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It has not been established firmly whether dyslipidemia contributes independently to the progression of kidney disease. Lipid
and lipoprotein parameters, including levels of total, HDL, and LDL cholesterol; triglycerides; lipoprotein(a); apolipoprotein
A-IV; and the apolipoprotein E and A-IV polymorphisms, were assessed in 177 patients who had mostly mild to moderate
renal insufficiency and were followed prospectively for up to 7 yr. Progression of kidney disease was defined as doubling of
baseline serum creatinine and/or terminal renal failure necessitating renal replacement therapy. In univariate analysis,
patients who reached a progression end point (1 = 65) were significantly older and had higher serum creatinine and
proteinuria as well as lower GFR and hemoglobin levels. In addition, baseline apolipoprotein A-IV and triglyceride
concentrations were higher and HDL cholesterol levels were lower. Multivariate Cox regression analysis revealed that
baseline GFR (hazard ratio 0.714; 95% confidence interval [CI] 0.627 to 0.814 for an increment of 10 ml/min per 1.73 m% P <
0.0001) and serum apolipoprotein A-IV concentrations (hazard ratio 1.062; 95% CI 1.018 to 1.108 for an increment of 1 mg/dl;
P = 0.006) were significant predictors of disease progression. Patients with apolipoprotein A-IV levels above the median had
a significantly faster progression (P < 0.0001), and their mean follow-up time to a progression end point was 53.7 mo (95% CI
47.6 to 59.8) as compared with 70.0 mo (95% CI 64.6 to 75.4) in patients with apolipoprotein A-IV levels below the median. For
the apolipoprotein E polymorphism, only the genotype €2/e4 was associated with an increased risk for progression. In
summary, this prospective study in patients with nondiabetic primary kidney disease demonstrated that apolipoprotein A-IV
concentration is a novel independent predictor of progression.
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ithout treatment, many kidney diseases tend to
W progress to renal failure. However, the rate of pro-

gression shows considerable interindividual vari-
ability and is dependent on multiple factors. Moorhead et al. (1)
proposed in the early 1980s that abnormalities in lipoprotein
metabolism cause glomerular and tubulointerstitial damage,
promoting progression of chronic kidney disease (CKD). Ex-
perimental studies supported this concept that lipids contribute
to progressive renal damage (2) by causing macrophage acti-
vation and infiltration in the kidney with resultant tubulointer-
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stitial and endothelial cell injury. However, the extent, if any, to
which dyslipidemia contributes to progression of renal disease
in humans and the possible mechanisms by which this may
occur have remained unclear (3). Data from the population-
based Atherosclerosis Risk in Communities (ARIC) study sup-
port a role of altered lipid metabolism in developing renal
dysfunction (4). Only a few prospective studies in patients with
primary nondiabetic kidney disease have addressed this ques-
tion (5-12), however, and the results have remained ambigu-
ous. To establish and characterize a relationship between dys-
lipidemia and renal risk, long-term prospective follow-up
studies with a reliable measurement of kidney function at
baseline and well-defined renal function end points are re-
quired (13). The aim of this prospective 7-yr follow-up study in
a cohort of patients without diabetes and with mostly mild to
moderate primary kidney disease, therefore, was to evaluate
the predictive value of lipoproteins for the progression of kid-
ney disease.
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Materials and Methods
Patients and Baseline Investigations

We examined at baseline 227 white patients who were aged between
18 and 65 yr and had nondiabetic CKD and various degrees of renal
impairment. These patients were recruited from eight nephrology de-
partments in Germany, Austria, and South Tyrol as described earlier
(14,15). The study was approved by the institutional Ethics Commit-
tees, and all patients gave written informed consent. They had stable
renal function for at least 3 mo before entry into the study. Exclusion
criteria were treatment with immunosuppressive agents, fish oil, or
erythropoietin; serum creatinine >6 mg/dl; diabetes of any type; ma-
lignancy; liver, thyroid, or infectious disease; nephrotic syndrome (de-
fined as proteinuria >3.5 g/1.73 m? per d); organ transplantation;
allergy to ionic contrast media; and pregnancy. According to the Na-
tional Kidney Foundation’s classification of CKD, the 227 patients of
our study showed the following stages of CKD: GFR =90 ml/min per
1.73 m? (stage 1) in 72 (31.7%) patients, GFR 60 to 89 ml/min per 1.73
m? (stage 2) in 49 (21.6%) patients, GFR 30 to 59 ml/min per 1.73 m*
(stage 3) in 63 (27.8%) patients, GFR 15 to 29 ml/min per 1.73 m* (stage
4) in 27 (11.9%) patients, and GFR <15 ml/min per 1.73 m? (stage 5) in
16 (7.0%) patients. The primary cause of kidney disease was glomeru-
lonephritis in 97 (biopsy-confirmed in 90) patients, adult polycystic
kidney disease in 37 patients, interstitial nephritis in 24 patients, other
types of kidney disease in 43 patients, and unknown in 26 patients.

For avoiding interobserver differences, all patients were recruited by
one physician who visited all participating centers. Patient history,
including smoking habits and antihypertensive treatment at baseline,
was recorded by interview and confirmed by checking patient records.
This was complemented by clinical examination, including assessment
of body mass index (BMI) and BP. Hypertension was defined as BP
>140/90 mmHg and/or the use of antihypertensive medication. We
also calculated pulse pressure as the difference between systolic and
diastolic BP. Antihypertensive medication (if present) was withheld on
the day of the study to minimize interference with measurements of the
GEFR. Antihypertensive drugs were taken by 179 (79%) patients: Diuret-
ics (n = 83; 37%), angiotensin-converting enzyme inhibitors (n = 123;
54%), calcium channel blockers (n = 78; 34%), B receptor blockers (n =
67; 30%), and a-1 receptor blockers (n = 35; 16%).

Prospective Follow-Up

After the baseline investigation, patients were followed prospectively
until the primary study end point or the end of the observation period
was reached. The primary end point was defined as doubling of base-
line serum creatinine and/or terminal renal failure necessitating renal
replacement therapy.

A total of 177 (78%) patients from the baseline cohort could be assessed
during the follow-up. Patients who were lost to follow-up (n = 50) had
significantly better renal function than patients not lost for follow-up, i.c.,
a higher mean GFR (91 = 44 versus 64 + 39 ml/min per 1.73 m?% P < 0.01).
According to the National Kidney Foundation’s classification, in the 177
patients with follow-up, we found GFR =90 ml/min per 1.73 m? (stage 1)
in 43 (24.3%) patients, GFR 60 to 89 ml/min per 1.73 m? (stage 2) in 40
(22.6%) patients, GFR 30 to 59 ml/min per 1.73 m? (stage 3) in 57 (32.2%)
patients, GFR 15 to 29 ml/min per 1.73 m? (stage 4) in 24 (13.6%) patients,
and GFR <15 ml/min per 1.73 m? (stage 5) in 13 (7.3%) patients. However,
both groups did not differ significantly with respect to age and gender.
Patients who were lost to follow-up had moved away or were not referred
by their private physicians for follow-up visits in the renal units.

Laboratory Measurements
Blood samples for measurement of routine chemistry, high-sensitiv-
ity C-reactive protein (hsCRP), and lipid parameters were taken after
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an overnight fast of at least 12 h. The samples were immediately
centrifuged at 1500 X g and 4°C for 10 min, and the supernatants were
stored in aliquots at —80°C until further use.

Serum apolipoprotein A-IV (apoA-IV) concentrations were deter-
mined with an ELISA (16). Lp(a) quantification and apo(a) phenotyping
were performed as described in detail (14) with a double-antibody
ELISA and by SDS-agarose gel electrophoresis, respectively. Measure-
ments of serum albumin, total and HDL cholesterol, triglycerides, and
hsCRP were performed using routine laboratory tests. LDL cholesterol
was calculated according to the Friedewald formula. In addition, GFR
was assessed in all patients using the iothalamate clearance technique
as described in detail elsewhere (17). Genotyping of the apolipoprotein
E (apoE) and apoA-IV (T347S and Q360H corresponding to rs675 and
rs5110, respectively) was performed with 5" nuclease allelic discrimi-
nation (Tagman) assays. Genotypings were performed within the
Genotyping Unit of the Gene Discovery Core Facility at the Innsbruck
Medical University.

Statistical Analyses

Statistical analysis was performed with SPSS for Windows 12.01
(SPSS, Inc., Chicago, IL). Univariate comparisons of continuous vari-
ables between various groups were performed using an unpaired f test
or the nonparametric Wilcoxon rank sum test in case of nonnormally
distributed variables. Dichotomized variables were compared using
Pearson y” test. Differences were considered as significant at P < 0.05.
Data are presented as mean = SD or as median and interquartile range
for skewed variables. Univariate correlation analysis was performed by
Spearman correlation analysis. Kaplan-Meier time-to-event curves
were generated for patients with serum apoA-IV concentrations above
and below the median. Multivariable adjusted risk estimates for pro-
gression end points were calculated using a Cox proportional hazards
regression analysis (short Cox regression). A forward likelihood ratio
procedure was used to identify variables that were associated with
progression end points over time. Verification of the results was done
by a backward likelihood ratio procedure.

Results
Univariate Association of Lipoprotein Parameters and
Progression of CKD

Baseline clinical characteristics and laboratory data of the
patients with follow-up are reported in the first data column of
Table 1. The median follow-up after completion of the baseline
investigation was 53 mo (3 to 84). During the follow-up, 65
patients had progressed to a renal end point: 36 patients had
doubled their serum creatinine concentration, and 29 patients
had reached terminal renal failure necessitating renal replace-
ment therapy. Table 1 further summarizes data of patients with
and without progression during the follow-up period. Patients
who had reached a progression end point were significantly
older and had higher baseline serum creatinine levels and
protein excretion rates as well as lower GFR and hemoglobin
levels. In addition, they had higher triglyceride and apoA-IV
concentrations and lower HDL cholesterol levels. Lp(a) was
slightly but not significantly higher in patients who reached a
progression end point, but the frequency of low molecular
weight (LMW) apo(a) phenotypes was similar in the two pa-
tient groups. There were no differences for surrogate parame-
ters of nutritional (BMI and serum albumin) and inflammatory
status (hsCRP). Analogous results were obtained using univar-
iate Cox regression analysis: GFR and apoA-IV had the stron-
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Table 1. Baseline clinical and laboratory data of 177 patients with completed follow-up with further stratification
of those with and without progression of kidney disease during the follow-up period®

All Patients Nonprogressors Progressors
(n =177) (n =112) (n = 65)

Gender (male/female) 118/59 (67%/33%) 74/38 (66% /34%) 44/21 (68%/32%)
Age (yr) 46.4 +12.2 44.8 + 12.6 491 + 11.1°
BMI (kg/m?2) 252 + 3.7 24.8 + 35 25.7 3.9
Current smokers (1 [%]) 34 (19%) 18 (16%) 16 (25%)
Serum creatinine (mg/dl) 2,15+ 1.22 1.54 = 0.61 3.21 = 1.31¢
GFR (ml/min per 1.73 m2) 64 * 39 79 + 38 38 *+ 25°¢
Proteinuria (g/24 h per 1.73 m2) 1.01 = 0.92 0.87 = 0.95 1.25 = 0.83°
Serum albumin (g/dl) 4.56 £ 0.40 457 + 043 4.53 £ 0.36
Systolic BP (mmHg) 137 = 20 136 = 22 137 = 17
Diastolic BP (mmHg) 87 £ 13 86 = 14 88 £ 12
Pulse pressure (mmHg) 50 =15 50 = 16 50 = 14
Hemoglobin (g/dl) 13.6 = 1.8 141 +15 12.6 = 1.9¢
hsCRP (mg/L) 0.28 = 0.31 0.28 = 0.32 0.29 = 0.31
Total cholesterol (mg/dl) 216 = 43 215 £ 42 217 * 46
LDL cholesterol (mg/dl) 138 = 39 137 = 36 138 + 43
HDL cholesterol (mg/dl) 44 = 15 46 = 15 40 + 134
Non-HDL cholesterol (mg/dl) 172 + 42 169 = 39 177 + 46
Triglycerides (mg/dl) 172 + 95 159 = 93 194 + 96°
Lp(a) (mg/dl) 29 + 31 27 + 30 32 +33
LMW apo(a) phenotypes (n [%]) 48 (27%) 30 (27%) 18 (28%)
ApoA-IV (mg/dl) 26 £8 23 + 8 31 £ 6°
ApoA-I (mg/dl) 121 + 23 123 = 25 117 = 21
ApoB (mg/dl) 107 = 26 106 = 26 109 = 27
Use of statins (1 [%]) 26 (14.7%) 16 (14.3%) 10 (15.4%)
Use of fibrates (1 [%]) 9 (5.1%) 6 (5.4%) 3 (4.6%)

“apo, apolipoprotein; BMI, body mass index; hsCRP, high-sensitivity C-reactive protein; LMW, low molecular weight.
bp < 0.05, P < 0.001, P < 0.01, P < 0.005, Pprogressors versis NONProgressors.

gest influence on progression-free survival (Table 2). When we
constructed Kaplan-Meier curves of the progression-free sur-
vival comparing patients with supramedian and inframedian
(25.9 mg/dl) serum apoA-IV concentrations (Figure 1), patients
with the apoA-IV levels above the median had a worse prog-
nosis and significantly faster progression to the end point com-
pared with those with apoA-IV levels below the median (log-
rank test, P < 0.0001): The mean follow-up time to a
progression end point was 53.7 mo (95% confidence interval
[CI] 47.6 to 59.8) compared with 70.0 mo (95% CI 64.6 to 75.4) in
the two groups of patients. There was no difference in the
frequency of the two apoA-IV polymorphisms T347S and
Q360H between progressors and nonprogressors of kidney dis-
ease (Table 3).

For evaluation of the significance of apoA-IV as predictor for
the progression of kidney disease, the receiver operating char-
acteristic (ROC) analysis was performed for apoA-IV in com-
parison with GFR (Figure 2). The area under the curve (AUC)
was only slightly larger for GFR (AUC = 0.842; 95% CI 0.780 to
0.904; P < 0.001) than for apoA-IV (AUC = 0.792; 95% CI 0.726
to 0.859; P < 0.001).

Multivariate Association of Lipoprotein Parameters and
Progression of CKD

To identify lipoprotein parameters that are associated with
progression over time after adjustment for other variables, we
performed a multiple Cox regression analysis. Besides age and
gender, we added to the model variables that showed P < 0.2
in the univariate Cox regression analysis (Table 2). Only base-
line GFR (hazard ratio [HR] 0.714; 95% CI 0.627 to 0.814; P <
0.0001) and serum apoA-IV concentrations (HR 1.062; 95% CI
1.018 to 1.108; P = 0.006) were significantly associated with
progression during the follow-up period. HDL cholesterol and
triglycerides did not enter into the model as independent fac-
tors irrespective of whether we added these variables as a
continuous or categorical variable defined by the median of
each variable. ApoA-IV remained in the model (HR 1.045; 95%
CI 1.001 to 1.092; P = 0.046), even when we adjusted for
asymmetric dimethylarginine (ADMA), which was shown re-
cently as a significant predictor for progression of kidney dis-
ease (18). The type of renal disease as well as the use of
antihypertensive medications and especially angiotensin-con-
verting enzyme inhibitors or calcium channel blockers had no
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Table 2. The association of different variables with progression of kidney disease during the observation period
using univariate and multiple Cox proportional hazards regression models®

Variable Coefficient SEM X HR (95% CI) P
Univariate Cox regression analysis
age (1 yr) 0.021 0.011 3.419 1.021 (0.999 to 1.045) 0.064
gender (0 = men, 1 = women) 0.103 0.268 0.147 1.108 (0.656 to 1.873) 0.701
GFR (10 ml/min per 1.73 m?2) —0.389 0.059 42.976 0.678 (0.603 to 0.761) <0.0001
24-h proteinuria (1g/24 h) 0.264 0.121 4.742 1.302 (1.027 to 1.652) 0.029
apoA-IV (1 mg/dl) 0.112 0.019 34.433 1.118 (1.077 to 1.161) <0.0001
triglycerides (1 mg/dl) 0.002 0.001 2.008 1.002 (0.999 to 1.004) 0.157
HDL cholesterol (1 mg/dl) —0.018 0.010 3.270 0.982 (0.964 to 1.001) 0.071
Lp(a) (1 mg/dl) 0.002 0.004 0.205 1.002 (0.994 to 1.009) 0.651
Multiple Cox regression analysis®
GFR (10 ml/min per 1.73 m?2) —0.336 0.066 25.627 0.714 (0.627 to 0.814) <0.0001
apoA-IV (1 mg/dl) 0.060 0.022 7.697 1.062 (1.018 to 1.108) 0.006

2CI, confidence interval.

PVariables not in the equation: age (P = 0.63), gender (P = 0.97), proteinuria (P = 0.42), triglycerides (P = 0.98), HDL

cholesterol (P = 0.26).

influence on the progression of kidney disease when adjust-
ment for baseline GFR was performed (data not shown).

ApoE Polymorphism and Progression of CKD

Table 3 shows the distribution of apoE genotypes in renal
patients with and without progression to a renal end point
during the follow-up period. There were no major differences
between the two groups with the exception of apoE genotype
€2/ €4. Of the six patients who showed an €2/e4 genotype, five
progressed to the end point. When formally tested against the
combined number of other genotype carriers, this difference in
frequency reached significance (P = 0.027). When we offered a
variable describing the €2/e4 carrier status as an additional
covariate to the Cox regression model, those with that genotype
had a significantly higher probability for a progression of kid-
ney disease (HR 2.68; 95% CI 1.06 to 6.75; P = 0.037). In this
analysis, the estimates for GFR and apoA-IV remained almost
identical as in the model above.

Discussion
Lipid and Lipoprotein Profile and Progression of
Kidney Disease

There is little doubt that kidney disease is associated with
abnormalities in lipoprotein metabolism. As reviewed in Table
4, however, it has remained controversial whether dyslipide-
mia plays an independent role in the progression of primary
CKD. The basic pathophysiologic concept is derived from the
hypothesis that dyslipidemia, among other factors, causes glo-
merular injury that leads to glomerulosclerosis (19). It has been
suggested that glomerulosclerosis and atherosclerosis share
common pathophysiologic pathways (20). However, little is
known about the exact mechanism (21).

This prospective study had a follow-up time of adequate
duration and used exact measurements of GFR, and primary
end points were reached by more than one third of the partic-
ipants. No significant association was found between baseline

classical lipid or lipoprotein parameters and the progression of
renal insufficiency. These results are consistent with another
prospective study in 138 patients with moderate renal insuffi-
ciency (8). Locatelli et al. (5) also found no correlation between
the baseline lipid profile and the end point of ESRD in 311
patients who did not have diabetes or nephrosis and had mod-
erate renal insufficiency and were followed for 2 yr. Con-
versely, Samuelsson et al. (7) described in 73 patients with mild
to severe renal insufficiency total and LDL cholesterol as well
as apoB to be significantly associated with a rapid decline in
renal function but not triglycerides or HDL cholesterol. The
Modification of Diet in Renal Disease (MDRD) Study demon-
strated lower HDL cholesterol levels as an independent predic-
tor of a decline in GFR in patients with kidney disease; how-
ever, triglyceride levels were not measured (6). In our study,
lower HDL cholesterol showed only a borderline association
with progression of disease, which was no longer significant
after adjustment for GFR in the multiple Cox regression anal-
ysis. Syrjanen et al. (11) found hypertriglyceridemia as an inde-
pendent risk factor for progression of IgA nephropathy.
These nonuniform data illustrate that, so far, it has remained
uncertain which lipoproteins are the best predictors for a progres-
sion of kidney disease (Table 4). The finding of low HDL choles-
terol levels as predictors of progression is in line with studies
performed in the general population (4,22). The ARIC study re-
ported that higher triglyceride levels and lower HDL cholesterol
were associated with a higher relative risk for worsening renal
function over 3 yr (4). The prospective, randomized Helsinki
Heart Study investigated patients who had dyslipidemia and
non-HDL cholesterol >200 mg/dl and were at baseline free of
renal disease and found lower HDL cholesterol and an elevated
LDL/HDL cholesterol ratio to be independent predictors of an
increase of serum creatinine during study follow-up; LDL choles-
terol and triglycerides were not independent predictors. However,
these variables explained only a very small fraction (at best 1%) of
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Figure 1. Kaplan-Meier curves of renal end points in patients
with infra- and supramedian plasma apolipoprotein A-IV
(apoA-IV) concentrations. In patients with supramedian
plasma apoA-IV concentrations (i.e., >25.9 mg/dl), progression
was significantly faster (log-rank test, P < 0.0001). Numbers
near the survival curves represent the number of patients at
risk with apoA-IV levels below and above the median at 0, 12,
24, 36, 48, 60, and 72 mo.

the variance in creatinine increase (22). Such small contribution
can be detected only in large studies. Further explanations for
differences to our and other studies in patients with kidney dis-
ease might be that studies in the general population investigated
individuals without primary kidney disease at baseline or with
mild impairment of kidney function at most. Another explanation
might be the definition of the progression end point, which was
only a minor increase in serum creatinine in some of these studies
4).

Even if the evidence for an association between lipid param-
eters and the progression of renal disease in humans is not
consistent, several studies investigated the effect of lipid low-
ering on the progression of renal insufficiency. In a number of
animal models, lipogenic diets worsen whereas cholesterol-
lowering medications ameliorate renal injury (23-27). Fried et
al. (28) performed a meta-analysis that examined the role of
lipid-lowering therapy on renal function in humans. The data
were derived from lipid-lowering trials that commonly per-
formed post hoc analysis of subgroups with renal insufficiency
for renal end points that were not predefined. They suggested
that lipid-lowering therapy may slow progression, but this
conclusion was derived from a few trials with small numbers
and generally short follow-up times (28). In case these agents
indeed show a progression-retarding effect, it remains to be
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Table 3. Influence of the apoA-IV and the apoE
polymorphism on the progression of kidney disease
during the follow-up period in patients with mild and
moderate kidney disease®

No .
Genotype Progression Progression
n 0/0 n 0/0
ApoA-1V T3475
AA 73 66.4 41 65.1
AT 32 29.1 18 28.6
TT 5 45 4 6.3
ApoA-IV Q360H
AA 1 0.9 0 0.0
AC 19 17.3 8 12.7
CcC 90 81.8 55 87.3
ApoE
2/2 1 0.9 1 1.5
2/3 17 15.5 7 10.8
3/3 69 62.7 36 55.4
3/4 22 20.0 15 23.1
4/4 0 0.0 1 1.5
2/4 1 0.9 5 7.7

ApoA-IV and apoE genotypes are available in 173 and 175
of 177 patients, respectively.

0,8
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o
T

S
B
|

0.0 T T T
0,0 02 0.4 06 0.8 1,0
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Figure 2. Receiver operating characteristic (ROC) curve of GFR
and apoA-IV levels with progression of kidney disease as status
variable. The area under the curve (AUC) is only slightly larger
for GFR than for apoA-IV (AUC 0.842 and 0.792, respectively).

proved whether this retardation derives from lipid-lowering or
from pleiotropic effects of statins.

It is also interesting to note that Lp(a) concentrations were
not predictive for the progression of kidney disease, although
in vivo experiments pointed to a progression-advancing effect.
Atherogenic lipoproteins such as LDL cholesterol or Lp(a),
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Table 4. Summary of prospective studies in patients with nondiabetic kidney disease examining the relationship
of dyslipidemia and the progression of kidney disease®

Duration of

Definition of

Associations with

Author, Year Patients Follow-up Progression Progreslsji;)sre\a(;fe Kidney
Hunsicker et al.,  n = 840; GFR15to 55 Up to 3.5 yr Rate of decline in Lower HDL cholesterol
1997 (6) ml/min per 1.73 m? GFR (GFR slope independent predictor
ml/min per yr) of a faster decline in
GFR
No significant effect by
TC, LDL cholesterol,
apoA-I, apoB
Locatelli et al., n =311, Cr 119 to 619 2 yr Need for dialysis, No correlation with TC
1996 (5) mmol/L and CCr doubling of
<60 ml/min baseline Cr
Syrjanen et al., n = 223 patients with ~ Median 10 yr =~ Cr >125 pumol/L Hypertriglyceridemia
2000 (11) IgA nephropathy; (0.2 to 17 yr) (men) or >105 independent risk factor

Massy et al.,, 1999 n
(8)

Washio et al., 1996 n
(10)

Samuelsson et al., n
1997 (7)

Cappelli et al., n
1992 (9)

Mazouz et al., n
1999 (12)

81% normal Cr
levels, 19% elevated
Cr levels

= 138 (including 2 to

3% patients with type
2 diabetes); CCr 20 to

70 ml/min

= 104 (including 9
patients with type 2
diabetes); Cr 0.5 to
5.0 mg/dl

= 73; GFR 15 to 75
ml/min per 1.73 m?

= 52; CCr 20 to 60
ml/min

= 49 (including 7
patients with type 2
diabetes); mean CCr
24 = 14 ml/min

Mean ~7 yr

Mean 4.1 yr

Mean 3.2 yr

12 mo

At least 2 yr
before the
start of
dialysis®

umol/L (women)
and >20%
elevation from
baseline

ESRD

(—1) X (the slope of
the 1/Cr plotted
against the
observation time)

Annual change in
GFR

Slope of regression
line of 1/Cr
negative at end of
follow-up period

ACcr

for progression of
disease

No significant correlation
with TC, LDL
cholesterol, HDL
cholesterol, LDL/HDL
cholesterol ratio

No correlation with TG,
HDL cholesterol, TC,
apoA-I, apo-B, Lp(a)

Positive correlation with
TC level

No significant correlation
with TG

Significant association
with TC, LDL
cholesterol, and apoB
(in univariate analysis)

No significant relation
with TG, HDL
cholesterol, VLDL
cholesterol, apoA-I,
apoA-II, apoC-III, apoE

Significant relationship
with apoA/apoB ratio

No association with TC,
HDL cholesterol, LDL
cholesterol, VLDL
cholesterol, TG, apoB

No significant association
with TC and TG

*The table lists mostly adjusted results unless otherwise stated. Cr, creatinine; CCr, creatinine clearance; TC, total

cholesterol; TG, triglycerides.
bFor’cy—nine patients selected of 173 presently treated hemodialysis patients on the basis of availability of a quarterly follow-
up for 2 yr before starting dialysis.
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especially when oxidized, induce the formation of oxygen rad-
icals in arteries, in glomeruli, and in juxtaglomerular cells,
which results in an inhibition of nitric oxide-mediated vasodi-
lation (29), stimulation of renin release, and modulation of
mesangial cell growth and apoptosis (30-33). However, Lp(a)
concentrations in our and two other studies (8,34) were not
related to the progression of kidney disease.

ApoA-1IV

This study was the first to investigate the association between
a novel lipid parameter: ApoA-IV concentration and progres-
sion of renal insufficiency. We found that higher baseline
plasma apoA-IV concentrations were one of the best predictors
for the progression of kidney disease apart from baseline GFR.
This association was independent of other lipoprotein param-
eters; of ADMA, which was shown recently to be a highly
significant predictor of kidney disease progression (18); and of
proteinuria, BP, and nutritional and inflammatory status. How-
ever, this does not necessarily suggest that apoA-IV per se is
pathogenic. It is conceivable that apoA-IV reflects catabolism of
this apolipoprotein in the kidney not entirely reflected by the
changes in GFR. It is known that ESRD affects apoA-IV serum
concentrations. We and others reported a pronounced increase
of apoA-IV concentrations in hemodialysis patients (35-38). We
could even demonstrate that in patients with kidney disease, a
significant increase in apoA-IV concentrations is found even
when GFR is still within the normal range (15). It therefore
seems that apoA-IV is an early marker of renal impairment.
This is supported by our recent findings of apoA-IV immuno-
reactivity in kidney tubular cells, suggesting a direct role of the
human kidney in apoA-IV metabolism (39). A granular staining
pattern in those cells probably represents lysosomes degrading
apoA-IV. It is interesting that a high correlation was found
between apoA-IV and GFR (r = —0.62) (15). When we compare
GFR and apoA-1V in the univariate Cox regression model, both
parameters predict similarly the progression-free survival (x> =
43 versus 34; Table 2). Nevertheless, apoA-1V still significantly
contributes to the prediction of disease progression after ad-
justment for GFR, which supports the additional value of
apoA-IV as a kidney function parameter.

The association of higher apoA-IV levels with progression of
kidney disease is unexpected, given the physiologic functions
of apoA-IV. According to in vitro studies, apoA-IV participates
in several steps of the reverse cholesterol transport pathway,
which removes cholesterol from peripheral cells and directs it
to liver and steroidogenic organs for metabolism (40-42). Fur-
thermore, other studies documented antioxidative properties of
apoA-IV (43). One therefore might have anticipated that the
increased apoA-IV levels in impaired kidney function would
have resulted in improved removal of cholesterol from mesan-
gial cells and, together with the antioxidative properties, slower
progression. The observation of an opposite effect would be
compatible with the assumption that apoA-IV is not fully func-
tionally active or that high apoA-IV levels reflect an aspect of
renal impairment that is not parallel to GFR.
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ApoE Polymorphism

Up to now, numerous case-control and cross-sectional stud-
ies investigated the apoE polymorphism in patients with kid-
ney disease compared with control subjects with contrasting
results. Only a few of them were designed to investigate an
association between the apoE polymorphism and the progres-
sion of renal insufficiency by a follow-up observation (44—-46).
Araki et al. (45) found in Japanese patients with type 2 diabetes
that the 31 patients who developed or who showed a progres-
sion of nephropathy during an average observation period of
4.4 yr were more often €2 carriers. The apo €4 allele was found
to be an independent protective factor for the progression to
ESRD in a retrospective follow-up study in Japanese patients
with type 2 diabetes (44). Results from the prospective ARIC
study in the general population without severe renal dysfunc-
tion at baseline recently showed that €2 moderately increased
and e4 decreased risk for renal disease progression (46). In
contrast to these studies, we could not see a negative effect of
the €2 allele or a protective effect of the €4 allele. When we used
the allele-counting method, we observed that progressors
showed a very similar frequency of the €2 allele (10.8 versus
9.1%) and a higher rather than a lower frequency of the 4 allele
(16.9 versus 10.8%), which did not reach significance, however.
It is not clear whether this finding can be explained by differ-
ences in study design, patient selection, or definition of kidney
disease progression. The above-mentioned prospective studies
either investigated patients with type 2 diabetes considering
albuminuria or proteinuria as progression end point (45) or
focused on patients at the population level without kidney
disease at baseline and an end point mostly defined by an
increase in creatinine of at least 0.4 mg/dl (46). Our study,
however, included patients with primary kidney disease at
study entry. Progression was defined as doubling of baseline
serum creatinine or necessity of renal replacement therapy
during follow-up. The only noticeable observation concerning
the apoE polymorphism in our study was that five of the six
carriers of apoE genotype €2/e4 experienced a progression of
the disease. However, we are aware of the low frequency of this
genotype and of the need that the finding be confirmed by
future large studies.

Limitations of the Study

One of the limitations of our study is that we do not have
sequential GFR measurements by iohexol technique during the
follow-up period. We believed, however, that it was more
important to have an exact measurement of GFR at baseline
because a simple measurement of creatinine or a GFR calcula-
tion by a formula would have been imprecise. Doubling of
serum creatinine is an accepted specific end point (47).

The applied exclusion criteria in our study resulted in a
selected group of patients. Therefore, the association of in-
creased apoA-IV and renal disease progression may not be
applicable to other types of CKD, such as diabetic nephropathy
or nephrotic forms of kidney diseases. This selection, however,
might reduce confounding and increase the power of our
study. Furthermore, whether these findings observed in white
individuals can be extrapolated to other ethnic groups has to be
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investigated in further studies. Finally, the sample size of our
study might have been too small to investigate the influence of
various subgroups of glomerulonephritis or tubulointerstitial
renal diseases and the influence of various antihypertensive
medications on the progression of kidney diseases.

Conclusion

In our prospective study of patients with nondiabetic pri-
mary kidney disease, we found no significant and independent
association between the classical lipid parameters and the pro-
gression of kidney disease to an end point. We identified,
however, apoA-IV as a novel predictor for progression of kid-
ney disease. Our study failed to confirm an association between
apoE polymorphism and progression of CKD that had been
described in previous studies.
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