. CKD also delays the catabolism of VLDL-Apo-B particles [7]. The accumulation of Apo-B-containing lipoproteins may result from decreased lipoprotein clearance rather than from increased synthesis [8]. Animal studies have shown the development and progression of kidney damage in the setting of hyperlipidemia with increased glomerulosclerosis and tubule interstitial damage [9, 10]. Thus, serum lipids may be independent risk factors for CKD stages. In addition, our small sample study found that Apo-B was associated with the progression of diabetic kidney disease [11], so we put forward a hypothesis that Apo-B may be associated with CKD levels.
Although the association between Apo-B and CKD stages has been evaluated [12, 13], the results of previous studies are inconsistent and the relationship between Apo-B levels and changes in renal function is not clear. In addition, no studies have included large samples of Chinese cohorts. This large cross-sectional study aimed to analyze the relationship between Apo-B levels and the stages of CKD in participants of the China Health and Nutrition Survey (CHNS).

Methods
Data resource
This study used data from the population-based cohort database from China Health and Nutrition Survey (CHNS). The CHNS database included data for more than 15,000 individuals in approximately nine provinces from 1989 to2011.All participants provided written informed consents. The survey collected comprehensive demographic data including sex, age, education, income level, diet and nutritional status, health status and use of health services, lifestyle data, and limited clinical data [14]. We identified 11,978 participants from the 2009 CHNS wave. We defined the subjects of this study as patients > 18 years of age and those without serious diseases or physical disabilities. Serious diseases or physical disability may result in malnutrition, which may be a confounder and affect the determination of serum creatinine and lead to inaccurate estimation of renal function. After removing participants with missing data, the analyses included data from 8322 participants (Fig. 1).
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Fig. 1Study flowchart





Exposure definition
Fasting serum was collected and detected Apo-B concentration by immunoturbidimetry. In this study, Apo-B measurements were defined as exposure. We collected data on the participants’ levels of blood biochemical indicators at the time of the 2009 survey and divided the Apo-B levels into 3 groups (≤95, 95–120, and > 120 mg/dL) as described previously [15].

definition
We determined the stage of CKD according to the calculated glomerular filtration rate (GFR) index. The eGFR was classification into 5 levels according to the K/DOQI and KDIGO Clinical Practice Guidelines for Chronic kidney Disease [16], as follows: 90 ml/min/1.73m2 (level 1), > 60 ml/min/1.73m2−and 90 ml/min/1.73m2 (level 2), > 45 ml/min/1.73m2 and ≤ 60 ml/min/1.73m2 (level 3), > 45 ml/min/1.73m2 and ≤ 30 ml/min/1.73m2 (level 4), and ≤ 30 ml/min/1.73m2 (level 5). The Chronic Kidney Disease Epidemiology Collaboration equation [17] was used to calculate estimated GFR (eGFR) in milliliters per minute per 1.73 m2.

Covariate selection
Age, sex, body mass index (BMI), region, education level, nutritional status, comorbidities (e.g., hyperuricemia, diabetes, and hypertension), biochemical indicators (e.g., triglycerides, total cholesterol, HDL-C, and low-density lipoprotein) and lifestyle factors (e.g., smoking, alcohol, and sleeping) are all possible confounders of the association between Apo-B and GFR. These covariates were selected based on previous studies [18, 19]. We divide the subjects education into 5 levels according to the number of years completed (6 years in primary school, 3 years in middle school, 3 years in high school, 4–5 years in college, and 2–3 years). Sleep duration was divided into 3levels according to World Health Organization (WHO) guidelines for adults. The biochemical indices (including triglycerides, total cholesterol, HDL-C, and low-density lipoprotein) were categorized as described previously [14].

Statistical analysis
The present study used a cross-sectional design to assess the association between Apo-B levels and CKD. We conducted ordered multiple logistic regressions to estimate 5 multivariable models adjusting for age, sex, BMI, region, education level, nutritional status, comorbidities, biochemical indicators, and lifestyle factors. We used overlapping covariates to generate 5 models and evaluated the odds ratios (ORs). Model 1 included no covariates, Model 2 was adjusted for demographic characteristics, Model 3 was additionally adjusted for nutritional status factors, Model 4 was additionally adjusted for biochemical indicators, and Model 5 adjusted for all covariates. Secondary analysis estimated the ORs between Apo-B and CKD levels among age groups, sex, BMI, and hyperuricemia groups, in each of the 5models. All analyses were conducted using R (version 3.5.1), and P-values < 0.05 were considered statistically significant. The Akaike Information Criterion (AIC) was used to screen models.

Sensitivity analysis
To validate our conclusions and find possible biases, we further performed a sensitivity analysis. In contrast to our main analysis, we performed correlation analysis on eGFR and Apo-B without encoding them to categorical variables. The results of the sensitivity analysis were compared to those of main analysis to assess whether our findings would be robust.


Results
A total of 8322 participants (3878 men and 4444 women) aged 18–98 years were included in this study. Their estimated (eGFRs) were categorized into 5 levels. 11.09% of 8322 participants (923) had an eGFR of < 60 ml/min/1.73m2, defined as chronic kidney disease (CKD). The basic demographic and clinical characteristics of the study participants are presented in Table 1.
Table 1Demographic and clinical characteristics of subjects included in study


	Categorical variable
	Total
	Level 1b
	Level 2b
	Level 3b
	Level 4b
	Level 5b

	N (ratio)

	All
	8322
	2233
	(0.27)
	5166
	(0.62)
	754
	(0.09)
	139
	(0.02)
	30
	(0.00)

	APO_Ba, mg/dL

	 95
	5085 (61.10)
	1692
	(75.77)
	2954
	(57.18)
	361
	(47.88)
	62
	(44.60)
	16
	(53.33)

	 95 & < 120
	2150 (25.84)
	394
	(17.65)
	1483
	(28.71)
	227
	(30.12)
	41
	(29.50)
	5
	(16.67)

	  > 120
	1087 (13.06)
	147
	(6.58)
	729
	(14.11)
	166
	(22.00)
	36
	(25.90)
	9
	(30.00)

	Age Groups, years

	 18–40
	2298 (27.61)
	1318
	(59.03)
	970
	(18.78)
	8
	(1.06)
	2
	(1.44)
	0
	(0.00)

	 40–65
	4682 (56.26)
	883
	(39.54)
	3456
	(66.90)
	305
	(40.45)
	30
	(21.58)
	8
	(26.67)

	  > 65
	1342 (16.13)
	32
	(1.43)
	740
	(14.32)
	441
	(58.49)
	107
	(76.98)
	22
	(73.33)

	Gender

	 Female
	4444 (53.40)
	1001
	(44.83)
	2878
	(55.71)
	456
	(60.48)
	90
	(64.75)
	19
	(63.33)

	 Male
	3878 (45.60)
	1232
	(55.17)
	2288
	(44.29)
	298
	(39.52)
	49
	(35.25)
	11
	(36.67)

	Education, years

	  < =6
	2187 (26.27)
	482
	(21.59)
	1409
	(27.27)
	250
	(33.16)
	35
	(25.18)
	11
	(36.67)

	  > 6 & < =12
	4139 (49.74)
	1115
	(49.93)
	2540
	(49.17)
	381
	(50.53)
	89
	(64.03)
	14
	(46.67)

	  > 12 & < =16
	1581 (18.90)
	495
	(22.17)
	972
	(18.82)
	100
	(13.26)
	10
	(7.19)
	4
	(13.33)

	  > 16
	415 (4.99)
	141
	(6.31)
	245
	(4.74)
	23
	(3.05)
	5
	(3.60)
	1
	(3.33)

	Body Mass Index, kg/m2

	  < =25
	5906 (70.97)
	1675
	(75.01)
	3584
	(69.48)
	530
	(70.29)
	94
	(67.63)
	23
	(97.67)

	  > 25
	2416 (29.03)
	558
	(24.99)
	1582
	(30.62)
	224
	(29.71)
	45
	(32.37)
	7
	(2.33)

	Region

	 Rural
	5590 (67.17)
	1564
	(70.01)
	3451
	(66.80)
	471
	(62.47)
	84
	(60.43)
	20
	(67.67)

	 Urban
	2732 (32.83)
	669
	(29.99)
	1715
	(33.20)
	283
	(37.53)
	55
	(39.57)
	10
	(33.33)

	Hyperuricemia

	 No
	7042 (84.60)
	2031
	(90.95)
	4408
	(85.33)
	529
	(70.16)
	62
	(44.60)
	12
	(40.00)

	 Yes
	1280 (15.40)
	202
	(9.05)
	758
	(14.67)
	225
	(29.84)
	77
	(55.40)
	18
	(60.00)

	Diabetes

	 No
	7528 (90.46)
	2162
	(96.82)
	4679
	(90.57)
	577
	(76.53)
	89
	(64.03)
	21
	(70.00)

	 Yes
	794 (9.54)
	71
	(3.18)
	487
	(9.43)
	177
	(23.47)
	50
	(35.97)
	9
	(30.00)

	Hypertension

	 No
	7249 (87.11)
	1948
	(87.24)
	4484
	(86.80)
	669
	(88.73)
	119
	(85.61)
	29
	(96.67)

	 Yes
	1073 (12.89)
	285
	(12.76)
	682
	(13.20)
	85
	(11.27)
	20
	(14.39)
	1
	(3.33)

	Anemia

	 Yes
	508 (13.67)
	126
	(5.64)
	272
	(5.27)
	78
	(10.34)
	14
	(6.72)
	18
	(60.00)

	 No
	7814 (86.33)
	2107
	(94.36)
	4894
	(94.73)
	676
	(89.66)
	125
	(93.28)
	12
	(40.00)

	Smoking

	 No
	5761 (69.23)
	1474
	(66.01)
	3603
	(52.50)
	548
	(72.68)
	111
	(79.86)
	25
	(83.33)

	 Yes
	2561 (30.77)
	759
	(33.99)
	1563
	(47.50)
	206
	(27.32)
	28
	(20.14)
	5
	(16.67)

	Alcohol Drinking

	 No
	5621 (67.54)
	1363
	(61.04)
	3520
	(68.14)
	586
	(77.72)
	122
	(87.77)
	30
	(1.00)

	 Yes
	2701 (32.46)
	870
	(38.96)
	1646
	(31.86)
	168
	(22.28)
	17
	(12.23)
	0
	(0.00)

	Tea Drinking

	 No
	5399 (64.88)
	1555
	(69.64)
	3291
	(63.70)
	449
	(59.55)
	85
	(61.15)
	19
	(63.33)

	 Yes
	2923 (35.12)
	678
	(30.36)
	1875
	(36.30)
	305
	(40.45)
	54
	(38.85)
	11
	(36.67)

	Sleeping Duration, hours/ day

	  < =7
	2494 (29.97)
	519
	(23.24)
	1660
	(32.13)
	263
	(34.88)
	45
	(32.37)
	7
	(23.33)

	  > 7 & < =9
	4910 (59.00)
	1436
	(64.31)
	3026
	(58.58)
	368
	(48.81)
	64
	(46.04)
	16
	(53.33)

	  > 9
	918 (11.03)
	278
	(12.45)
	480
	(9.29)
	123
	(16.31)
	30
	(21.58)
	7
	(23.33)

	Albumin, g/dL

	  < =35
	44 (0.53)
	12
	(0.54)
	17
	(0.33)
	9
	(1.19)
	4
	(2.88)
	2
	(6.67)

	  > 35 & < =51
	7948 (95.51)
	2068
	(92.61)
	4991
	(96.61)
	731
	(96.95)
	131
	(94.24)
	27
	(90.00)

	  > 51
	330 (3.97)
	153
	(6.85)
	158
	(3.06)
	14
	(1.86)
	4
	(2.88)
	1
	(3.33)

	Triglycerides

	 Ideal
	5700 (68.49)
	1608
	(72.01)
	3496
	(67.67)
	488
	(64.72)
	84
	(60.43)
	24
	(80.00)

	 Borderline high
	939 (11.28)
	207
	(9.27)
	606
	(11.73)
	97
	(12.86)
	28
	(20.14)
	1
	(3.33)

	 High
	1495 (17.96)
	350
	(15.67)
	954
	(18.47)
	161
	(21.35)
	25
	(17.99)
	5
	(16.67)

	 Very high
	188 (2.26)
	68
	(3.05)
	110
	(2.13)
	8
	(1.06)
	2
	(1.44)
	0
	(0.00)

	Total Cholesterol

	 Desirable
	5564 (66.86)
	1766
	(79.09)
	3305
	(63.98)
	399
	(52.92)
	76
	(54.68)
	18
	(60.00)

	 Borderline high
	1976 (23.74)
	337
	(15.09)
	1378
	(26.67)
	223
	(29.58)
	30
	(21.58)
	8
	(26.67)

	 High
	782 (9.40)
	130
	(5.82)
	483
	(9.35)
	132
	(17.51)
	33
	(23.74)
	4
	(13.33)

	HDLa

	 Low
	2095 (25.17)
	534
	(23.91)
	1317
	(25.49)
	198
	(26.26)
	36
	(25.90)
	10
	(33.33)

	 Normal
	3533 (42.45)
	992
	(44.42)
	2195
	(42.49)
	297
	(39.39)
	55
	(39.57)
	12
	(40.00)

	 High
	2694 (32.37)
	707
	(31.66)
	1654
	(32.02)
	277
	(36.74)
	48
	(34.53)
	8
	(26.67)

	LDLa

	 Optimal
	2992 (35.95)
	1132
	(50.69)
	1642
	(31.78)
	181
	(24.01)
	28
	(20.14)
	9
	(30.00)

	 Near optimal
	2752 (33.07)
	685
	(30.68)
	1771
	(34.28)
	239
	(31.70)
	50
	(35.97)
	7
	(23.34)

	 Borderline high
	1699 (20.42)
	300
	(13.43)
	1170
	(22.65)
	189
	(25.07)
	30
	(21.58)
	10
	(33.33)

	 High
	624 (7.50)
	79
	(3.54)
	425
	(8.23)
	101
	(13.40)
	18
	(12.95)
	1
	(3.33)

	 Very high
	255 (3.06)
	37
	(0.15)
	158
	(3.06)
	44
	(5.84)
	13
	(9.35)
	3
	(10.00)

	Urea Nitrogen, mg/dL

	  < =7.1
	7019 (84.34)
	2032
	(91.00)
	4370
	(84.59)
	554
	(73.47)
	60
	(43.17)
	3
	(10.00)

	  > 7.1
	1303 (15.66)
	201
	(9.00)
	796
	(15.41)
	200
	(26.53)
	79
	(56.83)
	27
	(90.00)

	Continuous variable
	Mean (SD)

	Screen Time, hours/day
	2.19 (1.66)
	2
	(1.69)
	2
	(1.65)
	2
	(1.60)
	2
	(1.46)
	2
	(1.89)

	Water Drinking, cups/day
	3.45 (1.82)
	3
	(1.81)
	3
	(1.89)
	3
	(1.41)
	4
	(1.73)
	3
	(1.08)

	Fat Intake, g/day
	74.97 (41.19)
	74
	(44.28)
	76
	(40.96)
	72
	(34.13)
	69
	(32.02)
	73
	(37.08)

	Protein Intake, g/day
	66.00 (22.96)
	69
	(24.04)
	66
	(22.58)
	60
	(20.97)
	54
	(17.64)
	54
	(21.99)

	Caloric Intake, kcal/day
	885.37 (306.41)
	941
	(318.17)
	881
	(298.28)
	789
	(293.42)
	719
	(264.65)
	731
	(292.00)


Level 1: GFR > 90 ml/min/1.73m2;
Level 2: 60 ml/min/1.73m2 < GFR < =90 ml/min/1.73m2;
Level 3: 45 ml/min/1.73m2 < GFR < =60 ml/min/1.73m2;
Level 4: 45 ml/min/1.73m2 < GFR < =30 ml/min/1.73m2;
Level 5: < 30 ml/min/1.73m2
aAPO_B apo-lipoprotein B, HDL high-density lipoprotein, LDL low-density lipoprotein
b Classification follow the K/DOQI Clinical Practice Guidelines for Chronic Kidney Disease,



A higher proportion of participants with an eGFR of < 60 ml/min/1.73m2 had increased Apo-B levels (> 1.2 mmol/L, 22.86%), were elderly (> 65 years, 61.76%), were female (61.21%), and were less education (≤6 years and > 6 & ≤12 years, 32.07 and 52.44%, respectively).
A higher proportion of patients with levels 3–5 CKD or an eGFR< 60 ml/min/1.73m2, Apo-B levels > 1.2 mmol/L, were aged > 65 years, were females, were educated (< 6 years and > 6 & ≤ 12 years), had hyperuricemia, and diabetes, slept for (> 7 and ≤ 9 h a day), had high total cholesterol, and high LDL-C levels, drank tea and had urea nitrogen levels > 7.1 mg/dL and had a lower eGFR than the group overall.
We conducted ordered multiple logistic regressions to estimate 5 multivariable models adjusting for age, sex, BMI, region, education level, nutritional status, comorbidities, biochemical indicators, and lifestyle factors. The ORs used to describe the association between Apo-B and CKD were 1.78, 1.48, 1.39,1.28, and 1.29, respectively, for these models. All ORs were statistically significant (Table 2).
Table 2Association of Chronic Kidney Disease and Apo-lipoprotein B in the study subjects (N = 8322)


	Variable
	Model 1c
	Model 2c
	Model 3c
	Model 4c
	Model 5c

	ORa
	1.78
	1.48
	1.39
	1.28
	1.29

	(95% CIa)
	(1.67, 1.89)
	(1.38, 1.58)
	(1.29, 1.49)
	(1.14, 1.44)
	(1.15, 1.45)

	LRb
	− 7784.8
	− 6494.3
	− 6307.2
	− 6193.2
	− 6156.3

	Chi-Square (DF)
	/
	2581.00 (5)
	374.30 (7)
	227.90 (6)
	73.83 (6)

	t value
	17.81
	11.33
	9.35
	4.16
	4.25

	p (Apo B)
	/
	< 0.01
	< 0.01
	< 0.01
	< 0.01


aOR Odds ratio, CI Confidence interval
b LR test wasperformed between model 1~model 2, model 2~model 3, model 3~model 4, and model4~model5; All the P value of LR is < 0.001
cModel 1: Estimate without covariate
Model 2: Adjusted for demographic characteristics (age, gender, body mass index, region and education)
Model 3: Adjusted for model 2, nutrient status (fat intakes, protein intakes and calorie intakes) and comorbidities (Hyperuricemia, diabetes, anemia and hypertension)
Model 4: Adjusted for model 3 and biochemical indicators (hemoglobin, albumin, apo-lipoprotein A, urea nitrogen, triglycerides, total cholesterol, high-density lipoprotein and low-density lipoprotein)
Model 5: Adjusted for model 4 and life style (smoking, alcohol drinking, water drinking, tea drinking, screen view and sleeping duration)



We calculated the Akaike Information Criterion (AIC) for the 5 models used in this study. As shown in Fig. 2, the AIC values of the 5 models gradually declined and leveled off. Model 4 had a smaller AIC (12,437.3) but included the least number of covariate variables, indicating its superior goodness of fit (GoF). Thus, we used Model 4 for observation (OR = 1.28).
[image: A12944_2020_1241_Fig2_HTML.png]
Fig. 2Trend of OR and AIC according to the variation of model complexity




The associations between the risk of CKD and increased Apo-B levels using 5 models, stratified by age, sex, BMI and hyperuricemia, are shown in Table 3. In Model 4, the 18–40-years group (OR: 1.41, 95% confidence interval [CI]: 1.11–1.79), 40–65-years age group (OR: 1.30, 95%CI: 1.11–1.53), male sex (OR: 1.41, 95%CI: 1.20–1.66), BMI > 25 kg/m2(OR: 1.60, 95%CI: 1.31–1.96), and hyperuricemia (OR: 1.50, 95%CI: 1.16–1.93) showed significantly increased associations. The remaining factors showed non-significant associations with CKD.
Table 3Association of chronic kidney disease and apo-lipoprotein B in study subjects stratified by age, gender, body mass index and hyperuricemia


	Characters
	Odds Ratio (95% CIa)

	Model 1b
	Model 2b
	Model 3b
	Model 4b
	Model 5b

	Age Groups

	 18–40
	1.53 (1.33,1.77)
	1.59 (1.37,1.84)
	1.50 (1.29,1.75)
	1.41 (1.11,1.79)
	1.37 (1.08,1.7)

	 40–65
	1.57 (1.44,1.73)
	1.59 (1.37,1.84)
	1.51 (1.37,1.66)
	1.30 (1.11,1.53)
	1.32 (1.12,1.55)

	  > 65
	1.28 (1.12,1.47)
	1.19 (1.03,1.37)
	1.14 (0.99,1.33)
	1.14 (0.87,1.49)
	1.18 (0.90,1.55)

	Gender

	 Female
	2.03 (1.86,2.22)
	1.45 (1.32,1.60)
	1.36 (1.23,1.50)
	1.13 (0.96,1.35)
	1.14 (0.96,1.36)

	 Male
	1.55 (1.42,1.70)
	1.49 (1.35,1.65)
	1.42 (1.28,1.57)
	1.41 (1.20,1.66)
	1.41 (1.20,1.67)

	Body Mass Index

	  < =25
	1.79 (1.66,1.94)
	1.48 (1.37,1.61)
	1.37 (1.25,1.49)
	1.15 (0.99,1.34)
	1.16 (0.99,1.34)

	  > 25
	1.74 (1.55,1.94)
	1.51 (1.35,1.70)
	1.45 (1.28,1.63)
	1.60 (1.31,1.96)
	1.62 (1.32,1.99)

	Hyperuricemia

	 Yes
	1.43 (1.25,1.64)
	1.38 (1.19,1.59)
	1.40 (1.21,1.63)
	1.50 (1.16,1.93)
	1.52 (1.18,1.97)

	 No
	1.75 (1.63,1.88)
	1.42 (1.31,1.45)
	1.39 (1.29,1.51)
	1.19 (1.04,1.36)
	1.19 (1.04,1.37)


aCI Confidence interval
bAdjusted for the same model as Table 2 except the variable that are stratified



Sensitivity Analysis
The correlation analysis of Apo-B and eGFR as the quantitative variables, indicated negative correlation between them(r = − 0.26, p < 0.001), which is consistent with the result according to ranges and categories.


Discussion
The present study demonstrated a correlation between increased Apo-B levels and renal function decline based on across-sectional study of 8322 participants of the CHNS. The significant association between Apo-B and CKD defined by eGFR persisted even after adjusting for confounders including demographic characteristics, nutritional status, comorbidities, biochemical indicators, and lifestyle factors. Model 4 had a smaller AIC (12,437.3) and the least number of covariate variables, meaning superior goodness of fit (GoF). In addition, stratified analyses showed that low age (18–40 years) and middle age (41–65 years), being overweight (BMI > 25 kg/m2), and hyperuricemia were associated with CKD levels.
The exact role of apolipoproteins in CKD remains a matter of debate. Although numerous studies have evaluated the association between apolipoproteins and CKD [20–23], few have focused on Chinese populations, particularly large population-based cohorts. In the Chronic Renal Insufficiency Cohort (CRIC) study, Apo-B level was not independently associated with the progression of kidney disease [23]. In another study, Apo-B/A1 level but not Apo-B level was associated with the progression of CKD; however, Apo-B was not [21]. A study on the outcomes of immunoglobulin A (IgA) nephropathy reported the same finding [22]. A large healthy cohort study observed no longitudinal association between incident CKD and baseline Apo-B or the Apo-B/Apo-A1 ratio [20]. However, the present Chinese population-based study revealed a strong positive correlation between Apo-B and CKD stages.
This seemingly paradoxical relationship between Apo-B and CKD remains are unclear. In addition, Apo-B is a predictor of sclerotic cardiovascular disease (ASCVD) and is increasingly recognized as an important risk factor [24, 25]. The association between apolipoproteins and CKD may be partially mediated by the effects of these lipoproteins on genesis. Moreover, the consistent findings before and after adjustment for known common risk factors for sclerosis such as age, diabetes, hypertension and lipoproteins suggested that additional mechanisms beyond atherosclerosis may be involved in the association of apolipoproteins with CKD.
CKD is characterized by specific alterations in lipoprotein metabolism [26]. Hyperlipidemia has been shown to result in glomerular Apo-B accumulation, glomerular hypertrophy, increasing urine albumin, elevating transforming growth factor (TGF-β) levels, and continuous renal injury [27, 28]. An earlier study [29] reported a significant correlation between the plasma concentration of complex, triglyceride-rich Apo-B-containing lipoproteins and the rate of progression but not between cholesterol-rich Apo-B-containing lipoproteins and GFR alterations. Most likely, triglyceride-rich rather than cholesterol-rich lipoprotein particles contribute to the progression of CKD. Complex Apo-B-containing lipoproteins of intermediate and low densities may promote kidney damage through interactions with glomerular and/or tubulointerstitial issues [30].
Apolipoprotein levels differ greatly among different subpopulations. Univariate analyses in the National Health and Nutrition Examination Survey (NHANES) III and Atherosclerosis Risk in Communities (ARIC) studies showed higher mean apolipoprotein A1 and lower apolipoprotein B values in black subpopulations compared to their white counterparts [21]. Combined with the earlier evidence [31], the strong correction between Apo-B level and CKD stages in this study suggests that genetic factors may play an important role in these differences.
Stratified analyse show that patients with hyperuricemia had a higher risk of CKD stages. Consistent with our findings, a comprehensive assessment of the association of dyslipidemia with hyperuricemia in a US adult population reported a linear correlation between Apo-B and LDL cholesterol levels and the ratio of Apo-B to Apo-A1 with serum uric acid levels even after adjusting for covariates including age, sex, and race [32]. Moreover, previous studies have suggested that elevated serum urate levels can contribute to kidney disease, hypertension, and metabolic syndrome [33]. Given the strong correction between hyperuricemia, dyslipidemia, and CKD events, treatment guidelines such as diet (for example Mediterranean-style diet) and lifestyle modifications should be developed to improve CKD care.
This study has several limitations. Firstly, although the relationship remained strong after adjusting for relevant covariates in multivariate analyses, a total of 1571 individuals without necessary data were excluded, which may lead to selection bias if the data missing was not missing at random. At the same time, residual confounding and unmeasured factors may also have contributed to this finding. Secondly, the development of CKD was defined only by eGFR and we did not consider proteinuria as a criterion for defining CKD. This may have resulted in the overall incidence of CKD being underestimated in our study. Also, GFR was estimated using a serum creatinine-based equation rather than a direct measurement, which may have overestimated or under estimated the actual GFR. The CHNS design was rigorous. Our study was reliable to substantiate the findings. Although the data was from 2009, that does not affect the study conclusion.
The results underscore the complicated mechanisms involved in the overall regulation of apolipoproteins, dyslipidemia, atherosclerosis, and CKD. The current findings were obtained from an epidemiologic study; thus, these data cannot directly address the mechanisms of disease progression. The underlying mechanisms await future exploration in independent validation and prospective cohort studies.

Conclusions
The results of this Chinese population-based study revealed a strong positive correlation between Apo-B and CKD stages. The current findings were obtained from an epidemiologic study; therefore, these data cannot directly address the mechanisms of disease progression. The underlying mechanisms require analysis infuture independent validation and prospective cohort studies.

Supplementary information
Supplementary information accompanies this paper at https://​doi.​org/​10.​1186/​s12944-020-01241-7.

Acknowledgments
The data were obtained from China Health and Nutrition Survey (CHNS), which was an ongoing open cohort and international collaborative project. We would like to thank the National Institute for Nutrition and Health, China Center for Disease Control and Prevention, Carolina Population Center (P2C HD050924, T32 HD007168), the University of North Carolina at Chapel Hill, the NIH (R01-HD30880, DK056350, R24 HD050924, and R01-HD38700), and the NIH Fogarty International Center (D43 TW009077, D43 TW007709) for their financial support for the CHNS data collection and analysis files from 1989 to 2015 and future surveys; Further, we would like to thank the China-Japan Friendship Hospital, Ministry of Health for support for CHNS 2009, Chinese National Human Genome Center at Shanghai since 2009, and Beijing Municipal Center for Disease Prevention and Control since 2011.All participants provided written informed consent. We also thank the Guangzhou AID cloud technology co., LTD and Guangzhou Tianpeng Computer Technology Co. Ltd. (http://​www.​tp-data.​com/​) for data cleaning and manuscript editing. And we also thank Editage (www.​editage.​cn) for English proofreading.

Authors’ contributions
All authors contributed to study design and interpretation of data. ZXM, JLQ, and XJY had the main responsibility for statistical analysis but all authors contributed. ZWB, LJQ and ZXH wrote the manuscript, and all authors reviewed and commented on drafts and approved the final manuscript and the decision to submit for publication. LZF, and LX are the guarantors of the study, accept full responsibility for the research, had access to the data and controlled the decision to publish.

Funding
National Key R&D Plan (Grant No.2018YFC1315400).

Availability of data and materials
Data of CHNS can be viewed and obtained from the following website: https://​www.​cpc.​unc.​edu/​projects/​china

Ethics approval and consent to participate
China Health and Nutrition Survey (CHNS) was approved by Carolina Population Center at the University of North Carolina at Chapel Hill and the National Institute for Nutrition and Health at the Chinese Center for Disease Control and Prevention. All participants provided written informed consent.

Consent for publication
This original research article has been submitted to this journal and is not under consideration by other publications.

Competing interests
The authors declare that they have no competing interests.


[image: Creative Commons]Open AccessThis article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

References
1.
Zhang QL, Rothenbacher D. Prevalence of chronic kidney disease in population-based studies: systematic review. BMC Public Health. 2008;8:117.Crossref

2.
Zhang L, Wang F, Wang L, Wang W, Liu B, Liu J, Chen M, He Q, Liao Y, Yu X, et al. Prevalence of chronic kidney disease in China: a cross-sectional survey. Lancet. 2012;379:815–22.Crossref

3.
Kaysen GA. New insights into lipid metabolism in chronic kidney disease. J Ren Nutr. 2011;21:120–3.Crossref

4.
Kimak E, Solski J. ApoA- and apoB-containing lipoproteins and Lp(a) concentration in non-dialyzed patients with chronic renal failure. Ren Fail. 2002;24:485–92.Crossref

5.
Bajaj A, Xie D, Cedillo-Couvert E, Charleston J, Chen J, Deo R, Feldman HI, Go AS, He J, Horwitz E, et al. Lipids, Apolipoproteins, and risk of atherosclerotic cardiovascular disease in persons with CKD. Am J Kidney Dis. 2019;73:827–36.Crossref

6.
Mikolasevic I, Zutelija M, Mavrinac V, Orlic L. Dyslipidemia in patients with chronic kidney disease: etiology and management. Int J Nephrol Renovasc Dis. 2017;10:35–45.Crossref

7.
Chan DT, Dogra GK, Irish AB, Ooi EM, Barrett PH, Chan DC, Watts GF. Chronic kidney disease delays VLDL-apoB-100 particle catabolism: potential role of apolipoprotein C-III. J Lipid Res. 2009;50:2524–31.Crossref

8.
Kaysen GA. Lipid and lipoprotein metabolism in chronic kidney disease. J Ren Nutr. 2009;19:73–7.Crossref

9.
Kasiske BL, O'Donnell MP, Cleary MP, Keane WF. Treatment of hyperlipidemia reduces glomerular injury in obese Zucker rats. Kidney Int. 1988;33:667–72.Crossref

10.
Kasiske BL, O'Donnell MP, Keane WF. The Zucker rat model of obesity, insulin resistance, hyperlipidemia, and renal injury. Hypertension. 1992;19:I110–5.Crossref

11.
Zhao WB, Lai WY, Li YQ, Yang JL, Li Y, Lou TQ, Peng H. Predictive value of apolipoprotein B in the risk of progression to renal replacement therapy in diabetic kidney diseases patients. Chin J Nephrol. 2019;35:582–7.

12.
Attman PO, Samuelsson O, Alaupovic P. Progression of renal failure: role of apolipoprotein B-containing lipoproteins. Kidney Int Suppl. 1997;63:S98–101.PubMed

13.
Samuelsson O, Aurell M, Knight-Gibson C, Alaupovic P, Attman PO. Apolipoprotein-B-containing lipoproteins and the progression of renal insufficiency. Nephron. 1993;63:279–85.Crossref

14.
Popkin BM, Du S, Zhai F, Zhang B. Cohort profile: the China health and nutrition survey--monitoring and understanding socio-economic and health change in China, 1989-2011. Int J Epidemiol. 2010;39:1435–40.Crossref

15.
Onat A, Can G, Hergenç G, Yazıcı M, Karabulut A, Albayrak S. Serum apolipoprotein B predicts dyslipidemia, metabolic syndrome and, in women, hypertension and diabetes, independent of markers of central obesity and inflammation. Int J Obes. 2007;31:1119.Crossref

16.
K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification, and stratification. Am J Kidney Dis. 2002;39:S1–266.

17.
Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, Kusek JW, Eggers P, Van Lente F, Greene T, et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. 2009;150:604–12.Crossref

18.
(UK) LNIfHaCE: National Clinical Guideline Centre (UK). Chronic Kidney Disease (Partial Update): Early Identification and Management of Chronic Kidney Disease in Adults in Primary and Secondary Care. NICE Clinical Guidelines. 2014; No. 182. Appendix O. PMID: 25340245.

19.
(UK) LRCoP: National Clinical Guideline Centre (UK). Anaemia Management in Chronic Kidney Disease: Partial Update 2015. NICE Guideline. 2015; No. 8. 1, Introduction. PMID: 26065064.

20.
Bae JC, Han JM, Kwon S, Jee JH, Yu TY, Lee MK, Kim JH. LDL-C/apoB and HDL-C/apoA-1 ratios predict incident chronic kidney disease in a large apparently healthy cohort. Atherosclerosis. 2016;251:170–6.Crossref

21.
Goek ON, Kottgen A, Hoogeveen RC, Ballantyne CM, Coresh J, Astor BC. Association of apolipoprotein A1 and B with kidney function and chronic kidney disease in two multiethnic population samples. Nephrol Dial Transplant. 2012;27:2839–47.Crossref

22.
Lundberg S, Gunnarsson I, Jacobson SH. Impact of the apolipoprotein B/apolipoprotein A-I ratio on renal outcome in immunoglobulin a nephropathy. Scand J Urol Nephrol. 2012;46:148–55.Crossref

23.
Rahman M, Yang W, Akkina S, Alper A, Anderson AH, Appel LJ, He J, Raj DS, Schelling J, Strauss L, et al. Relation of serum lipids and lipoproteins with progression of CKD: the CRIC study. Clin J Am Soc Nephrol. 2014;9:1190–8.Crossref

24.
Stock J. Triglycerides and cardiovascular risk: Apolipoprotein B holds the key. Atherosclerosis. 2019;284:221–2.Crossref

25.
Trompet S, Packard CJ, Jukema JW. Plasma apolipoprotein-B is an important risk factor for cardiovascular disease, and its assessment should be routine clinical practice. Curr Opin Lipidol. 2018;29:51–2.Crossref

26.
Attman PO, Samuelsson O, Alaupovic P. Lipoprotein metabolism and renal failure. Am J Kidney Dis. 1993;21:573–92.Crossref

27.
Taneja D, Thompson J, Wilson P, Brandewie K, Schaefer L, Mitchell B, Tannock LR. Reversibility of renal injury with cholesterol lowering in hyperlipidemic diabetic mice. J Lipid Res. 2010;51:1464–70.Crossref

28.
Thompson J, Wilson P, Brandewie K, Taneja D, Schaefer L, Mitchell B, Tannock LR. Renal accumulation of biglycan and lipid retention accelerates diabetic nephropathy. Am J Pathol. 2011;179:1179–87.Crossref

29.
Samuelsson O, Attman PO, Knight-Gibson C, Larsson R, Mulec H, Weiss L, Alaupovic P. Complex apolipoprotein B-containing lipoprotein particles are associated with a higher rate of progression of human chronic renal insufficiency. J Am Soc Nephrol. 1998;9:1482–8.PubMed

30.
Havel RJ. Role of triglyceride-rich lipoproteins in progression of atherosclerosis. Circulation. 1990;81:694–6.Crossref

31.
Enkhmaa B, Anuurad E, Zhang Z, Pearson TA, Berglund L. Usefulness of apolipoprotein B/apolipoprotein A-I ratio to predict coronary artery disease independent of the metabolic syndrome in African Americans. Am J Cardiol. 2010;106:1264–9.Crossref

32.
Peng TC, Wang CC, Kao TW, Chan JY, Yang YH, Chang YW, Chen WL. Relationship between hyperuricemia and lipid profiles in US adults. Biomed Res Int. 2015;2015:127596.PubMedPubMedCentral

33.
Johnson RJ, Bakris GL, Borghi C, Chonchol MB, Feldman D, Lanaspa MA, Merriman TR, Moe OW, Mount DB, Sanchez Lozada LG, et al. Hyperuricemia, acute and chronic kidney disease, hypertension, and cardiovascular disease: report of a scientific workshop organized by the National Kidney Foundation. Am J Kidney Dis. 2018;71:851–65.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/A12944_2020_1241_Fig2_HTML.png
OR

1.80

1.60

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

modell

13009.51

model2

- N

model3

Model Complexity

=@ Model OR
= =®= = Model AIC

e

model4

-
d ol T
.. -

Lo

model5

17000

16000

15000

14000

AIC

13000

12000

11000

10000





OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





OEBPS/A12944_2020_1241_Fig1_HTML.png
China Health and Nutrition Survey Database,
2009

Subjects aged <18 years
N=1,858

Adults included in the China Health and Nutrition
Survey database, 2009
N=10,120

Participants without serious diseases or physical
disabilities
N=9,893

Participants diagnosed with
cancer, stroke, or myocardial
infarction (N=224);
Participants with physical
disabilities (N=3)

Participants with complete data included in the
present study
N=8,322

Participants with missing data
N=1,571






