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Summary The efficacy, safety, and tolerability of
simvastatin (20 mg twice a day) in the

treatment of hyperlipidaemia due to unremitting nephrotic
syndrome was compared with that of cholestyramine (8 g
twice a day) in a crossover trial in ten patients. Two patients
were taken off the protocol, one because he could not tolerate
cholestyramine and one because of non-compliance with the
cholestyramine regimen. No clinical or laboratory adverse
experiences were noticed during the study in the other eight
patients. Simvastatin was significantly more effective than
cholestyramine in reducing the hyperlipidaemia&mdash;it
produced a 36% decrease in total cholesterol and a 39%
decrease in low density (LDL)-cholesterol, whereas

cholestyramine reduced total cholesterol by 8% and LDL-
cholesterol by 19%. With simvastatin the apolipoprotein B
level decreased by 30%, whereas the apolipoprotein A level
increased by 10%.

Introduction

THERE is no unanimity on the clinical consequences of
the hyperlipidaemia of the nephrotic syndrome, which is
characterised by raised total and low-density (LDL)
cholesterol levels with normal or reduced high-density
lipoprotein (HDL) cholesterol,1,2 an abnormality associated
with accelerated atherosclerosis in non-nephrotic patients.3
Studies demonstrating accelerated atherosclerosis were
confounded by inclusion of patients with diabetes mellitus,
on steroid treatment, or with renal failure,4 whereas studies
that did not establish a relation between nephrotic
hyperlipidaemia and accelerated atherosclerosis can be
criticised for inclusion of patients who were in remission and
for not specifying death due to chronic renal failure.5

Hyperlipidaemia may also be regarded as a pathogenic
factor in the development of focal and segmental
glomerulosclerosis.6 Recent studies have shown that lipid-
lowering therapy reduced the incidence of focal

glomerulosclerosis in a remnant kidney model’ and in obese
rats in which glomerulosclerosis develops spontaneously.8

In addition, cholesterol supplementation accelerated the
development of focal glomerulosclerosis and aggravated
proteinuria in a rat model of the nephrotic syndrome.9
Few controlled studies have been carried out to assess

the efficacy of lipid-lowering drugs in nephrotic
hyperlipidaemia, and none of the drugs investigated
restored to normal the lipid abnormalities associated with
nephrotic syndrome.10,1l Recently, inhibition of the rate-
controlling enzyme of cholesterol synthesis (3-hydroxy-3-
methylglutaryl coenzyme A reductase, or HMG CoA
reductase) has proved to be a very effective treatment in
primary hypercholesterolaemia 12,13 and secondary
hypercholesterolaemia due to diabetes mellitus.14 Here we
describe a crossover trial comparing the effects of 6 weeks’
treatment with the HMG CoA reductase-inhibitor
simvastatin13 with those of the bile-acid binding resin
cholestyramine on the lipoprotein pattern in ten patients
with long-standing unremitting nephrotic syndrome.

Patients and Methods

Patients
The subjects were ten patients with nephrotic syndrome as

defined by proteinuria in excess of 3 g per day. Informed consent
was obtained and the study was approved by the University
Hospital Committee for Studies in Humans. All patients had a total
cholesterol of 8-5 mmol/1 or more at the start of the study. Subjects
were aged 30-75 years; seven were men. The diagnoses (biopsy
proven) were: membranous glomerulonephritis (6), focal

glomerulosclerosis (2), mesangiocapillary glomerulonephritis (1),
and lupus nephritis (1). None of the patients had diabetes mellitus.
No patient was known to have a family history of lipid
abnormalities. Thyroid function was normal in all patients. The
known duration of the nephrotic syndrome ranged from 8 to 46
months. In all patients oedema was treated with diuretics. One
patient also received steroids. Dosages of diuretic and steroid
medication were unchanged during the study period.

TABLE I-EFFECTS OF SIMVASTATIN AND CHOLESTYRAMINE ON

LIVER FUNCTION AND CREATININE KINASE IN 8 PATIENTS WITH

NEPHROTIC SYNDROME

Findings given as means (SD).
There were no significant changes between the various treatment periods.
ALT = alanine aminotransferase; AST = aspartate aminotransferase.
Ref range = reference range.
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Fig l-Effects of placebo (week 0 through 6) and of simvastatin and
cholestyramine (week 7 through 12) on LDL-cholesterol in 8
patients with nephrotic syndrome.

*p < 005, **p<001, compared to corresponding placebo period.
"p < 0 01" denotes significance of the differences at week 12. Values are mean
(SE).

Fig 2-Plasma levels of total and LDL cholesterol and

apolipoprotein-B in 8 patients with nephrotic syndrome after six
weeks of treatment with placebo (P) and six weeks of treatment
with simvastatin (S).

Study Design and Laboratory Methods
A diet low in saturated fat and low in cholesterol ( < 300 mg) was

prescribed by a dietitian and continued for 30 weeks. The first 6
weeks were considered the equilibration period. During the second
6 weeks the patients received a placebo (twice a day) and
information collected during this period served as baseline data.
Then the patients were randomly assigned to a 6 weeks’ treatment
period with simvastatin 20 mg twice a day or cholestyramine 8 g
twice a day. After a wash-out period of 6 weeks, during which the
patients again received a placebo, patients were given the alternative
active treatment for 6 weeks. Every 2 weeks a blood sample was
taken, after a 12 h overnight fast, for plasma lipids and routine
laboratory tests for: haematological variables; renal and liver

function; creatinine phosphokinase; uric acid; glucose; total protein,
electrolytes and urine analysis. A full ophthalmological examination
was done at the start and end of the study. At every visit the patients
were questioned about adverse experiences and a brief physical
examination was done. Adherence to therapy was assessed by
counting the capsules and packs. Compliance was over 95%.
Serum cholesterol and triglycerides were determined by

enzymatic methods.1s,16 HDL-cholesterol was determined after
precipitation of VLDL and LDL,17,18 LDL cholesterol was
calculated from total serum cholesterol, triglycerides, and HDL
cholesterol by the Friedewald formula.19 Apolipoprotein A-1 and B
were determined by immunoturbidimetry.20

Statistics

Values are expressed as means (SD) except in fig 1. Results were
analysed with two-way analysis of variance for a randomised block

Fig 3&mdash;Plasma levels of total and LDL cholesterol and

apolipoprotein-B in 8 patients with nephrotic syndrome after six
weeks of treatment with placebo (P) and six weeks of treatment
with cholestyramine (C).

design. The treatment variance ratios obtained by this method show
whether a variable is significantly altered by simvastatin or

cholestyramine, and whether the effect of simvastatin on a variable
differs from that of cholestyramine. If these variance ratios reached
statistical significance, the differences between the means were
analysed at 5% and 1 % significance levels by the least significance
difference test.

Results

At the end of the equilibration period patients had a raised
cholesterol B10-0 [1.9] mmol/1), LDL-cholesterol (77
[1’7] mmol/1), and triglyceride levels (4-3 [1’5] mmol/1).
These values exceeded the 95th percentile for age and sex
matched controls.21.22 The HDL-cholesterol level was

within the normal range (089 [0’16] mmol/1). The mean
serum albumin concentration of the study population was
26. 1 [9-7] g/1, the mean 24 h urinary albumin excretion was
6-8 [3’3] g/day. The patients had normal renal function,
except for one patient with mesangiocapillary
glomerulonephritis, who had a creatinine clearance of 47
ml/min.

Simvastatin was well tolerated by all patients. No clinical
or laboratory evidence of adverse effects was noticed. About
2% of the patients treated with the HMG CoA reductase
inhibitor lovastatin have persistent symptomless increases in
aminotransferases, and occasionally myositis has been

reported.23 There were no significant changes in liver

enzymes and creatinine kinase during either treatment
period (table I). However, aminotransferase concentrations
tended to be higher during cholestyramine therapy because
of the raised levels in one subject who had ingested alcohol in
the two days before this particular laboratory investigation,
but had shown normal values 2 weeks previously, while also
on cholestyramine. Although the possibility of cataract
induction, as has been reported in dogs on very high doses of
lovastatin, has raised major concern, clinical studies have
indicated no detectable effect of lovastatin on human lens.23

Ophthalmological examination in our patients revealed no
additional lenticular opacities after the study. Two patients
had to be taken off the protocol, one (with lupus nephritis)
because she was not taking her cholestyramine and one (with
membranous glomerulonephritis) because of diarrhoea and
vomiting while on cholestyramine. Further data analysis
was done on the eight patients who completed the study.

Simvastatin caused a 36% decrease in total cholesterol

(p<001) and a 39% decrease in LDL-cholesterol (fig 1)
(p < 0-01) within 4 weeks, to reach levels within the upper
limit of normal values. With cholestyramine total cholesterol
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TABLE II-EFFECTS OF SIMVASTATIN AND CHOLESTYRAMINE ON

LIPOPROTEIN PROFILE AND RENAL FUNCTION IN 8 PATIENTS
WITH NEPHROTIC SYNDROME

- 

I I I I

Findings given as means (SD); *p < 0-05, tp < 0-O l, compared with corresponding placebo
period.
tcomparison between simvastatin and cholestyramine. NS = No significant differences
between the two placebo periods.

TABLE III-RENAL FUNCTION BEFORE AND AT END OF THE STUDY

Cn = 8)

fell by 8% to a plateau at the 4th week (not significant) and
LDL-cholesterol fell by 19% (fig 1) (p<0-05); both
reductions were significantly less than those produced by
simvastatin therapy (p < 0-01). For simplicity the effects of
treatment are presented in table II as the values during the
last week of the various 6-week phases of the trial.

Apolipoprotein B fell by 30% during simvastatin (p < 0-01)
while apolipoprotein A increased by 10% (p < 0-05) (fig 2).
Cholestyramine had no effect on either apolipoprotein (fig
3). Triglyceride levels tended to rise during cholestyramine
therapy, and to decrease during simvastatin treatment in all
but one patient, but these changes were not significant.
Simvastatin was associated with a small increase in HDL-
cholesterol in all but one patient. There was no significant
effect of either treatment on serum creatinine or albumin

(table II). The drugs had no effect on the degree of nephrosis
(table III).

Discussion

The purpose of the present study was to assess the
efficacy, tolerability, and safety of two lipid-lowering drugs,
the HMG CoA reductase-inhibitor simvastatin and the

bile-acid-binding resin cholestyramine, in the treatment of
hyperlipidaemia of nephrotic syndrome. Before treatment,
our patients had the well-known characteristics of nephrotic
hyperlipidaemia-very high total cholesterol, triglyceride,
and LDL cholesterol values.3,4 Simvastatin lowered total

cholesterol, LDL-cholesterol, and triglycerides to the upper
limit of the normal range (although still above target values),
whereas cholestyramine had only a moderate effect on total
cholesterol and LDL-cholesterol and induced a tendency
towards higher plasma triglycerides. The LDL-cholesterol
decrease during simvastatin was associated with a non-
significant increase in HDL-cholesterol. Both these changes
may decrease the risk of coronary heart disease.24 This
alteration of lipoprotein profile was also reflected in the

decrease in apolipoprotein B (the major LDL protein) and
the rise in apolipoprotein A-1 (the major HDL protein).
Again, these effects were more pronounced during the
simvastatin period than during treatment with

cholestyramine. During the study no side-effects were
noticed. Simvastatin was well tolerated. Two patients had to
be taken off the protocol during cholestyramine treatment,
one because of gastrointestinal complaints and one because
of non-compliance.
Few controlled studies have been done to assess the

efficacy of lipid-lowering drugs in nephrotic hyper-
lipidaemia. Colestipol, another bile-acid binding resin, has
been reported to lower total cholesterol and LDL-
cholesterol in seven patients with nephrotic syndrome who
were similar to the patients in this study as regards lipid
abnormalities and degree of nephrosis.9 Colestipol did not
restore lipid concentrations to normal (total cholesterol
decreased from 10 2 to 82 mmol/1; LDL cholesterol
decreased from 77 to 5-2 mmol/1); it raised plasma
triglyceride levels. In the same study, probucol, a

substituted dithioacetal derivative, had equally moderate
effects on total cholesterol and LDL-cholesterol.9 In
another study this drug reduced not only total cholesterol
and LDL-cholesterol but also the HDL-cholesterol levels,
thereby leaving the LDL-to-HDL cholesterol ratio

unchanged. 10 Finally, treatment of the nephrotic
hyperlipoproteinaemia with clofibrate has been associated
with serious muscle toxicity. 25 A small uncontrolled study of
the effects of lovastatin, another HMG CoA reductase
inhibitor, in three patients with nephrotic hyperlipidaemia26
has shown that lovastatin had effects similar to those of
simvastatin in our study.
How hyperlipidaemia arises in the nephrotic syndrome is

not known at present. Hepatic overproduction of precursor
lipoproteins has been advanced as the main effector
mechanism.26,27 The hypertriglyceridaemia is probably due
to delayed lipolysis.26,28,29 Reduced activity of LDL-

receptors or decreased lipoprotein lipase acivity may have
contributed to the delayed lipolysis.26,29 It is assumed that
the lipid-lowering effects of HMG CoA reductase inhibitors
are mediated by an increased expression of LDL-receptors,
rather than by primary inhibition of lipoprotein synthesis in
the liver.30 By interrupting the enterohepatic circulation of
bile acids, cholestyramine also enhances LDL-receptor
activity,31 but its effectiveness is limited by simultaneous
increase in hepatic lipoprotein synthesis. The limited effects
of cholestyramine on lipid profile in nephrotic syndrome
compared with simvastatin in our patients may therefore
indicate that inhibition of hepatic synthesis of lipoproteins
contributes to the lipid-lowering effects of simvastatin, and
that enhanced lipoprotein synthesis, rather than decreased
catabolism caused the hyperlipidaemia of nephrotic
syndrome. Support for these suggestions comes from
observations of increased HMG CoA reductase activity in
nephrotic rats3z and from kinetic studies in three nephrotic
patients showing that they did not have decreased fractional
catabolic rates for LDL (which can be taken as a measure of
LDL receptor activity) and that lovastatin lowered LDL
without affecting the fractional catabolic rate.26
We conclude that the HMG CoA reductase inhibitor

simvastatin can substantially reduce the hyperlipidaemia
associated with the nephrotic syndrome. It seems to be more
effective and is tolerated better than is the bile-acid binding
resin cholestyramine, which is presently the drug of choice
in the treatment of nephrotic hyperlipidaemia. Whether
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these effects on the nephrotic hyperlipidaemia may, as has
been observed in experimental studies in rats, retard

progression to renal failure in human glomerulosclerosis,
remains to be established.

We thank Merck, Sharp and Dohme Research Laboratories Rahway, New
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Summary Cytomegalovirus (CMV) infections in
renal transplant recipients must be

diagnosed rapidly, since they can be life-threatening unless
chemotherapy is started early. Detection of granulocyte-
associated immunoglobulins was compared with
conventional virological methods for diagnosis of CMV
infection in 71 renal transplant recipients. The granulocyte-
associated immunoglobulin test (GAIT) was positive in 31
of 34 patients with proven CMV infections on the day of
admission. By conventional virological criteria the diagnosis
of active CMV infection could be made only 3-24 days later.
The GAIT remained negative in 14 healthy transplant
recipients, but it was positive in 9 of 23 patients with
non-CMV-related post-transplantation complications. The
GAIT, which is not a virological method, could be useful for
rapid diagnosis of CMV infection; its sensitivity was 0&middot;91
and specificity 0&middot;82 (for patients without detectable

immunoglobulins on erythrocytes or platelets) and the
processing time is only 3 h.

INTRODUCTION

THE use of various immunosuppressive agents to reduce
the T-cell response to alloantigens has led to an increasing
number of viral infections, many due to cytomegalovirus
(CMV).1-3 Clinical features such as fever, leucopenia,4 renal
failure, high serum levels of liver enzymes, and

pneumopathy strongly suggest active CMV infection. On
the other hand, in a febrile transplant recipient, declining
function of the transplanted organ, possibly reflecting a
rejection episode, can be difficult to differentiate from active
CMV infection. Similarly, leucopenia during a febrile

episode can be due either to CMV infection or to drug
toxicity. The diagnosis of CMV infection can be confirmed
only by blood, bronchial aspirate, or spinal fluid culture
and/or the appearance of anti-CMV IgM antibodies in a
previously seronegative patient. Unfortunately, both
cultures and serological tests can take a long time to become
positive, thus delaying initiation of anti-CMV chemo-

therapy and rendering it less effective. Rapid diagnostic
methods have been developed, but even with these methods,
which require a previous short culture period, the

processing time is 1-4 days.5,6 Two others, without a
previous short culture, take 4-8 h but are still under
evaluation and not yet widely available.7


