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The hypothesis that increased cholesterol synthesis provides a mechanism that contributes to nephrotic syndrome-associated 
hyperlipidemia is mainly based o n experimental evidence. The serum level of the cholesterol precursor, iathosterol (expressed 
per mil l imole cholesterol), is a reliable marker of whole-body cholesterol synthesis in normocholesterolemia and primary 
hypercholesterolemia. Serum lathosterol and lipoprotein levels were measured in 11 moderately hyperlipidemic patients wi th 
nephrotic-range proteinuria and 22 matched controls. The proteinuric patients were evaluated before and during three 
antiproteinuric treatment periods wi th angiotensin-converting enzyme (ACE) inhibition therapy (n = 6) or a low-protein diet 
(n = 5) alone, in combination, and again as a single treatment. In untreated patients, serum total cholesterol, very-low-density 
(VLDL) and low-density (LDL) l ipoprotein cholesterol apolipoprotein B (apo B), and lipoprotein (a) [Lp(a)] levels were higher 
than in controls (P < .01 to P < .001), but the lathosterol to cholesterol ratio tended to be lower in patients (0.99 -~ 0.43 
~mol /mmol )  as compared wi th controls (1.29 _+ 0.41 i~mol/mmol, P < .10). During combined antiproteinuric treatment, total 
and VLDL + LDL cholesterol, apo B, and Lp(a) decreased (P < .02 to P < .01), but remained higher than levels in controls. Yet 
the serum lathosterol to cholesterol ratio changed litt le and was even lower (P < .05) in treated patients than in controls. Serum 
total cholesterol (r = - .82 ,  P < .01) and apo B (r = - .84 ,  P < .01) were inversely correlated with serum albumin in untreated 
patients, whereas the serum lathosterol to cholesterol ratio was not (r = -.01, NS). In the patient group, multiple regression 
analysis showed that changes in the lathosterol to cholesterol ratio during the study were only related to changes in the dietary 
polyunsaturated to saturated fatty acids ratio (P:S) coinciding wi th the low-protein diet (P < .01). In contrast, the decrease of 
VLDL + LDL cholesterol, apo B, and Lp(a) was independently related to reduction of proteinuria (P < .02 to P < .001), but not to 
changes in the lathosterol to cholesterol ratio. In conclusion, the present data, based on the serum lathosterol to cholesterol 
ratio, do not Support the concept that increased cholesterol synthesis plays an important role in the maintenance of human 
nephrotic syndrome-associated hypercholesterolemia. Moreover, it appears unlikely that the decrease of apo B-containing 
l ipoproteins wi th antiproteinuric treatment is attributable to inhibition of cholesterogenesis. These findings warrant further 
documentation of cholesterol synthesis in human nephrotic syndrome by direct methods. 
Copyright © 1996by W.B, Saunders Company 

E LEVATED LEVELS of serum total cholesterol, very- 
low-density and low-density lipoprotein (VLDL + 

LDL) cholesterol, and triglycerides, as well as lipopro- 
tein(a) [Lp(a)], are well-established features of the ne- 
phrotic syndrome. 1-6 It is generally assumed that these 
lipoprotein abnormalities contribute to premature develop- 
ment of cardiovascular disease. 5,7 Indeed, a threefold to 
fivefold increased cardiovascular risk has been recently 
documented in patients with glomeru!ar proteinuria, s 

Both increased production of apolipoprotein B (apo 
B)--containing lipoproteins (VLDL + LDL) and impaired 
catabolism have bee n suggested to contribute to the hyper- 
lipidemia. 2,4,5 It is assumed that hepatic liPoprotein synth e- 
sis is stimulated in response to hypoalbuminemia, low 
oncotic pressure, and urinary albumin loss. 1,2,4,5,9 This 
hypothesis is largely derived from experimental studies in 
animals showing increased hepatic production of apolipo- 
proteins and lipids, 1°-13 b u t  there is little evidence to 
demonstrate increased cholesterol synthesis in human ne- 
phrotic syndrome. 14 The serum level of the cholesterol 
precursor, lathosteroL is considered a valid index of choles- 
terol synthesis in man. 15-2~ Serum lathosterol, expressed per 
millimole cholesterol, is positively correlated with whole- 
body cholesterol synthesis in normolipidemic 16,18 and hyper- 
cholesterolemic subjects. I7,21 There is also a close relation- 
ship between the level of this cholesterol precursor and 
hepatic 3-hydroxy-3-methylglutaryl coenzyme A (HMG- 
CoA) reductase activity, the rate-limiting enzyme of choles- 
terol production. 15,22 Moreover, interventions that cause 
inhibition of cholesterol synthesis such as HMG-CoA 
reductase inhibitor treatment result in a decrease in the 

serum lathosterol to cholesterol ratio in primary hypercho- 
lesterolemic patients 16A9,zL23 and nephrotic patients, 24 
whereas serum lathosterol increases in parallel with choles- 
terol synthesis in response to bile acid sequestrants. 2°,23 

In the present study, we measured the serum lathosterol 
to cholesterol ratio as an index of cholesterol synthesis in 
patients with nephrotic-range proteinuria and matched 
healthy controls. Recent reports demonstrate that decreas- 
ing the proteinuria improves the hyperlipidemia. 25-2s Since 
it is unknown whether this decrease in lipoprotein choles- 
terol coincides with changes in cholesterol synthesis, the 
serum lathosterol to cholesterol ratio and lipoprotein levels 
were also examined in response to antiproteinuric therapy 
with an angiotensin-converting enzyme (ACE) inhibitor 
and a iow-protein diet, both as a single treatment and in 
combination. 

SUBJECTS AND METHODS 

Patients and Clinical Procedures 

All subjects consented to participate in the study, which was 
approved by the local medical ethics committee. Entry criteria 
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were biopsy-proven gl0merulopathy, stable proteinuria greater 
than 3 g/24 h, and creatinine clearance greater than 40 mL/min. 
Exclusion criteria were diabetes mellitus, thyroid dysfunction, 
familial forms of hyperlipidemia (familial hypercholesterolemia, 
famifial combined hyperlipidemia, and known dysbetalipoprotein- 
emia), use of corticosteroids or cytotoxic agents, edema, and 
renovascular hypertension. None of the patients had xanth0mas or 
palmar streaks. The protocol was designed to evaluate the possible 
additive effect of ACE inhibition and a low-protein diet on urinary 
protein excretion in 14 patients, and the results have bee n reported 
elsewhere. 29 Of these 14 patients, 11 subjects participated in the 
present study. Three patients could not be included because serum 
samples for lipid analysis were not available. Each patient was 
individually matched with two healthy controls with respect to age, 
gender, body mass index (calculated as weight in kilograms divided 
by height in meters squared), smoking status, and oral contracep- 
tive use. All subjects were white. Eight patients used diuretics, 
which were unchanged during the study. 

The healthy control subjects (n = 22) were studied once, while 
on their habitual diet. The proteinuric patients were investigated 
during four consecutive study Periods, each lasting 2 months. 
Clinical and laboratory measurements were made at the end of 
each period. The patients were first studied during a baseline 
period in which they followed a dietician's advice to consume 1.5 or 
1.0 g protein/kg/d (depending on preentry creatinine clearance 
being > or <70 mL/min). Thereafter, five patients (subgroup A) 
started a low-protein diet aimed to reduce protein intake by 50% of 
baseline intake. These five participants continued the low-protein 
diet throughout the following three study periods. In period 3. an 
ACE inhibitor (enalapril, 10 mg once daily) was used, which was 
discontinued in period 4. The six other patients (subgroup B) 
started treatment with enalapri110 mg once daily in period 2, which 
was continued during the following three study periods. In period 
3. a low-protein diet was started in these patients, which was 
replaced by the baseline diet in period 4. If proteinuria exceeded 15 
g/24 h, patients were allocated to subgroup B, since it was 
considered undesirable to withhold ACE inhibition therapy in such 
patients over a prolonged period. Thus. the patients were studied 
twice during a single treatment with either the low-protein diet or 
the ACE inhibitor (periods 2 and 4) and once during combined 
therapy (period 3). 

The diets were isocaloric for each patient, and a sodium 
restriction of 50 to 100 mmol/d was prescribed throughout the 
study. The composition of the diets was analyzed with the aid of a 
computer-assisted Nutrient Data Base. 3° Dietary protein intake 
was assessed by measurement of urinary urea excretion using the 
formula proposed by Maroni et al. 31 Assuming nitrogen balance, 
protein intake (grams per 24 hours) was calculated as 6.25 × 
(0.0276 × urea excretion [millimoles per 24 hours] + 0.031 × body 
weight [kilograms]) q- proteinuria (grams per 24 hours). Three 
24-hour urine collections were obtained at the end of each period 
for urea measurement, and the results were averaged for analysis. 
Supine blood pressure was recorded with an automated device 
(Dinamap, Critikon, FL) in patients and by the auscultatory 
method in controls. Mean arterial pressure (MAP) was calculated 
as two thirds of the diastolic pressure plus one third of the systolic 
pressure. In each participant, venous blood was obtained after a 
12-hour fast at 8 AM. 

Laboratory Methods 

Venous blood for measurement of lathosterol, lipid, apolipopro- 
tein. and Lp(a) levels was collected into vacuum tubes. Serum was 
separated from erythrocytes by centrifugation at 3.000 rpm for 15 
minutes within 1 hour after collection. Samples were kept frozen at 
-20°C and assayed within 2 months after completion of the study. 

Serum samples from control subjects were stored under identical 
conditions for approximately I year. Thus, the storage Period in 
untreated patients and controls was similar. The serum level of 
total (esterified plus free) 7-1athosterol (5a-cholest-7-en-313-o!) 
was quantified by gas chromatographic analysis of saponified 
extracts as described previously, is 513-Cholestan-3~-ol was used as 
an internal standard. Since noncholesterol sterols like lathosterol 
are carried on lipoproteins in serum, use of the serum lathosterol 
to cholesterol ratio as an index of cholestero! synthesis has been 
advocated to avoid nonspecific effects of differences in serum 
cholesterol on the lathosterol level. 16-2x In th e Present study, we 
expressed serum lathosterol in absolute terms and as per millimole 
cholesterol and per gram apo B. Cholesterol and triglyceride levels 
were measured enzymatically using automated methods. Choles- 
terol was determined in serum and in the high-density lipoprotein 
(HDL)-containing supernatant fraction after precipitation of apo 
B-containing lipoproteins with polyethylene glycol 6000. 32 Apos AI 
and B were assayed by immunoturbidimetry using commercially 
available kits (Boehringer, Mannheirn, Germany; no. 726478 and 
726494, respectively). Lp(a) was determined" with an enzyme- 
linked immunosorbent assay (no. 610221, Tint-Elize Lp(a); Bio- 
pool, Umea, Sweden). 33 Cr0ss-reactivity of the Lp(a) antibodies 
with LDL Cholesterol and plasminogen is negliglble. The detection 
limit of the assay is 1 mg/L. With this method, a minor decrease in 
apparent serum Lp(a) concentration has been noted after pro- 
longed freezing. 27 Lathosterol, lipid, apolipoprotein, and Lp(a) 
measurements for each patient were performed in one run, and all 
assays were performed on blinded samples. Serum creatinine and 
albumin and urinary creatinine and urea levels were measured on 
SMAC and SMA-II autoanalyzers, respectively (Technicon Instru- 
ments, Tarrytown, NY). Urinary protein was quantified by the 
pyrogallol red-molybdate method. 34 

Statistical Analysis 

The data are expressed as the mean + SD, except for Lp(a), 
which is presented as the geometric mean and range because of its 
skewed distribution. Parameters from patients and control subjects 
were compared by the unpaired Wileoxon test (two data sets) and 
by Kruskal-Wallis ANOVA (three data sets: controls v patients at 
baseline and during combined treatment). Changes in parameters 
within the whole patient group and within subgroups were ana- 
lyzed by the paired Wilcoxon test (combined treatment v baseline) 
and by Friedman's two-way ANOVA (three treatment periods v 
baseline). Duncan's method was applied to correct for multiple 
comparisons. Bivariate correlation coefficients were calculated by 
linear regression analysis. Multiple regression analysis was applied 
to discern the independent contributions of parameters. A two- 
sided P value less than .05 was taken as significant. 

RESULTS 

Rena l  biopsy showed glomerulosclerosis  in five pat ients ,  
m e m b r a n o u s  g lomeru lopa thy  i n three ,  membranopro l i f e r a -  
tive g lomeru lonephr i t i s  in two, and  IgA n e p h r o p a t h y  in 
one. In the  pa t i en t  group, p ro te inur i a  r anged  f rom 3.3 to 
21.2 g /24  h. Pa t i en t  s were  closely ma tched  to controls  with  
respect  to ag e (43 +.*_ 17 v 41 + 13 years, NS), body mas s 
index (24.2 +-3.1 v 24.5-+ 3.1 k g / m  2, NS), and  gender  
(pat ients ,  t h r ee  w o m e n  and  eight  men;  controls ,  six women  
and  1 6  men) .  In  pa t ien ts ,  base l ine  se rum c rea t in ine  
(124 + 39 p~m01/L; range,  66 to 206) was h igher  t han  in 
controls  (91 ~ 1i p~mol/L, P < .01) and  se rum a lbumin  
was lower (26.6 _+ 5.6 g /L )  than  in controls  (91 + 11 
~mol /L ,  P < .01) and  se rum a lbumin  was lower (26.6 + 5.6 
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g/L) than in controls (47.4 _+ 2.2 g/L, P < .0001). MAP 
was not significantly different in patients (99 -+ 13 mm Hg) 
and controls (94 -+ 9 mm Hg, NS). One male patient and 
two male controls smoked cigarettes, and one female 
patient and two female controls used oral contraceptives 
(Table 1). 

Since the two subgroups were studied during a different 
sequence of antiproteinuric treatment regimens, clinical, 
dietary and lipid parameters are given both for the whole 
patient group (baseline and combined antiproteinuric treat- 
ment) and for the separate subgroups that started with 
either a low-protein diet (subgroup A, n = 5) or with ACE 
inhibition therapy (subgroup B, n = 6). Table 1 shows 
clinical and dietary parameters during the antiproteinuric 
treatment periods. Urinary Protein excretion was lowest 
during combined treatment. The decrease in proteinuria 
was accompanied by a modest increase in serum albumin. 
Serum creatinine also increased during the treatment 
periods. ACE inhibition treatment elicited the expected 
decrease in MAP, but the low-protein diet did not influence 
blood pressure. Dietary protein intake was clearly lower 
during the low-protein diet periods, although the pre- 
scribed 50% reduction was not fully achieved (Table 1). 

Concomitant with the advice to decrease protein intake, 
dietary fat and cholesterol intake was reduced but the 
polyunsaturated to saturated fatty acids ratio (P:S) in- 
creased (Table 1). 

Table 2 shows that serum levels of total cholesterol, 
triglycerides , VLDL + LDL cholesterol, apo B, and Lp(a) 
were higher in untreated patients than in controls. In 
contrast, HDL cholesterol was lower but serum apo AI was 
not different in patients compared with controls. With 
antiproteinuric treatment, serum total cholesterol, triglycer- 
ides, VLDL + LDL cholesterol, apo B, and Lp(a) de- 
creased (Table 2). The lowest levels of apo B-containing 
lipoproteins were attained during combined antiproteinuric 
therapy. Of importance, all these lipid parameters re- 
mained significantly higher in patients compared with 
controls. HDL cholesterol did not change during treatment. 
Apo AI decreased, particularly in the low-protein diet 
group, but the apo AI/B ratio improved during combined 
treatment. 

Table 3 shows the absolute serum lathosterol level, the 
lathosterol to cholesterol ratio, and the lathosterol to apo B 
ratio in nephrotic patients and controls. In contrast to the 
clearly elevated levels of apo B-containing lipoproteins, the 

Table 1. Clinical Parameters and Dietary Protein and Fat Intake in Proteinuric Patients During Four Study Periods 

Period 2 Period 3 Period 4 
Parameter Baseline (single treatment) (combined treatment) (single treatment) 

Proteinuria (g/24 h) 

All patients (n = 11) 11.5 ___ 5.8 

Subgroup A (n = 5) 7.9 ± 3.0 6.3 _+_ 2.8:1: 

Subgroup B (n = 6) 14.4 _+ 6.6 9.4 - 6.1 

Serum albumin (g/L) 
All patients (n = 11) 26.6 ± 5.6 31.4 -~ 5.21" 

Subgroup A (n = 5) 28.6 -+ 4.3 29.2 -+ 4.1 34.8 .+ 4.01" 

Subgroup B (n = 6) 25.0 ± 26.8 29.0 -+ 5.6 28.5 .+ 5.0 

Serum creatinine (p, moi/L) 

All patients (n = 11) 124 _+ 39 144 ± 51t 

Subgroup A (n = 5) 107 ± 19 120 _+ 36 124 _+ 48 

Subgroup B (n = 6) 138 ± 48 155 ± 56* 162 ± 515 

MAP (mm Hg) 

A)I patients (n = 1!) 99 _+ 13 87 .+ 13~ 

Subgroup A (n = 5) 96 ± 10 95 -+ 9 82 _+ 7~§ 

Subgroup B (n = 6) 101 ± 16 88 + 135 92 _+ 17" 

Protein intake (g/kg/24 h) 

All patients (n = 11) 1.26 -+ 0,30 0.82 ± 0,095 

Subgroup A (n = 5) 1.39 -+ 0.40 0,79 + 0.08~ 0.81 .+ 0.09~ 

Subgroup B (n = 6) 1.16 + 0.21 1.22 ± 0.23 0.83 .+ 0.09*§ 

Total fat (energy %) 

All patients (n = 11) 36.6 ± 5.4 28.5 -+ 4,45 

Subgroup A (n = 5) 37.4 ± 4.1 25.9 .+ 2.7 

Subgroup B (n = 6) 35.9 _+ 6.6 30.7 + 4.5* 

P:S ratio 

All patients (n = 11) 0,42 .+ 0.20 0,60 ± 0.28* 

Subgroup A (n = 5) 0.53 ± 0.23 0.74 -+ 0.37 

Subgroup B (n = 6) 0.33 _+ 0.12 0.48 .+ 0.13" 

Cholesterol (mg/24 h) 

All patients (n = 11) 289 -+ 97 175 -+ 65¢ 

Subgroup A (n  = 5) 303 ± 114 167 ± 66 

Subgroup B (n = 6) 278 .+ 89 182 + 70* 

5.4 ± 4.15 

3.6 ± 2.25§ 5,2 ± 3.15 

6.5 ~ 5.25 8~8 ± 4.9* 

33.0 _+ 5.3 

28.2 -+ 5.8 

111 + 33 

178 + 755 

94_+ 17 

92 _+ 11" 

0.83 -+ 0.06=~ 

1.14 ± 0.24 

NOTE. Data are the mean --. SD. 

*P < .05, tP  < .02, ~:P < .01 : v baseline by paired Wilcoxon test or Friedman's 2-way ANOVA (subgroup A and B). 

§P < .05 v periods 2 and 4 by paired Wilcoxon test. 
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Table 2. Serum Lipids, Apolipoproteins, and Lp(a) in Control Subjects and Proteinuric Patients During Four Study Periods 

Proteinuric Patients (n =. 11) 

Control Subjects Period 2 Period 3 
(n = 22) Baseline (single treatment) (combined treatment) 

Period 4 
(single treatment) 

Serum total cholesterol (mmol/L) 5.25 -+ 1.01 8.87 -+ 2.88§ 7.26 _+ 2.04¢¶ 

Subgroup A (n = 5) 8.05 -+ 2.35 7.13 + 2.2811 6.51 +_ 2.21# 

Subgroup B (n = 6) 9.56 _+ 3.56 8.38 _+ 2.18 7.89 -+ 2:04 

Serum triglycerides (mmol/L) 1.45 -+ 0.50 3.08 + 1.22§ 2.38 -+ 0.89~ u 

Subgroup A (n = 5) 2.71 -+ 1.51 2.16 +_ 0.39 2.46 ± 1.27 

Subgroup B (n = 6) 3.39 -+ 1.10 2.85 -+ 0.76 2.32 -+ 0.6611 

HDL cholesterol (mmol/L) 1.16 -+ 0.26 0.94 -+ 0.34* 0,99 -+ 0.45* 

Subgroup A (n = 5) 1.05 +- 0.46 1.00 -+ 0.37 1.01 -+ 0.65 

Subgroup B (n = 6) 0.85 --- 0.24 0.91 -+ 0.27 0.96 -+ 0.31 

VLDL + LDL cholesterol (mmol/L) 4.08 -+ 1.05 7.93 + 3.17§ 6.27 _+ 2.29¢¶ 

Subgroup A (n = 5) 6.99 +- 2.52 6.13 -+ 2.37¶ 5.50 -+ 2.53# 

Subgroup B (n = 6) 8.71 +- 3.66 7.47 +- 2.12 6.92 + 2.06 

Apo AI (g/L) 1.47 -+ 0.15 1.58 -+ 0.44 1.45 + 0.34 

Subgroup A (n = 5) 1.48 -+ 0.25 1.36 _+ 0.28¶ 1.32 -+ 0.32¶ 

Subgroup B (n = 6) 1.67 -+ 0.60 1.55 -+ 0.26 1.56 +- 0.37 

Apo B (g/L) 0.76 -+ 0.17 1.49 -+ 0.50§ 1.13 -+ 0.30~¶ 

Subgroup A (n = 5) 1.36 -+ 0.37 1.08 + 0.261i 1.00 -+ 0.28# 

Subgroup B (n = 6) 1.59 -+ 0.65 1.23 -+ 0.32 1.23 -+ 0.32 

Apo AI/B ratio 2.02 -+ 0.48 1.21 +- 0.60~ 1.40 -+ 0.61ill 

Subgroup A (n = 5) 1.16 + 0.40 1.31 -+ 0.43 1.46 -+ 0.79 

Subgroup B (n = 6) 1.25 -+ 0.77 1.3i + 0.40 i.35 -+ 0;47 

Lp(a) (mg/L) 22 (1-243) 336 (10-1,878)§ 245 (9-1,303)¢# 

Subgroup A (n = 5) 363 (28-939) 213 (19-924)# 269 (11-926)¶ 

Subgroup B (n = 6) 315 (10-1,878) 244 (9-1,272)¶ 224 (9-1,303)11 

6.81 -+ 2.59# 

8.45 -+ 2.05 

2.58 -+ 1.45 

2.95 -+ 0.91 

0.97 +- 0.49 

0.93 -+ 0.22 

5.84 -+ 2.85# 

7.52 -+ 2.07 

1.28 -+ 0.23¶ 

1.55 +- 0.26 

1.06 -+ 0.38# 

1.36 -+ 0.37 

1.36 -+ 0.65 

1.22 + 0.38 

240 (7-908)# 

259 (11-1,969) 

NOTE. Data are the mean + SD, except for Lp(a), Which is reported as the geometric mean (range). 

*P < .05, tP  < .02, CP < .01, §P < .001 : v control subjects by Kruskal-Wallis ANOVA. 

liP < ,05, ¶P < .02, #P < .01 : v baseline by paired Wilcox0n test (whole group) or Friedman's 2-way ANOVA (subgroups A and B). 

absolute iathosterol level was not significantly higher in 
patients than in controls (P > .20). With combined antipro- 
teinuric therapy, serum lathosterol decreased to a mean 
level that was similar in patients and controls. Importantly, 
in the combined untreated nephrotic patients and controls, 
the absolute concentration of lathosterol was positively 
related to total cholesterol and apo B (r = .61, P < .001 
and r = .65, P < .001, respectively; data not shown), indicat- 
ing a relationship between lathosterol level and the concen- 
tration and number of its carrying lipoproteins in serum. In 

addition, changes in serum lathosteroi during combined 
treatment were correlated with changes in serum choles- 
terol (r = .76, P < .01; not shown). When lathosterol was 
therefore corrected for differences in Cholesterol and apo 
B, it was found that the lathosterol to cholesterol ratio 
tended to be lower (P < .10; type II error, [3 < .05) and 
that the lathosterol to apo B ratio was significantly lower 
(P < .05) in untreated patients compared with controls: 
With antiproteinuric treatment, modest and variable changes 
were noted in these ratios. During combined treatment, 

Table 3. Serum Lathosterol, Lathosterol to Cholesterol Ratio, and Lathosterol to Apo B Ratio in Control Subjects and Proteinuric Patients 
During Four Study Periods 

Proteinuric Patients (n = 11) 

Control Subjects Period 2 Period 3 Period 4 
Parameter (n = 22) Baseline (singJe treatment) (combined treatment) (single treatment) 

Lathosterol (l~mol/L) 

Subgroup A (n = 5) 

Subgroup B (n = 6) 

Lathosterol to cholesterol ratio ( ixmol/mmol) 

Subgroup A (n = 5) 

Subgroup B (n = 6) 

Lathosterol to apo B ratio (p, mol /g)  

Subgroup A (n = 5) 

Subgroup B (n = 6) 

6.63 _+ 2.02 8.80 _+ 4.87 5.79 _+ 2.12§ 

9.14 -+ 2.38 7.0 -+ 2.79 5.48 _+ 1.5211 5.72 _+ 1.0211 

8.52 _+ 6.54 5.97 _+ 3.17¢ 6.05 _+ 2.81~ 6.55 -+ 2.92 

1.29 +- 0.41 0.99 -+ 0.43 0.85 +_+_ 0.36* 

1.19 _+ 0.41 1.01 -+ 0.36 0.91 _+ 0.35 0.89 -+ 0.20 

0.83 -+ 0.41 0.71 -+ 0.36 0.80 _+ 0.40 0.79 -+ 0.32 

8.75 _+ 2.25 5.96 _+ 2.70* 5.60 _+ 2.99t 

7.14 _+ 2.98 6.45 _+ 1.74 6.01 _+ 3.10 5.87 +- 2.10 

4.98 -+ 2.20 4.77 _+ 2.29 5.26 _+ 3.15 5.06 -+ 2.34 

NOTE. Data are the mean -+ SD. 
*P < .05, tP  < .01 : v control subjects by KruskaI-Wailis ANOVA. 
~P < .05, §P < .02, liP < .01 : v baseline by paired Wilcoxon test (whole group) or Friedman's 2-way ANOVA (subgroups A and B). 
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both ratios were lower in patients than in controls. Figure 1 
shows the serum lathosterol to cholesterol ratio in the study 
subjects. 

In untreated nephrotic patients, inverse correlations of 
serum albumin with serum total cholesterol (r = - . 8 2 ,  
P < .01; Fig 2A), VLDL + LDL cholesterol (r = - .81,  
P < .01; not shown), and apo B (r = - .84,  P < .01; Fig 2B) 
were observed, whereas these lipid parameters were posi- 
tively correlated with the degree of proteinuria (r = .74, 
P < .01, Fig 2D; r = .74, P < .01, not shown; and r = .73, 
P < .01, Fig 2E, respectively). In contrast, no significant 
correlations could be demonstrated between either serum 
albumin or proteinuria and the absolute serum lathosterol 
level (r = - .53,  NS, and r = - .48,  NS; not shown) and the 
lathosterol to cholesterol ratio (r = - .01,  NS, Fig 2C; and 
r = .01, NS, Fig 2F). 

Multiple regression analysis was performed for the pa- 
tient group to establish which parameters independently 
contributed to changes in VLDL + LDL cholesterol, apo B, 
and Lp(a) during treatment. In this analysis, the serum 
lathosterol to cholesterol ratio was used as an index of 
cholesterol synthesis. Since they were studied on four 
occasions, each patient was included in the analysis as a 
separate categorical variable. Group assignment (as a 
categorical covariate), serum albumin, proteinuria, and 
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Fig 1. Serum lathosterol to cholesterol ratio in control subjects (~ )  
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Fig 2. Relationships of serum total cholesterol, ape B, and the 
lathosterol to cholesterol ratio with serum albumin and with urinary 
protein excretion in 11 untreated proteinuric patients (0)  and 22 
control subjects (D). (A) Serum total cholesterol and serum albumin. 
Nephrotic patients, r = - .82,  P < .01; control  subjects, r = .25, NS. (B) 
Serum ape B and serum albumin. Nephrot ic patients, • = - .84,  P < 
.01; control  subjects, • = .07, NS. (C) Serum lathosterol to cholesterol 
ratio and serum albumin. Nephrotic patients, • = - .01,  NS; control 
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dietary parameters (total energy from fat, cholesterol 
intake, and the P:S ratio) were included as possible indepen- 
dent factors. Patient category was an independent variable 
(P < .001 in all models), indicating that the serum lathos- 
terol to cholesterol ratio, as well as lipoprotein levels, were 
individually determined. Group assignment was not a 
significant covariate (P > .10 in all models). The serum 
lathosterol to cholesterol ratio was only related to the P:S 
ratio (the higher this ratio, the lower the latherosterol to 
cholesterol ratio, P < .01), the relationships with lipid 
parameters, serum albumin, proteinuria, and dietary fat 
and cholesterol intake were not significant (all P > .10). 
VLDL + LDL cholesterol, in contrast, was independently 
related to proteinuria (P < .001), whereas the relation- 
ships with serum albumin and dietary factors were not 
significant (a l lP  > .10). Apo B was related to both protein- 
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uria (P = .002) and serum albumin (P = .008), but not to 
dietary parameters (all P > .10). Lp(a) was only related to 
proteinuria (P < .02). Neither VLDL + LDL cholesterol 
nor apo B and Lp(a) were independently related to the 
lathosterol to cholesterol ratio (all P > .50), indicating that 
the effect of antiproteinuric therapy to decrease these 
(apo)lipoproteins was not related to an effect on this ratio. 

DISCUSSION 

This study demonstrates that the lathosterol to choles- 
terol ratio tends to be lower in moderately hyperlipidemic 
nephrotic patients compared with healthy controls. Symp- 
tomatic antiproteinuric treatment improved but did not 
normalize the elevated levels of apo B-containing lipopro- 
teins and Lp(a) in patients. Yet the serum lathosterol to 
cholesterol ratio changed little and was even lower in 
patients during combined antiproteinuric treatment than in 
controls. These findings cast doubt on the hypothesis that 
increased cholesterol synthesis provides an important mech- 
anism responsible for the maintenance of hypercholesterol- 
emia associated with human nephrotic syndrome. Obvi- 
ously, the patients studied had established nephrotic 
syndrome, and it cannot be excluded that cholesterol 
synthesis was elevated at the initial phase of their renal 
disease. 

The serum lathosterol to cholesterol ratio is the primary 
measure of whole-body cholesterol synthesis in the present 
study, and the validity of its use is crucial to our conclusions. 
Lathosterol is produced along the major route of choles- 
terol synthesis. ~5 It is assumed that this cholesterol precur- 
sor is released into the serum compartment at a rate 
proportional to that of cholesterogenesis. 16 Serum lathos- 
terol is bound to lipoproteins, and its absolute concentra- 
tion is positively correlated with total cholesterol and with 
apo B 16,18 (and the present study). Thus, in hypercholester- 
olemia an elevated lathosterol level can be nonspecific and 
does not necessarily imply enhanced cholesterol synthe- 
sis. 16"21 Indeed, in familial hypercholesterolemia, serum 
lathosterol is elevated 16,23 although cholesterol is synthe- 
sized at a normal rate. 35 In this situation, cholesterol 
synthesis is correctly estimated by the lathosterol to choles- 
terol ratio, which is within normal limits. 16,23 Hence, it 
seems of particular relevance to correct the serum lathos- 
terol level for an increased concentration and number of its 
carrying lipoproteins when comparing hypercholesterol- 
emic with normolipidemic subjects, and so we followed this 
practice. In our study, the group-based coefficient of 
variation for the serum lathosterol to cholesterol ratio was 
high in patients and controls, in keeping with other data. 16,2° 
Despite this high variability, post hoc type II error analysis 
excluded a higher ratio in patients at baseline compared 
with controls (13 < .05). We also calculated the lathosterol 
to apo B ratio, which was significantly lower in untreated 
patients. This observation is clearly inconsistent with an 
increased hepatic output of lathosterol into the serum pool 
of apo B-containing lipoproteins. Moreover, the absolute 
lathosterol concentration was not significantly higher in 
nephrotic patients at baseline. During combined treatment, 

serum lathosterol was similar in patients and controls, 
although the hypercholesterolemia was incompletely cor- 
rected. Therefore, the interpretation of our data did not 
essentially change when using the lathosterol concentration 
per se. Since the lathosterol to cholesterol ratio is a reliable 
index of whole-body cholesterol synthesis in both normocho- 
lesterolemia and hypercholesterolemia, 16-18,21 it is likely that 
this ratio is also a valid measure of cholesterogenesis in 
human nephrotic syndrome. However, the use of this index 
has limitations, and it should be emphasized that the 
presently suggested lack of an increase in cholesterol 
synthesis needs to be confirmed by direct methods in future 
studies. Furthermore, extrahepatic cholesterol synthesis 
may largely contribute to whole-body cholesterol synthe- 
sis. 36,37 It is therefore uncertain whether the lathosterol to 
cholesterol ratio accurately reflects hepatic cholesterol 
synthesis under all circumstances. On the other hand, the 
lathosterol to cholesterol ratio parallels changes in hepatic 
cholesterol synthesis induced by medical interventions 16,19- 
21,23,24 and is well related to hepatic HMG-CoA reductase 
activity. 15,22 The current results may thus support the 
possibility that hepatic cholesterol synthesis is unaltered in 
human nephrotic syndrome. 

It is generally accepted that hepatic synthesis of lipids 
and apolipoproteins is increased in rats with experimentally 
induced nephrotic syndrome. 1°-13 Hepatic 3H20 incorpora- 
tion into newly synthesized cholesterol is enhanced, and an 
increased proportion of mevalonic acid, the product of 
HMG-CoA reductase, is converted to cholesterol. 11,13 In 
addition, the secretion of apolipoproteins by the liver and 
the hepatic mRNA content of various apolipoproteins, 
including apo B, is increased in nephrotic animals. 1°,38,39 In 
human nephrotic syndrome, McKenzie and Neste114 showed 
increased turnover of esterified cholesterol. These early 
results suggesting increased cholesterol synthesis appear to 
be discrepant with the present data. Since the patients in 
the earlier study had extreme hyperlipidemia, it is possible 
that this discrepancy is related to the degree of hyperlipid- 
emia. Several kinetic studies have demonstrated that LDL 
production is increased. 3,4°-42 Normally, LDL is to a large 
extent, if not exclusively, derived from VLDL, which is 
directly excreted by the liver. 43 Therefore, enhanced apo B 
input into the LDL pool does not unequivocally establish 
increased hepatic apo B synthesis. VLDL apo B produc- 
tion, in turn, has been found to be either unchanged 4° or 
increased. 42 Thus, the issue of increased direct hepatic apo 
B production in human nephrotic syndrome is still un- 
settled. Moreover, it remains possible that hepatic synthesis 
of lipids other than cholesterol is enhanced. 

Another aspect of our study is the relationship between 
lipid levels, serum albumin, and the degree of proteinuria. 
Although serum VLDL + LDL cholesterol and apo B are 
inversely correlated with serum albumin in nephrotic pa- 
tients 1,3,9 (and the present study), the decrease in apo 
B-containing lipoproteins and Lp(a) during antiproteinuric 
therapy was more closely related to the decrease in protein- 
uria than to changes in serum albumin. These observations 
confirm and extend recent findings. 27 Kaysen et a l  9,44 
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originally reported that enhanced renal albumin clearance 
is a more important determinant of hyperlipidemia than 
hepatic albumin synthesis in experimental and in human 
nephrotic syndrome. The present study documents that 
there is no relationship between either the proteinuria or 
serum albumin level and the cholesterol to lathosterol ratio 
at baseline and during treatment. In addition, the decrease 
in apo B-containing lipoproteins during treatment was not 
related to changes in the lathosterol to cholesterol ratio. 
Thus, it is improbable that improvement of the lipoprotein 
profile following antiproteinuric therapy is associated with 
inhibition of cholesterol synthesis. 

If human nephrotic syndrome-associated hypercholester- 
olemia is unlikely related to enhanced cholesterogenesis 
and if the decrease in cholesterol following antiproteinuric 
treatment is not related to inhibition of cholesterol synthe- 
sis, which other mechanisms could be responsible? In 
nephrotic patients, impaired catabolism of VLDL a°,a2 and 
possibly also of LDL 41 cause accumulation of these lipopro- 
teins in the circulation. Such an impaired lipoprotein 
catabolism might be related to a defect in the metabolism of 
a lipid-regulatory factor, concomitant with urinary protein 
lossY A prolonged residence of apo B-containing lipopro- 
teins can lead to further enrichment of these lipoproteins 
with esterified cholesterol, as a result of sustained esterified 
cholesterol transfer from HDL to VLDL and LDL. a5 This 
process is mediated by the cholesteryl ester transfer pro- 
tein, and it has been shown that this factor is elevated in the 
plasma of nephrotic patients. 25,a6 

Cholesterol synthesis is known to be influenced by 
dietary factors. A low-fat, low-cholesterol diet enhances 

whole-body and hepatic cholesterol synthesis. 37,a7 Con- 
versely, cholesterol synthesis is inhibited by increasing the 
dietary P:S ratio, as In the untreated nephrotic patients, 
dietary fat intake closely resembled the fat composition of 
the average Dutch diet. a9 It is therefore most unlikely that 
the absence of an elevated serum lathosterol to cholesterol 
ratio in nephrotic patients compared with controls was 
attributable to differences in dietary fat intake. With the 
low-protein diet, dietary fat intake and fat composition 
were altered, and a slight decrease in the lathosterol to 
cholesterol ratio was observed during combined antiprotein- 
uric treatment. This suggests some inhibition of cholesterol 
synthesis, despite a decrease in fat and cholesterol intake, 
coinciding with the low-protein diet. In these nephrotic 
patients, the P:S ratio in the individual diet was the only 
significant determinant of the serum lathosterol to choles- 
terol ratio. 

The present results, based on the serum lathosterol to 
cholesterol ratio, suggest that elevated cholesterogenesis is 
not important in the hypercholesterolemia associated with 
established human nephrotic syndrome. Furthermore, it 
appears unlikely that the decrease of apo B-containing 
lipoproteins is attributable to inhibition of cholesterol 
synthesis. Further evaluation of cholesterol synthesis in 
human nephrotic syndrome should be made by direct 
methods. 
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