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Abstract. Insulin and lipid metabolism were studied in Key words: Erythropoietin - Anemia — Uremia — Insulin
seven patients (19+1 years) with end-stage renal diseasesistance — Hyperinsulinemia — Hyperlipidemia — Peri-
on continuous cycling peritoneal dialsysis (CCPD) be-+oneal dialysis
fore and after 6 months of therapy with human recombi-
nant erythropoietin (EPO) to correct anemia. Hematocrit
increased from 22.2+1.8% to 34.8+1.8%<(.001) fol-
lowing EPO treatment. Serum ferritiRP<0.05) and se- Introduction
rum iron (P<0.01) decreased significantly after anemia
correction. There were no significant differences in thensulin resistance, as evidenced by reduced peripheral
height, weight, anthropometric measures, or intakes ofensitivity to insulin action, is common in patients with
protein and total calories in the patients before and aftegnd-stage renal disease (ESRD) [1, 2]. Hyperinsuline-
the 6 months of EPO therapy. There were no differencesia, as evidenced by increased fasting serum insulin
in serum biochemical parameters, including 1,25-dihy-concentrations with normal fasting glucose values as
droxyvitamin D; and parathyroid hormone in these pa-well as increased insulin levels in response to oral or in-
tients before and after 6 months of EPO therapy. Residuravenous glucose, has also been reported in these pa-
al renal function and Kt/\,,were also not different be- tients [3]. The etiology and significance of insulin ab-
fore and after 6 months of EPO therapy. The hyperinnormalities in ESRD, however, remain unclear. Insulin
sulinemic euglycemic clamp technique was used to meabnormalities may contribute to hyperlipidemia by im-
sure insulin sensitivity. Before EPO, insulin sensitivity pairing lipoprotein lipase activity in patients with ESRD
was low in patients on CCPD (238+19 m@/per min)  [4]. These metabolic complications may represent im-
compared with controls (320+30P<0.01). After 6 portant risk factors for accelerated atherosclerosis in
months of EPO therapy, insulin sensitivity increased bythese patients [5].
28% (305+26P<0.01 vs. pre-EPO values), so that these Anemia contributes markedly to morbidity in patients
values were no longer different from control values. Thewith uremia and may be an important factor in the
hyperglycemic clamp technique was used to measure ipathogenesis of metabolic complications. Children with
sulin secretion. Before EPO, both early- and late-phasehronic anemia, such as thalassemia major, develop in-
insulin secretion were elevated in patients on CCPDBsulin resistance and hyperinsulinemia [6]. These insulin
compared with controlsP&0.01 in both cases). These abnormalities in thalassemic children are thought to be
indices of insulin secretion decreased significantlysecondary to iron toxicity from repeated transfusions [6]
(P<0.01) following 6 months of EPO. Before EPO, plas-and are identical to those described in patients with
ma triglycerides, total cholesterol, low-density lipopro- ESRD, who are often anemic and iron overloaded. There
tein, cholesterol, and apolipoprotein B were elevated iris recent evidence that treatment of anemia with human
patients compared with controls. These lipid concentrarecombinant erythropoietin (EPO) can correct insulin re-
tions decreased significantly following 6 months of sistance and hyperinsulinemia in patients on hemodialy-
EPO. Thus, treatment of anemia by EPO is associatesls, and that the underlying mechanism involves effects
with improvements in insulin and lipid abnormalities in of anemia correction rather than those of iron toxicity [7,
uremic patients on CCPD. 8]. The present study examines the effects of EPO thera-
py on insulin and lipid metabolism in patients on contin-
Correspondence taR.H.K. Mak, Department of Pediatrics, Mail- U0US cycling peritoneal dialysis (CCPD).
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Patients and methods tration was measured at 5-min intervals and a variable infusion of
20% dextrose was adjusted to maintain the glucose concentration
At fasting levels. Serum was also obtained every 10 min for mea-
surement of insulin concentrations. Under steady-state conditions

: o _of euglycemia and hyperinsulinemia during the euglycemic clamp
cluded chronic glomerulonephritis (2), reflux nephropathy (2), ob gtudy, the rate of glucose infusion provides an index of insulin-

structive uropathy (2), and hypoplasia/dysplasia (1). The patlentstimulated glucose transport, and is used as an index of insulin

received CCPD from eight to ten cycles nightly. They were d'a'sensitivity (Mmg/r per min). Since CCPD is known to improve in-

lyzed on Baxter ac-X peritoneal dialysis cyclers with a mean Ysulin sensitivity at initiation [11], two studies were performed at a

cle volume of 35+5 ml/kg. Peritoneal dialysis adequacy was as: ;
: . -month interval before EPO therapy was started to assess whether
sessed by calculating fractional urea clearance (Kt/V) from ure eir insulin sensitivity had stabilized on CCPD.

clearance of 24-h peritoneal fluid collection [dialysate blood urea
nitrogen (BUN)/plasma BUN x 24-h drain volume/volume of area . . . .
distribution]. The volume of urea distribution was assumed to bdlyPerglycemic clamp studietnsulin secretion was measured by
equal to total body water and was estimated from nomograms [gfhe hyperglycemic clamp technique [9]. Patient preparation was
They had been stabilized on their CCPD prescription for at least 3imilar to the euglycemic clamp. A priming dose of 20% dextrose
months prior to entry into the present study. Their dietary intakeVas given to acutely raise the blood glucose concentration to 125
of sodium (2 g/day), potassium (2 g/day), and phosphorus (godjngldl ab(_)ve fasting glucose concentrations. Constant hyp_erglyce-
mg) were restricted. Oral medications included calcium carbonat@ia at this level was then maintained for 120 min by varying the
(mean dose 1.1#0.1 g given three times a day with meals), 1,25[1fu5|0n of 20% dextrose but no insulin. The mean concentration
dihydroxyvitamin D [1,25(0H,)D,] (mean dose 0.9+0.1 g given of serum insulin in the first 10 min, at 2-min intervals, is an index
once daily before bedtime to minimize hypercalcemia), sodiunf €arly insulin secretion (uU/ml) in response to hyperglycemia.
bicarbonate, and antihypertensives in the form of nifedipine (long hereafter, blood was taken every 5 min for measurement of se-
acting). There were no significant changes in these medicatiofi!™ glucose and every 10 min for measurement of serum insulin
dosages throughout the study period. None of the patients were &@ncentrations. The mean serum insulin concentration, at 10-min
corticosteroids at the time or had been on corticosteroids 6 montHgtervals from 20 to 120 min, is an index of late insulin secretion
prior to the study. Their daily intake of carbohydrate was more(HU/ml) under steady-state conditions of constant hyperglycemia.
than 200 g and their weights were stable for at least 2 months pri- ) ) o ) )
or to the studies. Dietary intakes were assessed using a 3-day digpid and lipoprotein profilesFasting lipid and lipoprotein values
tary recall. No patient had a history or family history of diabeteswere determined from fresh plasma samples. Lipoprotein fraction-
mellitus. They were studied just before starting and 6 months afteation was performed with ultracentrifugation and selective precip-
EPO (Amgen, Thousand Oaks, Calif., USA) therapy to correcitation. Triglycerides and cholesterol from whole plasma and cho-
anemia. EPO was started at 50 U/kg per dose, given three timeslesterol from lipoprotein fractions were assayed by enzymatic
week subcutaneously. The dose was then adjusted to maintainnaethods using a centrifugal autoanalyzer. Low-density lipoprotein
target hematocrit of 35%. The mean dose of EPO was 158+38-DL)-cholesterol values were derived from the total cholesterol
U/kg per week. and high-density lipoprotein-cholesterol levels. Apolipoprotein
All patients tolerated treatment well, with no increase in the(Apo) Al and Apo B were determined by nephelometry.
incidence or severity of hypertension. Six of the seven patients
required oral iron supplementation to prevent iron deficiency.Biochemical measurementSerum glucose concentration was
Other than the addition of oral iron, there were no changes in othmeasured by the glucose oxidase method using a Yellow Springs
er medications. Controls consisted of seven young healthy sul23 AM glucose analyzer (Yellow Springs Instruments, Yellow
jects (aged 18-22 years, mean 20+1 years) consuming regul&prings, Ohio, USA). Serum immunoreactive insulin concentration
weight-maintaining diets and taking no medications. They didwas measured by double-antibody radioimmunoassay (Pharmacia,
not have a history of any significant illness or any family history Uppsala, Sweden). Serum parathyroid hormone (PTH) was mea-
of diabetes mellitus. The study was approved by the local institusured by an immunoradiometric assay for the intact molecule (Inc-
tional review board at the Children’s Hospital of Los Angelesstar, Stillwater, Minn., USA). Serum 1,25 (QH); was measured
where the clinical studies were performed. The purpose and pdy a radioreceptor assay (Incstar). This assay is specific for both
tential risks of the study were carefully explained to all patientsl,25(OH)D5 and 1,25(OH)D,. Serum total calcium, phosphorus,
and subjects, and written informed consent was obtained befongotassium, creatinine, and BUN were measured by standard meth-
their participation. ods on a multichannel autoanalyzer. Plasma ferritin was measured
All studies were started about 9 a.m. after an overnight fast oby a solid-support radioimmunometric assay (Ramco Laboratories,
about 12 h. The patients had their dialysis suspended the night betouston, Tex., USA). All values are expressed as mean plus or mi-
fore and drained their peritoneum of dialysate from the long daynus standard error of the mean. The data were tested for normality
dwell (only 100-200 ml of dialysate, not a full cycle volume) so using the chi-squared method. Analysis of variance and Student’s
that they did not have dextrose (dialysate) in their peritoneunt-tests were used for analysis of the result. Statistical significance
overnight. The patients or controls sat comfortably in a recliningwas recognized at the 5% level.
chair and were not allowed to eat or drink apart from water during
the studies.

Patients. Seven young adult patients (aged 17-20 years, mea
19+1 years) with ESRD were studied. The etiology of ESRD in-

) . L Results
Euglycemic clampsinsulin sensitivity was measured by the hy-

perinsulinemic euglycemic clamp technique [9]. One intravenous.. . . .
line was inserted in a vein on the dorsum of the hand, kept patert/inical and biochemical parameters after EPO

by a slow intravenous infusion of normal saline, and used for

blood sampling. This hand was placed in a heated box (65° C) tAll patients tolerated EPO treatment well. In most pa-
arterialize the blood [10]. An indwelling catheter was placed in atients, it took about 3 months for their hemoglobin and
vein in the opposite arm for infusion of glucose and insulin. Afterhematocrit to stabilize and they were restudied 6 months
obtaining at least three fasting serum samples for glucose and iré'fter starting on EPO, which represented 3 months of
sulin concentration, a prime continuous infusion of insulin was . ' - L
given intravenously at 40 mUAper min of body surface area to stable he_moglobln and hematocrlt_ levels. Their clinical
acutely raise and maintain the serum insulin concentrations at @nd nutritional data are presented in Table 1. There were

plateau of around 100 pU/ml for 120 min. Serum glucose concenfO significant changes in weight, mean arterial pressure,
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Table 1. Hematological, nutritional, and biochemical data in pa- 100 *
tients on continuous cycling peritoneal dialysis (CCPD) before
and after 6 months of human recombinant erythropoietin (:PO)
Before EPO  After EPO P value R

Hematocrit 22.2¥1.8 34.8+1.8 <0.001 % |
Serum ferritin 1,189+168 726+138 <0.05 =
Serum iron 133£12 85+10 <0.01 @
Caloric intake 1,623+212 1,788+323 NS

(kcal/day) 257
Protein intake 2.4+0.4 2.7¢0.4 NS

(9/kg per day)
¥\ge||:g?l;(nli§;) ; ifg %’3 4;31;3(2) mg 0 Before  After EPO  Controls
AMA (mm2) 2638238  2,836+199 NS EPO
Ca (mg/dI) 9.6+0.3 9.9+0.3 NS 100 1 «
PO, (mg/dl) 6.0+0.3 6.5+0.3 NS
HCO; (mmol/l) 22+1 22+1 NS
Albumin (g/dl) 3.2+0.3 3.5+0.2 NS b .
BUN (mg/dl) 704 72+3 NS =
Creatinine (mg/dl) 10.4+0.7 10.6£0.8 NS £
Creatinine clearance 3+1 3+1 NS =1 .

(ml/min per 1.73 ) =
Kt/V urea (per week) 2.2+0.4 2.0+0.4 NS
PTH (pg/ml) 338+44 362+31 NS 25
1,25(0OH)}D; (pg/ml) 31+3 3042 NS
TSF, Triceps skinfold thickness; AMA, arm muscular area; Ca,
calcium; PQ, phosphate; HCE) bicarbonate; BUN, blood urea Before = After EPO  Controls
nitrogen; PTH, parathyroid hormone; 1,25(QBj, 1,25-dihy- EPO

droxyvitamin D

Fig. 2. Insulin secretion as measured during the hyperglycemic
clamp in CCPD patients before and after 6 months of treatment

4001 with EPO and controls. Early insulin secretide) (epresents the
o mean insulin concentrations during the first 10 min of hyperglyce-
T mia and late insulin secretioh) (epresents the mean insulin con-
> 3004 centrations during 20-120 min of the hyperglycemic clamp stud-
é € E ies. *P<0.01 vs. controls; *P<0.01 vs. before EPO
2 g
8.2 200
£E protein intake, caloric intake, triceps skinfold thickness,
2 2 or arm muscular area. The hematological and biochemi-
=~ 100+ cal parameters are also presented in Table 1. There were
no significant changes in adequacy of dialysis as mea-
sured by fractional urea clearance (KjAj and residual
O pefore " After EPO | Controls renal function. Weekly Kt/\}.,for CCPD was 2.2+0.4
EPO before EPO and 2.0+0.4 after EPO. Residual function
125 measured by urinary creatinine clearance was 3t1
c ml/min per 1.73 A before EPO and 3+1 ml/min per
> 004 T T 1.73 n? after EPO.
c
£
2= 754 . .
SE Euglycemic clamp studies
(O]
2 S 50 Insulin-stimulated glucose metabolism (insulin sensitivi-
2 ty) was stable in patients on CCPD before EPO treat-
S 25+ ment. The values from the two initial studies were not
a different. However, the mean insulin sensitivity values in
‘ ‘ the patients before EPO treatment (238119 rAgber
Bg;%e After EPO  Controls min) were low compared with controls (320+30,

Fig. 1. Insulin sensitivity as measured during the euglycemic
clamp in continuous cycling peritoneal dialysis (CCPD) patients
before and after 6 months of treatment with human recombinal

erythropoietin EPO) and controls. Thdower panelshows the - ] A ! _
mean steady-state serum insulin concentrations during the eugljfations in the patients during the euglycemic clamp
cemic clamps. P<0.01 vs. controls; *P<0.01 vs. before EPO

n

P<0.01). After EPO treatment, insulin sensitivity in-
creased by 28% (305+26<0.01 vs. pre-EPO values),
$0 that the value was no longer different from control
values (Fig. 1). Mean serum glucose and insulin concen-

studies before and after EPO treatment were not differ-
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Table 2. Fasting plasma lipid profiles in patients on CCPD beforebelow 300 ng/ml). The patients in the present study were
and after 6 months of EF O not very iron toxic to begin with. Their ferritin levels
were lower than those in the younger group in the study
Before EPO_After EP®  Controls " Merkel et al. [6] who did not manifest insulin resis-
Triglycerides (mg/dl) ~ 188+18*  148+16* 13014  tance, suggesting that iron toxicity is not a likely cause
Total cholesterol (mg/dl) 220+22*  172+18*  168+17  Of their insulin abnormalities. Furthermore, insulin resis-
LDL-cholesterol (mg/dl) 136+12*  103x11** 99+10 tance and hyperinsulinemia have been described in pa-
Apo Al (mg/dl) 10313 10812 110£13  tients with chronic renal failure not on dialysis who had

ﬁpg Efmggj'% 12(%1%*1* 93121+%**1** 75131451 01 ot received any transfusions and therefore were unlike-
P P T T o ly to be iron toxic [15]. Correction of anemia by EPO
LDL, Low density lipoprotein; Apo A1, apolipoprotein Al treatment in the present study led to reversal of insulin
* P<0.01 versus controls; *#<0.01 versus before EPO values resistance In the patients on CCPD. Altho_ugh there is a
aAll “after EPO” values are not different from contrals concomitant decrease in iron toxicity, this is unlikely to

be an important factor contributing to the improvement
in insulin sensitivitiy. In a recent study of adult patients
ent compared with controls. Thus EPO treatment coren hemodialysis treated with EPO to correct anemia, in-
rected insulin resistance in patients on peritoneal dialysulin resistance and hyperinsulinemia were corrected
sis. equally in patients with or without iron toxicity [7].
Thus the effect of anemia rather than iron toxicity is
likely to be important in the pathogenesis of insulin re-
Hyperglycemic clamp studies sistance in uremia.
There are two other studies on the effect of EPO ther-
Mean serum insulin responses to constant hyperglyceapy on glucose metabolism in adult patients on hemodi-
mia (125 mg/dl above fasting concentrations) are showalysis. Chagnac et al. [16] performed oral glucose toler-
in Fig. 2. Insulin responses were higher in patients beance tests in ten older patients (mean age 603 years) on
fore EPO treatment compared with contro®<@.01) chronic hemodialysis before and after treatment of ane-
and these values decreased significarfBig0(01) after mia by EPO for 3-5 months. They did not find any sig-
EPO treatment, so that they were no longer differennificant difference in areas under the curve both in the
from control values. Thus EPO treatment corrected hyglucose and the insulin responses during oral glucose
perinsulinemia in patients on peritoneal dialysis. tolerance tests before and after EPO therapy. However,
they did not study insulin sensitivity or insulin secretion
formally by glucose clamp methodologies. Uremic pa-
Plasma lipid profiles tients with insulin resistance could maintain glucose tol-
erance by developing hyperinsulinemia [1, 2]. Borissova
Plasma lipid profiles are summarized in Table 2. Beforeet al. [17] studied insulin sensitivity by the euglycemic
EPO, the patients had high serum concentrations of trielamp technique before and after 5 months of EPO treat-
glycerides, total cholesterol, LDL-cholesterol, and Apoment in five patients (mean age 425 years) with type |
B compared with controls. These lipid abnormalities alldiabetes and chronic renal failure on hemodialysis. They
decreased significantly after EPO. found a significant improvement in their insulin sensitiv-
ity with simultaneous increase in arterial P&nhd de-
crease in plasma lactate concentration. These authors
Discussion postulated that improving oxygen supply and overcom-
ing tissue hypoxia could account for the improvement in
Diabetes due to insulin deficiency has been well deinsulin action. There are no previous data on the effect
scribed in chronic anemic states such as thalassemia maf-EPO on adult patients on peritoneal dialysis.
jor and is thought to be secondary to effects of iron over- It is possible that the improvement in insulin metabo-
load [12, 13]. However, other studies have reported inlism in the present study is related to the effects of
creased rather than reduced insulin responses to gluco€€PD. CCPD is known to improve but not correct insu-
in thalassemic patients, suggesting that insulin resistandm sensitivity in uremic patients [11]. The improvement
is also present [14]. Merkel et al. [6] studied adolescentssually takes place at the initiation of CCPD. Most pa-
with thalassemia who had received a large number dients stabilized on CCPD are however still insulin resis-
transfusions and were therefore iron toxic, and reportethnt. The patients in this study have been stabilized on
insulin resistance and glucose intolerance. These investGCPD before initiation of EPO treatment. The two ini-
gators also studied younger children with thalassemidijal studies before EPO therapy showed that insulin sen-
who had not received as many transfusions and wergtivity was stable but still lower than control values.
therefore less iron toxic, and found that this second Malnutrition is common in patients with ESRD [18]
group of patients were insulin sensitive and glucose toland may be an important cause of insulin resistance [19].
erant. The authors concluded that iron toxicity ratherCorrection of anemia by EPO has been reported to im-
than anemia per se was the likely cause of the insulin rggrove appetite [20] and nutritional status [21] of patients
sistance. However, the ferritin levels in younger childrenwith ESRD. Treatment of malnutrition by intravenous
(2,045+278 ng/ml) were still very high (normal levels nutrition has been shown to improve insulin resistance in
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surgical patients [22]. Improved nutrition in patientstients with ESRD [34]. Pollock et al. [35] studied 112
with ESRD following correction of anemia by EPO may patients on hemodialysis before and after 6 and 12
be an important factor in the correction of insulin resis-months of EPO and found significant decreases in plas-
tance and glucose intolerance. In the present study, threa triglycerides, cholesterol, and Apo B following cor-
nutritional parameters (caloric intake, weight, tricepsrection of anemia. Mat et al. [36] and Prata et al. [37]
skinfold thickness, arm muscular area) showed some instudied smaller cohorts of adult patients on hemodialysis
provement but did not quite reach statistical significanceand did not report any changes in the lipid profiles after
probably because of the small sample size. A largeEPO therapy. The patients in the study of Mat et al. [36]
study is needed to assess whether changes in nutritionakre not well characterized and the hematological
status can account for the improvement in insulin resisehanges following EPO were not available. The patients
tance following EPO treatment. in the study of Prata et al. [37] were not very hyperlipi-
1,25(0OH)D; deficiency and secondary hyperparathy-demic to begin with (before EPO, mean triglyceride was
roidism have been implicated in the pathogenesis of in136 and mean cholesterol was 195 mg/dl). Also, the ag-
sulin abnormalities in uremia [23—-26]. Furthermore, hy-es of the patients in both studies [36, 37] were not avail-
perparathyroidism may also be involved in the pathogenable, so it was difficult to determine whether the lipid
esis of hyperlipidemia in uremia [27]. Before treatmentlevels were elevated with respect to age. Viron et al. [38]
with EPO, the patients in the present study demonstrategported, in 12 patients with a mean age of over 60 years
mild secondary hyperparathyroidism. These PTH conen dialysis, increases in Apo Al but no changes in
centrations may represent the optimal concentrations farholesterol and triglycerides after EPO treatment. The
this subset of patients on CCPD, because of the risk gfre-treatment cholesterol (189 mg/dl) and triglycerides
adynamic bone disease [28]. The serum 1,25(DH) (146 mg/dl) levels in this last study were not elevated for
concentrations were normal at the initiation of EPO.age. Manitius et al. [39] reported a decrease in plasma
This may be due to the fact that they were measuretbtal cholesterol, LDL-cholesterol, and free fatty acids in
about 12 h after ingestion of their oral 1,25(GBY)sup-  six hemodialysis patients treated with non-hematological
plements (given at bedtime to minimize hypercalcemia)doses of EPO as well as a decrease in anaerobic metabo-
Since serum PTH and 1,25(0OB), concentrations did lism.
not change in the present study, they are unlikely to be The present study showed amelioration of lipid ab-
responsible for the changes in insulin and lipid metabonormalities following EPO treatment of anemia in post-
lism following EPO treatment. pubertal patients on CCPD. These lipid changes were
Patients with ESRD generally have low exercise tol-accompanied by correction of insulin resistance and hy-
erance and this may contribute to their metabolic abnormperinsulinemia. Insulin resistance had been thought to be
malities. Goldberg et al. [29] showed that moderate enimportant in the pathogenesis of the lipid abnormalities
durance training improved both the exercise tolerancé uremia [4]. In younger children with ESRD on dialy-
and insulin sensitivity in patients on hemodialysis. Thesis, EPO treatment has been associated with improve-
magnitude of the improvement in insulin sensitivity wasments in insulin and lipid metabolism [40]. However, the
greater than would be anticipated because of changes liatter study was limited by the lack of age-appropriate
diet or body composition. Furthermore, the return of in-normal controls, because the institutional review board
sulin resistance towards pre-training levels in patientslid not allow glucose clamp studies in young healthy
who stopped training suggested that the training effeathildren. Whether correction of the atherogenic lipid
was primary. Davis et al. [30] showed that exercise trainprofiles following EPO treatment will lead to an actual
ing increased insulin sensitivity and responsiveness dadecrease in long-term morbidity in dialysis patients re-
muscle glucose uptake and glycolytic utilization in ratsmains to be tested.
with chronic renal failure and controls. Correction of Thus correction of anemia by EPO ameliorated insu-
anemia by EPO in hemodialysis patients has been réin and lipid abnormalities in seven uremic patients on
ported to improve exercise tolerance [31]. Although ex-CCPD. While these preliminary results are exciting, they
cercise tolerance was not measured in the present studjould be interpreted with caution because of the small
all patients reported a subjective increase in exercise tohumber of patients studied. Future studies involving
erance and an increase in energy and physical activitiarger groups of patients, including children, are needed
Furthermore, exercise training in patients with hyperlipi-to confirm these results and to individually test whether
demia and coronary artery disease can lead to improv&PO therapy per se or rather the accompanying improve-
ments in plasma triglycerides, total cholesterol, andnents in nutrition and exercise tolerance following cor-
LDL-cholesterol [32]. Improved exercise tolerance fol- rection of anemia are responsible for the amelioration of
lowing EPO therapy may very well be an important fac-insulin and lipid metabolism. Furthermore, whether cor-
tor in the improvement in insulin and lipid metabolism rection of these metabolic risk factors for accelerated
in these patients with ESRD. atherosclerosis will translate into improved morbidity in
Hypertriglyceridemia and hyperlipoproteinemia areuremic patients remains to be determined.
common in patients with uremia on peritoneal dialysis

[33, 34]. The elevated plasma triglycerides, t(.)tal (:.hOlesAcknowledgementé'.he author would like to thank Stella Chang
terol, LDL-cholesterol, and Apo B concentrations in pa-p . s. and Joanne Wong M.D. for assistance in the performance of
tients in the present study before EPO are compatiblge studies. He would also like to thank the nurses in the dialysis
with previous reports of type IV hyperlipidemia in pa- units for their generous support and patience during the studies.
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