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Introduction

Plasma triglyceride (TG) levels measured in the post-
prandial state more closely predict cardiovascular end-
points compared to levels measured under fasting
conditions.** Post-prandial hypertriglyceridaemia occurs in
patients with type 2 diabetes>® and potentially contributes to
the marked increase in cardiovascular disease associated
with this condition.

Triglycerides circulate as TG-rich lipoproteins (TRL),
which include both very low-density lipoproteins (VLDL),
produced by the liver, and chylomicrons produced in the
intestine in response to an intake of dietary fat. Intestinally
derived lipoproteins are characterised by the presence of
apolipoprotein B48 (apo B48), which in humans is
exclusively produced by the intestine.”® While diabetic
hypertriglyceridaemia is at least partially due to increased
production and reduced clearance of hepatically derived
lipoproteins, there is also some evidence of an increase in
intestinally derived lipoproteins.”!® However, the extent of
this and whether or not it is altered by improved glycaemic
control is not known.

In previous studies where intestinally derived lipoprotein
metabolism was studied, the quantification of apo B48 in
human serum has proved difficult. This was mainly due to
low concentrations, structural similarity to B100 and lack of
appropriate apo B48 standards.!'-!” Development of an
enzyme-linked immunosorbent assay (ELISA) method has
provided a rapid and simple means to determine the
concentration of apo B48 in plasma. This technique does not
require prior separation of TRL using ultracentrifugation
and does not cross-react with apo B100.18-23

The aim of this study is to determine the apo B48 response to
a mixed meal in apparently healthy participants and in
participants with poorly controlled type 2 diabetes. Statin
treatment is now a fundamental component of management of
patients with diabetes, and participants with diabetes included
similar numbers of patients receiving or not receiving statins.
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ABSTRACT

Factors influencing the concentration of apolipoprotein
B48 (apo B48) at fasting and post-prandial time frames are
still being elucidated. This study assesses some possible
contributing factors including the presence of type 2
diabetes and gender using an established enzyme-linked
immunosorbent assay (ELISA) method. Apo B48 and
triglyceride (TG) levels were measured before and for two,
four and six hours post-prandially in 49 poorly controlled
participants with type 2 diabetes and in 60 apparently
healthy participants (controls). Apo B48 levels in the
control participants increased post-prandially, peaking at
four hours (14.81+7.72 ug/mL) with similar responses
demonstrated in TG concentrations. Post-prandial apo B48
levels were significantly higher in male control participants
as demonstrated by apo B48 area under the curve
(AUC); similar responses were also confirmed in
triglyceride AUC. Post-prandial apo B48 concentrations in
control participants correlated with HOMA-IR (P<0.05).
Apo B48 continued to increase throughout the six hours in
participants with type 2 diabetes (17.73+13.46 ug/mL),
when levels were significantly greater than in the control
participants (13.04%7.67 pg/mL) (P<0.05) despite a
decrease in accompanying TG levels in participants with
type 2 diabetes. Using an ELISA method, this study
demonstrated that gender, insulin resistance (as evidenced
by HOMA-IR) and diabetes status influence serum apo B48
levels. These effects were only apparent post-prandially.
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Materials and methods

Participants

Forty-nine participants with poorly controlled type 2
diabetes were recruited from the Diabetes Day Care Centre
at the Adelaide and Meath incorporating the National
Children's Hospital, Dublin. All participants were either
newly diagnosed or poorly controlled patients with type 2
diabetes mellitus. Patients were excluded if there was
hyperlipidaemia secondary to renal disease, liver disease
and thyroid dysfunction, or a known primary (genetic)
hyperlipidaemia.

All participants were aged 21 years and over. Six
participants were smokers, 28 participants reported no
alcohol units per week and 41 participants followed a low fat
diet at initiation. Thirty-three were established on oral
antihyperglycaemic agents at commencement of the study,
while 21 were receiving statins (Table 1). Statin treatment is
now a fundamental component of management of patients
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with diabetes. The cohort with diabetes included similar
numbers of participants receiving or not receiving statins
based on assessment of presenting lipid profile.

The control participants comprised 60 non-diabetic,
apparently healthy volunteers on no medications, recruited
from the general population. The exclusion criteria for
control participants included the following conditions:
myocardial infarction, angina or heart disease, liver disease,
thyroid disease, hypertension, renal failure and other
debilitating illness. The use of lipid-lowering drugs was also
grounds for exclusion. Eight participants smoked, six
participants reported no alcohol units per week and eight
participants followed a low-fat diet. All control participants
underwent a standard 75 g oral glucose tolerance test.*

The study was approved by the SJH/AMNCH
Research Ethics Committee, Dublin, and each research
participant gave written and informed consent before
commencement.

Study design

The study was a cross-sectional comparison of post-prandial
lipoproteins in 49 participants with poorly controlled type 2
diabetes and 60 apparently healthy volunteers.

Test meal

Participants were advised to avoid alcohol and rigorous
physical activity for two days prior to the study. Each
participant was required to fast overnight (12-14 hours) and
to attend the Diabetes Day Care Centre the following

Table 1. Medication used in the treatment of participants
with type 2 diabetes.

Medication All participants Intensification
(baseline) (Pre-) (Post-)
n=49 n=41 n=41
Metformin only 30 28 24
Gliclazide only 3 2 3
Metformin + gliclazide 2 2 10
Metformin + rosiglitazone 1
No oral antihyperglycaemic agent 13 8 8
Statin 21 15 24
No statin 28 26 17

morning. A 20-G venous cannula was inserted at initiation of
the visit and fasting blood was drawn into serum tubes. Each
participant was given a 1250 kcal fat challenge meal
consisting of approximately 67.3 g carbohydrates, 47.2 g
protein and 82 g fat (24 g saturates, 32 g monounsaturated,
26 g polyunsaturated and 285 mg cholesterol). Subsequent
blood samples were taken at two, four and six hours after
consuming the meal. Participants were required to refrain
from exercise during the visit and were permitted only water
to drink after the meal. All participants remained in the
hospital until study completion six hours after the test meal.

Table 2. Baseline data and metabolic variables in control participants (control) and participants with type 2 diabetes (cohort)

subdivided into those receiving and not receiving statin treatment.

Control Cohort Cohort on statin Cohort — no statin

(n=60) (n=49) (n=21) (n=28)
Age (years) 49.9+5.3 56.3+8.5 55.1+9.8" 57.3x7.4
Gender (m/f) 20/40 22/27 11/10 11/17
BMI (kg/m?) 28.6+6.6 32.2+6.31" 33.5+7.5 31.3+5.2
HOMA-IR 1.71+1.40 4.89+2.97" 4.81+2.34" 4.95+3.42"
HbAlc (%) 5.5+0.5 8.6x1.41 8.3+1.1" 8.9+1.5"
ApoB (g/dL) 1.01+0.27 0.93+0.24 0.84+0.23" 0.99+0.23*
Total cholesterol (mmol/L) 5.1+1.0 4.6+1.1" 4.2+1.0 4.85+1.12*
HDL-C (mmol/L) 1.40+0.42 1.25+0.33 1.23+0.40 1.27+0.28
LDL-C (mmol/L) 3.35+1.01 2.88+0.86" 2.66+0.85* 3.05+0.85
TG fasting (mmol/L) 1.46+0.64 2.26+2.01" 1.95+1.13* 2.49+2 47"
TG 2 h (mmol/L) 12.03+0.84 12.82+2.20" 12.52+1.31 13.04+2.69"
TG 4 h (mmol/L) 12.19+1.08 13.05+2.34" 12.65+1.45 13.34+2.82"
TG 6 h (mmol/L) 11.77+0.88 12.66+1.58" 12.34+1.53 13.13+2.70"
TG AUC (mmol/h/L) 11.97+6.00 16.77+13.17" 14.64+7.82 18.37+16.03"
TGi AUC (mmol/h/L) 2.92+1.96 3.37+2.50 3.12+2.18 3.56+2.74
Apo B48 fasting (ug/mL) 7.41+4.07 9.59+9.64 10.85+13.29 8.66+5.66
Apo B48 2 h (ug/mL) 13.86+7.09 114.23+9.18 714.35+10.78 114.31+7.98
Apo B48 4 h (ug/mL) 114.81+7.72 116.44+10.42 15.11+10.95 17.43+10.08"
Apo B48 6 h (ug/mL) 113.04+7.67 117.73+13.46" 717.84+16.22 17.65+11.28
Apo B48 AUC (ug/h/mL) 77.78+36.02 88.66+52.53 87.62+62.07 89.43+45.28
Apo B48i AUC (ug/h/mL) 33.49+20.15 35.45+26.94 31.20+21.99 38.64+30.12

“P<0.05 vs. normal; fP<0.05 vs. fasting, #P<0.05 vs. cohort on statin.
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*P<0.05 versus male subjects

Fig. 1. a) Apo B48 concentration in the male and female control populations; and

b) Triglyceride concentration in the male and female control populations.

Analytical methods

All samples if not for immediate analysis were separated and
stored at —20°C or —70°C as appropriate (for no longer than
3-12 months as appropriate).

Lipid and glucose analyses were performed on a Roche
Hitachi MODULAR P autoanalyser. All reagents and
calibrators were provided by Roche Diagnostics. Insulin and
C-peptide analysis was performed at St. James’s Hospital,
Dublin, on the Autodelphia automatic immunoassay system.
Direct LDL and HDL methodology was provided by Randox
Laboratories.

Fasting glucose and insulin levels were used to calculate
the HOMA-IR value (Homeostasis Model Assessment of
Insulin Resistance).?> Apolipoprotein B measurement was
performed on the Dade Behring Nephelometer Analyser II.
High-performance liquid chromatography using the Alc 2.2
Plus glycohaemoglobin analyser was used to determine
HbAlc concentrations. The ELISA for apo B48 was obtained
from Shibayagi (Gunma, Japan; www.shibayagi.co.jp). The
assay characteristics have been described previously.202226
There was no cross-reactivity with apo B100 as previously
described.?

Statistical analysis

Variables are expressed as meanz+standard deviation (SD).
Statistical evaluation was performed using SPSS 16.0.1
software provided by SPSS. Significance was set at P<0.05.
The area under the time concentration curve (AUC) was
calculated using the trapezoidal method, with GraphPad

Prism 5.01 software (GraphPad Software). The incremental
area under the curve (IAUC) was calculated from serum
concentrations after the subtraction of baseline values.
Analytical variables did not demonstrate normal Gaussian
distribution; therefore, non-parametric statistics were
employed. Variables were compared between groups using
a Mann-Whitney U test. Variables for which there was a
significant gender effect were compared following
adjustment for gender. A Friedman test was used to
determine an overall time effect in variables measured post-
prandially. Where differences were identified, post-hoc
analysis was carried out using Wilcoxon Signed-Rank tests.

Results

Triglyceride and ApoB48 responses in control participants
Data from control participants are shown in Table 2. The
female to male ratio in the control group was 2:1 (40 females,
20 males; mean age: 49.9%5.3; mean BML: 28.6 kg/m?).
Control participants had higher fasting cholesterol and LDL-
C levels (P<0.05) when compared to participants with
type 2 diabetes. There was an 86% increase in apo B48 level
at the two-hour time-point compared to baseline, and a
further increase at the four-hour time-point. There was a
decrease between the four-hour and the six-hour time-point.
Similar changes were seen in plasma triglyceride levels.
Table 3 and Figures 1a and 1b demonstrate the effect of
gender. Male control participants were more insulin-
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resistant and had lower HDL-C (P<0.05). Fasting TG, TG
AUC, TG iAUC, and TG measured at all time-points were
greater in male participants (P<0.05). Fasting apo B48 did
not differ between gender but apo B48 AUC and apo B48
measured at the four-hour time-point were greater in men
(P<0.05). These effects remained significant following
adjustment for HOMA-IR.

Table 4 demonstrates univariate relationships between apo
B48 levels and other relevant variables. There was no effect
of age or BMI on apo B48 levels. HOMA-IR correlated with
apo B48 measured at the four- and six-hour time-points
(P<0.05). Fasting apo B48 levels correlated strongly with apo
B48 measured at all time-points (P<0.05). Apo B48 levels at
all time-points also correlated strongly with fasting
triglyceride and triglyceride AUC (P<0.05).

Triglyceride and ApoB48 responses in participants with

type 2 diabetes

Baseline data from participants with diabetes are compared
to the control participants in Table 2. Mean age and BMI
were greater in participants with type 2 diabetes. The ratio of
female to male participants was greater in control
participants and therefore statistical comparisons are
reported following adjustment for gender. Fasting TG, TG
AUC and TG measured at all time-points were greater in
participants with type 2 diabetes (P<0.05). In contrast to
control participants, apo B48 levels rose throughout the
measurement period in participants with diabetes, with
levels at each time point significantly greater than control
participants (P<0.05).

Twenty-one participants with type 2 diabetes were
receiving statin treatment in the baseline studies, while
28 were not. Participants receiving statin treatment
demonstrated lower apo B and LDL-C levels when
compared with those not receiving treatment; no significant
changes in post-prandial lipaemia were noted between the
groups. When results from those receiving and not receiving
statin treatment were compared separately with control
participants, differences only emerged in those not receiving
statins. Triglyceride and apo B48 levels in participants with
type 2 diabetes receiving statin treatment did not differ from
control participants, while among participants with diabetes
not receiving statin treatment the fasting TG, TG AUC and
TG measured at all time-points and apo B48 measured at the
four-hour time-point were greater in participants with
diabetes (P<0.05).

The participants with type 2 diabetes were treated with a
range of medications outlined in Table 1. The reported
impact of such medications on post-prandial lipaemia is

Table 3. Characteristics of control participants (male and female).

Female Male

(n=40) (n=20)
Age (years) 50.4+5.5 49.0+4.8
Weight (kg) 78.4+20.2 92.1+15.9"
BMI (kg/m?) 28.5+7.7 28.7+3.6
HOMA-IR 1.56+1.45 2.01+1.26"
HbAlc (%) 5.4+0.5 5.6+0.5
Glucose (mmol/L) 5.1+0.5 5.2+0.6
Apo B (g/dL) 0.97+0.30 1.10+0.19"
Cholesterol (mmol/L) 5.1+1.1 5.2+0.8
HDL-C (mmol/L) 1.55+0.41 1.10+0.25"
LDL-C (mmol/L) 3.26+1.04 3.53+0.96

*P<0.05 vs. female.

incongruous; a number of studies have attempted to assess
impact of metformin therapy on post-prandial lipaemia with
conflicting results.?’-30 Sulfonylureas have led to an increase
in post-prandial insulin concentrations, 3132 glipizide
resulted in a decrease in VLDL TG concentrations® but not
chylomicron triglyceride concentrations. Thiazolinediones
have demonstrated varying effects on post-prandial
lipaemia; some studies have reported no effects,’ as
opposed to decreases in post-prandial triglyceride levels3>3
with decreases in chylomicron concentrations.?”

Discussion

This study has characterised the response of apo B48 and TG
to a standard meal in participants with and without type 2
diabetes. The results show that apo B48 levels increased
following a mixed meal, peaking at four hours in control
participants, but continued to increase in participants with
type 2 diabetes six hours post-prandially when a small but
significant difference in levels between groups was
observed. This differed from the TG response which
demonstrated decreasing levels at six hours post-prandially
with participants from both cohorts. Apo B48 levels were
significantly greater in normal male participants compared
to female participants and this difference persisted following
adjustment for HOMA-IR, which was an independent
correlate of apo B48. This was accompanied by significantly
greater TG levels at all measurement points.

Table 4. Univariate relationships (Spearman’s rho correlation) in control participants.

Apo B48 (fasting)

Apo B48 (2 h)

Apo B48 (4 h) Apo B48 (6 h) Apo B48 (AUC)

Age 0.182 0.11

BMI 0.067 -0.01
HOMA-IR 0.081 0.028
Apo B48 (fasting) = 0.628f
Triglyceride (fasting) 0.568f 0.474%
Triglyceride (AUC) 0.5571 0.5671

0.039 0.209 0.133
-0.01 0.238 0.123
0.282" 0.297" 0.189
0.643f 0.6561 0.766'
0.4521 0.506'" 0.5621
0.541 0.541f 0.615T

*P<0.05; fP<0.001.
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Improved glycaemic control did not influence apo B48
levels at any time-point but differences were observed at the
end of the study between participants with diabetes
receiving statin treatment compared to those who were not.
Gender differences, the effect of insulin resistance, diabetes
status and statin use were not observed under fasting
conditions and were most clearly demonstrable at the later
time-points of the study. The ELISA method used provides a
relatively quick and simple procedure for the quantification
of apo B48 in serum, eliminating the need for
ultracentrifugation.

The mean fasting concentration of apo B48 in control
participants was similar to those reported in two previous
studies of healthy controls, also using the ELISA method.'820
Apo B48 levels in control participants peaked at the four-
hour time-point post-prandially and had returned to
baseline at completion of the study protocol in seven control
participants. These observations are broadly similar to other
studies in control participants.!”/182238

Significant correlations were noted in control participants
between HOMA-IR and apo B48 measured at the four- and
six-hour time-points post-prandially. A mechanistic
explanation for this is provided by recent studies in human
participants, which have demonstrated association of
hyperinsulinaemia with increased apo B48 production
rate.? The observation that there were no differences in apo
B48 AUC or iAUC in poorly controlled participants with
diabetes compared to control participants contrasts with
differences in apo B48 levels that were observed in some
previous studies,’® and also with the significant differences
that were observed in post-prandial TG levels between
participant groups in the current study.

There are mechanistic reasons to expect apo B48 levels to
be increased in participants with diabetes relating to both
increased production and reduced clearance of intestinally
derived lipoprotein particles.l%4-4 Tt is possible that the
relatively minor difference observed in the current study
may be reflective of the use of statin therapy. Some studies
have reported a decrease in post-prandial lipaemia with the
use of various statin medication®>“® thought to be directly
linked to the lowering of LDL-C concentration.
Additionally, apo B48 levels were still increasing in
participants with diabetes by the six-hour time-point, unlike
control participants, indicating a continuing dyslipidaemia
as the next meal approached.

Conclusions

In summary, post-prandial apo B48 levels measured in the
post-prandial setting are influenced by gender, HOMA-IR,
diabetes status and statin use. None of these effects were
observed under fasting conditions and in general only
emerged four or six hours following the meal challenge. The
authors conclude that apo B48 measured by ELISA is a
useful addition to techniques used to study post-prandial
lipoprotein metabolism. O
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