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ABNORMALITIES OF LIPOPROTEIN METABOLISM IN PATIENTS WITH THE NEPHROTIC
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Abstract Background and Methods. Patients with the
nephrotic syndrome characteristically have multiple ab-
normalities of lipoprotein metabolism, but the cause and
exact nature of these abnormalities are uncertain. In this
study, we measured serum lipids and apoproteins in 57
patients with the nephrotic syndrome. We also determined
the kinetic indexes of low-density lipoprotein (LDL) metab-
olism in six patients, and again in three of the six after
recovery.

Results. The patients with the nephrotic syndrome
had elevated serum concentrations of cholesterol, triglyc-
erides, and phospholipids, which were confined to the
lipoproteins containing apoprotein B. The serum concen-
trations of high-density lipoproteins and the associated
A-| and A-ll apoproteins were similar in the patients with
the nephrotic syndrome and normal subjects. The relative
proportions of lipids and their positive association with

YPERLIPIDEMIA is a striking feature of the

nephrotic syndrome. It is a matter of debate,
however, whether this hyperlipidemia leads to an in-
creased risk of coronary heart disease and, if so,
whether hypolipidemic therapy is indicated.'” In ad-
dition, there are conflicting data regarding the distri-
bution of cholesterol among the serum lipoproteins in
patients with the nephrotic syndrome,*’ and the dif-
ferent lipoprotein fractions have not been measured in
a large group of such patients. This is probably be-
cause in most patients the nephrotic syndrome is ac-
companied by renal failure or other metabolic dis-
orders such as diabetes mellitus (or both), or because
the patients are receiving treatment, such as cortico-
steroids, that has a confounding effect on the lipopro-
tein patterns.

We attempted to determine prospectively the pat-
tern of hyperlipoproteinemia in patients with untreat-
ed nephrotic syndrome who had normal renal function
and no confounding metabolic disorders. In addition,
because indirect evidence suggested that increased he-
patic synthesis of low-density lipoprotein (LDL) was
the primary cause of hypercholesterolemia in these
patients,”'? we carried out kinetic studies of LDL me-
tabolism before and after recovery.

METHODS
Patient Selection

We studied 57 patients with the nephrotic syndrome without
complications and with no other illnesses. They were recruited from
eight different hospitals over a three-year period. Their ages
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the increased serum concentrations of apoproteins B, C-I,
C-lll, and E suggest quantitative rather than qualitative
differences in the lipoproteins. All the patients had lipi-
duria, which probably reflected the excretion of high-
density lipoproteins, although no intact immunoreactive
apoprotein A-l was found in urine. Serum albumin concen-
trations were inversely related to serum lipid concentra-
tions in the patients, the severity of the hypoalbuminemia
corresponding to the degree of change in serum lipopro-
tein concentrations. The kinetic studies of lipoprotein me-
tabolism revealed an overproduction of LDL apoprotein B
that returned to normal after recovery.

Conclusions. The elevated serum concentrations of
LOL cholesterol, other lipids, and apoprotein B in patients
with uncomplicated nephrotic syndrome are due to revers-
ible increases in lipoprotein production. (N Engl J Med
1990; 323:579-84.)

ranged from 15 to 81 years (mean [£SD], 44.8£22.7); 37 were male
and 20 were female. All had serum creatinine levels of less
than 110 wmol per liter. They were selected from a group of
119 patients, among whom we excluded 39 because they had renal
insufficiency, 10 because they had diabetes mellitus, and 13 because
they had other disorders, including systemic lupus erythematosus,
alcohol abuse, liver disease, obesity, familial hyperlipidemia, thy-
roid dysfunction, Cushing’s syndrome, Addison’s disease, and phe-
ochromocytoma. None of the study patients were taking oral con-
traceptives, corticosteroids, cytotoxic drugs, or anticoagulant drugs,
but 41 were taking furosemide in doses ranging from 40 to 120 mg
per day. As a group, these 41 patients had serum lipid and lipopro-
tein concentrations similar to those in the 16 patients not taking
furosemide.

The nephrotic syndrome was defined as the excretion of more
than 3.5 g of protein per day in the urine; serum albumin and total
protein concentrations below 30 and 60 g per liter, respectively; and
the presence of edema without other apparent cause. The mean
(£SD) levels of the measured variables were as follows: serum
creatinine, 86.7x21.4 umol per liter; serum albumin, 22.5+54 g
per liter; serum total protein, 47.0+7.4 g per liter; and 24-hour
urinary excretion of protein, 7.15+8.52 g. Forty-five patients were
studied when the diagnosis was first made, and 12 were studied at
the time of a recurrence.

Percutaneous renal biopsies were performed in 55 patients.
Twelve patients had minimal-change glomerulopathy, 18 membra-
nous nephropathy, 7 membranoproliferative glomerulonephritis,
5 renal amyloidosis, 9 focal glomerulosclerosis, 3 mesangial prolif-
erative glomerulonephritis, and | acute glomerulonephritis. None
of the patients with renal amyloidosis had any preexisting or coex-
isting illness. We also studied 57 normal subjects (37 men and 20
women) as a control group. These subjects were matched with the
patients for sex, age within five years, and weight within 5 kg. None
were taking any medications or had proteinuria, and all had normal
renal function. The study was approved by the regional medical
research committee, and all subjects gave informed consent.

Kinetic Studies

The rate of production and the fractional catabolic rate of LDL
were studied in six patients when they had all the manifestations of
the nephrotic syndrome and in three of the six after recovery. Their
serum creatinine levels ranged from 75 to 89 umol per liter. Com-
plete remission, defined as the absence of any clinical or laboratory
manifestations of the nephrotic syndrome, was achieved spontane-
ously in two patients, whereas the third had received corticosteroid
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therapy for 45 days. The second kinetic study was undertaken two
months after recovery and after all drugs had been discontinued.

For the LDL kinetic studies, 50 m! of blood was drawn after an
overnight fast, with 1 mg of EDTA added per milliliter as an antico-
agulant. LDL (density, 1.019 to 1.063 kg per liter) was isolated from
plasma by preparative ultracentrifugation'' and labeled with io-
dine-125 (Amersham, Buckinghamshire, United Kingdom).'?'*
After dialysis for 24 hours with 25 liters of 0.15 M sodium chloride
and 0.01 percent EDTA (pH 7.5) to remove unreacted %I, 10 uCi
of the autologous LDL was passed through a 22-um filter (Milli-
pore, Velizy, France) and injected into the donor through an ante-
cubital vein.

Ten-milliliter blood samples were collected from the contralateral
arm 15 minutes after the injection of the '*I-labeled LDL and then
daily for 10 to 14 days. Radioactivity was determined in 1-ml ali-
quots and the counts expressed as a percentage of the count in the
15-minute sample. Plasma radioactivity—decay curves were con-
structed, and the fractional catabolic rate — defined as the fraction
of total LDL apoprotein B removed per unit of time — was calcu-
lated from the biexponential curves according to the curve-peeling
technique of Matthews.'* The rate of production of LDL apopro-
tein B, standardized for body weight, was calculated as the fraction-
al catabolic rate times the size of the pool. The size of the pool was
calculated as the serum LDL apoprotein B concentration times the
volume of plasma. Serum LDL apoprotein B was measured with the
1,1,3,3-tetramethylurea—precipitation technique of Kane et al.'
The precipitate was extracted, dried in the presence of nitrogen,
solubilized in 0.1 M sodium hydroxide, and the protein assayed by
the method of Lowry et al.'® For illustrative purposes, the results of
the LDL kinetic studies in the patients with the nephrotic syndrome
were compared with those in normal subjects and patients with
hypercholesterolemia whom we had studied previously.'”'®

Other Studies

The patients and normal subjects were studied after an overnight
fast of at least 12 hours. The blood samples were centrifuged imme-
diately after collection and the serum transported on ice to the
Hospital de Sant Joan for analysis. The measurements were per-
formed in fresh serum or in serum stored at
—20°C, in which case the samples were ana-
lyzed in batches to minimize interassay vari-
ation. Twenty-four-hour urine samples were
collected from all patients and normal sub-
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Danvers, Mass.), and then concentrated 25-fold in a standard filtra-
tion system (Millipore). Apoprotein A-I, cholésterol, triglycerides,
and phospholipids were measured in the samples as described
above. The limit of sensitivity for apoprotein A-I ranged from 15 to
20 ug per liter. Sodium dodecyl sulfate—polyacrylamide-gel gradient
(8 to 25 percent) electrophoresis was performed in prepared gels
with use of the Phast System (Pharmacia, Uppsala, Sweden), and
the resulting bands were identified by silver staining. The apparent
molecular weight of each band was calculated from a calibration
curve established with use of the low-molecular-weight calibration-
kit proteins (Pharmacia). Trypsin was used as a control.

Statistical Analysis

The unpaired Student t-test was used to compare values in the
patients with the nephrotic syndrome with those in the normal sub-
jects and in the men and women, respectively. The paired Student
t-test was used to compare the values in the patients with active
nephrotic syndrome with the values in the same patients after recov-
ery. P values of less than 0.05 were considered to indicate sta-
tistical significance. Pearson’s correlation coefficients were calculat-
ed to evaluate the degree of linear association between measured
variables.

RESULTS

Nineteen patients (33.3 percent) had increased se-
rum LDL and normal serum VLDL concentrations
(Type Ila hyperlipoproteinemia, according to the
World Health Organization’s description of lipopro-
tein phenotypes®'), 34 (59.6 percent) had increased
LDL and VLDL concentrations (Type IIb), and 4
(7 percent) had normal LDL and increased VLDL
concentrations (Type IV). No patient had hyperchy-
lomicronemia. The mean cholesterol, triglyceride, and
phospholipid concentrations in serum and in the iso-
lated lipoprotein fractions in all 57 patients are shown

Table 1. Lipid and Apoprotein Concentrations in Patients with the Nephrotic Syndrome

and Matched Normal Subjects.

jects, sodium azide was added (final concen-
tration, 2 mg per liter) to prevent bacterial

MEN WITH THE WOMEN WITH THE

with phosphate-buffered saline, were con-
centrated 10-fold under pressure with use
of an ultrafiltration membrane with a mean
pore radius of 2.4 nm (24 A) (Amicon,

. NEPHROTIC NORMAL NEPHROTIC NormaL
growth, and 50-ml aliquots were frozen for SYNDROME MEN SYNDROME WOMEN
later analysis. VARIABLE (N =137 (N =37 (N =20 N =20

Total protein, albumin, creatinine, cho-
lesterol, triglycerides, phospholipid, and mean =5D
apoproteins A-I, A-IT, and B were measured Serum
in fresh serum by standard procedures, as Cholesterol (mmoV/liter) 9.35£3.24*  5.38x1.08 9.3823.50*  5.2520.67
was urinary protein in aliquots of 24-hour Triglycerides (mmol/liter) 2.60£1.20*  1.28%0.60 2.52x1.39% 1.11£0.49
collections, in an autoanalyzer (2000 IL, Phospholipids (mmol/liter) 4.24x).14*  2.75+0.54 4.42+1.57* 2.70+0.40
Monarch, Milan, Italy).'® An aliquot of the Apoprotein A-I (mg/liter) 1297348 1195+ 186 1369382 1227+243
serum was subjected to sequential prepara- Apoprotein A-Il (mg/liter) 298+60 31974 33558 38076
tive ultraccntrifugation” to separate very- Apoprote!n B (mg/lntef) 1791 :444* 833210 1766+ 468* 948265
low-density lipoprotein (VLDL' density Apoprotein C-1I (mg/liter) 66251 4515 T7+29* 42+9
<1.006 k liter) and LDL Ci the tub Apoprotein C-III (mg/liter) 168+72* 99+48 199+85* 95+33
-UUD kg per fiter) an » and the tube Apoprotein E (mg/liter) 8952t 6835 90+29* 45%9
was sllcefi to lsol?te the fract.nons quantita- VLDL (mmol/liter)
tively. High-density lipoprotein (HDL) was Cholesterol 1.21£0.72*  0.380.24 1.13£0.90  0.22:0.18
measured in the subnatant of the isolated Triglycerides 1.35£0.90f  0.65+0.42 1.32+0.99% 0.46+0.31
LDL. Apoproteins C-I1, C-III, and E were Phospholipids 0.68+0.36*  0.27x0.30 0.61x0.42* 0.15+0.13
measured as previously described?” by single LDL (mmoV/liter)
radial immunodiffusion on plates purchased g:g:;::t:rri(c’iles gggf(z)zg: 3‘53383: g;gfggg: 3‘3‘;38%
from Daiichi Pure Chemicals (Tokyo, Ja- Phospholipids 2.2240.95¢  1.13x0.30 2.34£1.05*  1.15%0.36
pan). The interassay coefficient of varia- HDL (mmolliter)
tion for all measurements was less than Cholesterol 1.7720.60f  1.43%0.30 1.8220.74 1.6720.35
5 percent. Triglycerides 0.27+0.15  0.20+0.06 0.27+0.15 0.24+0.22
The urine samples underwent dialysis Phospholipids 1.35+0.30 1.34+0.24 1.47+0.37 1.40+0.20

*P<0.001 for the comparison with the respective normal subjects.
1P<0.0) for the comparison with the respective normal subjects.
$P<0.05 for the comparison with the respective normal subjects.
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Figure 1. Mean Cholesterol, Triglyceride, and Phospholipid Distri-
bution in the Lipoprotein Fractions of Serum of Normal Subjects
and Patients with the Nephrotic Syndrome.

in Table 1 and Figure 1. Although no patient had
normal levels of both cholesterol and triglycerides, the
range of values was wide (cholesterol, 4.8 to 20.4
mmol per liter; and triglyceride, 0.9 to 5.0 mmol per
liter). The mean values for all three lipid components
in serum and in the LDL and VLDL fractions were
significantly higher in men and women with the ne-
phrotic syndrome than in normal men and women.
The increase in lipid components was greatest in the
VLDL fraction (VLDL cholesterol, 3.9-fold increase;
VLDL triglycerides, 2.5-fold; and VLDL phospholip-
ids, 3.1-fold). In the LDL fraction, cholesterol was 1.8-
fold, triglyceride 2.3-fold, and phospholipid 2.0-fold
higher in the patients with the nephrotic syndrome
than in the normal subjects. In contrast, the concen-
trations of HDL lipids were only marginally elevated.
There were no significant differences in the relative
proportions of lipids in the lipoprotein fractions be-
tween the patients with the nephrotic syndrome and
the normal subjects.

There were significant inverse linear correlations
between the serum concentrations of albumin and
cholesterol (r = —0.55; P<0.001), triglycerides
(r = —0.29; P<0.05), phospholipids (r = -0.51;
P<0.001), and LDL cholesterol (r = —0.53; P<<0.01).
There was no correlation between the 24-hour urinary
excretion of protein and any of the lipoproteins
measured.

Among the apoproteins, the mean serum apopro-
tein B, C-11, C-1I11, and E concentrations were higher
in the patients with the nephrotic syndrome than in
the normal subjects, for both men and women (Table
1). The largest percent increase was in serum apopro-
tein B (115 percent in men and 86 percent in women),
and the increase in apoprotein B values correlated well
with the increased LDL cholesterol values (r = 0.61;
P<<0.001). The serum apoprotein A-I concentrations
in the patients with the nephrotic syndrome (Table 1)
were significantly correlated with their HDL choles-
terol values (r = 0.68; P<<0.001). The serum apopro-
tein C-II and VLDL triglyceride levels (r = 0.26;
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P<C0.05) and apoprotein C-I1I1 and apoprotein C-1I
levels (r = 0.79; P<<0.001) were also positively corre-
lated in the patients with the nephrotic syndrome, and
the ratio between apoproteins C-111 and C-II was sig-
nificantly higher (P<<0.01) in the patients than in the
normal subjects.

To determine whether the abnormal lipoprotein
profiles bore any relation to the degree of hypo-
albuminemia, we divided the patients arbitrarily into
two groups — those with serum albumin levels of 21 g
per liter or higher (18 men and 15 women; group 1),
and those with levels below 21 g per liter (19 men and
5 women; group 2) (Table 2). The mean serum and
LDL cholesterol, triglyceride, and phospholipid con-
centrations were significantly higher in group 2 than
in group 1, as was the VLDL phospholipid concentra-
tion. Among the apoproteins, only serum apoprotein
B levels were significantly higher in group 2 than in
group 1. We found no relation between the histologic
findings and any of the lipoprotein patterns.

All the patients but none of the normal subjects
had lipiduria. The values for 24-hour excretion in the
patients were as follows: cholesterol, 15.2+10.8 wmol
per day (range, 1.2 to 36.1); triglycerides, 6.1+5.9
pmol per day (range, 0.6 to 21.2); and phospho-
lipids, 16.3%£9.9 umol per day (range, 0.6 to 55.0).
The relative proportions of cholesterol, triglycer-
ides, and phospholipids (0.41:0.16:0.43) were similar
to their proportions in the serum HDL fraction
(0.37:0.08:0.55). This result prompted us to measure
urinary apoprotein A-I. No immunoreactive apopro-

Table 2. Lipid and Apoprotein Concentrations in Patients with the
Nephrotic Syndrome Grouped Arbitrarily According to Degree of
Hypoalbuminemia.*

Group 1 Group 2
VARIABLE (N = 33) (N = 24)
mean *SD
Serum
Albumin (g/liter) 25.7+2.9 17.6+2.4%
Cholesterol (mmol/liter) 7.82+5.60 10.90+7.11%
Triglycerides (mmol/liter) 2.26%1.20 3.01+1.22%
Phospholipids (mmol/liter) 3.61x2.91 5.01x4.508
Apoprotein A-I (mg/liter) 1325+310 1317264
Apoprotein A-II (mg/liter) 243+69 251+44
Apoprotein B (mg/liter) 1599+ 154 20342647
Apoprotein C-II (mg/liter) 65+34 T71+29
Apoprotein C-II1 (mg/liter) 17080 19183
Apoprotein E (mg/liter) 80+34 69+34
VLDL (mmol/liter)
Cholesterol 1.05%2.92 1.46+2.96
Triglycerides 1.14+3.84 1.61+£2.45
Phospholipids 0.55+0.91 0.81x1.21%
LDL (mmol/liter)
Cholesterol 5.26+4.09 7.38+6.40%
Triglycerides 0.83+0.95 1.10+1.14§
Phospholipids 1.85+1.02 2.83+1.23%
HDL (mmol/liter)
Cholesterol 1.67+2.67 1.95+3.01
Triglycerides 0.26+0.45 0.32+0.58
Phospholipids 1.40%0.93 1.3920.91

*The patients in group | had serum albumin levels =21 g per liter, and those in group 2 levels
<21 g per liter.

tP<0.001 for the comparison with group I.

$P<<0.01 for the comparison with group 1. §P<C0.05 for the comparison with group 1.
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Table 3. LDL Apoprotein B Kinetic Indexes in Patients with the Nephrotic Syndrome
before and after Recovery, Patients with Two Types of Hypercholesterolemia, and

Normal Subjects.*
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particles rather than abnormal par-
ticles, as have been described in
children with the nephrotic syn-

drome.® In contrast to the findings

FRACTIONAL APOPROTEIN B .
CatasoLIc RATE OF IN SERUM of Newmark ¢t al.,”> none of our pa-
Group RaTE? PRODUCTION LDL FractioN PooL Size . . .
tients had hyperchylomicronemia.
poolsiday mgikgiday militer mg Although most investigators
Patients with active nephrotic 0.29420.060 15.25+6.51 10922400 312621109 have found increased concentra-
syndrome (n = 6) tions of VLDL and LDL in patients
Patients after recovery 0.283x0.058 6.81x4.18 507=165 1347504 with the nephrotic syndrome, the

(n =3)

; . results of HDL measurements have
Patients with PH (n = 6) 0.260x0.071 10.50+1.83 910+ 162 2797702 b tradict ith high 2224
Patients with HFH (n = 2) 0.062+0.061  13.69x1.75  3312=1116  2585+796 | cen contradictory, with ugh, ™=
Normal subjects (n = 7) 0.330£0.092 7.30+2.12 501+ 190 1453220 ow,” and normal™*" levels of

*The previously reported results'’-1® in the patients with polygenic hypercholesterolemia (PH) and the normal subjects, as
well as those in the patients with homozygous familial hypercholesterolemia (HFH) studied for diagnostic purposes, are

shown for comparison.

1The fractional catabolic rate was defined as the fraction of total LDL apoprotein B removed per unit of time and is

expressed as fractional pools per day

tein A-I was detectable. When the urine was subjected
to electrophoresis, however, 49 patients had a band
corresponding to a molecular weight of approximately
27,000. We did not identify this band as apoprotein
A-I, but its size suggested that it was an apoprotein
A-I-like protein.

The results of the kinetic studies of LDL mectabo-
lism are shown in Table 3 and Figure 2. The size of the
LDL apoprotein B pool in the patients with the ne-
phrotic syndrome was higher than that in the normal
subjects. This increase was due to an increased rate of
production; the fractional catabolic rate was similar to
that of the normal subjects. The rate of LDL produc-
tion in the patients with the nephrotic syndrome was
higher than that in the two groups of patients with
hypercholesterolemia. The fractional catabolic rate
was similar in the patients with the nephrotic syn-
drome and those with polygenic hypercholesterol-
emia, whereas it was much lower in the patients with
homozygous familial hypercholesterolemia. The se-
rum lipid and apoprotein concentrations as well as the
kinetic values were normal in the three patients stud-
ied after recovery.

Discussion

We measured the serum lipid concentrations and
lipoprotein kinetics in carefully selected patients with
the nephrotic syndrome who had normal glomerular
function and no complicating diseases such as diabe-
tes and who were not receiving any therapy other than
furosemide. In agreement with previous studies,*622:2*
our patients had increased concentrations of choles-
terol, triglycerides, and phospholipids in serum and in
the VLDL and LDL fractions of serum, but the pro-
portions of the individual components in the serum
and lipoprotein fractions were similar to those in the
normal subjects. These results, in combination with
the increases in apoproteins, suggest that the abnor-
malities in serum lipoproteins in patients with the ne-
phrotic syndrome are due to increased numbers of

HDL cholesterol being reported.
The presence or absence'of chronic
renal failure i1s a plausible explana-
tion for this variation. Our patients
had a selective increase in choles-
terol in the apoprotein B-rich
VLDL and LDL lipoprotein fractions. The mecha-
nism of this selectivity is unclear, but it has been pos-
tulated that HDL cholesterol does not increase in
these patients because it is lost in the urine. This possi-
bility cannot be excluded in our study. However, we
found no immunoreactive, intact apoprotein A-I in
the urine of our patients, and the calculated 24-hour
urinary losses of cholesterol, triglycerides, and phos-
pholipids represented only 0.29, 0.78, and 0.39 per-
cent, respectively, of the total circulating HDL lipids.

We found an absolute increase in serum apopro-
teins C-111 and C-II in the patients with the nephrotic
syndrome, together with an increased ratio of C-11I to
C-II consistent with a relative predominance of lipo-
protein lipase inhibitor (apoprotein C-1II) over acti-
vator (apoprotein C-I1). These results, together with
the previously reported decreases in lipoprotein lipase
activity in patients with the nephrotic syndrome,®
suggest that VLDL catabolism is decreased in these
patients. The finding of increased serum apoprotein E
concentrations suggests an accumulation of apopro-
tein E—enriched particles of VLDL.

Increases in serum L.DI. concentrations, as found in
patients with the nephrotic syndrome, could be due to
overproduction, impaired catabolism, or both. Possi-
ble alterations in kinetic indexes are difficult to assess
in case-control studies, because of the variations in
such measurements and the near impossibility of
achieving exact matching. These problems are obviat-
ed by serial studies conducted before and after recov-
ery in individual patients. Our finding of an increased
rate of production and normal fractional catabolic
rate of LDL apoprotein B supports the work of oth-
ers'®? indicating that overproduction of these lipo-
proteins 1s the chief cause of increased LDL concen-
trations in patients with the nephrotic syndrome. The
normalization of serum LDL apoprotein B levels after
recovery was due to diminished production; the frac-
tional catabolic rate did not change. Different results
were recently reported by Warwick et al.,* who found
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Figure 2. LDL Apoprotein B Fractional Catabolic Rate and the
Rate of Production in Patients with the Nephrotic Syndrome (@)
with Proteinuria and after Recovery.

For purposes of comparison, the results of previous studies (O) in
six patients with polygenic hypercholesterolemia (PH),"” seven
normal subjects,'® and two patients with homozygous familial
hypercholesterolemia (HFH) studied for diagnostic purposes
are shown.

that LDL apoprotein clearance by way of the LDL-
receptor pathway was decreased. The subjects in the
two studies were similar, although some of the pa-
tients of Warwick et al.* had mild renal insufficiency.
Further studies are therefore needed to clarify this
point.

The stimulus that triggers the increased production
of apoprotein B is not clear. Hypoalbuminemia, low
plasma oncotic pressure, and low plasma viscosity
have been proposed as possible mechanisms.*?*' QOur
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data support indirectly the pivotal role of hypoalbu-
minemia in the development of hyperlipoproteinemia.
We hypothesize that decreased serum albumin levels
are accompanied by a compensatory increase in LDL
synthesis, particularly of the large, oncotically more
effective apoprotein B. Further decreases in serum al-
bumin may be accompanied by compensatory in-
creases in other apoproteins that — particularly with
respect to C-111I and its inhibitory effect on lipoprotein
lipase —- could result in the accumulation of VLLDL in
the circulation.

In conclusion, patients with the nephrotic syn-
drome and hyperlipidemia appear to have a selective
increase in LDL apoprotein B synthesis and normal
catabolism of this lipoprotein. The normal serum
levels of HDL and apoproteins A-1 and A-II and
the negligible urinary losses of apoprotein A-I make
it unlikely that HDL metabolism is altered in patients
with the nephrotic syndrome. These findings suggest
that treatment directed toward inhibiting LDL syn-
thesis (with the hydroxymethylglutaryl-coenzyme A
reductase inhibitors, for example) would be appro-
priate.

We are indebted to the clinical and laboratory staffs of the Hospi-
tal Valle de Hebron de Barcelona, Hospital Clinico y Provincial de
Barcelona, Fundacién Puigvert, Hospital de Bellvitge de Hospitalet
de Llobregat, Hospital de San Andrés de Manresa, Hospital Ger-
mans Trias y Pujol de Badalona, Hospital de Sant Joan de Reus,
and Hospital Juan XXIII de Tarragona.
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SPECIAL ARTICLE

THE LIFE EXPECTANCY OF PROFOUNDLY HANDICAPPED PEOPLE WITH MENTAL
RETARDATION

Ricuarp K. Evyman, PH.D., HERBERT J. GrRossMaN, M.D., RoBert H. CHANEY, M.D.,
AND THoMas L. CaLL, M.A.

Abstract Background. The life expectancy of people
with mental retardation is shorter than that of the general
population. Exact estimates of the length of survival for
mentally retarded persons at especially high risk are not
available, however. ‘

Methods. We collected data on mortality and other
factors for 99,543 persons with developmental disabilities,
including mental retardation, who received services from
the California Department of Developmental Services be-
tween March 1984 and October 1987. Three subgroups
were selected on the basis of the four characteristics iden-
tified in previous studies as the best predictors of mortality
among mentally retarded people (deficits in cognitive func-
tion, limitations on mobility, incontinence, and inability to
eat without assistance). In all three subgroups, the sub-
jects had severe deficits in cognitive function and were
incontinent; the subjects in subgroup 1 (n = 1550) were

T has been well established that the life expectancy
of children and adults with severe mental retarda-
tion is reduced as compared with that of the general
population.'* However, no studies have specifically
addressed the life expectancy of profoundly handi-
capped people who are mentally retarded — i.e., those
who are unable to care for any of their personal needs.
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immobile and required tube feeding; those in subgroup 2
(n = 4513) were immobile but could eat with assistance;
those in subgroup 3 (n = 997) were mobile (but not ambu-
latory) and could eat with assistance. Life tables were gen-
erated for each of the three subgroups.

Results. Immobile subjects were found to have a
much shorter life expectancy than those who could move
about. Those who also required tube feeding (subgroup 1)
had a very short life expectancy (i.e., four to five additional
years). Those who could eat if fed by others (subgroup 2)
had an average life expectancy of approximately eight ad-
ditional years. In contrast, those who were mobile though
not ambulatory (subgroup 3) had a life expectancy of
about 23 additional years.

Conclusions. Severe mental retardation is associated
with a decrease in life expectancy, particularly for those
who are immobile. (N Engl J Med 1990; 323:584-9.)

The clinical practice of most physicians does not usu-
ally include treating mentally retarded persons, yet
most handicapped children with mental retardation
now survive the first years of life and live with their
families in the community, where they will need medi-
cal treatment and guidance.

A number of previous studies have addressed the
association of handicapping conditions with survival
among mentally retarded people.>*** The most com-
mon predictors of early death are the severity of retar-
dation and deficits in mobility, toileting skills, and
self-feeding. The presence or absence of seizures and
of cerebral palsy does not generally add much addi-
tional predictive power.® The best single predictor of
early death is reduced mobility,>%7!%121620 followed
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