Intraperitoneal Insulin Infusion Improves the Depletion in Choline-Containing
Phospholipids of Lipoprotein B Particles in Type I Diabetic Patients
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Insulin-dependent diabetes mellitus (IDDM) is characterized by altered composition of atherogenic lipoproteins, especially a
depletion in choline-containing phospholipids (PL) of apolipoprotein (apo) B lipoproteins (LpB). To determine the effects of
continuous intraperitoneal (IP) insulin infusion (CIPIl) on this qualitative lipoprotein abnormality, we compared lipoprotein
profiles of 14 IDDM patients treated by continuous subcutaneous insulin infusion (CSII) and at 2 and 4 months after treatment
with CIPIl using an implantable pump. IDDM patients were in fair metabolic control and were compared with 14 healthy control
subjects matched for sex, age, body mass index, and plasma lipids. The following parameters were studied: hemoglobin A4,
(HbA(;), monthly blood glucose, daily insulin dose (units per kilogram per day), total cholesterol {TC), triglycerides (TG),
high-density lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol, apo A-l, and apo B. Choline-containing PL were
assessed in plasma and in apo B- and no-apo B—containing lipoprotein particles (LpB and Lp no B). As compared with the
control group, plasma PL and LpB-PL were significantly lower in IDDM patients treated by CSIl (2.95 + 0.26 v 3.30 x 0.45
mmol/L, P < .05, and 1.09 = 0.45v 1.68 + 0.33 mmol/L, P < .01, respectively). No significant differences were observed for Lp
no B lipid determinations between both groups. After initiation of CIPIl, IDDM patients did not experience any significant
changes in mean values for body mass index, HbA,, and monthly blood glucose throughout the study. Daily insulin doses were
identical to those observed before IP therapy. Lipid parameters remained unchanged in IDDM patients (TC, TG, HDL and LDL
cholesterol, apo A-l, and apo B). A moderate but progressive elevation of plasma PL was noted, and after 4 months of CIPII, PL
and LpB-PL levels were no longer significantly different between IDDM patients and controls. The increase in plasma and LpB
choline-containing PL observed after 2 and 4 months of CIPIl is not finked to changes in blood glucose control, body weight, or
daily insulin requirements. These changes may be related to the route of insulin administration, which may be accompanied by
a reduction of lipoprotein lipase (LPL} activity and consequently a reduction of phospholipase activity. These results suggest
that IP insulin delivery may be a more physiological route that increases the choline-containing PL content of LpB particles.
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IABETES is associated with increased cardiovascular
morbidity and mortality in general and increased
coronary heart disease (CHD) incidence in particular.! The
true nature of this relationship remains unclear, and the
role of plasma lipids and lipoproteins is still not proven.? In
general, adequately controlled insulin-dependent diabetes
mellitus (IDDM) patients have almost normal concentra-
tions of the major lipoproteins,® and it has been proposed
that atherogenesis is better associated with subtle qualita-
tive abnormalities of the structure of certain lipoproteins
and therefore with functional alterations.* Chemically modi-
fied lipoproteins such as glycated and oxidized low-density
lipoproteins (LDLs) have been identified in the plasma of
IDDM patients,>” and many reports have emphasized the
role of both these types of modification in atherogenesis.310
Other lipoprotein changes may also occur, and alterations
in core- and surface-lipid components that might affect
functional lipoprotein properties have been addressed.!113
If intensive insulin treatment is now known to reverse a
number of quantitative abnormalities in plasma lipids in
IDDM patients,™ in contrast, persistence of some athero-
genic disturbances in lipoprotein lipid composition has
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been shown even when metabolic control was good and
plasma lipids were normal.!s

Through their effects on lipolytic enzymes, hepatic pro-
duction of very-low-density lipoproteins, LDL and high-
density lipoprotein (HDL) receptor activity, and prolifera-
tion of human arterial smooth muscle cells,*!¢ insulin
resistance and hyperinsulinemia are now considered potent
atherogenic risk factors for CHD.!” Since in IDDM patients
elevated peripheral insulin concentrations are most likely a
result of the nonphysiologic route of continuous subcutane-
ous insulin infusion (CSII), an alternative method that
delivers insulin via the intraperitoneal (IP) route has been
investigated. Despite unanimous improvement of blood
glucose control of patients treated with continuous IP
insulin infusion (CIPII), controversial results are reported
concerning the changes in lipoprotein profiles.’82! In a
recent study, we have shown a depletion in the choline-
containing phospholipid (PL) content of apolipoprotein
(apo) B—containing lipoproteins in fairly controlled IDDM
patients treated using intensified conventional insulin
therapy.?” To determine the effects of IP insulin infusion on
this qualitative lipoprotein abnormality, we compare here
the lipoprotein profiles of 14 IDDM patients receiving
therapy by CSII and at 2 and 4 months after treatment with
CIPII using an implantable pump.

SUBJECTS AND METHODS
Patients

The study group consisted of 14 diabetic patients (five women
and nine men). All had IDDM diagnosed according to National
Diabetes Data Group criteria?® and were C-peptide~negative,
confirmed after a 1-mg intravenous glucagon test ( <0.3 nmol/L).
These patients were volunteers for the implantation program. They
had been selected from 120 diabetic patients treated with CSII at
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our outpatient clinic.? Inclusion criteria were as follows: (1) CSII
duration more than 1 year (range, 1.2 to 6.7), (2) fair metabolic
control, (3) good compliance with home blood glucose monitoring,
and (4) hypoglycemia awareness. The duration of diabetes was
16.4 = 11.1 years (mean = SD). The age of the patients was 40 =+
6.2 years, and body mass index was 24.2 + 2.1 kg/m? None had a
recent episode of ketoacidosis, and none were taking any drug
known to influence lipid and lipoprotein metabolism except insu-
lin. Patients with hyperlipidemia, high levels of lipoprotein(a),
thyroid or liver disease, diabetic or nondiabetic renal disease,
urinary tract infection, pregnancy, acute or chronic inflammatory
syndrome, alcoholism, or malnutrition were not included in the
study. None had proteinuria or microalbuminuria (microalbumin-
uria was defined as an albumin excretion rate of 20 to 200 wg/min).
None of the patients had macrovascular complications, and only
one was affected with background retinopathy. One case of
hypertension was reported and treated with a calcium antagonist.
Patients were instructed to follow a weight-maintaining diet (15%
of calories as protein, 35% as fat, and 50% as carbohydrate) given
as three main meals and two to three snacks per day throughout the
study.

Fourteen nondiabetic subjects were volunteers selected to have a
sex ratio (five women and nine men), age (39 * 6.5 years), and
body mass index (24.4 + 2.2 kg/m?) comparable to those of the
diabetic patients. They were in good health, and none were taking
any medication that could influence lipoprotein metabolism. None
of these patients had a history of diabetes mellitus and hyperlipid-
emia. Absence of diabetes was documented by normal fasting
blood glucose.

All subjects gave informed consent before participating in the
study, and the project was approved by the Ethics Committee of
the Centre Hospitalier Universitaire de Nancy.

Study Protocol

Surgical pump implantation. Diabetic patients were studied
before and at 2 and 4 months after initiation of exclusively IP
insulin administration (IP-2 and IP-4, respectively); this procedure
has been previously described.?s They were implanted with Min-
iMed pump MIP 2001 (MiniMed Technologies, Sylmar, CA). The
pump was equipped with a bilaminate polyethylene outer-coated—
silicon inner-coated catheter. The programers are battery-
operated telemetry systems, and their functions include modifica-
tion of current basal and premeal bolus rates and recording of
pump status and residual volume of insulin in the reservoir.
Semisynthetic human insulin (HOE 21 PH; Hoechst, Frankfurt,
Germany) was used at a concentration of 400 U/mL. Surgical
pump implantation was performed under general anesthesia. A
subcutaneous pocket was created in the lower left quadrant of the
anterior abdominal wall. A prefilled pump was placed in the pocket
and sutured to the fascia of the abdominal wall muscles. The distal
portion of the catheter was inserted into the peritoneal cavity.

Metabolic monitoring. Capillary glucose values were recorded
in the patients’ memory meters (Glucometer M memory meter;
Miles Elkhart, IN). Data recorded in the glucometer were trans-
ferred to a computer and handled by the Glucofacts program
(Glucofacts Data Management System; Miles) to calculate mean
blood glucose levels over time, standard deviations in blood glucose
levels, and frequency of hypoglycemia, ie, number of blood glucose
determinations less than 3.5 mmol/L monthly. The memory of the
pump communicator was transferred to computer memory at each
visit for recording insulin requirements, ie, basal rate and prepran-
dial bolus. Hemoglobin A;. (HbA;.) levels were measured at
baseline before implantation and then every 2 months.
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Methods

Laboratory procedures. Blood sampling was performed after a
12-hour overnight fast. HbA;. was assessed using high-perfor-
mance liquid chromatography on Biorex resins (BioRad, Rich-
mond, CA; normal range, 4.2% to 5.6%), and plasma glucose was
determined by a glucose oxidase technique (Beckman Glucose
Analyzer; Beckman, Fullerton, CA). Blood lipid determinations
were made on fresh serum stored at 4°C. Total cholesterol (TC),
triglycerides (TG), and choline-containing PL were determined by
enzymatic methods (kits from Boehringer, Mannheim, Ger-
many).%-28 HDL cholesterol was determined after precipitation of
apo B-containing lipoproteins by phosphotungstic acid/manga-
nese (Boehringer). LDL cholesterol was calculated by the Friede-
wald formula.?® Apo A-I and apo B were quantified by immu-
nonephelometry on a Behring Nephelometer Analyzer (Behring
werke, Marburg, Germany). Plasma C-peptide level was measured
by radioimmunoassay (CIS Biointernational, Gif sur Yvette, France)
after an overnight fast. Urinary albumin concentration, measured
by laser nephelometry (Behring), was taken as the mean of three
12-hour overnight urine collections over a 3-month period. Apo
B-containing lipoprotein particles (LpB) were selectively precipi-
tated using concanavalin A.%03! The supernatant was recovered by
pipetting and then assessed for TC and PL levels. These determina-
tions corresponded to TC and PL contents in no-apo B—containing
particles (Lp no B-TC and Lp no B-PL, respectively). TC and PL of
LpB (LpB-TC and LpB-PL) were determined by subtracting the
above results from those obtained for total plasma. Details of the
concanavalin A precipitation test procedure and the specificity,
reproducibility, and accuracy for diabetic samples have been
published elsewhere.?? In particular, we have ensured that results
obtained with this procedure were not altered by nonenzymatic
glycation of apolipoproteins. Interassay coefficients of variation for
total lipids, lipoprotein subfractions, and apolipoproteins were all
less than 6%.

Statistical Analysis

Results are expressed as the mean + SD. Comparison of diabetic
patients and controls was made using the nonparametric Mann-
Whitney U test for unpaired series, and between diabetic patients
(IP v subcutaneous) using the nonparametric Wilcoxon test for
paired series. ANOVA was performed by the nonparametric
Kruskal-Wallis test for repeated determinations. The Spearman
rank correlation coefficient test was used for testing correlations
between different variables. Statistical significance is implied by P
less than .05. Statistical analysis was performed using the Statview
program (Statview II; Brain Power, Calabasas, CA).

RESULTS

Diabetic patients were in fair metabolic control, with
HbA, levels close to the normal range (Table 1). After
initiation of CIPIIL, IDDM patients did not experience any
significant changes in mean values for body mass index,
HbA;., and monthly blood glucose levels throughout the
study. Only blood glucose standard deviations were signifi-
cantly improved after 2 and 4 months of CIPII as compared
with CSII. Daily insulin doses were slightly increased after 2
months of CIPII, but after 4 months, insulin requirements
were similar to those observed before IP therapy.

At baseline (end of the CSII therapy), plasma choline-
containing PL were significantly lower in diabetic patients.
TC, TG, LDL cholesterol, and apo B tended to be lower,
but differences did not reach statistical significance (Table
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Table 1. Effects of IP Insulin Treatment on Clinical and Metabolic
Parameters {mean * SD)

Parameter Baseline IP-2 P-4
HbA, (%) 6.01 = 0.60 5.59 + 046 590 + 0.63
Monthly blood glucose
(mmol/L) 7.78 + 0.70 7.54 £ 048 7.55 + 0.47

Blood glucose standard
deviation (mmol/L) 3.36 = 0.40 2.98 + 0.64* 3.03 + 0.53*
Insulin dose (U/kg/d) 0.60 = 0.13 0.69 = 0.15* 0.64 + 0.14

Body mass index (kg/m?) 24.4 +220 242+ 210 242+ 180

NOTE. Baseline, CSlI; IP, IP insulin therapy after 2 (IP-2) and 4 (IP-4)
months of treatment.
*P < .01 v baseline.

2). Lipid determinations for LpB and Lp no B particles at
baseline are reported in Table 3. Choline-containing PL
content in LpB particles from IDDM patients treated with
CSII was significantly lower as compared with that in
control subjects (P < .01). This was confirmed when this
depletion in choline-containing PL content was expressed
in terms of apo B. The LpB-PL/apo B ratio was significantly
lower in diabetic patients versus control subjects (P < .05).
Despite a tendency to higher values, no significant differ-
ences were observed for Lp no B lipid determinations
between groups.

During CIPII, mean values of TC, TG, HDL cholesterol,
and apo A-I were not significantly altered, whereas HDL
cholesterol and apo A-I levels decreased in eight of 14
patients. A moderate but progressive elevation of plasma
PL was noted, and after 4 months of CIPII, PL levels were
no longer significantly different between diabetic patients
and controls (Table 2). During CIPII, LpB-PL increased
(Table 3) in 12 of 14 patients (Fig 1), and after 4 months,
there was no significant difference between diabetic pa-
tients and healthy controls. The LpB-PL/apo B ratio
increased significantly versus baseline (Table 3). The LpB-
PL/apo B ratios of diabetic patients after 4 months of CIPII
and controls were not significantly different, suggesting that
CIPII improved the choline-containing PL depletion of apo
B-containing particles. LpB-TC was not significantly modi-
fied.

Table 2. Plasma Lipid and Lipoprotein Levels in IDDM Patients on
the Two Modes of Insulin Administration and in Control Subjects
{(mean x SD)

Diabetic Patients '

Parameter Controls Baseline IP-2 P-4
TC (mmol/L) 5.27 £ 0.93 497 = 0.65 495+0.73 5.01x0.59
TG (mmol/L) 121045 110040 112+ 048 1.13 = 0.56
Total PL
(mmol/L) 3.30 + 0.45 2,95 + 0.26* 2.97 + 0.29* 3.02 + 0.39
LDL cholesterol
{mmol/L) 3.17 +0.88 294 + 0.69 296 + 0.83 3.01 + 063
HDL cholesterol
{mmol/L} 154 +040 157 038 1.48+0.36 149+ 035
Apo A-l{mg/dL) 1655+ 26 157 + 18 148 + 23 153 + 26
ApoB (mg/dL) 112 + 29 95 + 26 98 + 25 99 + 24

NOTE. Baseline, CSlI; IP, IP insulin therapy after 2 (IP-2) and 4 (IP-4)
months of treatment.
*P < .05v controls.
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Table 3. LpB and Lp no B Lipid Contents in IDDM Patients on the
Two Modes of Insulin Administration and in Control Subjects

{mean + SD)
Diabetic Patients
Parameter Controls Baseline IP-2 P-4
Lp B-PL
{mmol/L) 1.68 = 0.33 1.09 * 0.451 1.25 + 0.58* 1.36 + 0.588
Lp B-PL/apoB 1.53 = 0.20 1.17 + 0.45* 1.32 = 0.70 1.39 + 0.59%
Lp B-TC
{mmol/L) 3.69 +0.88 3.36 + 0.77 3.59 =0.94 3.51 +0.86
Lp no B-PL
{mmol/L) 1.62 +0.38 1.88 + 0.61 1.81+0.46 1.75+ 0.55
Lp no B-TC
{mmol/L) 148 + 041 1.62£0.49 1.36+0.46 1.50x0.46

NOTE. Baseline, CSlI; IP, IP insulin therapy after 2 (IP-2} and 4 (IP-4)
months of treatment.

*P < .05 v controls.

TP < .01 v controls.

P < .05 v baseline.

§P < .01 v baseline.

DISCUSSION

In this study, IDDM patients treated by CSII and in good
metabolic control had a normal routine blood lipid profile
but reduced plasma and LpB choline-containing PL. After
4 months of CIPII using an implantable pump, total and
LpB choline-containing PL increased without significant
modifications of blood glucose control.

The lipid and lipoprotein profiles of patients treated by
CSII confirm our previous finding in patients treated by
intensive conventional insulin therapy.?? Some reports have
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Fig 1. Effect of CIPIl on choline-containing LpB-PL. (O} Individual
levels of LpB-PL in the control group. (®) Individual levels of LpB-PL in
the diabetic group at baseline {end of CSli therapy) and after 4 months
CIPII by programable pump. (—)} Mean.
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emphasized the important metabolic role of the surface-
lipid components of lipoproteins, ie, free cholesterol and
PL3%35 and an altered free cholesterol to lecithin ratio has
been described in plasma and lipoprotein fractions from
IDDM men.!® This ratio had been previously proposed as a
potent index of CHD risk.3¢

Compositional abnormalities of plasma lipoproteins have
been reported to be a consequence of poor metabolic
control.’” However, these abnormalities are not always cor-
rected by a long period of optimized blood glucose con-
trol, 3% or persist in patients with normal body weight and
near-normal HbA,,, as indicated by our results. Another
factor that can modulate plasma lipids in IDDM is the
route of insulin administration. Conventional insulin therapy
results in peripheral hyperinsulinemia and a negative portal-
peripheral insulin gradient.® High peripheral insulin levels
may induce an overstimulation of lipoprotein lipase (LPL)
activities and therefore an increased lipolytic degradation
of TG-rich lipoproteins, which characterizes well-controlled
diabetic patients under intensive insulin therapy.*! The
slight reduction of TG levels we observed in patients during
CSII as compared with controls may be a reflection of this
increased LPL activity. Although the mechanism of the de-
pletion of plasma PL and LpB-PL in IDDM patients remains
unclear, it might also be related to an increased LPL
activity through the phospholipase specificity of the enzyme.

The specific effects of IP insulin administration on
plasma lipids and lipoproteins remain controversial. More-
over, interpretation of the data may be biased by confound-
ing factors such as major improvement of blood glucose
control. Therefore, we have chosen to study adequately
controlled diabetic patients to allow us to evaluate only the
impact of the IP route of insulin administration on lipid
metabolism. However, it is always possible that the addi-
tional 2 to 4 months of insulin therapy could influence the
increase in LpB choline-containing PL, rather than the
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switch from CSII to CIPII. Ideally, the protocol should have
compared an IDDM group that continued to be treated by
CSII and another IDDM group that was switched to
treatment with CIPII, to show strictly specific effects of the
route of insulin administration.

In our series, the increase in plasma and LpB choline-
containing PL observed after 2 and 4 months of CIPII is not
linked to changes in blood glucose control, body weight, or
daily insulin requirements. The only change was a decrease
in the blood glucose standard deviation, which may be
linked to the IP insulin administration, but this might have
contributed to the changes in lipids.*? These lipid changes
may be related to the route of insulin administration. IP
insulin administration is associated with a positive portal-
systemic insulin gradient.” According to Bagdade et al,*
this may be accompanied by a reduction of LPL activity and
consequently a reduction of phospholipase activity. This
hypothesis may explain the increase in PL and LpB-PL
observed in our study. However, recently, Ruotolo et al?!
measured LPL activity in type I diabetic patients after 3 and
9 months of CIPIL They did not observe any clear modifica-
tion of enzyme activity. Unfortunately, glycemic control was
not similar before and after IP infusion, and it is difficult to
know whether the changes in lipoprotein metabolism were
due to improved glycemic control, delivery mode of insulin,
or a combination of several factors.

The influence of hepatic lipase activity on these composi-
tional changes remains to be established. Ruotolo et al?!
reported a progressively increased activity that was signifi-
cant after 9 months of IP insulin therapy.

In conclusion, we found an increase in choline-contain-
ing PL content of plasma and LpB lipoprotein particles
when IDDM patients were treated using CIPII as com-
pared with CSII. These modifications seem to be linked to
the IP route of insulin administration. However, this
hypothesis deserves further study.
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