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Evidence based management of lipid disorders

What are the consequences of renal insufficiency

or the nephrotic syndrome for lipid levels?
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Lipid metabolism in chronic kidney disease

An introduction to chronic kidney disease

Chronic kidney disease is characterized by the failure of the kidneys to remove
waste products and excess fluid from the body. It is defined by a sustained
impairment of kidney function, as reflected by an abnormal excretion of urinary
protein or a reduction of the glomerular filtration rate (GFR). When the glomerular
filtration rate reaches levels below 15 ml/min (corresponding to a reduction
in kidney function by approximately 90%), patients require renal replacement
therapy, which is provided in the form of dialysis or transplantation. The etiology
of chronic kidney disease (CKD) is heterogeneous, involving both primary kidney
diseases, and a variety of non-renal diseases, which affect the kidneys. The main
causes among primary kidney diseases are glomerulonephritis and renal vascular
diseases, while diabetes mellitus, hypertension, and atherosclerosis are the most

frequent non-renal causes potentially leading to a loss of kidney function.

The National Kidney Foundation - Kidney Disease Outcomes Quality Initiative
(NKF-K/DOQI) workgroup has defined CKD by a glomerular filtration rate <60
ml/min/1.73m? or the presence of a marker of kidney damage.” Based upon
these definitions, a classification of CKD by stages has been recommended and

internationally accepted (Table 1).

Chronic kidney disease represents a large public health problem. Its prevalence in
the United States currently is about 13% 34, with an increasing trend in the recent
decade. Data from the United States Renal Data System (USRDS) furthermore
show an increase in the incidence rate of end-stage renal disease, reaching 360
per million population in 2006. Accordingly, the number of patients entering the
end-stage renal disease (ESRD) program rose from 106.912 in 2005 to 110.854
patients in 2006 *°. The costs of treatment, which in the form of dialysis represents
one of the most expensive chronic therapies, put an enormous burden on health
care resources. Prevention of disease progression and associated complications
therefore is highly important, requiring the knowledge of risk factors and

appropriate treatment.
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Table 1. Stages of chronic kidney disease

Stage GFR (ml/min/1.73m?) Prevalence

1 Kidney damage with =90 3.3%
normal or increased GFR

2 Kidney damage with 60 -89 3.0%
mild decreased GFR

3 Moderately decreased GFR 30-59 4.3%

4 Severely decreased GFR 15-29 0.2%

5 Kidney failure < 15 (or dialysis) 0.1%

GFR = glomerular filtration rate.

Dyslipidemia in the patient with kidney disease

Proteinuria induced dyslipidemia

Abnormal lipid metabolism is common in patients with renal disease, and most
prominent in the nephrotic syndrome. Studies have shown that about half of the
patients with nephrotic syndrome (proteinuria > 3g/day) had total cholesterol
concentrations above 300 mg/dL 7, and 80% of the patients had LDL cholesterol
levels above 130 mg/dL®.

The main abnormalities of lipid metabolism in the nephrotic syndrome include
increases in total cholesterol, low-density lipoprotein (LDL) and very low-density
lipoprotein (VLDL) cholesterol, apolipoproteins B (Apo B), C-III and triglycerides,
while Apo A-I is reduced. Furthermore, the high-density lipoproteins are
distributed abnormally (increased HDL, fraction and decreased HDL, fraction).
Hyperlipidemia in the nephrotic syndrome results from increased hepatic
synthesis and decreased catabolism of lipoproteins, whereby the contribution
of each to establishing blood lipid levels has not been characterized in detail.
Increased triglyceride rich lipoprotein concentration, VLDL and intermediate
density lipoprotein (IDL) primarily results from decreased clearance °, partly due
to a reduced lipoprotein lipase (LPL) activity. Lipoprotein lipase is necessary for
endothelial binding of VLDL and for normal lipolysis. The loss of the cofactor
apoClI (a lipoprotein lipase activator), which is especially common in proteinuric

renal disease, and a depletion of the endothelial bound lipoprotein lipase (LPL)
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pool * may contribute to the reduced LPL-activity. In addition, both LDL and
lipoprotein(a) [Lp(a)] synthesis are increased °!!, whereby evidence exists that
LDL synthesis may be augmented through a mechanism bypassing its normal
precursor VLDL. Finally, due to decreased activity of lecithin:cholesterol
acyltransferase (LCAT) in proteinuric renal disease !?, mature, the number of
spherical HDL particles are decreased. These particles are important carriers for

several cofactors, amongst which apoCll, affecting LPL activity and VLDL level.

The impact of CKD on serum lipids and lipoproteins

Dyslipidemiain patients with CKD and nonephroticsyndrome canbe characterized
by high triglyceride levels and low HDL concentrations, while total and LDL
cholesterol are normal or even low %, Although the lipid abnormalities captured
by routine laboratory measurements may not be impressive, more sophisticated
analyses reveal profound disturbances in lipid metabolism. Mainly as a result of
decreased catabolism, the concentration of triglyceride-rich lipoproteins (VLDL,
IDL) is increased, in particular in the post prandial phase. Lipolysis of the highly
atherogenic VLDL and chylomicron (CM) remnants is impaired partly due to the
decreased lipoprotein lipase (LPL) on the vascular endothelium, and partly due to
increased levels of the major LPL inhibitory apolipoprotein apo CIII. Furthermore,
kidney failure is associated with a shift in the size distribution of LDL to increased
content of small dense LDL. A reduction in LDL size, resulting in increased levels
of small dense LDL, results from increased TG concentration, which via the action
of cholesterol ester transfer protein (CETP) and hepatic lipase (HL) ' result in the
formation of small dense LDL. Due to the increased oxidative stress in patients
with CKD and the reduced clearance, the fraction of highly atherogenic oxidized

LDL is increased.

Disorders in HDL maturation and catabolism add to the dyslipidemic profile
in CKD patients. Processes favoring HDL maturation are associated with a
greater abundance of large mature HDL and greater HDL levels. The adenosine
triphosphate binding cassette 1 (ABCA 1) is responsible for initial lipidation of
apoAl and transfer of cholesterol and small (native) HDL particles. The formation

of large, mature HDL particles is mediated by LCAT -resulting in the esterification
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of cholesterol- as well as by LPL. As previously mentioned, functional deficiencies

in LCAT and LPL activity may therefore affect HDL maturation.

In addition, elevated levels of Lp(a) have been found in CKD. *%, partly due
to the diminished renal clearance V. Lp(a) is an LDL-like particle which has an
additional protein, apolipoprotein(a), and constitutes an important risk factor
for atherosclerosis. The mechanisms of lipid metabolism and alterations in renal

failure are shown in Figure 1.

Lipid disorders in dialysis

The lipid abnormalities in CKD stages 2-4 as characterized by an increase in
plasma triglycerides, VLDL and IDL, along with a reduction in HDL cholesterol,
generally also apply for dialysis patients. Dyslipidemia becomes more pronounced

as kidney failure advances to CKD stage 5 requiring dialysis.

Hemodialysis and peritoneal dialysis can both provide an adequate relief of uremic
symptoms, but the two techniques appear to have different effects on uremic
dyslipidemia 2?2 Patients on peritoneal dialysis (PD) show higher cholesterol,
triglyceride, LDL and Lp(a) levels than patients on maintenance hemodialysis
(HD). Possible reasons may be a considerable loss of protein (7-14g/day) into
the peritoneal dialysate, and the absorption of glucose (150-200g/day) from the
dialysis fluid. Plasma concentrations of apoB100 were shown to be increased in
peritoneal dialysis patients, whereas normal concentrations of apoB100 were
found in hemodialysis patients ?'. The increase in apoB100 thereby was most
markedly in the VLDL fraction, and only to a minor extent in IDL and LDL. An
overproduction of VLDL-1 and VLDL-2 apoB100 has been suggested secondary
to reduced insulin sensitivity and increased free fatty acid availability in PD
patients. This leads to an increase in the poolsize of triglycerides and apoB100
in the VLDL fraction of PD patients. Although lipid profiles differ between PD
and HD patients, abnormalities in lipid metabolism qualitatively have similarities
regarding the pathogenesis of atherosclerosis and endothelial dysfunction in

these groups.
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Figure 1. Triglyceride-rich lipoproteins are secreted by the gut (chylomicrons) or liver
(VLDL) and then are processed on the vascular endothelium by lipoprotein lipase
(LPL), yielding remnant particles. LPL is activated by apo CII and inhibited by apo CI
and apo CIIL. Apo CI and apo CIII are increased in chronic kidney disease (CKD). HDL
formation is initiated by the combination of apo AI with cholesterol and phospholipids
through interaction with the adenosine triphosphate binding cassette 1 (ABCA1).
The nascent pre-B-HDL is then matured by cholesterol esterification through lecithin
cholesterol ester transfer protein (LCAT), first to HDL, and then to HDL,. HDL, is
taken up by the liver by the scavenger receptor Bl (SR-B1). Alternatively, it transfers
its cholesterol ester-rich core to VLDL, creating LDL (via CETP activity). LCAT protein
mass and activity are both reduced in CKD. This results in accumulation of pre-f or
discoidal HDL and HDL,, which are subject to accelerated degradation in part by the
kidney. While HDL, is usually rich in the antioxidant enzyme paraoxonase 1 (PON1),
this is not the case in HDL, in patients having CKD. Lipoprotein(a) levels are increased

in CKD as a result of decreased clearance.
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Abbreviations: TG = triglyceride, VLDL = very low density lipoprotein, LPL =
lipoprotein lipase, CKD = chronic kidney disease, HDL = high density lipoprotein,
ABCAL1 = adenosine triphosphate binding cassette 1, LCAT = lecithin cholesterol ester
transfer protein, SR-B1 = scavenger receptor Bl, CETP = cholesterol ester transfer

protein, Lp(a) = lipoprotein (a), LRP = lipoprotein like receptor, CE = cholesteryl ester.

Lipid disorders after kidney transplantation

Lipid abnormalities in kidney transplant recipients are common, occurring in 60%
to 70% of renal transplant recipients receiving immunosuppressive therapy »2.
Major characteristics are the increases in levels of LDL, VLDL and triglycerides,

while HDL is usually normal.

Risk factors contributing to the development of dyslipidemia after transplantation
are age, male gender, proteinuria, obesity, pretransplant hyperlipidemia and
diabetes mellitus. Furthermore, dyslipidemia following kidney transplantation
is associated with the use and dose of immunosuppressive agents such as
corticosteroids, calcineurin-inhibitors, and inhibitors of the mammalian target
of rapamycin (mTOR). The cumulative dose of corticosteroids thereby appears
to be the most significant risk factor. Among calcineurin-inhibitors, a higher
incidence of hyperlipidemia was shown with the use of ciclosporine as compared
to tacrolimus. Sirolimus and everolimus however, both mTOR inhibitors,
seem to even more impact on lipid metabolism with significant increases in
triglyceride and cholesterol levels . Mycophenolate mofetil is the only available

immunosuppressive agent with no adverse effects on lipids.

Dyslipidemia and progression of kidney disease

Dyslipidemia, partly explained by its association with proteinuria, predicts
progressive loss of kidney function *. This was seen particularly in early stages

of diabetic nephropathy #%. Elevated levels of triglycerides seem to contribute

to the progression of albuminuria %, diabetic nephropathy ¥, and retinopathy.
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They were furthermore associated with a higher risk of end-stage renal disease
requiring renal replacement therapy *'. In contrast, higher levels of HDL were

found to be protective of albuminuria in type 1 diabetes *.

Dyslipidemia, cardiovascular risk and mortality

Chronic kidney disease per se has been shown to be a strong risk factor for
cardiovascular morbidity and mortality *. Patients with a moderately impaired
kidney function already have a high risk to develop cardiovascular complications
3. Cardiovascular risk further increases inversely proportionate to the decline
in kidney function (Figure 2), and the majority of patients with chronic kidney

disease die of cardiac and vascular events before reaching end-stage renal disease.

In patients on long-term dialysis, cardiac and vascular disease is the leading cause
of death, accounting for 43% of all-cause mortality . Compared to the general
population, mortality from cardiovascular disease is excessively high: it ranges
from a 500 fold increased risk in young patients aged 25-35 years to a 5-fold
increased risk in individuals of a high age of 85 years or more *. Possible reasons
may involve the increased prevalence of traditional risk factors as known from the
general population, and further uremia-related risk factors. Lipid abnormalities,
being common in patients with kidney disease, have been suggested to play a
major role. Therefore, it is tempting to propose a general need for treatment of

lipid disorders in this patient group.

However, while a loglinear relation between blood cholesterol levels and
cardiovascular risk is well established in the general population, this is not the case
in renal patients. Many studies in patients with CKD, mainly stage 5, have failed
to show a similar, clear pattern of high plasma total cholesterol, LDL cholesterol
and triglycerides being associated with increased cardiovascular mortality.
In fact, a number of studies have even found that low (not high) serum total

cholesterol was associated with increased mortality *%. U-shaped curves, and
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recently, J-shaped curves have been described for the relationship between serum
cholesterol and mortality. This probably reflects the influence of malnutrition and
chronic inflammation, resulting in the phenomenon known as reverse causation.
Concomitant illnesses accompanied by inflammation are associated with an
increased risk of death; when they furthermore induce a decrease in cholesterol
synthesis, the result may be artifactually negative associations between cholesterol
and mortality. Supporting this hypothesis, hypercholesterolemia was shown to be
an independent risk factor for cardiovascular and all-cause mortality in dialysis

patients without, but not in those with evidence of malnutrition or inflammation
40
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Figure 2. Age-standardized rates of death from any cause (A), cardiovascular events
(B), and hospitalization (C), according to the estimated glomerular filtration rate
(GFR).©

In general, caution is required on translating observational findings into possible
therapeutic treatments. Furthermore, concern is also justified when applying
recommendations for the treatment of lipid disorders from the general population
—-which are based upon many prospective randomized placebo-controlled trials-
to patients with chronic kidney disease. Extrapolation of data from the general

population may not meet the special disease pattern of kidney disease patients:

Despite cardiovascular deaths being a major cause of mortality in dialysis patients,
the proportion of myocardial infarctions in cardiac deaths is much lower in patients
with chronic kidney disease as compared to the general population. Only 25 per
cent of the cardiac deaths in hemodialysis patients can be attributed to myocardial
infarctions, while the majority of events constitutes of sudden cardiac deaths®.
Although sudden cardiac death may to some extent also result from infarctions
and arrhythmias, other reasons such as structural heart diseases presumably play
an important role. Whether these may be modifiable with cholesterol lowering

treatment, is unlikely.
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Therefore, it is obvious that the classical guidelines, such as the national cholesterol
education program adult panel III cannot generally be applied to renal patients.
In particular, treatment indications may differ according to the severity of chronic
kidney disease. In the subsequent chapter, we therefore present the available
evidence for lipid lowering therapy according to the stages of chronic kidney
disease as defined by K/DOQI (Kidney Disease Outcomes Quality Initiative)
(Tab. 1)>*.

Lipid lowering therapy in patients with the nephrotic syndrome

Studies have shown that patients with persistent nephrotic syndrome and
hyperlipidemia are at increased risk for atherosclerotic disease, particularly
if other risk factors are present.”**®. Furthermore, it has been suggested from
animal experiments and observations in humans that hyperlipidemia may also
enhance the rate of progressive glomerular injury, possibly by promoting an
intraglomerular equivalent of atherosclerosis. Thus, it appears reasonable that
lowering lipid levels may both protect against systemic atherosclerosis and slow
the progression of the underlying kidney disease. Studies have shown that statins
can efficiently lower total and LDL cholesterol concentrations by 20 to 45%, and to
a lesser extent triglyceride levels and Lp(a) levels “+. Despite the lack of studies
using “hard” endpoints, statins are suggested as the treatment of choice for
persistent hyperlipidemia in the nephrotic syndrome (IV/C). Due to side effects,
other lipid lowering medication as nicotinic acid, fibric acid, probucol or bile acid
sequestrants are not generally recommended. Instead, additional therapeutic
options include dietary modification*® and angiotensin inhibition (IV/C), the latter
being associated with a 10 to 20% decline in the plasma levels of total and LDL-
cholesterol and Lp(a) #.
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Statins in patients with chronic kidney disease

Early renal disease: CKD stage 1-3 (GFR 230 ml/min/1.73m?)

The effects of a lipid lowering therapy on cardiovascular, cerebrovascular and
renal endpoints were investigated in a subgroup analysis of the Pravastatin Pooling
Project, including 12333 patients with mild CKD (stage 2) and 4491 patients
with moderate CKD (stage 3). Pravastatin 40mg/day resulted in a significant
23% relative risk reduction in the combined endpoint of non-fatal myocardial
infarction, cardiac death, percutaneous or surgical revascularizations in patients
with moderate CKD. A similar effect was seen in patients with mild CKD, among
whom even total mortality was reduced. The achieved relative risk reduction
corresponds to the effect, which would have been expected in the general
population without kidney disease. The corresponding absolute risk reduction
was - due to the higher event rate — even more than twice as high compared to

patients with normal kidney function (6.3 vs 2.9%) ** (IIb/B).

Furthermore, a prespecified subgroup analysis of 6.517 patients with kidney
dysfunction was performed among the Anglo-Scandinavian Cardiac Outcomes
Trial (ASCOT), including 19.000 hypertensive patients with at least 3 other risk
factors for coronary artery disease, and non-fasting cholesterol levels < 6.5mmol/1.
It showed that patients receiving 10mg atorvastatin per day had a significantly
lower risk of reaching the composite primary endpoint, consisting of nonfatal
myocardial infarction and cardiac death, compared to patients receiving placebo
5 (IIb/B).

Similar results were obtained from analyses of 1.329 patients with slightly elevated
creatinine (110 to 200 umol/L) participating in the Heart Protection Study (HPS).
A total of 268 of the patients receiving placebo experienced a vascular event vs.
182 of the simvastatin treated patients, This corresponds to a 25% relative risk
reduction in the simvastatin group * (IIb/B). Recent findings from the Treatment
to New Targets (TNT) study confirmed that treatment of patients having less

severe CKD does reduce the cardiovascular risk 3 (IIb/B).
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Finally, there are data suggesting that statins may also slow the rate of decline
in kidney function and lower urinary protein excretion. One subanalysis within
the GRACE-study showed that in untreated patients with coronary heart disease,
dyslipidemia and normal baseline creatinine, the glomerular filtration rate (GFR)
decreased over a period of 3 years. Treatment with a statin could prevent this
decline and lead to a significant improvement in kidney function . In the TNT
study, patients on 80mg atorvastatin per day had a significantly lower rate of
decline of renal function than did patients receiving 10mg/ day * (IIb/B). Similarly,
a post-hoc subgroup analysis of the CARE study had shown a lower GFR decline
in pravastatin as compared to placebo treated patients® (IIb/B). The reduction
of GFR decline as achieved by statins (reduction of 0.1 ml/min/1.73m? per year
in the latter study) however is relatively small (in comparison: reductions of 3 to
4 ml/min/1.73m? by the control of hypertension and ACE-inhibitor therapy in

proteinuric patients ).

Although some data also exist for fibrates suggesting beneficial effects on the
rate of progression of renal disease and cardiovascular risk ¥ (IIb/B), these
drugs have been considered with caution in patients with CKD. This is mainly
because most fibrates or their active metabolites accumulate in renal failure and

occasionally cause rhabdomyolysis.

In conclusion, despite the absence of direct evidence from randomized controlled
trials in patients with CKD, these data provide indirect evidence that patients
with CKD stages 2 and 3 may benefit from a lipid lowering intervention. Based
on the above post hoc analyses of past statin trials on subcohorts of patients with
early CKD, data are sufficiently suggestive to justify the administration of statins
in these patients (IIb/B).

Advanced renal disease: CKD stage 4-5 and dialysis patients
Unfortunately, patients with more advanced CKD (stage 4) were either absent in

the above described subgroup analyses, or their numbers were too small to be
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analyzed. There is a complete lack of controlled studies addressing the effect of
lipid lowering medication on outcome in patients at CKD stage 4. These patients
represent a population with advanced kidney failure, where all-cause mortality
markedly increases and the pattern of cardiovascular disease may change,
compared to CKD stages 2 and 3. One open study has been performed in a small
group of patients (n=143) over 20 months, and showed that atorvastatin decreased
the primary cardiac endpoint in patients with pre-end stage renal disease, while

this was not the case in dialysis patients °..

More definite evidence has been provided by the prospective, randomized
controlled 4D study (The German Diabetes and Dialysis Study). This study
evaluated the effect of 20 mg atorvastatin / day vs placebo in 1255 hemodialysis
patients with type 2 diabetes mellitus during 4 years of follow-up % Although
Atorvastatin effectively lowered LDL cholesterol by 42%, the composite primary
cardiovascular endpoint, consisting of death from cardiac causes, non-fatal
myocardial infarction and stroke, was only reduced by 8%, which was not
statistically significant (RR 0.92, 95%CI 0.77-1.10, p=0.37) (Ib/A). Similarly, all-
cause mortality was not significantly reduced (RR 0.93, 95%CI 0.79-1.08, p=0.33).
There was a positive result however for the secondary endpoint of all cardiac events
combined, which were lowered by 18% in the atorvastatin group as compared
to the placebo group (RR 0.82, 95%CI 0.86-0.99, p=0.03). Further evidence was
contributed by AURORA: A study to evaluate the Use of Rosuvastatin in subjects
On Regular Dialysis: an Assessment of survival and cardiovascular events®. In this
international prospective randomized controlled trial, 2776 hemodialysis patients
were assigned to receive rosuvastatin 10mg daily or placebo, and followed for a
median of 3.8 years. Despite the mean reduction in LDL cholesterol of 43% in the
intervention group, the combined primary endpoint of death from cardiovascular
causes, nonfatal myocardial infarction, or nonfatal stroke could not be reduced
(HR 0.96, 95%CI 0.84-1.11, p=0.59) (Ib/A). Rosuvastatin neither had an effect
on individual components of the primary endpoint, nor on all-cause mortality
(HR 0.96, 95%CI 0.86-1.07, p=0.51). It remains unclear whether these data can be

generalized to peritoneal dialysis patients. This will be clarified by the ongoing
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Study of Heart and Renal Protection (SHARP), which is a large-scale randomized
controlled trial comparing the use of simvastatin and ezetimibe vs. placebo in

9489 patients in CKD stage 4 and on dialysis — the results are awaited in 2011 *.

In conclusion, the 4D and AURORA studies do not provide a rationale to start
statin treatment in hemodialysis patients (Ib/A). Treatment aiming at primary
prevention in the absence of signs and symptoms of coronary heart disease
presumably comes too late once the patient has advanced to end-stage renal
disease. It has been suggested however that patients who are already on statins

when entering chronic dialysis should be left on the medication ™.

Patients after kidney transplantation

Recipients of kidney transplants had been investigated in the ALERT study,
which was a randomized controlled trial comparing fluvastatin (40-80 mg/day)
vs. placebo in 2.102 patients with long-term stable graft function. Despite a mean
reduction in LDL cholesterol of 1 mmol/1 during 5.1 + 1.1 years, there was no
significant risk reduction for the combined primary endpoint, consisting of cardiac
death, non-fatal myocardial infarction and coronary revascularization (RR 0.83
(95% CI 0.64-1.06), p=0.139) (Ib/A). Furthermore, total mortality and graft loss did
not differ significantly between the groups (In the fluvastatin and placebo groups
there were 143 deaths compared with 138, and 146 graft losses compared with 137,
respectively.) Rates in two of the three subcomponents of the primary endpoint
- cardiac death and non-fatal myocardial infarction- were observed to be lower
in the intervention group (RR 0.65 (0.48-0.88), p=0.005). The authors suggested
that the trial may have been too small to detect a significant effect on the primary

endpoint because the event rate was lower than expected. ®.

A post hoc analysis of the ALERT trial showed that the success of a lipid lowering
therapy in kidney transplant recipients is dependent on when treatment is
initiated. Indeed, a significant reduction in cardiac endpoints was observed in
patients who started fluvastatin treatment within the first 4.5 years after renal

transplantation (4.6% in fluvastatin group vs 9.2% in placebo group)® (IIb/B).
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Despite the lack of direct evidence it can therefore be suggested that renal
transplant recipients with hyperlipidemia should be treated with a statin so
that target LDL cholesterol levels can be achieved (IIb/B). Importantly, for any
statin therapy in renal transplant recipients, potential interactions with other
medication and changes of immunosuppressive regimens should be taken into
account. All statins, except Pravastatin, primarily undergo metabolism by the
CYP 450 isoenzymes in the liver. The CYP 2C9 isoenzyme is responsible for the
metabolism of fluvastatin and rosuvastatin, whereas atorvastatin, lovastatin,
and simvastatin are metabolized by the CYP 3A4 isoenzyme. Concomitant
intake of further drugs being metabolized by the CYP 3A4 system — such as
the immunosuppressant Ciclosporine in renal transplant recipients, macrolide
antibiotics or calcium channel blockers like verapamil - may dramatically increase
the plasma concentration of the statin, placing patients at risk for adverse events
like myopathy or rhabdomyolysis. Pravastatin and Rosuvasatin are less likely to

induce drug-drug interactions and considered as more safe.

In summary, results from the 4D and ALERT trials do not necessarily doubt the
validity of the subgroup analyses done for patients with CKD stages 2 and 3, in
whom lipid lowering therapy appears to be just as effective as in patients with
normal kidney function. It remains less clear whether lipid lowering therapy
is still effective when started in patients with more advanced stages of chronic

kidney disease.

Further therapeutic concepts for lipid-lowering in CKD

Nutritional interventions and physical activity

Nutritional interventions and physical activity play an important role as lipid

lowering treatments in the general population. They presumably have similar

importance in patients with chronic kidney disease in early stages 1-3 (IV/C).
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In stage 4, reduction in nutrient intake without sufficient physical activity may
lead to a catabolic state with reduction of muscle mass. Therefore, nutritional
interventions should not generally be applied to patients in advanced stages of

CKD, but carefully considered individually.

Antiproteinuric therapy

Any intervention leading to a reduction of urinary protein excretion also leads
to a reduction in LDL-cholesterol and Lp(a). ACE-inhibitors and AT1-receptor-
blockers have antiproteinuric properties, and thus result in a reduction of the -

microalbuminuria or proteinuria-induced- dyslipidemia.

Treatment guidelines

Guidelines including the European Best Practice guidelines (EBPG) ¢ and the
US National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative
(K/DOQI) %% have been difficult to define due to the lack of randomized
controlled trials addressing dyslipidemia in chronic kidney disease. Kidney
transplant recipients are represented by the Kidney Disease Improving Global
Outcomes (KDIGO)” guideline, which for the treatment of dyslipidemia refers
to K/DOQI. Table 2 summarizes guideline treatment recommendations, and —as
the randomized controlled studies were still ongoing once the guidelines were

developed- reflects that they are mainly based on opinion.

It is to be expected that further ongoing randomized controlled trials will add
reliable evidence for the treatment of dyslipidemia especially in advanced chronic
kidney disease (stages 4-5 and dialysis), so that new treatment guidelines with

higher evidence levels may be established in the near future.
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Table 2. Recommendations for the treatment of dyslipidemia according to the K/ DOQI
guidelines for patients with CKD and the KDIGO guidelines for kidney transplant
recipients

Treatment of patients with CKD stage 1-4

In general, the K/DOQI working group recommended that the NCEP/ATP III guidelines
"t were applicable to patients with CKD stages 1-4, with some specific aspects deserving
further consideration:

1) CKD should be classified as a CVD risk equivalent.

2) Complications of lipid-lowering therapies resulting from reduced kidney
function should be anticipated.

3) It should be considered whether there may be indications for the treatment of
dyslipidemia other than preventing CVD.

4) It should be determined whether the treatment of proteinuria may also be an
effective treatment for dyslipidemias.

Supporting the treatment of dyslipidemia, assessment and treatment of other
modifiable traditional risk factors as hypertension, smoking, obesity and diabetes
should be performed.

Treatment of patients with CKD stage 5

1. For adults with Stage 5 CKD and fasting triglycerides =500 mg/dL (=5.65 mmol/L)
that cannot be corrected by removing an underlying cause, treatment with therapeutic
lifestyle changes (TLC) and a triglyceride-lowering agent should be considered. (C)

2. For adults with Stage 5 CKD and LDL =100 mg/dL (=2.59 mmol/L), treatment should
be considered to reduce LDL to <100 mg/dL (<2.59 mmol/L). (B)

3. For adults with Stage 5 CKD and LDL <100 mg/dL (<2.59 mmol /L), fasting
triglycerides =200 mg/dL (=2.26 mmol/L), and non-HDL cholesterol (total cholesterol
minus HDL) =130 mg/dL (=3.36 mmol/L), treatment should be considered to reduce
non-HDL cholesterol to <130 mg/dL (<3.36 mmol/L). (C)

Treatment of patients after kidney transplantation

1. For patients with fasting triglycerides > 500 mg/dL (= 5.65 mmol/L) that cannot be
corrected by removing an underlying cause, we suggest therapeutic lifestyle changes and
a triglyceride-lowering agent. [Based on KDOQI Recommendation 4.1 for patients with
CKD stage 5, Evidence Level C]

2. For patients with elevated low-density lipoprotein (LDL) cholesterol, we suggest: If
LDL =100 mg/dL (= 2.59 mmol/L), treat to reduce LDL to <100 mg/dL (< 2.59 mmol /L)
[Based on KDOQI Guideline 4.2 for patients with CKD stage 5, Evidence Level B]

3. For patients with normal LDL cholesterol, elevated triglycerides and elevated non-HDL
cholesterol, we suggest: If LDL < 100 mg/dL (< 2.59 mmol/L), fasting triglycerides > 200
mg/dL (= 2.26 mmol/L), and non-HDL > 130 mg/dL (= 3.36 mmol /L), treat to reduce
non-HDL to < 130 mg/dL (< 3.36 mmol/L) [Based on KDOQI Guideline 4.3 for patients
with CKD stage 5, Evidence Level C]
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Conclusions

In conclusion, disturbances in lipid metabolism are common in patients with the
nephrotic syndrome, patients with chronic kidney disease (CKD) and patients
after kidney transplantation. The classical guidelines on lipid lowering therapy
—such as the national cholesterol education program adult panel III- however
cannot generally be applied to renal patients, as extrapolation of data from the
general population may not meet the special disease pattern of patients with CKD.
Although post-hoc analyses of statin trials support the administration of statins
in patients with early stages of CKD (stages 1-3), patients with advanced chronic
kidney disease do not benefit to the same extent from lipid-lowering therapy.
In particular, there is no rationale to start statin treatment in patients, once they

require maintenance hemodialysis.
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Key points

Lipid abnormalities in the nephrotic syndrome and in renal insufficiency

Abnormal lipid metabolism is common in patients with the nephrotic syndrome
and in patients with chronic kidney disease (CKD) or after kidney transplantation.

Main abnormalities of lipid metabolism in the nephrotic syndrome include
increases in total cholesterol, low-density lipoprotein (LDL) and very low-density
lipoprotein (VLDL) cholesterol, apolipoproteins B, C-III and triglycerides, while
apo-Al is reduced.

The profound disturbances in lipid metabolism in patients with chronic kidney
disease include increased concentrations of triglyceride-rich lipoproteins, small
dense and oxidized LDL, and impaired HDL maturation and catabolism. These
alterations are not captured by routine laboratory measurements.

Immunosuppressive therapy importantly contributes to the development of
dyslipidemia after kidney transplantation.

Chronic kidney disease per se is a strong risk factor for cardiovascular morbidity
and mortality. Cardiovascular risk and mortality increase inversely proportionate
to the decline in kidney function.

Treatment recommendations Evidence level

The classical guidelines on lipid lowering therapy —such as the
national cholsterol education program adult panel III- cannot
generally be applied to renal patients, as extrapolation of data from
the general population may not meet the special disease pattern of
patients with chronic kidney disease.

Patients with the nephrotic syndrome should be treated with a v/C
statin. Additional therapeutic options include dietary modification

and inhibition of the renin-angiotensin system (angiotensin-
converting enzyme inhibitors).

Post-hoc analyses of statin trials support the administration of IIb/B
statins in patients with early stages of chronic kidney disease
(CKD stage 1-3)

Patients with advanced chronic kidney disease do not benefit to

the same extent from lipid-lowering therapy as do patients with

early stages of CKD. Ib/A
In particular, there is no rationale to start statin treatment in

patients, once they require maintenance hemodialysis.

Despite the lack of direct evidence, it is suggested that renal IIb/B
transplant recipients with hyperlipidemia should be treated with

a statin.

Importantly, potential interactions with immunosuppressants and

other medication should be taken into account.

The present guidelines (EBPG and K/DOQI) on the treatment
of lipid disorders in patients with chronic kidney disease do not
reflect the current evidence.
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