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Abstract

Lecithin:cholesteryl acyl transferase (LCAT) and cholesteryl ester transfer protein (CETP) are key factors in the esterification
of cholesterol and the subsequent transfer of cholesteryl ester from high density lipoproteins (HDL) towards very low and low
density lipoproteins (VLDL+LDL). Phospholipid transfer protein (PLTP), lipoprotein lipase (LPL) and hepatic lipase (HL) are
involved in plasma phospholipid and triglyceride metabolism and also affect HDL. Equivocal changes in plasma cholesteryl ester
transfer have been reported in non-insulin-dependent diabetes mellitus (NIDDM). In 16 NIDDM men with plasma triglycerides
54.5 mmol/l and cholesterol 58.0 mmol/l, plasma cholesteryl ester transfer (CET), cholesterol esterification rate, LCAT and
PLTP activity levels were higher (PB0.05 to PB0.02) in conjunction with higher plasma triglycerides (PB0.01) and lower HDL
cholesterol and cholesteryl ester levels (PB0.05) compared to 16 matched healthy men. Multiple stepwise regression analysis
demonstrated that CET was positively related to VLDL+LDL cholesterol (PB0.001), triglycerides (P=0.001), PLTP activity
(P=0.007) and CETP activity (P=0.008, multiple r=0.94). NIDDM had no effect on CET, independently from these
parameters. HDL cholesteryl ester was negatively related to CET (P=0.017), HL activity (P=0.033) and NIDDM (P=0.047)
and positively to LCAT activity levels (P=0.034, multiple r=0.68). It is concluded that the elevated CET in plasma from
NIDDM patients is associated with higher plasma triglycerides and PLTP activity levels. Furthermore, our data suggest that in
normo- and moderately dyslipidaemic subjects PLTP and CETP activity levels per se may influence the rate of cholesteryl ester
transfer in plasma. Plasma cholesteryl ester transfer appears to be a determinant of HDL cholesteryl ester, but other factors are
likely to contribute to lower HDL cholesteryl ester levels in NIDDM. © 1998 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

The elevated cardiovascular risk in non-insulin-de-
pendent diabetes mellitus (NIDDM) can in part be
attributed to plasma lipoprotein abnormalities of which

low high density lipoprotein (HDL) cholesterol and
high plasma triglycerides are most widely recognized
[1–3]. HDL plays a crucial role in the process of reverse
cholesterol transport whereby cholesterol is transported
from peripheral cells to the liver where it is taken up
and subsequently excreted as cholesterol and bile acids
in the stool [4–6].

HDL metabolism and remodelling is regulated in a
complex way by several factors including
lecithin:cholesterol acyl transferase (LCAT), cholesteryl
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ester transfer protein (CETP), phospholipid transfer
protein (PLTP) and lipase activities [5–10]. LCAT has
the ability to esterify free cholesterol in HDL, whereas
CETP enables the subsequent transfer of cholesteryl
ester from HDL towards very low and low density
lipoproteins (VLDL and LDL). PLTP, a lipid transfer
protein that facilitates the transfer and exchange of
phospholipids between lipoproteins, may enhance
CETP-mediated transfer of cholesteryl ester between
isolated HDL and apolipoprotein (apo) B-containing
lipoproteins in vitro [9,11]. Recent studies have shown
that PLTP also has the ability to convert HDL3, the
dense HDL fraction, into larger and smaller HDL
particles [10,12], and during this HDL remodelling
preb-HDL particles are generated [13,14]. Such parti-
cles are thought to represent the initial acceptors of free
cholesterol from cell surfaces as well as the primary
LCAT substrate [5,15]. During lipoprotein lipase
(LPL)-mediated hydrolysis of triglycerides in chylomi-
crons and VLDL, free cholesterol and phospholipids
are liberated and these lipid constituents are incorpo-
rated in HDL particles [7]. Hepatic lipase (HL) is
thought to enhance hepatic HDL cholesterol uptake,
thus explaining the negative relationship between HL
activity and HDL cholesterol [1,16].

Despite intensive study, it remains controversial
whether plasma cholesteryl ester transfer between HDL
and VLDL+LDL is abnormal in NIDDM. Early
studies in severely hyperglycaemic, untreated NIDDM
patients showed net cholesteryl ester mass transfer from
HDL towards apo B-containing lipoproteins to be di-
minished [17,18]. More recently, plasma cholesteryl es-
ter transfer was found to be increased [19–23] or
unaltered in NIDDM [24]. In some of these studies
abnormalities in plasma cholesteryl ester transfer were
attributed to alterations in the composition and concen-
tration of cholesteryl ester acceptor lipoproteins, i.e.
VLDL and LDL [19,21–23], or in HDL [25], whereas
the plasma CETP level itself was not increased
[19,24,26]. Altered lipoprotein composition may also be
the consequence rather than the cause of altered rates
of cholesteryl ester transfer in NIDDM [27]. Of interest,
plasma PLTP activity levels are positively related to
plasma triglycerides, obesity and insulin resistance in
non-diabetic subjects [28–30], thus raising the possibil-
ity that PLTP activity is increased in NIDDM.

There are no studies in which plasma cholesteryl
ester transfer as well as the activity levels of LCAT,
CETP and PLTP and lipases have been measured to-
gether in NIDDM. The purpose of the present study
was to compare plasma cholesteryl ester transfer in
NIDDM and healthy subjects and to determine which
of the above mentioned factors contribute to plasma
cholesteryl ester transfer in conjunction with plasma
levels of apo B-containing lipoproteins. Furthermore, it
was evaluated whether the HDL cholesteryl ester level
is related to plasma cholesteryl ester transfer.

2. Patients and methods

The study was approved by the medical ethics com-
mittee of our hospital and all participants gave their
written informed consent. NIDDM patients and
healthy subjects were recruited by advertisement. In the
NIDDM patients diabetes mellitus was diagnosed ac-
cording to National Diabetes Data group criteria [31].
NIDDM was diagnosed after 40 years of age and none
of the patients had experienced ketoacidotic periods.
They were treated with either diet alone or with a
combination of diet and oral hypoglycaemic drugs but
not with insulin. In the healthy subjects, diabetes melli-
tus was excluded by a 75-g oral glucose tolerance test
with a fasting venous blood glucose level of 6.7 mmol/l
and a 2-h level of 7.8 mmol/l as cut-off values. To avoid
effects of the menstrual cycle and of smoking on lipid
levels only non-smoking men participated. Fasting total
cholesterol \8.0 mmol/l and/or plasma triglycerides
\4.5 mmol/l were exclusion criteria and thus only
normolipidaemic and moderately dyslipidaemic subjects
were included. Subjects with clinically manifest cardio-
vascular disease, hypertension (systolic blood pressure
\160 mmHg and diastolic blood pressure \95
mmHg), microalbuminuria (urinary albumin excretion
\20 mg/min), liver function abnormalities, thyroid
dysfunction, alcohol use of more than three drinks per
day and the use of any other medication than oral
hypoglycaemic drugs were also excluded. Body mass
index (BMI) was calculated as weight divided by height
squared and a BMI \27 kg/m2 was considered to
indicate obesity. The waist/hip ratio (WHR) was mea-
sured as the ratio of the smallest circumference between
rib cage and iliac crest and the largest circumference
between waist and thigh [32].

Sixteen NIDDM patients and 16 healthy subjects
participated in the study. They were individually
matched by age (within 5 years) and the presence of
obesity. The clinical characteristics of the study partici-
pants are given in Table 1. Age, BMI, waist/hip ratio
and mean arterial pressure were not different in
NIDDM and healthy subjects. Alcohol consumption
was similarly moderate in both groups. HbA1c and
fasting blood glucose levels were higher in NIDDM
compared to healthy subjects. Two NIDDM patients
were treated with diet alone, eight were treated with
diet and sulphonylurea, five with diet, sulphonylurea
and metformin, and one patient with diet and met-
formin. Venous blood was obtained at 08:00 h after the
subjects were fasting for 12 h. Blood was taken when
the subjects were in supine rest for 30 min. They were
urged not to change dietary habits in the week preced-
ing the study. On separate occasions, most of the
subjects also participated in studies aimed at evaluating
the effect of hyperinsulinaemia on free fatty acids
(FFA) and lipoprotein metabolism.
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2.1. Laboratory measurements

Venous blood was collected into ethylene diaminete-
tracetic acid-containing (1.5 mg/ml) tubes and was
placed on ice immediately. Plasma was obtained within
30 min by centrifugation at 3000 rpm for 15 min at
4°C. Samples were frozen at −70°C until analysis.
Lipids were measured in plasma and in the HDL-con-
taining supernatant fraction after removal of apolipo-
protein B (apo B)-containing lipoproteins with
polyethylene glycol-6000 [33]. VLDL+LDL were cal-
culated as the difference between whole plasma and the
supernatant fraction. Total cholesterol was measured
by gas chromatography. In plasma and in the HDL
fraction free cholesterol was assayed by a modification
of this method in which the hydrolysis step was omitted
[34]. Cholesteryl ester was calculated as the difference
between total and free cholesterol. Triglycerides were
measured enzymatically [28]. Apo A-I and apo B were
measured by immunoturbidimetry (kits from
Boehringer Mannheim, Germany, catalogue nos.
726478 and 726494, respectively). Plasma FFA were
measured enzymatically (kit from Wako, Germany,
catalogue no. 994-754-75409).

Plasma newly synthesised cholesteryl ester transfer,
designated cholesteryl ester transfer (CET) [22], was
assayed essentially as described previously [35]. In brief,
[3H]cholesterol was incorporated in an albumin emul-
sion and was equilibrated overnight with plasma free
cholesterol at 4°C, followed by incubation of the sam-
ple at 37°C for 3 h. Subsequently, VLDL+LDL were
precipitated by addition of phosphotungstate/MgCl2.
Lipids were extracted from the precipitate and the
cholesteryl esters were separated on silica columns and
radioactivity was then counted. This assay system is not

influenced by cholesterol esterification on LDL [35].
Since it has been demonstrated that CET is strongly
correlated with net cholesteryl ester mass transfer from
HDL towards VLDL and LDL in the absence of active
LCAT, CET can be regarded as an accurate estimate of
cholesteryl ester mass transfer in plasma [20]. Plasma
cholesterol esterification rate (EST) was determined by
measurement of [3H]cholesterol esterification following
equilibration of added [3H]cholesterol at 4°C, as de-
scribed above and incubated at 37°C for 1 h [35].
Plasma LCAT activity level was measured using excess
exogenous substrate containing [3H]cholesterol as de-
scribed [28,36]. Plasma LCAT activity levels vary lin-
early with the amount of plasma used in the incubation.
CETP activity level was determined after removal of
VLDL+LDL from each sample [28,37]. The isotope
assay measures the transfer of [1-14C-oleate]-cholesteryl
ester from labelled LDL to an excess of unlabelled
pooled normal HDL, while LCAT is inhibited with
dithiobis-2-nitrobenzoic acid. CETP activity was calcu-
lated as the bidirectional transfer between labelled LDL
and HDL. The LCAT and CETP activity levels ob-
tained by these methods are strongly correlated with
their mass concentrations in plasma [38,39]. Plasma
PLTP activity level was measured in a liposome vesi-
cles-HDL system as described [28,40]. Plasma samples
were incubated with [3H]phosphatidylcholine labelled
liposomes and an excess of pooled normal HDL, fol-
lowed by precipitation of the liposomes with a mixture
of NaCl, MgCl2 and heparin (final concentrations of
230 mmol/l, 92 mmol/l and 200 U/ml, respectively).
The measured PLTP activities are linearly correlated
with the amount of plasma used in the incubations. The
method is not influenced by the phospholipid transfer
promoting properties of CETP [40]. All these assays
were performed using the same batches of substrates.
CET and EST are expressed in nmol/ml/h. Plasma
LCAT, CETP and PLTP activity levels were related to
human pool plasma and are expressed in arbitrary units
(AU, which corresponds to the percentages of the activ-
ities in the pool plasma). The within assay coefficients
of variation of CET, EST, LCAT, CETP and PLTP,
are 7.1, 5.4, 4.5, 2.7, and 3.5%, respectively. Plasma for
LPL and HL was obtained 20 min after intravenous
injection of 50 IU/kg of heparin. This test was done
after collection of plasma for the other lipoprotein
variables. LPL and HL were assayed as described previ-
ously [41].

Blood glucose was analysed with a Yellow Springs
Glucose Analyzer (model 23A, Yellow Springs, Yellow
Springs, OH). Glycated haemoglobin (HbA1c) was mea-
sured by high performance liquid chromatography
(Bio-Rad, Veenendaal, Netherlands; normal range 4.6–
6.1%).

Table 1
Clinical characteristics and parameters of metabolic control in non-
insulin-dependent diabetic (NIDDM) and healthy subjects

NIDDM patients Healthy subjects
(n=16) (n=16)

55 (40–65)Age (years) 54 (42–66)
Diabetes duration (years) 4 (1–25)

26.9 (22.1–43.4)BMI (kg/m2) 27.0 (20.9–31.3)
Waist/hip ratio 0.99 (0.89–1.12) 0.98 (0.79–1.04)
Mean arterial pressure 104 (87–117) 101 (94–110)

(mmHg)
7.0 (6.0–10.5)aHbA1c (%) 5.5 (4.0–6.6)

4.9 (4.1–5.9)Fasting blood glucose 7.8 (3.8–14.4)a

(mmol/l)
0 (0–3)Alcohol consumption 0.2 (0–2)

(drinks/day)

Data in median (range). BMI, body mass index.
a PB0.001 from healthy subjects.
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Table 2
Plasma lipids, (apo)lipoproteins and free fatty acids in non-insulin-de-
pendent diabetic (NIDDM) and healthy subjects

NIDDM patients Healthy subjects
(n=16)(n=16)

5.03 (3.83–7.38) 4.80 (3.60–6.67)Plasma total cholesterol
(mmol/l)

1.66 (0.72–3.69)***Plasma triglycerides 0.90 (0.50–1.74)
(mmol/l)

4.00 (2.02–5.92)VLDL+LDL cholesterol 3.60 (2.33–5.75)
(mmol/l)

HDL cholesterol (mmol/l) 1.20 (0.85–1.75)1.00 (0.53–1.81)*
0.82 (0.48–1.49)*HDL cholesteryl ester 1.04 (0.71–1.65)

(mmol/l)
0.21 (0.13–0.43)****HDL triglycerides 0.15 (0.11–0.23)

(mmol/l)
0.99 (0.60–1.23)**Apolipoprotein B (g/l) 0.73 (0.56–1.25)

1.23 (1.06–1.55)1.22 (0.77–1.78)Apolipoprotein A-I (g/l)
0.64 (0.40–0.94)***Plasma free fatty acids 0.46 (0.27–0.64)

(mmol/l)

Data in median (range).
* PB0.05, from healthy subjects.
** PB0.02, from healthy subjects.
*** PB0.01, from healthy subjects.
**** PB0.001 from healthy subjects.

triglycerides ]2.0 mmol/l. When these subjects were
excluded from the between-group comparisons, no sig-
nificant differences in plasma CET, EST, LCAT and
PLTP activity were present (all P\0.10) but HDL
cholesteryl ester still tended to be lower and HDL
triglycerides remained higher in NIDDM compared to
healthy subjects (0.84 (0.64–1.49) vs. 1.04 (0.71–1.65)
mmol/l, PB0.08 and 0.20 (0.13–0.25) vs. 0.15 (0.11–
0.23) mmol/l, PB0.05, respectively).

Multiple stepwise regression analysis was performed
in the combined subjects to determine which factors
contributed to CET. CET was positively related to
VLDL+LDL cholesterol (PB0.001), plasma triglyce-
rides (P=0.001), plasma PLTP activity (P=0.007) and
CETP activity (P=0.008, multiple r=0.94) without
significant contributions of plasma LCAT activity (P=
0.09) as well as of LPL and HL activity, the plasma
FFA level, BMI and the presence of NIDDM as cate-
gorial covariate (or alternatively the HbA1c level) (P\
0.20 for all). This analysis thus demonstrated that the
higher plasma CET levels in NIDDM were related to
higher plasma triglycerides in combination with higher
plasma PLTP activity levels. The bivariate correlations
of CET with VLDL+LDL cholesterol, plasma triglyc-
erides, plasma PLTP and CETP activity levels in the
combined subjects and in NIDDM patients and healthy
subjects separately are shown in Fig. 1. Plasma PLTP
activity was correlated with triglycerides in the com-
bined subjects (Rs=0.57, PB0.01), whereas the corre-
lations in the NIDDM patients (Rs=0.45, PB0.10)
and healthy subjects (Rs=0.27, ns) did not reach sig-
nificance. There was no significant relationship between
plasma CETP and PLTP activity levels in the combined

2.2. Statistical analysis

Data are expressed in median (range). Between-group
differences in parameters were compared by using
Mann–Whitney U tests. Bivariate relationships were
evaluated by Spearman’s rank correlation analysis (Rs).
Multiple stepwise logistic regression analysis was used
to analyze the independent relationships between
parameters. A two-sided P-value B0.05 was consid-
ered significant.

3. Results

Fasting plasma triglycerides, apo B and FFA levels
were higher in NIDDM than in healthy subjects,
whereas HDL cholesterol was lower in the NIDDM
patients (Table 2). The lower HDL cholesterol in
NIDDM patients was due to a lower HDL cholesteryl
ester concentration. HDL triglycerides, in contrast,
were higher in NIDDM patients. No significant differ-
ences in plasma total and VLDL+LDL cholesterol
and in apo A-I levels were present between the groups.

As shown in Table 3, CET and EST were higher in
plasma from NIDDM patients compared to healthy
subjects. Plasma LCAT and PLTP activity levels were
also higher in NIDDM patients but no significant
between-group differences in plasma CETP activity as
well as in LPL and HL activity levels in postheparin
plasma were present. A total of six patients had plasma

Table 3
Plasma cholesteryl ester transfer (CET), cholesterol esterification rate
(EST), lecithin:cholesterol acyl transferase (LCAT), cholesteryl ester
transfer protein (CETP), phospholipid transfer protein (PLTP) activi-
ties, and postheparin lipoprotein lipase (LPL) and hepatic lipase (HL)
activities in non-insulin-dependent diabetic (NIDDM) and healthy
control subjects

NIDDM patients Healthy subjects
(n=16) (n=16)

CET (nmol/ml/h) 19.2 (7.2–43.3)28.5 (9.6–49)*
76.7 (47.8–117.2)*EST (nmol/ml/h) 61.2 (35.8–101.4)

LCAT activity 95 (71–128)* 86 (68–105)
(AU)

76 (60–107)PLTP activity 96 (56–127)**
(AU)

76 (52–110)CETP activity 72 (51–157)
(AU)

109 (66–196)LPL (U/l) 142 (58–194)
425 (131–723)HL (U/l) 436 (260–952)

Data in median (range).
* PB0.05, from healthy subjects.
** PB0.02 from healthy subjects.
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Fig. 1. Relationships of plasma cholesteryl ester transfer (CET) with VLDL+LDL cholesterol (A), plasma triglycerides (B), plasma phospholipid
transfer protein (PLTP) activity (C) and cholesteryl ester transfer protein (CETP) activity (D) in 16 NIDDM (+ ) and 16 healthy subjects (�).
Combined subjects: (A) Rs=0.83, PB0.001; (B) Rs=0.77, PB0.001; (C) Rs=0.72, PB0.001; and (D) Rs=0.38, PB0.05. NIDDM patients:
(A) Rs=0.78, PB0.01; (B) Rs=0.64, PB0.02; (C) Rs=0.69, PB0.01; and (D) Rs=0.45, PB0.10. Healthy subjects: (A) Rs=0.89, PB0.001;
(B) Rs=0.78, PB0.01; (C) Rs=0.42, PB0.10; and (D) Rs=0.44, PB0.10.

subjects (Rs=0.29, P=0.10, n=32). Bivariate correla-
tion analysis showed that plasma EST was strongly
correlated with CET in the combined subjects (Rs=
0.84, PB0.001), as well as in NIDDM patients (Rs=
0.89, PB0.001 and in healthy subjects (Rs=0.78,
PB0.01). In multiple regression analysis EST was pos-
itively related to plasma LCAT activity (P=0.001),
plasma triglycerides (P=0.016), plasma CETP activity
(P=0.018) and PLTP activity (P=0.032, multiple r=
0.89). Again no independent associations with LPL and
HL activity levels as well as with the plasma FFA level,
BMI and the presence of NIDDM were demonstrated
(all P\0.15). The bivariate correlations of EST with
plasma LCAT activity, triglycerides, CETP activity and
PLTP activity in the combined subjects and in the
separate groups of NIDDM and healthy subjects are
shown in Fig. 2. Multiple regression analysis also
demonstrated that HDL cholesteryl ester concentration
was negatively related to CET (P=0.017), HL activity
(P=0.033) and to the presence of NIDDM (P=
0.047), and positively to plasma LCAT activity (P=

0.034, multiple r=0.68). No associations with BMI,
plasma FFA levels and LPL activity were found (all
P\0.15). HDL cholesteryl ester was significantly cor-
related with CET (Rs= −0.44, PB0.02) and with HL
activity (Rs= −0.44, PB0.02) in the combined sub-
jects. Such bivariate correlations were also present in
the healthy subjects (Rs= −0.73, PB0.01 for CET,
and Rs= −0.71, PB0.01 for HL activity), but not in
the NIDDM patients (Rs= −0.04, ns and Rs= −0.24,
ns, respectively). The bivariate relationship with LCAT
activity was not significant (Rs=0.29, P=0.10, n=
32).

4. Discussion

In the present study, we have demonstrated that CET
is higher in plasma from NIDDM patients compared to
healthy control subjects in conjunction with higher
plasma triglycerides and PLTP activity levels. More-
over, CET was related to VLDL+LDL cholesterol
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and plasma triglyceride concentrations as well as to the
plasma activity levels of PLTP and CETP. Thus, our
data support the possibility that in normolipidaemic
and moderately dyslipidaemic subjects plasma
cholesteryl ester transfer is not only governed by the
constellation of apo B-containing lipoproteins that ac-
cept cholesteryl ester from HDL but also by the plasma
activity levels of lipid transfer proteins per se.

Elevated plasma levels of triglyceride-rich lipo-
proteins are important in accelerating cholesteryl ester
transfer [8,42,43], as supported by the lack of difference
in CET after exclusion of subjects with high triglyceride
levels from the present analysis. This is in keeping with
previous findings in NIDDM [20,21], although even in
the absence of hypertriglyceridaemia lipoprotein com-
positional changes have been shown to accelerate
cholesteryl ester transfer in NIDDM [19,22]. The rate
of cholesteryl ester transfer in plasma from normolipi-
daemic subjects has been demonstrated to correlate
with the FFA level [44]. Our present study suggests that

FFA levels as well as lipolytic enzyme activities do not
significantly influence cholesteryl ester transfer, inde-
pendently from the other factors involved. Enhanced
apolipoprotein glycation has been shown to accelerate
cholesteryl ester transfer in vitro [45]. This mechanism
may not be important in diabetic patients with accept-
able metabolic control, since CET was not different in
NIDDM and control subjects after exclusion of hyper-
triglyceridaemic individuals from the analysis. The infl-
uence of apolipoprotein glycation on CET in poorly
controlled NIDDM awaits further study. The absence
of an effect of diabetes on the plasma level of CETP
activity, as an estimate of CETP mass, is in accordance
with other studies in NIDDM [19,24,26] and uncompli-
cated IDDM [46], and indicates that plasma cholesteryl
ester transfer can be accelerated without an increase in
the plasma CETP concentration.

A potentially important novel finding was that PLTP
activity levels are higher in NIDDM. Correlation analy-
sis suggested that PLTP may accelerate cholesteryl ester

Fig. 2. Relationships of plasma cholesterol esterification rate (EST) with plasma lecithin:cholesterol acyl transferase (LCAT) (A), plasma
triglycerides (B), cholesteryl ester transfer protein (CETP) activity (C) and phospholipid transfer protein activity (D) in 16 NIDDM (+ ) and 16
healthy subjects (�). Combined subjects: (A) Rs=0.69, PB0.001; (B) Rs=0.75, PB0.001; (C) Rs=0.40, PB0.05; and (D) Rs=0.67, PB0.001.
NIDDM patients: (A) Rs=0.76, PB0.01; (B) Rs=0.64, PB0.02; (C) Rs=0.43, PB0.10; and (D) Rs=0.68, PB0.01. Healthy subjects: (A)
Rs=0.57, PB0.05; (B) Rs=0.62, PB0.02; (C) Rs=0.46, PB0.10; and (D) Rs=0.48, PB0.10.
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transfer in plasma. A recent evaluation of PLTP in
NIDDM showed that PLTP action on exogenous lipo-
proteins in vitro was decreased in plasma from NIDDM
patients compared to control subjects [47]. However, in
that study the phospholipid transfer promoting effect of
PLTP was not separated from that of CETP, making a
direct comparison between the assay systems difficult. In
another study, plasma PLTP activity was not found to
be altered in NIDDM [48]. The higher plasma PLTP
activity levels in NIDDM are in keeping with our
hypothesis that PLTP activity is higher in insulin resis-
tant states [28–30]. Since plasma PLTP is lowered by
endogenous hyperinsulinaemia in healthy subjects [30],
it is tempting to speculate that this effect of insulin is
impaired in insulin resistant states.

The rate of plasma cholesterol esterification was also
accelerated in NIDDM, in contrast with earlier data
[22,49,50]. In those reports plasma apo A-I was lower
[22] and triglycerides were not significantly higher
[49,50] in the NIDDM groups. Apo A-I is an important
cofactor for LCAT [7] and hypertriglyceridaemia stimu-
lates cholesterol esterification [51]. These points could
explain part of the discrepancy. Our results support a
role of plasma triglycerides as well as of LCAT, CETP
and PLTP activity levels in plasma cholesterol esterifica-
tion. Among other mechanisms, this may be due to the
ability of PLTP and CETP to generate preb-HDL
particles during HDL remodelling [5,6,13–15,52]. In
this respect it is important that variability in plasma
PLTP expression influences preb-HDL generation in
vivo [53,54]. Interestingly, preb-HDL levels are elevated
in hypertriglyceridaemia [55], a phenomenon which
could be due to a link between hypertriglyceridaemia
and high PLTP activity levels.

HDL cholesteryl ester was inversely correlated with
CET and HL activity in all subjects together and in
healthy subjects separately, in keeping with the notion
that cholesteryl ester transfer [5–9] and HL [1,16,56]
affect HDL core lipid metabolism. The HDL cholesteryl
ester lowering in relation to the diabetic state per se, as
suggested by multiple regression analysis and the lack of
a significant correlation between CET, HL activity and
HDL cholesteryl ester in the NIDDM patients, supports
the possibility that NIDDM is associated with other
abnormalities in HDL metabolism as well. It was re-
cently shown that increased HDL apo A-I catabolism is
related to low HDL cholesterol in NIDDM [57]. Accel-
erated plasma cholesteryl ester transfer has been shown
in various hyperlipidaemic and dyslipidaemic conditions
associated with increased risk of atherosclerosis
[19,22,58]. The higher plasma cholesteryl ester transfer
in NIDDM and its inverse relationship with HDL
cholesteryl ester is concordant with this notion. Accord-
ingly, both HDL cholesterol lowering and early devel-
opment of atherosclerosis are observed in transgenic
mice expressing simian CETP [59], whereas complete

CETP deficiency is associated with extremely high HDL
cholesterol levels and longevity in man [60]. On the
other hand, the putative role of accelerated cholesteryl
ester transfer to promote reverse cholesterol transport
would suggest a protective effect of accelerated
cholesteryl ester transfer. Intriguingly, CETP expression
in transgenic mice with hypertriglyceridaemia mitigates
the development of atherosclerosis [61], and cardiovas-
cular risk is elevated in partial human CETP deficiency
despite high HDL cholesterol levels [62].

The present study suggests that PLTP has the ability
to promote plasma cholesteryl ester transfer in plasma.
Its HDL remodelling action suggests a protective role of
PLTP in atherogenesis. Our data clearly illustrate the
complexity of interrelated mechanisms involved in HDL
metabolism.
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