Pathophysiology/Complications

ORIGINAL ARTICLE

Prospective Study of Lipoprotein({a) as a
Risk Factor for Deteriorating Renal

Overt Proteinuria

Type 2 Diabetic Patients With

Ki-Ho SonNG, MD
SeEunG Hyun Ko, mp
HyunGg-Wook Kim, MmD
Yu-BAE AHN, MD
JoNG-MIN LEg, MD

HyuN-SHIK SON, MD
Kun-Ho Yoon, mp
Bong-Yun CHA, MD
KwaNG-Wo00 LEE, MD
Ho-Young Son, mp

OBJECTIVE — The effect of lipoprotein(a) [Lp(a)] on the progression of diabetic nephropathy
has not been evaluated yet. The aim of this study was to determine whether Lp(a) is an independent
risk factor for deteriorating renal function in type 2 diabetic patients with nephropathy.

RESEARCH DESIGN AND METHODS — We conducted this prospective study in type
2 diabetic patients with overt proteinuria. Patients were divided into two groups according to
their baseline serum Lp(a) level. Group 1 had Lp(a) levels =30 mg/dl (n = 40) and group 2 had
Lp(a) levels >30 mg/dl (n = 41). Patients were followed for 2 years. Progression of diabetic
nephropathy was defined as a greater than twofold increase of follow-up serum creatinine
concentration from the baseline value.

RESULTS — At baseline and during the follow-up, there was no difference in HbA . and lipid
profile between groups 1 and 2. However, serum creatinine was significantly higher in group 2
than in group 1 after 1 year (148.3 = 78.0 vs. 108.1 = 34.9 wmol/l, P = 0.004) and after 2 years
(216.9 = 144.5vs. 131.3 £ 47.3 pmol/l, P = 0.001), although baseline serum creatinine did not
differ significantly between groups. In all, 13 of 14 patients with progression of diabetic ne-
phropathy (progressors) were from group 2. Baseline Lp(a) levels were higher in the progressors
than in the nonprogressors (62.9 * 26.7 vs. 33.5 = 27.5 mg/dl, P < 0.001). Multiple logistic
regression showed that baseline Lp(a) level was a significant and independent predictor of the
progression of diabetic nephropathy.

CONCLUSIONS — Our study demonstrated that Lp(a) is an independent risk factor for the
progression of diabetic nephropathy in type 2 diabetic patients with overt proteinuria.
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iabetic nephropathy is character-
ized by proteinuria, hypertension,
progressive loss of renal function,
and a high incidence of cardiovascular
morbidity and mortality (1). Of patients

with type 2 diabetes, 20—40% develop
diabetic nephropathy over a period of
15-20 years after the onset of diabetes (2).
It is noteworthy that the prevalence of di-
abetic nephropathy in type 2 diabetes ap-
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pears to be higher in the Asian population
than in the white population, although
the underlying mechanisms for this dif-
ference are not clear (3,4). Because dia-
betic nephropathy is the leading cause of
end-stage renal disease in many countries
including Korea (5,0), it is critical to slow
the loss of renal function in diabetic pa-
tients at the stage of overt proteinuria or
macroalbuminuria (established diabetic
nephropathy).

Hyperglycemia, hypertension, hyper-
cholesterolemia, and proteinuria are the
most significant risk factors or markers
for the development and progression of
diabetic nephropathy in type 2 diabetic
patients (1,2,7-9). Nevertheless, in type 2
diabetic patients with overt proteinuria,
postponing end-stage renal disease re-
mains an elusive goal in the clinical set-
ting. Therefore, it is still important to
explore other risk factors with possible
therapeutic applications in these patients.

Lipoprotein(a) [Lp(a)] is an LDL-like
substance with apolipoprotein(a) bound
to apolipoprotein B-100 by a disulfide
bond (10). An elevated level of serum Lp(a),
primarily genetically determined (11), is a
significant risk factor for atherothrombo-
genesis in both diabetic and nondiabetic
subjects (12-17). Renal dysfunction in par-
ticular has been associated with elevated
Lp(a) levels, which partly explains the in-
creased susceptibility to vascular disease in
patients with renal disease, including dia-
betic nephropathy (18-24). Type 2 dia-
betic patients with nephropathy may have
intrarenal hemodynamic abnormalities
(25), and it can be hypothesized that the
atherogenic effect of Lp(a) might adversely
affect the renal vasculature and aggravate
renal function in these patients. However,
the effect of Lp(a) on the progression of di-
abetic nephropathy has not been evaluated
yet. Therefore, we performed this prospec-
tive study to determine whether Lp(a) is an
independent risk factor for deteriorating re-
nal function in type 2 diabetic patients with
overt proteinuria.
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RESEARCH DESIGN AND
METHODS — Patients with type 2 di-
abetes and overt proteinuria who visited
the diabetes clinic at St. Vincent Hospital
in Suwon, Korea, were recruited between
2001 and 2002. Consecutive patients
with dipstick-positive proteinuria were
examined by two 24-h urinary protein ex-
cretions (UPEs), a urine culture, a urine
microscopy, and an ultrasound examina-
tion of the kidneys. The inclusion criteria
was a UPE >500 mg/day (26) in two con-
secutive collections and serum creatinine
concentration =176.8 pwmol/l (2.0 mg/
dl). Patients with hematuria, pyuria, a
positive urine culture, or absence of reti-
nopathy were excluded. In all, 90 patients
met these criteria. All patients gave in-
formed consent, and the study was ap-
proved by the institutional review board.
Each subject provided a diabetes history
regarding the diagnosis, treatment, and
the occurrence of complications. A blood
sample was collected at baseline from
each subject for biochemical measure-
ments, including serum Lp(a) level and
DNA extraction.

Study subjects were divided into two
groups according to their baseline Lp(a)
level. Group 1 had Lp(a) levels =30
mg/dl (n = 43) and group 2 had Lp(a)
levels >30 mg/dl (n = 47). Subjects were
followed for 2 years. The established
threshold of Lp(a) level for developing
atherosclerosis is 30 mg/dl, and this value
was therefore chosen as a cutoff point
(27). During the observation period,
blood pressure was measured every 2—3
months. The target blood pressure for all
patients was a systolic blood pressure
<140 mmHg and a diastolic blood pres-
sure <90 mmHg (28). More than 90% of
patients were given an ACE inhibitor or
an angiotensin II receptor blocker. Diabe-
tes was treated with dietary modification,
oral hypoglycemic agents, or insulin as
required to achieve glycemic control. A
hydroxymethylglutaryl-CoA reductase
inhibitor (statin) was given to patients
whose serum LDL cholesterol concentra-
tion remained >2.6 mmol/l after lifestyle
modification alone. During follow-up, se-
rum creatinine and lipid profiles were as-
sessed after 1 and 2 years in each patient.
HbA,. (A1C) was measured every 6
months. Progression of diabetic nephrop-
athy was defined as a >2-fold increase of
a follow-up serum creatinine from the
baseline value.

After an overnight fast, blood samples

were obtained for analysis of serum con-
centrations of creatinine, total choles-
terol, triglyceride, and HDL cholesterol.
Glomerular filtration rate (GFR) was cal-
culated using the Cockeroft-Gault for-
mula (29) for estimation of creatinine
clearance [(140 — age) X body weight in
kilograms + serum creatinine (milli-
grams per deciliter) + 72], multiplying by
0.85 for women. The total cholesterol and
triglyceride concentrations were mea-
sured enzymatically. The HDL choles-
terol concentration was measured
enzymatically after precipitation of the
other lipoproteins. The A1C level was de-
termined by high-performance liquid
chromatography with a reference range of
4.4-6.4%. The serum Lp(a) concentra-
tion was measured by a one-step sand-
wich enzyme-linked immunoassay
technique (Biopool AB, Umea, Sweden),
as described previously (30).

For insertion/deletion polymorphism
of the ACE gene, genomic DNA was ex-
tracted from peripheral blood leukocytes.
A 287-bp insertion/deletion polymor-
phism in the intron 16 of the ACE gene
was examined by PCR according to a pre-
vious method (31). The sequences of the
sense and the antisense primers were 5’-
CTGGAGACCACTCCCATCCTTTCT-3'
and 5'-GATGTGGCCATCACAT
TCGTCAGAT-3’, respectively. PCR was
performed in a final volume of 25 pl con-
taining 500 ng of genomic DNA, 500
pmol of each primer, 0.5 mmol/l ANTP,
1.5 mmol/l MgCl,, 0.5 unit Taq DNA
polymerase, 50 mmol/l KCI, and 10
mmol/l Tris-HCl. Amplification was car-
ried out for 35 cycles with steps of dena-
turation at 95°C for 1 min, annealing at
58°C for 1 min, and extension at 72°C for
1 min. The PCR products were subjected
to ethidium bromide for visualization.

Statistical analyses were performed
using the SPSS statistical package (Chi-
cago, IL). Because Lp(a) concentrations,
triglyceride concentrations, and UPE val-
ues are not normally distributed, the data
were analyzed after logarithmic transfor-
mation. The differences in continuous
variables between two groups were ana-
lyzed by Student’s ¢ tests, and x* tests
were used to compare frequencies be-
tween two groups. The correlation be-
tween the fold increase of serum
creatinine after 2 years and baseline Lp(a)
level in the study subjects was examined
by Pearson correlation analysis. Multiple
logistic regression was performed to as-
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sess the independent predictive effect of
the variables on the risk for progression of
diabetic nephropathy. Statistical signifi-
cance was taken at P < 0.05.

RESULTS — Of the initial 90 subjects,
nine were lost to follow-up, mainly be-
cause they moved to other hospitals. The
remaining 81 patients were followed for 2
years. Table 1 compares the clinical char-
acteristics at baseline between patients in
groups 1 and 2. The two groups did not
differ significantly in age, BMI, the distri-
bution of sex, insulin use, statin use,
smoking, DD genotype of the ACE gene,
A1C, blood pressure, UPE, calculated
GFR, or serum creatinine.

During the follow-up, the two groups
did not differ in A1C and lipid profile (to-
tal cholesterol, triglyceride, and HDL con-
centrations). The mean follow-up systolic
blood pressure was significantly higher in
group 2 thanin group 1 (146.3 = 12.2 vs.
138.9 = 8.8 mmHg, P = 0.003). Serum
creatinine was significantly higher in
group 2 than in group 1 after 1 year
(148.3 £ 78.0 vs. 108.1 = 34.9 pmol/l,
P = 0.004) and after 2 years (216.9 *
144.5 vs. 131.3 = 47.3 pmol/l, P =
0.001). In addition, calculated GFR was
significantly lower in group 2 than in
group 1 after 1 year (33.6 £ 17.2 vs.
58.4 = 25.3 ml/min, P = 0.001) and after
2 years (17.2 = 8.8 vs. 40.8 = 213
pmol/l, P < 0.001). More importantly, 13
of 14 patients with progression of diabetic
nephropathy (progressors) were from
group 2. Hemodialysis or peritoneal dial-
ysis was initiated in six of the progressors.

As shown in Fig. 1, the fold increase
of serum creatinine after 2 years was
found to be positively correlated with
baseline Lp(a) level in the whole study
subjects (r = 0.318, P = 0.004).

Table 2 shows the clinical character-
istics of the progressors and nonprogres-
sors. Baseline Lp(a) level, serum
creatinine, and UPE were higher in the
progressors than in the nonprogressors.
The mean follow-up blood pressures
were higher in the progressors than in the
nonprogressors. However, the mean fol-
low-up A1C was lower in the progressors
than in the nonprogressors. The
frequency of the DD genotype and the fol-
low-up lipid profile did not differ between
the progressors and nonprogressors.

Next, we compared the progressors
(n = 13) and nonprogressors (n = 28) in
group 2. The progressors had higher
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Lipoprotein(a) and diabetic nephropathy

Table 1—Baseline characteristics of study subjects

Group 1 Group 2 p

n 40 41

Sex (male/female) 16/24 20/21 0.427
Age (years) 58.7 = 8.8 59.3 £9.6 0.764
BMI (kg/m?) 259 £3.7 246 +35 0.096
Duration of diabetes (years) 162 7.1 149 £6.2 0.388
Smoking 6 6 0.963
Insulin use 36 32 0.143
Statin use 14 12 0.581
Systolic blood pressure (mmHg) 138.5 = 14.1 143.2 = 21.0 0.245
Diastolic blood pressure (mmHg) 76.8 = 12.4 81.2 £ 10.7 0.093
A1C (%) 91=x23 91=*x22 0.945
Serum total cholesterol (mmol/l) 5.16 £ 1.07 573 +1.63 0.068
Serum triglyceride (mmol/l) 226 £1.29 203 *1.13 0.446
Serum HDL cholesterol (mmol/l) 1.03 =0.26 1.04 = 0.31 0.860
24-h UPE (mg) 2,556.8 £2,243.6 2,682.34 £19259 0.358
Serum creatinine (pwmol/1) 99.4 + 33.6 102.8 =232 0.598
Calculated GFR (ml/min) 68.3 = 33.0 61.1 £22.6 0.257
Lp(a) (mg/dD) 16.4 + 6.8 (16.9 [2.3-29.5]) 60.3 + 26.6 (54.0 [31.2-119.0]) <0.001
DD genotype (DD/ID/II) 5/18/17 7/18/16 0.562%*
Proliferative retinopathy 14 12 0.581

Data are n, means * SD, or means * SD (median [range]). *Compared frequencies of DD and non-DD genotype (ID or II).

baseline serum creatinine (117.6 = 20.8
vs. 96.0 £ 21.3 wmol/l, P = 0.004), base-
line UPE (4480.5 = 2044.6 vs. 1847.5 =
1165.0 mg, P < 0.001), and mean fol-
low-up systolic blood pressures (151.8 =
9.4 vs. 143.6 = 12.7 mmHg, P = 0.047)
than the nonprogressors. When the pro-
gressors were removed from group 2,
group 2 did not show significant differ-
ences from group 1. Thus, it is conceiv-
able that the progressors in group 2 might
have constituted a subgroup of patients
particularly sensitive to nephropathy and
were responsible for the association of the
whole group with reduced renal function.

Multiple logistic regression analysis
identified independent predictors of the
progression of diabetic nephropathy.
Baseline serum creatinine, baseline UPE,
baseline Lp(a) level, mean follow-up sys-
tolic blood pressure, and mean follow-up
A1C were chosen as independent vari-
ables in the model. Baseline Lp(a) levels
and baseline UPE were significant and in-
dependent predictors of the progression
of diabetic nephropathy (Table 3). When
statin use was added as another variable
in the regression model, the result did not
change (data not shown).

CONCLUSIONS — This 2-year pro-
spective study provides the first evidence
that an elevated Lp(a) level is an indepen-

dent risk factor for the progression of di-
abetic nephropathy in type 2 diabetic
patients with overt proteinuria. This asso-
ciation was independent of proteinuria,
hyperglycemia, or hypertension.

Many studies suggest that dyslipi-
demias such as hypercholesterolemia
contribute to the deterioration of renal

function (32-34). A meta-analysis of 13
studies including diabetic patients
showed that lipid reduction has beneficial
effects on the decline of GFR similar to
those of ACE inhibitors (35). An elevated
Lp(a) level is another feature of dyslipide-
mia that can be accompanied by renal
dysfunction or increased albuminuria in
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Figure 1—Relationships between the fold increase of serum creatinine (S.,) after 2 years and
baseline Lp(a) level in the whole study subjects. Dotted horizontal and vertical lines indicate a
twofold increase of serum creatinine and >30 mg/dl of Lp(a), respectively.
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Table 2—Clinical characteristics of the progressors and nonprogressors

Song and Associates

Progressors Nonprogressors p

n 14 67

At baseline
Sex (male/female) 77 29/38 0.646
Age (years) 57.1 £85 504 +03 0411
BMI (kg/m?) 242 +39 255+ 35 0.231
Duration of diabetes (years) 16.4 = 6.6 154 = 6.7 0.636
Serum creatinine (pmol/l) 117.5 = 20.0 07.8 =292 0.019
Calculated GFR (ml/min) 534+ 16.0 67.0 £208 0.101
Lp(a) (mg/dD) 62.9 = 26.7 (54.3) 33.5*+27.5(22.8) <0.001
24-h UPE (mg) 4.847.8 + 2.456.6 21492 + 1,653.8 <0.001
DD genotype (DD/ID/IT) 2/5/7 10/31/26 0.951*

During the follow-up
Mean systolic blood pressure (mmHg) 1513 9.2 140.8 = 10.8 0.001
Mean diastolic blood pressure (mmHg) 82.0 =56 76.8 £8.5 0.031
Mean A1C (%) 75+17 85*13 0.020
Mean total cholesterol (mmol/l) 5.28 = 1.00 5.07 = 1.03 0.500
Mean triglyceride (mmol/l) 1.88 = 0.47 226 =140 0.613
Mean HDL cholesterol (mmol/1) 0.98 £0.17 1.02 = 0.30 0.631

Data are n or means * SD (median). *Compared frequencies of DD and non-DD genotype (ID or II).

diabetic and nondiabetic patients (18-
24). Jerums et al. (20) observed that se-
rum apolipoprotein(a) levels increased
with time in 12 of 14 type 2 diabetic pa-
tients who had progressively increasing
albuminuria over 11 years. Boemi et al.
(24) also reported that macroalbuminuria
in both type 1 and type 2 diabetic patients
is associated with significantly increased
plasma concentrations of Lp(a) regardless
of kidney dysfunction, as determined by
creatinine clearance rates or serum creat-
inine. In addition, variable alleles at the
apolipoprotein(a) gene locus determine
to a large extent Lp(a) levels in the general
population (11) and in patients with renal
failure (23). However, little is known
about the effect of Lp(a) on the progres-
sion of renal dysfunction.

We demonstrated that patients in
group 2, who had elevated Lp(a) levels at
baseline, showed more rapid deteriora-
tion of renal function as determined by
serum creatinine and calculated GFR over
the 2-year follow-up. This could not be

pressure in group 2 could have been the
outcome of diabetic nephropathy with a de-
cline in GFR. It is often difficult to control
blood pressure of patients with progressive
renal insufficiency in the clinical setting.
Next, we analyzed the clinical vari-
ables of the progressors who had a >2-
fold increase of serum creatinine from the
baseline value. The progressors had
higher baseline Lp(a) level, baseline se-
rum creatinine, baseline UPE, and fol-
low-up blood pressure than the
nonprogressors. In addition, 13 of the 14
progressors were from group 2. After ad-
justing for the variables listed above, base-
line Lp(a) level and baseline UPE
remained independent predictors for the
renal outcome. Taken together, an ele-
vated Lp(a) level was independently re-
lated to the deterioration of renal function
in our subjects, independent of protein-
uria, hyperglycemia, or hypertension. In

addition, our data agree with those of
other previous studies (1,36), demon-
strating that baseline albuminuria/
proteinuria is a powerful predictor of
nephropathy progression in type 2 dia-
betic patients. On the other hand, we did
not find a beneficial effect of better glyce-
mic control on deterioration of renal
function, in accordance with other previ-
ous studies (37,38).

The reason why elevated Lp(a) levels
might adversely affect the progression of
diabetic nephropathy is unknown. It can
be speculated that the atherogenic effect
of Lp(a) leads to renal ischemia because of
increased atherosclerotic renal artery steno-
sis. In addition to vascular injury, Lp(a)
might be implicated in glomerular injury.
Lp(a) and oxidized Lp(a) have been shown
to induce activation of reactive oxygen me-
tabolites in isolated rat glomeruli (39).

The limitations of this study include

Table 3—Multiple logistic regression analysis of risk factors influencing progression of

explained by differences in glycemic con- ~ diabetic nephropathy

trol or lipid profile because there was no

difference in A1C and lipid profile be-  predictors Odds ratio 95% ClI P
tween the groups at baseline and during

the follow-up. However, the mean fol- Baseline 24-h UPE (per 1 g) 2.194 1.294-3.710 0.004
10W—up systolic blood pressure was signif— Baseline serum Lp(a) (per 10 mg/dl) 1.418 1.040-1.934 0.027
icantly higher in group 2 and it is Baseline serum creatinine (per 0.1 mg/dl) 1.364 0.978-1.903 0.068
possible that differences in Blood pres- Mean follow-up systolic blood pressure 2.526 0.878-7.266 0.086
sure control might have affected the re- (per 10 rzlmHg)

sult. Alternatively, the worsening blood ~ALC (per 1%) 0.964 0.512-1.813 0.909
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the fact that we did not determine apoli-
poprotein(a) phenotypes or genotypes;
therefore, the association of apolipopro-
tein(a) isoforms with the progression of
diabetic nephropathy remains to be de-
fined. Second, although serum creatinine
or calculated GFR was widely used as an
indirect estimation of GFR, a more reli-
able marker of renal function such as
>!Cr-EDTA clearance should be used for
further investigation. Lastly, we did not
measure changes in UPE during the ob-
servation period.

In conclusion, these data suggest that
an elevated Lp(a) level is an independent
risk factor for the progression of diabetic
nephropathy in type 2 diabetic patients
with overt proteinuria. However, future
studies are needed in other ethnic groups.
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