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INTRODUCTION

In 1976, there were 22,000 patients being maintained on hemodialysis,
and an estimated 8,000 new patients are being added to the dialysis rolls
annually (1). Unless there are major advances in the prevention and treat-
ment of renal disease and transplant rejection, in the next ten years we
can expect to have in excess of 100,000 patients on hemodialysis at an
annual cost in the range of 5 to 6 billion dollars per year.

With this expenditure of money and manpower, one would hope that hemo-
dialysis would allow the affected individuals to return to a productive state
of existence and to live out a normal Tife span. Initially it appeared that
in most instances both goals would be accomplished. However, at the present
time, both rehabilitation and longevity are discouraging.

In both Europe (2) and the United States (3), there is a 10% annual
mortality rate in patients on chronic hemodialysis. In 1974 a report from
Seattle (4) was the first to point out the high mortality from atherosclerotic
vascular disease. In this report, mean age at the start of dialysis was 37
years and the duration of treatment averaged 6.5 years (range, 1-13). Overall
mortality was 56.4% and 14 of the 23 deaths could be attributed to athero-
sclerotic complications: myocardial infarction in 8, strokes in 3, and
refractory congestive heart failure in 3. None of these patients were diabetic.

As seen in Table 1, in 1972 heart disease and cerebrovascular disease
accounted for 49% of all deaths in the United States, a figure very similar to
patients on hemodialysis. However, if one compares mortality statistics in
the age range comparable to dialysis patients, only 13.6% of deaths in the United

States were due to heart or central nervous system disease in the 24-45 year



age group. Other reports from the National Dialysis Registry (3), the combined
European dialysis population (2), and that of the Peter Bent Brigham Hospital
(6) also find a similar problem of premature death from atherosclerosis. Thus,
hemodialysis patients have a high incidence of cardiovascular related deaths
which occur at younger ages than the nonuremic population.

Uremic patients have a number of risk factors for developing premature
vascular disease.~These include hypertension, variable periods of volume
excess, and vascular calcium deposition associated with secondary hyperpara-
thyroidism. While these factors certainly add to the risk of premature
vascular disease, each can be controlled or prevented with good medical
management. I would therefore 1ike to turn our attention to metabolic derange-
ments which occur in renal failure, because it is these derangements which

appear to be responsible for the accelerated atherogenesis.

No. No. __Cardiovascular deaths
Patients Deaths Heart Cerebral Total %
% of all deaths

U.S. Population

All Ages 38.3 10.7 49.0
U.S. Population

Ages 25-45 11.9 1.7 13.6
National Dialysis Registry

Bryan (1

Through 1972

Mean Age 43.5 7437 2447 34.5 2.4 46.9
EDTA -

Parsons et al [2]

Mean Age 40 9150 2565 347 13.5 48.2
Lindner et al [3]

Mecan Age 37 39 23 52.2 8.6 60.8
PBBH Home Dialysis

Mean Age 48.8 125 34 41.6 16.5 58.1

Table 1. Incidence of cardiovascular deaths in the United States population
for 1972, in four reported dialysis populations (5).
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CARBOHYDRATE METABOLISM

Glucose Intolerance

Newbauer, in 1901, was the first investigator to describe hyperglycemia
in association with renal disease (7). In subsequent years, this observation
has been confirmed by multiple investigators. It appears from these reports
that fasting blood glucose is normal or only slightly elevated. As seen in
Figure 1, when cﬁgllenged by oral or intravenous glucose, modest hyperglycemia
occurs and the rate of decline of the blood glucose is delayed. While this
picture resembles early diabetes mellitus, ketosis does not occur and frank
hyperglycemia requiring insulin therapy is extremely rare. The incidence of
glucose intolerance is very high, ranging 80 to 95% (8,9). An important
question to which we will refer to later is at what level of renal failure
does glucose intolerance occur? Yasuda (10) examined this question in a
study of 22 patients with creatinine clearances ranging from 5 to 96 ml/min.
He found that abnormal glucose metabolism occurred when the clearance

dropped below 60 cc/min.
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Figure 1. Plasma glucose response to 1009 of oral glucose. In panel “A"
dialyzed and undialyzed uremics are combined while in panel "B" the groups
are shown separately (30).



The effect of hemodialysis on glucose intolerance is controversial.
Many studies have used the alkaline cooper of ferricyanide reduction methods
to measure glucose. These methods also measure other reducing substances
which may be elevated in renal failure and thus give a falsely elevated
value (8,11). The glucose oxidose method which does not measure these
reducing substances is therefore the best technique for measuring glucose
in renal failure.~ This discrepency is shown in Figure 2. This becomes
even more important when analyzing the effects of hemodialysis because dialysis
Towers the levels of these reducing substances. Unfortunately, even when
the glucose oxidose method is used, some authors have found that dialysis
improved glucose tolerance (12,13) while others (14,15,16) have found no
improvement. In spite of the controversy, an analysis of these reports
reveals that dialysis may improve glucose utilization but rarely is there
complete normalization [Fig. 1]. Therefore most patients have a defect in
glucose metabolism which occurs early in the course of renal failure, the
resulting hyperglycermia is modest, and is only partially corrected by hemo-

dialysis.
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Figure 2. Effect of the method of plasma glucose measurement on the
relationship between fasting serum creatinine and plasma glucose concen-
trations in 28 subjects (11).



Insulin: This important glucoregulatory hormone has been well studied in

renal insufficiency. Fasting insulin levels have been found to be normal
(12,13,15) or slightly elevated (9,17). The insulin response to hyperglycemia
has been reported as normal (18,19) blunted (9,20), or increased (13). However,
the levels that appear during the first three minutes after a glucose challenge
is usually excessive (13) and all investigators have found that after the peak
response occurs, the rate of decline is slower than normal. In studies of
patients on hemodialysis, insulin secretion is usually increased in response

to a glucose Toad (15,21), and the rate of decline continues to be delayed.

Insulin degradation by the kidney: In normal subjects, approximately 40-50%

of insulin is metabolized by the liver. In the kidney, insulin is filtered

at the glomerulus and reabsorbed by the proximal tubule where it is apparently
degradated. Thirty to 40% of the insulin entering the renal artery is

removed from the circulation as determined by renal artery to vein ratios (22).
Only 1.5% or less appears in the urine. It has been estimated that 15-30%

of the total insulin secretion is removed by renal mechanisms (23,24). The
importance of the kidney in insulin degradation is further supported by
studies in which intravenously injected radio-labeled insulin has a markedly
reduced metabolic clearance rate (11,24) in anephric patients [Fig: 3].

This could well account for the decrease in insulin requirements observed in

diabetic patients who subsequently develop renal insufficiency (25).

Insulin Resistance: The data presented to this point demonstrates that a

relative state of insulin resistance exists in renal failure and is only
partially corrected by hemodialysis. However, essentially all the findings

presented thus far could be explained by decreased insulin degradation by the



Figure 3. Disappearance curvef§lfrom
plasma of immunoprecipitable.*>*I-insulin
in a normal subject and in an anephric
patient (11).
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kidneys. Studies by Westervelt (26) reveal additional information concerning
this resistant state. He studied net forearm fluxes of glucose, potassium,
lactate, and inorganic phosphate after brachial artery insulin infusion in
four subjects with renal failure and three normal controls. None were diabetic
and the subjects with renal failure all had glucose intolerance. As seen in

Figure 4, before insulin infusion, glucose uptake was similar in both groups,
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but after the infusion glucose uptake in controls was 8.3 umoles/min in contrast
to 1.6 umoles/min in those with renal failure. Lactate production was proportional
to glucose uptake in both groups. Phosphorus uptake was severely blunted in the
uremic group, but potassium uptake was normal. This study suggests insulin
resistance occurs at the cellular level and may be related to impaired intra-
cellular glucose phosphorylation. This phosphorylation defect is further
supported by the £inding of high intracellular free glucose but normal levels

of glucose-6-phosphate, fructose-6-phosphate, and hexokinase in skeletal muscle

of uremic patients (25).

Glucagon: Glucagon is an important glucoregulatory hormone which acts primarily
on the liver to promote gluconeogenesis and glycogenolysis. Fasting elevations
in glucagon have been found in renal failure by numberous investigators (13,29,30),
and these levels continue to be elevated after hemodialysis (13,29,30). Circulat-
ing glucagon is heterogenous in renal failure. With gel filtration there are
three peaks: mol. wt. > 40,000 (15%), mol. wt. 9,000 (57%), and mol. wt. 3500
(27%) the latter representing the biologically active form (31). In contrast,
only peaks in mol. wt. > 40,000 (54%) and 3500 (46%) are seen in normal subjects.
However, the 3500 mol. wt. active form of glucagon was still elevated threefold
over normal in individuals with renal failure.

The elevated glucagon levels in renal failure appear to be the result
of the loss of functioning renal mass. Under normal conditions, 30-40% of
glucagon delivered to the kidney is metabolized or excreted (32). As seen in
Figure 5, it is not surprising to find that the metabolic clearance rate of
injected glucagon is significantly reduced in uremic patients and those on

hemodialysis (30).



Figure 5.

Plasma glucagon concentrations during infusion of exogenous glucagon

to normal and uremic subjects (30).

900 }
t Uremics
-7 %
800 AT \\'/ L
o - T
v
700 | 71
/
!
600 |- IT
!
[}
{
Glucagon ,’
(pg/ml) ]
400 | Normals
I
= |
i—g L5 3
300 -f 4
200 -
100 - ¢
GLUCAGON INFUSION
{3ng/kg/min)
1 i 1 i 1 1 1
o 30 60 90 120 150  i80

Time (min)

In addition to the elevated circulating glucagon in renal failure, it has been
Soman (33)

discovered that the Tiver may be particularly sensitive to glucagon.
studied insulin and glucagon binding to Tiver membranes in 70% and 90% nephrecto-

mized rats. He found that 125I-g]ucogan binding was increased by 80-120%, and

that glucagon (2uM) stimulated adenylate cyclase activity was twofold higher
than in controls. In contrast, 1251-1‘nsu11’n binding was reduced 40-50% as

Thus, the elevated circulating glucagon and the perference

compared to controls.
of Tliver membranes to bind glucagon may certainly contribute to the insulin

resistance of renal insufficiency through the gluconeogenic and glycogenolytic

effects of this hormone.

From Figure 6, growth hormone concentrations are noted to

Growth Hormone:
However, these

progressively increase with the development of renal failure.
elevations do not correlate well with glucose intolerance (9,13,34) and growth

hormone is not thought to be a prime factor in the insulin resistance of uremia.




Figure 6. Relationship between serum creatinine and fasting growth hormone
concentration in 28 subjects (11).
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Potassium deficiency: Hypokalemia blunts pancreatic insulin release and

hyperkalemia accelerates insulin secretion. Knochel and Seldin hawe reviewed
these potassium-insulin interrelationships in renal failure (35). They

report that in spite of normal or elevated serum potassium levels, the patient
with endstage renal disease has a modest total body depletion of potassium.
After dialysis therapy, this modest deficit is usually corrected. It should
be pointed out that not all dialysis patients have correction of total body
potassium, a not too surprising finding in view of present dialyzing
procedures which usually use either a 1.0 or 2.0 meq/L potassium dialysate.
Seedat (36) found a number of hemodialysis patients to be potassium depleted
and the glucose intolerance manifested by these individuals improved with
correction of the potassium deficit. The fact that most hemodialysis patients
have correction of their potassium deficits, yet continue to manifest glucose
and insulin abnormalities make it unlikely that potassium per se is responsible

for these abnormalities.




Metabolic acidosis: Metabolic acidosis is found in most patients with end-

stage renal disease. It is usually mild to moderate in severity and is
improved or corrected with hemodialysis. Since metabolic acidosis is known
to alter glucose metabolism, Weisinger (37) has compared the effect of
metabolic acidosis on glucose intolerance in normal and uremic dogs. He
found that severe metabolic acidosis (pH 7.0) produced significantly less
glucose intolerance in normal dogs than that found in uremia where the
acidosis was less severe (pH 7.3). He concluded that acidosis did not play

an important part in this process.

Insulin Heterogenity in Chronic Renal Failure: Information on the existence

of various forms of insulin in renal failure is limited to a report by Mako
and associates (17). They found much higher levels of proinsulin (0.62 ng/ml)
in twelve uremic patients than in their normal controls (0.16 ng/ml1). However,
true insulin levels in uremia were also elevated (0.34 ng/ml) over controls
(0.24 ng/m1). These investigators report only fasting values and we will

have to await further studies before the significance of their findings can

be assessed.

As background for understanding the metabolic abnormalities responsible
for accelerated atherogenesis, we have established that glucose intolerance
occurs early in the course of renal failure. This glucose intolerance is
not completely reversed by dialysis and appears to be the result of a relative
state of insulin resistance. The insulin resistance in turn appears to be
the result of a combination of metabolic events which involve abnormalities

of glucagon, insulin, and cellular phosphorylation of glucose.

LIPID METABOLISM

It has long been recognized that patients with nephrotic syndrome have
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abnormal elevations in plasma Tipids, primarily that of cholesterol, and a
number of investigators have attempted to link cardiovascular disease with
these 1lipid abnormalities (38,39,40). However, it was not until 1968 before
the first description of 1ipid abnormalities in nonnephrotic renal failure

was made by Bagdade (41). In contrast to nephrotic syndrome, he found that

in uremia there was a significant elevation in plasma triglycerides (164 + 62
mg/100m1) over controls (68 = 44 mg/100m1) matched for age and weight [Fig. 7].
Numerous other oB;ervers have confirmed this hypertriglyceridemic state and

the incidence is extremely high ranging from 40-70% (41,43,45). Unfortunately,
as seen in Figure 7, hemodialysis fails to reverse this pattern, and in some
studies the incidence of hypertriglyceridemia is actually increased (41,43,44).
This triglyceride elevation is present early in the course of renal failure (45),

occurs equally in both males and females, and may occur at any age. Pennsi's
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Figure 7. Basal triglyceride concentrations in dialyzed and undialyzed uremic
patients compared with normal control subjects (42)
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observation of a 93% incidence of elevated triglycerides in a pediatric dialysis
population is particularly noteworthy (46). Both undialyzed and dialyzed
patients have a Fredrickson's type IV Tipoprotein pattern (16,44,45,47), and

the excess triglycerides are primarily found in the very low density (VLDL)

and, to a lesser extent, the Tow density lipoprotein (LDL) fractions (47,48).

In addition, the high density lipoprotein HDL) fraction is reduced (49).
According to the Framingham study (50), those individuals with elevations in
VLDL and/or low Tevels of HDL have a substantially greater chance of develop-
ing coronary artery disease. With the findings of exactly this pattern in

renal failure, it is not surprising to find a high incidence of atherogenic

complications in association with uremic.

Insulin Resistance and Hypertriglyceridemia: Insulin resistance is known to

occur in a number of disorders other than uremia. In obesity, glucose intolerance
is common and fasting insulin levels are usually elevated [Fig. 8]. High
concentrations of triglycerides have been found in obesity and these elevations

are significantly correlated with the presence of glucose intolerance (51).
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Figure 8. Correlation of basal IRI and obesity expressed as percent ideal
body weight in 37 nonuremic subjects (42).
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In addition, individuals with endogenous hypertriglyceridemia have been shown
to have a similar insulin resistant state (52,53,54).

In renal failure, Bagdade (41), has shown that elevated triglyceride
concentrations are found primarily in those patients who have increased basal
insulin levels. In addition, Ibels has demonstrated that serum triglycerides
are higher in patients with abnormal glucose intolerance (55). Thus, insulin
resistance and hypertriglyceridemia appear to be closely linked in renal
failure, obesity;-and endogenous hypertriglyceridemia.

With knowledge that hypertriglyceridemia is a ﬁajor atherosclerotic risk
factor in renal failure, numerous investigators have attempted to define its
source. Generally, two major possibilities exist: increased synthesis or

decreased degradation [Fig. 9].

Increased Synthesis: Triglycerides are produced by both the intestine and

liver. Those produced by the intestine are transported as chylomicrons. Since
elevations in chylomicrons are not a part of the hyperlipidemia of renal
failure, it is unlikely that the intestine is important in this process.

In the Tiver, free fatty acids are converted to triglycerides and released
into the circulation as very low density lipoproteins (VLDL). Therefore over-
production of triglycerides by the liver could produce the high levels of VLDL

as seen in renal failure. Studies by Nitzan (57) support increased hepatic
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Figure 9. Triglyceride synthesis and removal (56).
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synthesis by showing increased 2-C14 acetate incorporation into triglycerides

in nephrectomized rats. However, other studies in uremic rats show triglyceride
production rates to be reduced (58) or normal (59). Direct studies of hepatic
production of triglycerides in humans have not been published. An indirect
study on humans (60) using g]ycer01—2-3H to measure triglyceride turnover
showed that triglyceride production was subnormal [Fig. 10].

Lipogenesis by the liver requires insulin. The increased insulin
secretion and prslonged disappearance rates seen in renal failure could well
stimulate the Tiver to produce an excess of triglycerides. However, we
pointed out earlier that studies by Soman (33) show that hepatic membrane
binding of insulin was reduced in renal failure and this decreased binding
may offset the effects of elevated insulin levels. Thus, while conflicting
studies exist, it appears that hepatic triglyceride overproduction is not

a primary factor in the hypertriglyceridemia of uremia.
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Figure 10. Plotted points represent turnover results compared to triglyceride
concentrations in hemodialysis (H) and peritoneal dialysis (P) patients. Normal
Curves are represented by lines KmI and KmII (60).
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Decreased Degradation: The rate of triglyceride removal from the circulation

is dependent on the enzyme, lipoprotein lipase. This enzyme is located at or
near adipose tissue capillaries and requires insulin for normal function (61).
Heparin induces release of this enzyme directly into the circulation and
post-heparin lipolytic activity of plasma is used as an indirect means of
assessing activity of the enzyme. In uremia, triglyceride clearance has been
measured by intralipid infusions and found to be decreased (62). As seen in
Figure 11, this décrease in triglyceride clearance appears to be the result

of reduced levels of lipoprotein lipase (41,62,63). In addition, uremic

plasma from patients with chronic renal failure has been found to inhibit the
lipoprotein 1lipase from rat epididymal adipose tissue (64). Since insulin is
required for Tipoprotein lipase activity, and insulin resistance is present

in both dialyzed and undialyzed uremics, it seems possible, therefore, that
any factor which supresses peripheral action of insulin might also supress
Tipoprotein lipase activity. Thus, in chronic renal failure, hypertriglyceridemia
is produced primarily by decreased clearance and present evidence strongly
suggests that reduction of lipoprotein lipase is responsible for this decreased

clearance.
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PLASMA LIPOLYTIC ACTIVITY

(um/L/Min.)

The Effects of Hemodialysis on Triglyceride Metabolism: The uremic patient is

exposed to a number of agents during hemodialysis which might alter triglyceride
levels. Large doses of heparin are given during hemodialysis to prevent clotting.
With knowledge that heparin activates lipoprotein lipase, one would expect to

see a drop in the serum triglyceride concentration during dialysis. Figures12
and 13 show that as predicted Tipoprotein lipase activity increases (62) and
triglyceride levels fall (60) rather significantly during dialysis. Similar
changes occur whéﬁ heparin alone is given in large doses, and no change occurs

in Tipoprotein lipase or triglycerides when simultaneous heparin protamine
infusions were given during hemodialysis (63). Therefore, the heparin given
during dialysis has a positive effect in lowering triglycerides, but the effect

is transient with triglyceride levels returning to basal levels in 12-36 hours

(62,63).
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In an attempt toalter triglyceride Tevels by removing "uremic toxins,"
dialysis frequency has been increased. Increase dialysis frequency resulted
in both worsening (48,63) and improvement (65). Unfortunately, each of these
studies used small numbers of subjects (three or less) and only with larger
studies will this question be answered.

The content of dialysate may be important in the reported increased
incidence of hypertriglyceridemia after dialysis is initiated. First, most
dialysate contaiﬁ;s glucose varying from 150 to 250 mg %. Since carbohydrate
intake has been closely linked to triglyceride levels, the influence of dialys-
ate glucose has been investigated. Unfortunately, again results are conflict-
ing . When glucose is withheld from the dialysate, triglyceride levels have
been found to be unchanged (66) or reduced (48). While glucose content of
dialysate remains controversial, increasing attention has been placed on
acetate and its role in triglyceride levels in dialysis patients. Acetate has
Tong been used in dialysates. It accumulates in plasma during dialysis and
is metabolized via the tricarboxylic acid cycle to 002 and water. The bicarbon-
ate yielded from the acetate metabolism is important in correcting the metabolic
acidosis of uremia. However, it is also possible that some of the acetate
could be converted to fatty acids. It was previously observed in nephrectomized
rats that hepatic conversion of ¢ _ acetate to triglycerides was increased (57).
The metabolic fate of acetate during hemodialysis has been investigated by
Davidson (67) who found that most of the acetate was oxidized to C02. However,
a small, but significant amount was incorporated into plasma 1ipids. From
these studies it is feasible that the glucose and acetate contained in most
dialysate solutions could further promote hypertriglyceridemia, adding a small

but significant burden to the already expanded triglyceride pool.
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Dombeck and his associates (68) have made one additional observation
concerning the present dialysis practice of prescribing androgens. Oral or
intramuscular administration of testosterone or one of its derivitives is
commonly given to dialysis patients to promote erythropoesis. Androgens have
been effective in raising the hematocrit, and side effects or adverse reactions
are rare. However, Dombeck has shown that dialysis patients (all male) had
a 42% incidence of hypertriglyceridemia off androgens, and the incidence

increased to 67% on androgen therapy. The mean triglyceride level was 198

mg % off androgens and 893 mg % on androgens.

The Role of Parathyroid Hormone in Hypertriglyceridemia: In 1971, Slatopolsky

and Bricker demonstrated that as the glomerular filtration rate falls below

60 m1/min, there is a progressive rise in parathyroid hormone levels (69).

As pointed out before, glucose intolerance (10) and triglyceride elevations (45)
also become manifest early in the course of renal failure. In 1971, Kim (70)
found a high incidence of insulin resistance in nonuremic patients with primary
hyperparathyroidism and hypercalcemia. During the same year, Lindall studied
the relationship between insulin hypersecretion and hyperparathyroidism in the
uremic population (71). In this study, Lindall found that dialysis patients
without clinical or radiographic evidence of hyperparathyroidism had a normal
insulin response to intravenous glucose. In contrast, those with clinical
evidence of hyperparathyroidism and one nonuremic patient with primary hyper-

parathyroidism [Fig. 14] had significantly increased insulin release in response

Time (min) 0 3 6 10 15 30 60
Before operalion 12 250 202 182 1;;_“”--_!»)4‘ 3 hk“z
12 134 75 74 55 54 42

After operation

Plasma insulin in xU/ml; 25 g glucose administered at zero min.

Figure 14. 1Insulin response to intravenous glucose in one patient with primary
hyperparathyroidism (71).
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to glucose, and the insulin response returned to normal after parathyroidectomy
in both the primary and secondary hyperparathyroid patients. Most, if not all
of Lindall's patients had small elevations in serum calcium.

It is known that hypercalcemia stimulates insulin ralease from tha pancreas.
In an attempt to separate the effect of hypercalcemia from parathormone, three
investigators studying non-uremic primary hyperparathyroidism (70,72) and uremic
.econdary hyperparathyroidism (73) have each found the abnormal insulin response
to be related tolﬁyperca]cemia and not parathormone.

Parathyroid hormone may not be important in insulin resistance but it still
may be important in lipogenesis. Adipose fat cell adenylate cyclase is a
membranebound enzyme which appears to play a central role in the production of
lipolipis. In the rat, a variety of hormones, including catecholamines, ACTH,
glucagon, and secretin are capable of activating adipose adenylate cyclase.
By contrast, only catecholamines are capable of activating this enzyme in human
fat cells. Kather, in two recent publications, has shown that parathyroid
hormones can also stimulate adenylate cyclase in both rat (74) and human (75)
fat ghost cells. It should be noted that he exposed these fat cells to levels
of parathormone which were many times higher than that observed in hyperpara-
thyroidism.

It appears then that the insulin resistance seen in uremic and nonuremic
hyperparathyroidism is the result of hypercalcemia. Whether the parathormone
levels seen in renal failure significantly alter triglyceride metabolism is

yet to be answered.

TREATMENT OF HYPERLIPIDEMIA IN CHRONIC RENAL FAILURE
Clofibrate:

This drug must be used with caution in chronic renal failure. Clofibrate
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is primarly excreted by the kidney. When given in the normal therapeutic dose

of 1500 mg daily a high incidence of rhabdomyolysis has been reported in hemo-
dialysis patients (76). However, when given as 500 mg every other day, apparently
muscle damage ceases to be a significant problem (77). Only a small number of
dialysis patients treated with Clofibrate for hypertriglyceridemia have been
reported. In both reports reduced dosage was used with improvement in 2/2 in

one study (77) and 0/4 in the other (78).

Diet: Two dietary alterations have been studied in an attempt to lower serum
triglycerides. One is the reduction in dietary protein. Whenever this is
attempted, carbohydrate intake is usually increased to achieve an isocalorie
diet. MWochos measured triglyceride levels in 19 patients on a 100 gm protein,
230 gm carbohydrate diet and again after dietary protein had been reduced to
50 gm and carbohydrate increased to 405 grams (41). Mean triglyceride levels
on the reduced protein diet increased slightly from 146 + 15 to 157 + 15 mg %
(not statistically significant).

Sanfelippo and associates (79) studied the effects of dietary alteration
in carbohydrate on 12 subjects with chronic renal failure, seven having fasting
elevations of triglycerides (> 150 mg %). Two diets were studied. The first
was a "conventional" diet which simulated what most subjects were eating at
home. It contained 10% of total calories as protein, 59% as carbohydrate, and
40% as fat (polyunsaturated to saturated ratio being 0.2). The second diet
contained 10% protein, 35% carbohydrate and 55% of fat (polyunsaturated to
saturated ratio of 2.0). Fasting triglyceride levels decreased in all subjects
after 11 days on the Tow carbohydrate diet [Fig. 15]. 1In spite of the increase
in dietary fat, postprandial triglycerides were not different from the
"conventional” diet [Fig. 16], and fasting cholesterol levels did not rise.

Insulin resistance also improved with carbohydrate reduction.
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Figure 15. Effect of diet on fasting
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Figure 16. Effect of Tow carbohydrate
diet on fasting and postprandial triglyce-
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SUMMARY

Until we unravel the elusive problem of insulin resistance and hypertrigly-
ceridemia of renal failure, accelerated atherogenesis will 1ikely remain the #1
cause of death in dialysis patients. In the meantime, the information presented
today suggests strongly that we attempt to identify those patients with triglyce-
ride elevations early in their course of renal failure. Dietary reductions in
carhohydrate certainly seem warranted. We must continue to be aggressive in
avoiding prolonged periods of hypervolemia, hypertension, or hypercalcemia in
an attempt to minimize those cardiovascular risk factors over which we have

some control
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