
CLINICAL STUDY

Increased serum concentration of apolipoprotein B is associated with an
increased risk of reaching renal replacement therapy in patients with
diabetic kidney disease
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ABSTRACT
Objective: Few studies have investigated the association of apolipoprotein B (ApoB) with the
progression of diabetic kidney disease (DKD) and the risk of renal replacement therapy (RRT).
Method: In this retrospective cohort study, a group of 258 DKD patients with stage 3–5chronic
kidney disease(CKD)were divided into low ApoB (<1.1 g/L) and high ApoB (�1.1 g/L) groups and
followed-up for 20.51± 6.11months. The association of the serum ApoB concentration with RRT
was determined by Kaplan–Meier and Cox regression analysis. ApoB was measured in the serum.
Results: Ninety-three of the 258 DKD patients needed RRT during follow-up. Kaplan–Meier ana-
lysis showed that patients with high ApoB were significantly more likely to progress to RRT than
those with low ApoB (log-rank ¼ 16.62, p< 0.001). The presence of high ApoB increased the risk
of RRT. Analysis of ApoB as either a categorical (<1.1 g/L or �1.1 g/l) or continuous variable by
univariate and multivariate regression found that ApoB was an independent risk factor of DKD
progression to RRT in this group of DKD patients with stage 3–5 CKD (p< 0.05).
Conclusion: Increased ApoB was an independent predictor of progression to RRT. A larger study
is needed to confirm the unfavorable prognosis of increased ApoB in DKD patients.
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Background

Chronic kidney disease (CKD) leads to loss of renal func-
tion. It is a public health problem worldwide, and the
estimated prevalence in adults in the Chinese popula-
tion is 10.8% [1,2]. The identification of factors that
increase the risk of CKD and management of early-stage
disease may slow or prevent the progression to end-
stage renal disease. Dyslipidemia is a common diagno-
sis in CKD patients and it affects renal function both dir-
ectly and indirectly by provoking systemic
inflammation, vascular injury, oxidative stress, and acti-
vation of various molecular signaling pathways [3–5].
Decreased renal function is associated with the disrup-
tion of lipoprotein metabolism, dyslipidemia, and the
accumulation of atherogenic particles [6,7]. Serum lipid
abnormalities may be independent risk factors for CKD
progression. Apolipoprotein (Apo) B present in the
serum is composed of two subunits, ApoB 100 and
ApoB 48. It transports plasma lipids and is required for

the formation of various plasma lipoprotein particles.
ApoB is increased at all stages of CKD, and as catabol-
ism of very low-density lipid (VLDL)-ApoB-100 is slowed
in CKD, accumulation of ApoB-containing lipoproteins
may result primarily from decreased clearance rather
than from increased synthesis [8–10]. In animal studies,
hyperlipidemia was found to increase glomerulosclero-
sis and tubulointerstitial damage leading to the devel-
opment and progression of kidney damage [11,12].
Some, but not all, studies have found that ApoB and
low-density lipid cholesterol (LDL-C) were independ-
ently associated with CKD progression [13–16]. The
Chronic Renal Insufficiency Cohort Study (CRIC) study
found that blood lipids were not independently associ-
ated with CKD progression. The ApoB/A1 ratio was
associated with CKD progression, but ApoB alone was
not [17]. A retrospective study of over 10,000 healthy
participants did not find a longitudinal association
between incident CKD and baseline ApoB or ApoB/
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ApoA1, and in a study in hospitalized heart failure
patients, ApoA1 and ApoB were not associated with
renal dysfunction [18,19]. Few studies have investigated
the association between ApoB and the decline in kid-
ney function in diabetic kidney disease (DKD) patients.
Dalrymple et al. [20] reported that the use of lipid-low-
ering drugs postponed decrease of the estimated glom-
erular filtration rate (eGFR) in diabetes patients with
increased serum ApoB and proteinuria. However, the
association between increasing ApoB and the risk of
renal replacement therapy (RRT) was not studied. This
study analyzed the association between ApoB and RRT
in DKD patients with stage 3–5 CKD by Kaplan–Meier
analysis and Cox regression.

Subjects and methods

Study design and patients

This retrospective cohort study evaluated the medical
records of 258 adult DKD patients with stage 3–5 CKD
who were patients at the Third Affiliated Hospital of
Sun Yat-Sen University between December 2010 and
December 2014. The patients were followed in the out-
patient renal clinic of the Sun Yat-Sen University
Hospital. The study protocol was approved by the insti-
tutional review board of the Third Affiliated Hospital of
Sun Yat-Sen University (code: [2013]2–75). Written
informed consent for each participant was waived.

Patients were diagnosed following the 1999World
Health Organization diabetes criteria and the estimated
glomerular filtration rate (eGFR) and urinary microalbu-
min DKD criteria included in the NKF-KDOQI Guidelines
[21,22]. The Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation was used to calculate
the estimated glomerular filtration rate (eGFR) in mL/
min/1.73 m2. ApoB was assayed in the serum [23]. RRT
was defined as initiation of peritoneal dialysis or hemo-
dialysis, and the reasons for starting RRT as follows:
Fluid overload was difficult to correct with diuretics,
hypertension was difficult to correct with antihyperten-
sive drugs, and metabolic acidosis persisted despite
medical treatment. Some patients experienced uremic
encephalopathy, pericarditis or pleurisy, severe bleed-
ing, continuous vomiting, or malnutrition.

The mean patient age was 66.13 ± 11.88 (range,
27–91) years of age, 156 were men and 102 were
women. The cohort was divided into 165 non-RRT and
93 RRT patients. The study endpoint was the time from
baseline to RRT. The average follow-up was
20.51 ± 6.11months. The study cohort was also divided
into low ApoB (<1.1 g/L) and high ApoB (�1.1 g/L)
groups, with 1.1 g/L as the upper limit of normal.

Patients < 18 years of age, with type 1 diabetes, a his-
tory of donating or receiving a kidney, primary kidney
disease, full or partial loss of a kidney, diabetic ketosis,
hyperosmolar coma, fever, heart failure, infection, sec-
ondary hypertension, or severe hypohepatia were
excluded from the analysis. The pathogenesis and fac-
tors affecting the progression of type 1 diabetes and
primary kidney disease are different from those of type
2diabetes, so they are not included in our study. Patient
variables retrieved from their electronic medical records
included sex, age, race, and medical history. Laboratory
values included hemoglobin, phosphate, cholesterol,
triglycerides potassium, albumin, urinary albumin-to-
creatinine ratio (UACR) and eGFR, and other the specific
lab values. Physiological data included DKD-associated
complications and comorbid diseases including diabetic
retinopathy, hypertension history, and cardiovascu-
lar disease.

Statistical analysis

Statistical analysis was performed with SPSS 20.0 (IBM
Corp., Armonk, NY, USA). Normally distributed data
were reported as means ± standard deviation.
Continuous variables with a normal distribution were
reported as medians and interquartile range, and the
significance of differences was determined by the
Kolmogorov–Smirnov test. Categorical variables were
reported as numbers and percentages. Continuous vari-
ables that were not normally distributed were analyzed
with the Kruskal–Wallis rank-sum test. Categorical varia-
bles, including differences between the low ApoB and
high ApoB groups, were analyzed with the chi-squared
test. Cumulative risk of need for RRT was estimated by
the Kaplan–Meier method. The significance of the asso-
ciation between ApoB and RRT was analyzed in univari-
ate and multivariate Cox regression models with
patient variables as covariates in high and low ApoB
patients separately and also in models considering
ApoB as a continuous variable. Differences with p-val-
ues <0.05 were considered statistically significant.

Results

Patient characteristics

The characteristics and clinical data of the 258 patients
are summarized in Table 1. The low ApoB group
included 150 cases and the high ApoB group included
108. The participants in the low ApoB group were sig-
nificantly older than those in the high ApoB group, and
their HDL-C was significantly higher. Serum phosphate
concentration, HbA1c, TG, TC, and LDL were
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significantly higher in the high ApoB than in the low
ApoB group. Both ApoB and ApoA1 were increased in
the high compared with the low ApoB participants.
Between-group differences in smoking history, body
mass index (BMI), hypertension, diabetic retinopathy,
lipid-lowering drugs, UACR and eGFR were not
significant.

Kaplan–Meier and multivariate-adjusted cox
regression analysis

Ninety-three of the 258 patients (36%) required RRT
during a mean follow-up of 20.51 ± 6.11months, 54
(58%) in the high ApoB group and 39 (42%) in the low
ApoB group (p< 0.001). Kaplan–Meier analysis found
that patients with high ApoB were significantly more
likely to progress to RRT than those with low ApoB
(log-rank¼ 16.62, p< 0.001; Figure 1), Cox regression
analysis of the association between high ApoB versus
low ApoB and progression of DKD to RRT is shown in
Table 2. Unadjusted univariate analysis yielded a hazard
ratio (HR) of 2.282 (p< 0.001). Model 1was corrected for
gender, age, BMI, smoking history, history of hyperten-
sion, cardiovascular disease, retinopathy (HR ¼ 2.252,

p<0.001). Model 2 was corrected for, HGB, HbA1c, ALB,
Ca, P, FBS, BUN, CYC, UA, TC, TG, HDL, LDL, ApoA, lyso-
phosphatidic acid (LPA), UACR, and eGFR in addition to
Model 1 (HR ¼ 2.796, p<0.001). Model 3 was corrected
for Model 2 variables plus diuretics and lipid-lowering
drugs (HR ¼3.241, p< 0.001, Table 2). The association
between ApoB considered as a continuous variable and
the risk of DKD progressing to RRT was analyzed by
multi-model Cox regression (Table 3). The adjusted HR
for the univariate model was 2.157 (95% CI:1.438–3.237,
p< 0.001). The adjusted HRs were 2.157 (95%
CI:1.438–3.237, p< 0.001) for Model 1, 3.161 (95% CI:
1.990–5.019, p< 0.001) for Model 2, and 3.161(95% CI:
1.990–5.019, p< 0.001) for Model 3.

Discussion

To the best of our knowledge, the relationship between
ApoB and progression of DKD to RRT has not been pre-
viously described. Kaplan–Meier analysis and multifac-
tor Cox regression found that ApoB, as both a
categorical (<1.1 g/L versus �1.1 g/L) and a continuous
variable, was a risk factor of DKD progression. An
increase of serum ApoB was an independent predictor

Table 1. Characteristics of patients with ApoB levels below and above the 1.1 g/L upper limit of normal.

Variables
Low ApoB High ApoB

z/v2 p Valuegroup (n¼ 150) group (n¼ 108)

Gender
Male (%) 99 (66.00) 57 (52.78) 4.592 0.039
Female (%) 51 (34.00) 51 (47.22)

Age (years), median (IQR) 70 (61, 77) 64.00 (57.25, 70.75) �3.684 <0.001
Smoking history (%) 32 (21.33) 29 (26.85) 1.059 0.373
BMI/(kg/m2) median (IQR) 23.76 (21.96, 26.98) 24.79 (22.91, 26.83) �1.52 0.129
Hypertension (%) 127 (84.67) 98 (90.74) 2.077 0.187
cardiovascular disease (%) 35 (23.33) 24 (22.22) 0.044 0.881
Diabetic retinopathy (%) 30 (20.00) 21 (19.44) 0.012 1
HbA1C(%), median (IQR) 7.10 (6.40, 8.05) 7.75 (6.60, 9.10) �2.03 0.042
HGB/(g/L), median (IQR) 108.00 (94.00, 123.00) 114.00 (97.25, 127.75) �1.751 0.08
TC/(mmol/L), median (IQR) 4.28 (3.41, 4.97) 5.30 (4.49, 6.36) �7.153 <0.001
TG/(mmol/L), median (IQR) 1.32 (1.02, 1.91) 2.41 (1.73, 3.74) �7.898 <0.001
LDL-C/(mmol/L), median (IQR) 2.37 (1.78, 3.01) 3.05 (2.33, 3.91) �4.693 <0.001
HDL-C/(mmol/L), median (IQR) 0.99 (0.85, 1.35) 0.95 (0.81, 1.15) �2.003 0.045
ApoA/(mmol/L), median (IQR) 1.19 (1.01, 1.43) 1.29 (1.16, 1.46) �2.492 0.013
ApoB/(mmol/L), median (IQR) 0.81 (0.70, 0.94) 1.42 (1.23, 1.67) �13.699 <0.001
LPa/(g/L), median (IQR) 173.80 (91.55, 348.50) 201.25 (82.50, 425.13) �1.027 0.305
Albumin/ (g/L), median (IQR) 37.15 (33.93, 40.10) 38.15 (34.93, 40.98) �1.017 0.309
Ca/(mmol/L), median (IQR) 2.27 (2.16, 2.39) 2.31 (2.19, 2.40) �1.834 0.067
P/(mmol/L), median (IQR) 1.17 (1.06, 1.31) 1.25 (1.14, 1.39) �3.439 0.001
Fasting blood glucose /(mmol/L), median (IQR) 5.96 (4.64, 7.43) 5.94 (4.78, 7.92) �0.687 0.492
Uric acid/(lmol/L), median (IQR) 452.25 (355.73, 554.38) 470.30 (390.00, 573.25) �1.476 0.14
Creatinine/ (lmol/L), median (IQR) 159.50 (122.00, 252.58) 152.15 (128.25, 152.15) �0.129 0.898
BUN/(mg/L), median (IQR) 10.31 (7.67, 15.96) 9.12 (7.46, 13.04) �1.932 0.053
CysC/(mg/L), median (IQR) 1.95 (1.55, 2.86) 1.98 (1.57, 2.60) �0.136 0.892
Diuretic (%) 34 (22.67) 18 (16.67) 1.405 0.272
Lipid-lowering drugs (%) 75 (50.0) 68 (62.96) 4.271 0.403
UACR(mg/g), median (IQR) 1184.10 (251.59, 2481.64) 1234.55 (373.21, 2402.66) �0.457 0.647
eGFR/[mL/(min�1.73m2)], median (IQR) 40.24 (25.62, 51.38) 42.04 (28.22, 50.46) �0.165 0.869

eGFR: estimated glomerular filtration rate; BMI: body mass index; HGB: hemoglobin; Scr: serum creatinine; BUN: nlood urea nitrogen; UA: uric acid; CysC:
cystatin C; TC: total cholesterol; TG: triglycerides; HDL: high-density lipoprotein; LDL: low-densitylipoprotein; ApoA: apolipoprotein A; ApoB: apolipoprotein
B; Lpa: lipoprotein a; Ca: serum calcium; P: serum phosphorus; ALB: serum albumin; HbA1c: glycosylated hemoglobin; FPG: fasting plasma glucose; UACR:
urinary albumin to creatinine ratio.
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of DKD progression to RRT in this study group within
2 years of follow-up, and patients with high baseline
ApoB had a higher risk of RRT than those with low
baseline ApoB.

DKD is a chronic microangiopathy of diabetes. The
primary causes are renal arteriosclerosis, glomerular
sclerosis caused by arteriolonephrosclerosis, and renal
microvascular lesions. The impairment of renal function
results from the effects of dyslipidemia on vascular
mesangial and renal tubular cells [24]. Lipid-lowering
therapy can slow the progression of kidney disease and
the rate of decline in renal function in diabetes patients.
A study by Colhoun et al. [25] found that statin therapy
protected renal function in patients with diabetes and
proteinuria and slowed the decline of the eGFR. ApoB is

composed of two subunits, ApoB 100 and ApoB 48. It
transports plasma lipids and is required for the forma-
tion of various plasma lipoprotein particles. Increased
Apo B is predictive of atherosclerotic cardiovascular dis-
ease [26,27]. ApoB increases in CKD patients are corre-
lated with microalbuminuria and progression to overt
nephropathy in type 2 diabetes, and renal deposition of
ApoB accelerates the progression of glomerulosclerosis
[8,28,29]. A recent review by Tabas et al. [30] reported
that a long-term disturbance of carbohydrate metabol-
ism can increase blood ApoB and lipids with subendo-
thelial accumulation of ApoB-containing lipoproteins,
activation of cytokines, such as interleukin, platelet-
derived growth factor, insulin-like growth factor-1(IFG-
1), inflammatory responses, and necrosis.

Figure 1. Kaplan–Meier renal survival curves for high-ApoB group VS. low-ApoB group.

Table 2. Univariate and multivariate Cox regression models of RRT risk in patients with high ApoB and low
ApoB levels.

Univariate model Model 1 Model 2 Model 3

HR 2.282 (1.510, 3.447) 2.252 (1.458, 3.479) 2.796 (1.737, 4.499) 3.241 (2.038, 5.155)
p Values <0.001 <0.001 <0.001 <0.001

HR: hazard ratios; Univariate model: unadjusting relevant factors; Model 1: univariate model plus gender, body mass index,
smoking history, hypertension history, cardiovascular disease, retinopathy lesion; Model 2: Model 1 plus hemoglobin, glycosy-
lated hemoglobin, serum albumin, serum calcium, serum phosphorus, fasting plasma glucose, cystatin C, uric acid, total choles-
terol, triglycerides, high-density lipoprotein, low-densitylipoprotein, apolipoprotein A, lipoprotein a, urinary albumin to
creatinine ratio, estimated glomerular filtration rate; Model 3: Model 2 plus diuretics and lipid-lowering drugs.
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In conclusion, increasing ApoB has until now not
been correlated with the progression of CKD. In this
study, increased and increasing ApoB were found to be
independently associated with progression of CKD in
diabetes patients until RRT was needed. The increase of
ApoB had an unfavorable prognosis. The study was lim-
ited by its small patient enrollment. Although the rela-
tionship between ApoB concentration and progression
to RRT remained strong after adjusting for relevant
covariates in multivariate analysis, residual confounding
and variables that were not evaluated may have con-
tributed to this finding. Large-scale clinical confirmation
is needed.

Disclosure statement

The authors have no conflicts of interest to declare.

Funding

The study was supported by the Science and Technology
Planning Project Foundation of Guangdong Province
(2016A020215071) and the Medical Scientific Research
Foundation of Guangdong [A2016227].

ORCID

Wen-bo Zhao http://orcid.org/0000-0003-4170-5173

References

[1] Zhang QL, Rothenbacher D. Prevalence of chronic kid-
ney disease in population-based studies: systematic
review. BMC Public Health. 2008;8:117.

[2] Zhang L, Wang F, Wang L, et al. Prevalence of chronic
kidney disease in China: a cross-sectional survey.
Lancet. 2012; 379:815–822.

[3] Kaysen GA. New insights into lipid metabolism in
chronic kidney disease. J Ren Nutr. 2011;21:120–123.

[4] Bobulescu IA. Renal lipid metabolism and lipotoxicity.
Curr Opin Nephrol Hypertens. 2010;19:393–402.

[5] Ruan XZ, Varghese Z, Moorhead JF. An update on the
lipid nephrotoxicity hypothesis. Nat Rev Nephrol.
2009;5:713–721.

[6] Vaziri ND. Role of dyslipidemia in impairment of
energy metabolism, oxidative stress, inflammation and
cardiovascular disease in chronic kidney disease. Clin
Exp Nephrol. 2014;18:265–268.

[7] Florens N, Calzada C, Lyasko E, et al. Modified Lipids
and Lipoproteins in Chronic Kidney Disease: A New
Class of Uremic Toxins. Toxins (Basel). 2016;8:376.

[8] Mikolasevic I, �Zutelija M, Mavrinac V, et al.
Dyslipidemia in patients with chronic kidney disease:
etiology and management. Int J Nephrol Renovasc
Dis. 2017;10:35–45.

[9] Chan DT, Dogra GK, Irish AB, et al. Chronic kidney dis-
ease delays VLDL-apoB-100 particle catabolism: poten-
tial role of apolipoprotein C-III. J Lipid Res. 2009;50:
2524–2531.

[10] Kaysen GA. Lipid and lipoprotein metabolism in
chronic kidney disease. J Ren Nutr. 2009;19:73–77.

[11] Kasiske BL, O’Donnell MP, Cleary MP, et al. Treatment
of hyperlipidemia reduces glomerular injury in obese
Zucker rats. Kidney Int. 1988;33:667–672.

[12] Kasiske BL, O’Donnell MP, Keane WF. The Zucker rat
model of obesity, insulin resistance, hyperlipidemia,
and renal injury. Hypertension. 1992;19:I110–I115.

[13] Attman PO, Samuelsson O, Alaupovic P. Progression
of renal failure: role of apolipoprotein B-containing
lipoproteins. Kidney Int Suppl. 1997;63:S98–S101.

[14] Samuelsson O, Aurell M, Knight-Gibson C, et al.
Apolipoprotein-B-containing lipoproteins and the pro-
gression of renal insufficiency. Nephron. 1993; 63:
279–285.

[15] Samuelsson O, Mulec H, Knight-Gibson C, et al.
Lipoprotein abnormalities are associated with
increased rate of progression of human chronic renal
insufficiency. Nephrol Dial Transplant. 1997;12:
1908–1915.

[16] Schaeffner ES, Kurth T, Curhan GC, et al. Cholesterol
and the risk of renal dysfunction in apparently healthy
men. J Am Soc Nephrol. 2003;14:2084–2091.

[17] Rahman M, Yang W, Akkina S, et al.; CRIC Study
Investigators. Relation of serum lipids and lipoproteins
with progression of CKD: The CRIC study. Clin J Am
Soc Nephrol. 2014;9:1190–1198.

[18] Bae JC, Han JM, Kwon S, et al. LDL-C/apoB and HDL-
C/apoA-1 ratios predict incident chronic kidney dis-
ease in a large apparently healthy cohort.
Atherosclerosis. 2016;251:170–176.

[19] Zhang H, Shi S, Zhao XJ, et al. Association between
the lipid profile and renal dysfunction in the heart

Table 3. Univariate and multivariate Cox regression models of RRT risk for ApoB as a continuous variable.

Model B SE Wald df Significance HR

95.0% CI for Exp (B)

Lower Upper

Univariate model 0.769 0.207 13.785 1 0.000 2.157 1.438 3.237
Model 1 0.769 0.207 13.785 1 0.000 2.157 1.438 3.237
Model 2 1.151 0.236 23.782 1 0.000 3.161 1.990 5.019
Model 3 1.151 0.236 23.782 1 0.000 3.161 1.990 5.019

HR: hazard ratios; Univariate model: unadjusting relevant factors; Model 1: univariate model plus gender, age, body mass index, smoking history, hyper-
tension history, cardiovascular disease, retinopathy lesion; Model 2: Model 1 plus hemoglobin, glycosylated hemoglobin, serum albumin, serum calcium,
serum phosphorus, fasting plasma glucose, cystatin C, Uric acid, total cholesterol, triglycerides, high-density lipoprotein, low-densitylipoprotein, apolipo-
protein A, lipoprotein a, urinary albumin to creatinine ratio, estimated glomerular filtration rate; Model 3: Model 2 plus diuretics and lipid-lowering drugs.

RENAL FAILURE 327



failure patients. Kidney Blood Press Res. 2019;44:
52–61.

[20] Dalrymple LS, Kaysen GA. The effect of lipoproteins
on the development and progression of renal disease.
Am J Nephrol. 2008;28:723–731.

[21] Expert Committee on the Diagnosis and Classification
of Diabetes Mellitus. Report of the Expert Committee
on the Diagnosis and Classification of Diabetes
Mellitus. Diabetes Care. 2000;23:S4–S19.

[22] KDOQI. KDOQI clinical practice guidelines and clinical
practice recommendations for diabetes and chronic
kidney disease. Am J Kidney Dis. 2007;49:S12–S154.

[23] Levey AS, Stevens LA, Schmid CH, et al.; CKD-EPI
(Chronic Kidney Disease Epidemiology Collaboration).
A new equation to estimate glomerular filtration rate.
Ann Intern Med. 2009;150:604–612.

[24] Athyros VG, Papageorgiou AA, Elisaf M, GREACE Study
Collaborative Group, et al. Statins and renal function
in patients with diabetes mellitus. Curr Med Res Opin.
2003;19:615–617.

[25] Colhoun HM, Betteridge DJ, Durrington PN, et al.;
CARDS Investigators. Effects of atorvastatin on kidney
outcomes and cardiovascular disease in patients with

diabetes: an analysis from the Collaborative
Atorvastatin Diabetes Study (CARDS). Am J Kidney Dis.
2009;54:810–819.

[26] Stock J. Triglycerides and cardiovascular risk: apolipo-
protein B holds the key. Atherosclerosis. 2019;284:
221–222.

[27] Trompet S, Packard CJ, Jukema JW. Plasma apolipo-
protein-B is an important risk factor for cardiovascular
disease, and its assessment should be routine clinical
practice. Curr Opin Lipidol. 2018;29:51–52.

[28] Sato H, Suzuki S, Kobayashi H, et al.
Immunohistological localization of apolipoproteins in
the glomeruli in renal disease: specifically apoB and
apoE. Clin Nephrol. 1991;36:127–133.

[29] Hegele RA, Harris SB, Zinman B, et al. Increased
plasma apolipoprotein B-containing lipoproteins asso-
ciated with increased urinary albumin within the
microalbuminuria range in type 2 diabetes. Clin
Biochem. 1999;32:143–148.

[30] Tabas I, Williams KJ, Bor�en J. Subendothelial lipopro-
tein retention as the initiating process in atheroscler-
osis: update and therapeutic implications. Circulation.
2007;116:1832–1844.

328 W.-B. ZHAO ET AL.


	Abstract
	Background
	Subjects and methods
	Study design and patients
	Statistical analysis

	Results
	Patient characteristics
	Kaplan–Meier and multivariate-adjusted cox regression analysis

	Discussion
	Disclosure statement
	References


