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Background and aims: 1t is suggested that the changes in atherosclerosis happen mainly under the influence of
non-fasting lipids. To date, the studies in the postprandial state were primarily performed on healthy subjects.
This exploratory, cross-sectional study investigates the change in lipid profile, inflammation, and platelet acti-
vation in patients with different cardiovascular risk profiles in the postprandial state.

Methods: The studied population consists of 66 patients with different cardiovascular risks: patients with a history
of the chronic coronary syndrome (CCS) and diabetes mellitus type 2 (DM2) (n = 20), CCS without DM2 (n =
25), and a healthy control group (n = 21). Lipid variables and markers of platelet function and inflammation
were assessed during the fasting state and three and 5 h after a standardized fat meal using a standardized oral fat
tolerance test (OFTT), a milkshake with 90 g of fat.

Results: Patients with CCS and DM2 were significantly older and had the highest BMI. All patients with CCS were
on acetylsalicylic acid, and 95% of CCS patients were on high-dose statins. The absolute leukocyte and neu-
trophile count increased significantly in the control group during the OFTT in comparison to CCS subjects. There
was a significant decrease of HDL and increase of triglycerides during the OFTT, however with no difference
between groups. There was no difference in the change of platelet activity between all groups.

Conclusion: This study showed that OFTT leads to an increased postprandial inflammation response in healthy
group compared to CCS &+ DM2 while there was no change in lipid profile and platelet activity.

1. Introduction well known, and several mechanisms are involved. Very low-density

lipoprotein (VLDL) particles and low-density lipoprotein cholesterol

Previously, fasting for at least 8 h was required to evaluate the lipid
profile. However, fasting for more than 8 h usually occurs only before
breakfast, and most individuals remain presumably longer in the non-
fasting state. During the fasting state, plasma contains only athero-
genic lipoproteins of hepatic origin, whereas atherogenic lipoproteins of
intestinal origin are also present in the non-fasting state. Therefore,
evaluating a non-fasting lipid profile determines more accurately the
total amount of atherogenic lipoproteins in plasma during the day [4-6].

The association between hyperlipidemia and a prothrombotic state is

(LDL-c) particles can activate platelets by changing the lipid composi-
tion and interactions between lipoprotein and lipoprotein receptors on
the platelet membrane [7]. Moreover, an increase in platelet cholesterol
enhances the sensitivity of platelets to aggregate [8]. On the opposite,
high-density lipoprotein cholesterol (HDL-c) removes cholesterol from
peripheral tissues, therefore limiting the content of intraplatelet
cholesterol and modulating signals of the platelet pathway [9].

Studies on postprandial lipemia have shown that postprandial tri-
glycerides (TG) are a better predictor of cardiovascular disease (CVD)
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Table 1
Baseline characteristics of the study population.
CCS + DM CCS- DM Control p-
N =20 N =25 groupN =21  value
Age, yrs (mean, +SD) 66 (7)* 61 (7)° 53 (5)¢ <
0.001
Male, n (%) 14 (70.0) 18 (72.0) 8(38.1) 0.038
BMI, kg/rl'l2 (median, 31.0 (6.2)* 29.8 (8.0)* 25.8 (5.6)b 0.004
IQR)
Arterial hypertension, n 20 (100.0)? 21 (84.0)* 3(14.3)° <
(%) 0.001
History of acute coronary 10 (50.0)* 19 (76.0)* ob <
syndrome, n (%) 0.001
History of PCI, n (%) 20 (100.0)* 24 (96.0)* 0P <
0.001
History of CABG, n (%) 2(10.0) 1(4.0) 0 0.387
Positive family history 6 (30.0) 9 (36.0)? ob 0.025
for CCS, n (%)
Peripheral artery 1 (5.0) 2 (8.0) 0 0.633
occlusive disease, n
(%)
Cerebral occlusive 1 (5.0) 4 (16.0) 0 0.148
disease, n (%)
Chronic kidney disease, n 2 (10.0) 1(4.0) 0 0.387
(%)
Smoking, n (%) 2(10.0) 6 (24.0) 3(14.3) 0.461

BMI- body mass index, CABG-coronary artery bypass graft, CCS- chronic coro-
nary syndrome, DM-diabetes mellitus type 2, IQR-interquartile range, PCI-
percutaneous coronary intervention, yrs-years, SD - standard deviation.

CCS + DM-subjects with a history of CCS and DM, CCS-DM- subjects with CCS
but without DM2,. control group without CCS- control group.

If there was a significant difference, the post hoc analysis was performed. The
significant difference in proportion in the post hoc analysis was shown between
the groups with different letters (*>).

Table 2
Medication according to the study group.

CCS+DMN CCS-DMN  Control group p-
=20 =25 N=21 value
Beta blockers, n (%) 17 (85.0) 20 (80.0) 1(4.8) <
0.001
ACEI/ARB, n (%) 15 (75.0) 16 (64.0) 3(14.3) <
0.001
Calcium channel 9 (45.0) 3(12.0) 0 <
blockers, n (%) 0.001
Diuretics, n (%) 3 (15.0) 4 (16.0) 0 0.157
Acetylsalicyl acid, n 20 (100.0) 25 (100) 0 <
(%) 0.001
High-dose statins, n 20 (100.0) 23 (92.0) 0 <
(%) 0.001
Diabetes medication, n (%)
Metformin 19 (95.0) 0 0
Sulfonylurea 4 (20.0) 0 0
Pioglitazone 1(5.0) 0 0
SGLT2-inhibitors 3 (15.0) 0 0
GLP-1 RA 1(5.0) 0 0
DPP-4- inhibitor 6 (30.0) 0 0
Insulin 7 (35.0) 0 0

ACEI- angiotensin-converting enzyme inhibitors, ARB- angiotensin II receptor
blockers, CCS- chronic coronary syndrome, DM2-diabetes mellitus type 2, DPP4-
dipeptidyl peptidase 4, GLP1 RA- Glucagon-like peptide-1 receptor antagonist,
IQR-interquartile range, SGLT2-sodium-glucose cotransporter-2, SD - standard
deviation.

CCS + DM-subjects with a history of CCS and DM, CCS-DM- subjects with CCS
but without DM2,. control group without CCS- control group.

than fasting TG [5,10,11]. Furthermore, postprandial lipemia was re-
ported to be associated with endothelial dysfunction, elevated oxidative
stress, upregulation of proinflammatory genes in endothelial cells,
increased production of leukocyte activation markers and stimulation of
the complement system, respectively [12]. These processes are consid-
ered promoting factors in the development and progression of
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atherosclerosis [12]. Most studies on postprandial lipemia were per-
formed in healthy subjects or in individuals with diabetes mellitus type 2
(DM2) without CVD. Accordingly, little is known about the lipid profile
during a postprandial state in patients with established CVD [2,13-20].
Therefore, our study aimed to investigate postprandial lipid profiles and
markers of inflammation and platelet activation in high-risk chronic
coronary syndrome (CCS) patients with/without DM2 and to compare
these results with a healthy population.

2. Methods

This study is an explorative and hypothesis-generating longitudinal
analysis of postprandial platelet activity and inflammation during an
oral fat tolerance test (OFTT) in subjects with different cardiovascular
risk profiles. The study was designed and performed according to the
Helsinki criteria and evaluated by the local ethics committee (EC
Number: 16-004-0316).

The study was conducted at the 3rd Medical Department, Cardiology
and Intensive Care Medicine, at Clinic Ottakring (Wilhelminenhospital),
Vienna, Austria.

2.1. Study population

The studied population consisted of sixty-six participants with
different cardiovascular risk profiles: 1. Subjects with a history of CCS
with DM2 (CCS + DM), 2. Subjects with CCS without DM2 (CCS-DM),
and 3. A healthy control group.

Subjects with a history of ischemic heart disease, acute coronary
syndrome, or percutaneous coronary intervention (PCI) at least one year
prior to study inclusion were considered as having CCS. Obviously,
healthy subjects consisted of the control group. In general, subjects older
than 80 years or younger than 18 years, or patients with relevant he-
matologic disorders (haemoglobin <10 mg/dl, platelet count <100 x
10° cells/1 or platelet count >600 x 10° cells/1), known platelet function
disorder, a history of alcohol or drug abuse, ongoing antibiotics therapy,
or on oral anticoagulants were excluded. All subjects gave their written
informed consent for participation in the study.

There are no data on changes in platelet function in patients with
CCS after OFTT assessed via multiplate available in the literature.
Therefore, no exact sample size calculation could be performed on the
given co-primary outcome variables. Alternatively, sample size estima-
tion was performed according to the results on ADP-response of platelet-
rich plasma after OFTT in patients with metabolic syndrome by Sin-
zinger et al. [15]. Accordingly, 21 patients would be needed to show a
significant difference in platelet activation (given a desired power of 0.8
and a p-value of 0.05) per group.

2.2. Oral fat tolerance test

Study participants underwent three blood drawings and a stan-
dardized high-fat meal. The first blood collection was performed after a
10-h fasting period between 7 and 8 a.m. In case patients were on
regularly prescribed drugs, such therapy was taken approximately 1 h
before the first blood drawing. Subjects consumed a standardized high-
fat meal during the oral fat tolerance test (OFTT) directly after the first
blood draw. This high-fat meal was served as a milkshake and included
90 g fat, 62,35 g saturated fatty acid, and 42,7 g carbohydrates, with a
corresponding caloric intake of 1032,8 kcal. The milkshake was
consumed within 10 min under direct staff supervision. Subjects were
not allowed to perform any physical activity during the whole course of
OFTT and remained mainly in a sitting position. Subjects were not
allowed to eat anything else, and only intake of water or nonfatty fluids
was permitted during the 5 h after the fat loading. The second and third
blood collections were performed three and 5 h after consuming the
standardized high-fat meal.
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Fig. 1. Lipid profile (A. HDL-c, and B. triglyceride concentration (mg/dL)) during the oral fat tolerance test.

FL-fat loading Blue boxplot-patients with chronic coronary syndrome and diabetes mellitus type 2, green boxplot-patients with the chronic coronary syndrome
without diabetes mellitus type 2, red boxplot-control group Dots represent the outliers *- significant difference between two-time points **- significant difference
between baseline and time point after 5 h ***- significant changes between baseline and time point after 3 h and after 5 h.

2.3. Analysis of laboratory parameters

Blood samples for routine lipid parameters and blood count were
analysed at the general laboratory of the Clinic Ottakring within 1 h
after each blood draw. Blood collections were performed using vacuum
tubes (Vacuette, Greiner Bio-one GmbH, Germany), and the blood was
centrifuged at 5 °C with 4000 rpm for 30 min. A particle-enhanced
immunonephelometry (Atellica® NEPH 630 System, Siemens Healthi-
neers, Germany) was used to determine the lipoprotein (a) (Ip a) con-
centration. Total cholesterol, HDL-c, LDL-c, TGs, apolipoprotein A, and
apolipoprotein B were determined from serum on a Siemens Dimension
Vista platform (Dimension Vista 1500 Intelligent Lab System, Siemens
Healthineers, Germany). Absolute leukocyte, neutrophil, lymphocyte
and granulocyte counts, and platelet activation markers (mean platelet
volume (MPV), platelet distribution width (PDWD), reticulated throm-
bocytes) were determined based on fluorescence flowcytometry (XN-
3000, Sysmex, Germany).

Platelet function was assessed by multiple electrode aggregometry
(MEA) using the Multiplate Analyzer system (Roche Diagnostics GmbH,
Mannheim, Germany). Blood for the MEA assay was drawn into hirudin-
prepared blood tubes (Multiplate® Hirudin Blood Tube, Double-Wall,
Roche Diagnostics GmbH, Mannheim, Germany) and was analysed
within 10 min after each blood draws from whole blood. The MEA assay
detects a change in electrical impedance upon platelet aggregation on
metal electrodes placed in the test cuvette. The increase in impedance as
aggregation occurs was transformed and is presented as aggregation
units (AU) in this study. As agonists in MEA we used adenosine
diphosphate (ADP) at a concentration of 6.5 pmol/L (ADP test Reagent
Kit, Roche Diagnostics GmbH, Mannheim, Germany), arachidonic acid
(ASPI) at a concentration of 0.5 mmol/L (ASPI test Reagent Kit, Roche
Diagnostics GmbH, Mannheim, Germany), and thrombin receptor-
activated peptide (TRAP) at a concentration of 32 pmol/L (TRAP-6,
TRAP test Reagent Kit, Roche Diagnostics GmbH, Mannheim, Germany),
respectively.

2.4. Statistical analysis

The chi-square test of homogeneity was used to determine a potential
difference between the binomial proportions of three studied groups on
a dichotomous dependent variable (baseline characteristics, medica-
tion). We used one-way analysis of variance (ANOVA) to determine
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whether there are statistically significant differences between the means
of continuous variables between the groups (baseline characteristic-
age). If the data were not normally distributed, the Kruskal-Wallis H
test was adopted (BMI). Normality analysis of laboratory values was
performed visually through boxplot and the Shapiro-Wilk test. Normally
distributed variables are presented as mean + standard deviation. Not
normally distributed variables are shown as median with an inter-
quartile range (IQR). Differences in the laboratory parameters within
the groups during the OFTT were determined using one-way repeated-
measures ANOVA for normally distributed variables. The Friedman test
was used for not normally distributed variables. Furthermore, we used a
two-way mixed ANOVA to detect whether there is an interaction be-
tween a between-subjects factor (a group with different cardiovascular
risk profile) and a within-subjects factor (time during the OFTT) on a
lipid profile, inflammation, and markers of platelet activity. We used
subjects and time as random factors. If there was a statistically signifi-
cant difference in proportions during the above-mentioned statistical
tests, we used a post hoc test to determine where the differences between
these groups or between the different time points lie. Furthermore,
Bonferroni correction was applied in pairwise comparison in post hoc
analysis.

For all tests, a p-value of <0.05 was considered significant. Calcu-
lations were performed using the SPSS 27 statistical package for
Macintosh (BM Corp. Released 2020, IBM SPSS Statistics for Macintosh,
Version 27.0. Armonk, NY: IBM Corp, United States).

3. Results
3.1. Clinical characteristics

Subjects with CCS + DM2 were the oldest (age 66 + 7 years),
whereas the control group was the youngest (age of 53 + 5 years). There
was a significant difference in the percentage of male individuals be-
tween the three groups (p = 0.038), yet no difference was found after a
post hoc chi-quadrat comparison between each group. Subjects with CCS
with/without DM2 had higher BMI than the control group. Moreover, all
patients from the CCS + DM and CCS-DM groups were on antiplatelet
monotherapy with acetylsalicylic acid (100 mg daily), and at least 92%
of CCS patients were on daily high-dose statin therapy. The baseline
characteristics and regular drug intake stratified by the groups are
presented in Table 1 and Table 2.
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Table 3
Laboratory values during the oral fat tolerance test.
Group effect Time effect Interaction
p-value p-value
Lipid profile
Total cholesterol <0.001 0.918 F(4,126) =0.449,p =0.773,
partial n = 0.014
HDL-c <0.001 <0.001 F(4,126) =0.429,p =0.788,
partial n? = 0.013
LDL-c <0.001 0.057 F (4,126) = 2.365, p = 0.056,
partial 12 = 0.070
Triglycerides 0.406 <0.001 F (3.521, 126) = 2.267, p =
0.075, partial n* = 0.067
Apolipoprotein A <0.001 1.000 F (3.976, 124) = 0.707, p =
0.588, partial n = 0.022
Apolipoprotein B <0.001 0.675 F (3.805,124) = 1.183,p =
0.322, partial n? = 0.037
Inflammation
Abs. leukocyte 0.131 <0.001 F (3.626, 124) = 4.280, p =
count .004, partial n* = 0.121
Abs. neutrophile 0.063 <0.001 F (2.927,124) =5.892, p =
count 0.001, partial 1% = 0.160
Abs. lymphocyte 0.907 <0.001 F (4,124)=0.737,p=0.568,
count partial 12 = 0.023
Abs. granulocyte 0.090 0.003 F (3.850, 122) = 0.331, p =
count 0.850, partial n> = 0.011
NLR 0.674 <0.001 F(3.11,124) = 0.290, p =
0.839, partial n2 = 0.009
Platelet activity
Abs. Thrombocyte 0.525 <0.001 F(4,124) =1.303,p =0.273,
count partial n% = 0.040
MPV 0.896 0.342 F(4,122) =1.023,p =0.398,
partial n? = 0.032
PDW 0.634 0.207 F (4,124) =1.022, p=0.399,
partial n? = 0.032.
Reticulated 0.832 0.163 F(4,122) =1.190,p =0.319,
thrombocytes partial n% = 0.038
ADPtest 0.021 0.003 F(4,126) =0.751, p =0.555,
partial n? = 0.023
ASPItest <0.001 0.006 F(4,126) =2.149, p =0.079,
partial n* = 0.064
TRAPtest 0.037 0.001 F (3.641, 122) = 0.412,p =

0.782, partial n> = 0.013

Abs.-absolute, ADPtest-adenosine diphosphate test performed using Multiplate
test, ASPItest-arachidonic acid test performed using multiplate test, HDL-c- high-
density lipoprotein cholesterol, LDL-c- low-density lipoprotein cholesterol,
MPV- mean platelet volume, NLR-neutrophile-lymphocyte ratio, PDW- platelet
distribution width, TRAPtest-thrombin receptor-activated peptide performed
using multiplate test.

3.2. Lipid profile

3.2.1. Group differences in lipid profile during the whole course of OFTT

Total cholesterol concentration (TCC), LDL-c concentration, and
apolipoprotein B concentration were significantly higher in the control
group than in CCS + DM (TCC: +91.6 + 12.5 mg/dL, p < 0.001, LDL-c:
+62.6 +10.2 mg/dL, p < 0.001, apolipoprotein B: +0.31 4+ 0.7 mg/d, p
< 0.001) and CCS-DM (TCC: +60.0 £+ 11.86 mg/dL, p < 0.001, LDL-c:
+44.1 £ 9.7 mg/dL, p < 0.001, apolipoprotein B: +0.24 + 0.7 mg/dL,
p = 0.002) respectively. HDL-c concentration in CCS + DM was signif-
icantly lower compared to CCS-DM (-13.2 + 5.3 mg/dL, p = 0.045) or
the control group (-24.7 + 5.5 mg/dL, p < 0.001) (Fig. 1A). There was
no difference in TG concentration between all three groups (Fig. 1B),
(Table 3.). The difference between study groups in total cholesterol,
HDL-c and apolipoprotein A remained significant even after adjustment
for age and BML.

3.2.2. Postprandial changes in lipid profile

The TCC, LDL-c, apolipoprotein Al, and apolipoprotein B did not
change during the OFTT. OFTT caused a significant decrease in HDL-c,
with the lowest values observed after 5 h in all groups. HDL-c
decreased from 42.1 + 8.8 mg/dL pre-intervention to 38.8 + 8.6 mg/
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dL 5 h after intervention in CCS + DM (p < 0.001). In CCS-DM, HDL-c
fell from 49.0 (IQR, 17.6) mg/dL pre-intervention to 45.0 (IQR, 28.0)
mg/dL 5 h after intervention (p < 0.001), respectively. In the control
group, HDL-c changed from 62.0 (IQR, 37.0) mg/dL pre-intervention to
57.0 (IQR, 36.0) mg/dL 5 h after fat loading (p < 0.001) (Fig. 1A). TG
increased significantly with the greatest TG level 5 h after fat loading in
all three groups. TG increased from 139.0 (IQR, 124.0) mg/dL pre-
intervention to 257.0 (IQR, 185.3) mg/dL 5 h after intervention in
CCS + DM (p < 0.001), from 113.0 (IQR, 108.0) mg/dL pre-intervention
to 249.0 (IQR, 252.5) mg/dL 5 h thereafter in CCS-DM (p < 0.001), and
from 112.0 (IQR, 59.0) mg/dL pre-intervention to 227.0 (IQR, 149.0)
mg/dL 5 h after fat loading in the control group (p < 0.001) (Fig. 1B).
However, as documented by the interaction terms, we observed no
significantly different change in cholesterol values after OFTT among
groups (Table 3.).

3.3. Inflammatory markers

3.3.1. Group differences in inflammatory markers during the whole course
of OFTT

At baseline, leukocyte absolute count was significantly lower in the
control group than in CCS + DM (-1.4 + 0.6 G/L, p = 0.008) and CCS-
DM (-1.2 £+ 0.6 G/L, p = 0.020). There was no difference in leukocyte
count three and 5 h after fat loading between the three groups (Fig. 2. A).
The baseline values of neutrophile absolute count before fat loading
were significantly lower in the control group than in CCS + DM (-1.08 +
0.4 G/L, p = 0.008) and CCS-DM (-0.97 + 0.37 G/L, p = 0.012) (Fig. 2.
B). However, after adjustment for age and BMI, there was no difference
in leukocyte and neutrophile absolute count between the three groups.
There was no significant difference in absolute lymphocyte and gran-
ulocyte count and neutrophile to lymphocyte ratio (NLR) between the
three groups (Fig. 2. C and Fig. 2D).

3.3.2. Postprandial changes in inflammatory markers

During OFTT, absolute leukocyte count increased significantly from
7.1 (IQR, 2.1) G/L pre-intervention to a maximum of 7.9 (IQR, 3.5) G/L
3 h after intervention in the CCS + DM (p < 0.001), from 6.7 (IQR, 2.3)
G/L pre-intervention to maximum of 7.8 (IQR, 2.9) G/L 5 h after fat
loading in CCS-DM (p = 0.001), and from 5.6 (IQR, 2.1) G/L pre-
intervention to a maximum of 6.6 (IQR, 3.0) G/L 5 h after interven-
tion in the control group (p < 0.001), respectively (Fig. 2A). Neutrophile
absolute count increased significantly during the OFTT from 4.3 (IQR,
1.3) G/L pre-intervention to a maximum of 5.0 (IQR, 2.3) G/L 3 h after
fat loading in CCS + DM (p < 0.001), from 4.0 (IQR, 1.0) G/L pre-
intervention to a maximum of 4.9 (IQR, 2.1) G/L 3 h after interven-
tion in CCS-DM (p < 0.001) and from 3.3 + 1.3 G/L pre-intervention to a
maximum of 4.5 + 2.0 G/L 5 h after intervention in the control group (p
< 0.001) (Fig. 2B). Absolute lymphocyte count increased significantly
during the OFTT only in the control group (Fig. 2. C). Absolute gran-
ulocyte count did not change after fat loading in any group. NLR
increased during the OFTT with the maximum after 3 h in all three
groups, (Fig. 2D, Table 3.). As documented by the interaction terms, we
observed significantly different behaviour only in the absolute leukocyte
and neutrophile count after OFTT among groups. The change of absolute
leukocyte count after fat loading was higher in the control group (1.6 +
0.25 G/L) than in subjects with CCS-DM (0.8 + 0.21 G/L) and CCS + DM
(1.0 £ 0.24 G/L) (Table 3.).

3.4. Postprandial platelet activity

3.4.1. Group differences in platelet activity during the whole course of
OFTT

There was no difference concerning the concentration of platelet
count, MPV, PDSWD, or reticulated thrombocytes between groups
(Fig. 3). However, in response to ADP, platelet activity was significantly
lower in the control group than in CCS-DM (-13.12 + 4.93 AU, p =
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Fig. 2. Postprandial inflammation (A. absolute leukocyte count, B. absolute neutrophile count, C. absolute lymphocyte count (G/L), and D. neutrophile to

lymphocyte ratio (%)) during the oral fat tolerance test.

FL-fat loading Blue boxplot-patients with chronic coronary syndrome and diabetes mellitus type 2, green boxplot-patients with the chronic coronary syndrome
without diabetes mellitus type 2, red boxplot-control group Dots represent the outliers *- significant difference between two-time points **- significant difference
between baseline and time point after 5 h ***- significant changes between baseline and time point after 3 h and after 5 h.

0.030). There was no difference between the other groups. Platelet ac-
tivity in response to ASPI was significantly higher in the control group
compared to CCS + DM (+58.73 + 4.9 AU, p < 0.001) and to CCS-DM
(+58.06 + 4.6 AU, p < 0.001) (Fig. 3. C). This difference remained
significant even after adjustment for age and BMI. Platelet activity in
response to ASPI was comparable in CCS + DM and CCS-DM. The
platelet activity in response to TRAP was significantly lower in the
control group than in CCS-DM (-14.6 + 15.51 AU, p = 0.031) (Fig. 3D).
There was no difference between the other groups.

3.4.2. Postprandial changes in platelet activity

A significant increase in platelet activity during OFTT was shown by
increased platelet count, reticulated thrombocytes, and increased
platelet activity in response to ASPI and TRAP tests in the control group
(Fig. 3.B, 3.C, 3.D). However, as documented by the interaction terms,
we observed no significantly different change in the markers of platelet
activity after OFTT among groups (Table 3.).

4. Discussion

This study aimed to analyse changes in the lipid profile, platelet
activity and inflammation during the postprandial phase after a high-fat
meal in patients with CCS. We observed 1) a significant decrease of HDL-
c and a significant increase of TG in all studied groups, but no difference
in the increase between all groups; 2) a postprandial increase in
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inflammatory markers shown by increased absolute leukocyte and
neutrophil counts with significantly higher increase of inflammation in
the control group; and c) an increased postprandial platelet activity only
in the healthy control group, however no difference in the change of
platelet activity among the groups.

Several large population studies revealed that the lipid profile
changes minimally after normal food intake. Maximal mean changes for
random, non-fasting versus fasting levels are +26 mg/dl for TG, —8 mg/
dl for total cholesterol, —8 mg/dl for LDL, +8 mg/dl for remnant
cholesterol, and —8 mg/dl for non-HDL. Apolipoprotein B, Lp (a), and
HDL cholesterol are largely unaffected [21-25]. Moreover, it is sug-
gested that the slight reduction in total cholesterol, LDL, and non-HDL is
caused due to fluid intake and not food intake. Hence, this phenomenon
might also occur also during the fasting state, when nonfatty fluids
intake is allowed [6]. These results supported the opinion that the
non-fasting lipid profile simplifies clinical practice for patients, labora-
tories, and clinicians without implications for prognostic, diagnostic,
and therapeutic options for cardiovascular disease prevention. There-
fore, guidelines and statements from many societies recommend the
evaluation of lipid profiles in the non-fasting state [26-30]. In our study,
HDL decreased, and TG increased significantly during the OFTT while
the rest of the lipid profile remained stable irrespective of the present
cardiovascular risk profile. However, the change of cholesterol values
after the fat loading was not statistically different among the studied
groups. Hence, our findings support the evidence mentioned above that
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the lipid profile should be evaluated in the nonfasting state [21-25]. The
significant change in HDL-c in our study could be interpreted by the use
of a high-fat meal, whereas the studies from Mora et al. and Lansgted
et al. were performed after normal food intake [21,24]. The reason for
using a high-fat meal in our study was to achieve the most pronounced
changes in the postprandial state. Lower basal levels of lipoproteins in
the CCS groups compared to healthy controls in our study were caused
by lipid-lowering treatment in the majority of patients.

Postprandial hyperglycemia and hyperlipemia are associated with
several chronic systemic low-grade inflammatory states such as obesity,
DM2, atherosclerosis, non-alcohol fatty liver disease, and rheumatoid
arthritis [31,32]. Indeed, in our study, CCS was associated with higher
baseline levels of absolute leukocyte and neutrophil count, with the
highest values in CCS + DM patients compared to the control group.
Furthermore, fat loading led to a postprandial increase in inflammatory
markers, as shown by increased absolute leukocyte and neutrophil count
and NLR in the whole study population. Our findings support the
outcome of previous studies which demonstrate that a high-fat meal diet
causes postprandial inflammatory response associated with elevated
levels of interleukin-6, tumor necrosis factor- a, C-reactive protein and
leukocyte count [1-3]. However, these studies were performed exclu-
sively on healthy subjects, whereas our study expands the current
knowledge on postprandial inflammation in patients at very-high car-
diovascular risk. While CCS patients showed a higher level of inflam-
mation compared to the control group, the delta increase in
inflammation markers in the postprandial state was significantly higher
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in the control study group. A possible explanation could be the pleio-
tropic effects of statins in CCS patients beyond lipid-lowering. Such ef-
fects include anti-inflammatory mechanisms, improvement of
endothelial function, as well as reduction of antioxidant stress and
platelet activation [33-35].

Prior investigations examining the platelet activity in the post-
prandial state show conflicting evidence [15,16,20,36,37]. The reason
for these discrepancies includes differences in methodology, different
types of meals with different fat concentrations, as well as different
measuring methods or various concentrations of agonists used in the
tests, respectively. Furthermore, the type of fatty acid composition plays
a substantial role in platelet activation. Saturated fatty acids and
trans-fatty acids have been shown to increase platelet aggregation, while
cis-, mono-, and polyunsaturated fatty acids have been shown to
decrease platelet aggregation [38]. In our study, oral fat loading
composed mainly of saturated fatty acids (2/3 saturated fatty acids, 1/3
unsaturated fatty acids) caused no significant change of platelet activity
between the groups. This may be surprising since CCS and DM2 are
considered to be associated with a higher prothrombotic state expecting
also a higher platelet activity in these patients [39,40], but it can be
explained by the fact that all CCS patients in our study were on anti-
platelet and almost all on lipid-lowering therapy. Our finding is further
supported by Oostrom et al., who demonstrated reduced postprandial
inflammation and platelet count in the postprandial phase when on
rosuvastatin therapy [41].

The findings of our study suggest that the fat loading led to higher
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postprandial inflammation in the control group. The possible explana-
tion may be the treatment for CCS such as acetylsalicylic acid and statins
which may inhibit postprandial inflammation and therefore lead to a
more stable postprandial state in patients with CCS + DM in comparison
to a healthy control population. This finding would further strengthen
the importance of the CCS therapy. However, such a hypothesis should
be proven by studies investigating the OFTT in CCS patients with and
without medication. However, such a study would be unethical due to
current recommendations for the treatment of CCS [42].

5. Limitations and strengths

Our study’s strength was to focus on subjects with high cardiovas-
cular risk and strict supervision during the OFTT. Potential limitations
include the relatively small size of the study population. However, the
number of subjects included in this study was higher than in other
previously published studies focused on the postprandial state. As this
study is explorative and hypothesis-generating, the results need to be
confirmed in larger studies. Furthermore, the groups in this study are not
homogenous. The reason why we included inhomogeneous groups for
this study was that most of the previously published studies were per-
formed in healthy subjects and we wanted to show the difference in
postprandial reaction between groups with different cardiovascular
risks and different baseline therapy to show the real-world differences in
the postprandial state. Moreover, Bonferroni correction was not applied,
and the generalizability of some results may be questioned. Another
potential limitation of our study is the difficulty of generalising the re-
sults of this highly controlled laboratory-based trial by use of a stan-
dardized very high-fat meal. However, only a standardized high-fat meal
can demonstrate potential effects on variables of lipid profile, inflam-
mation and platelet activation, effects that were not shown in previous
studies with non-standardized meals.

6. Conclusion

This study showed that fatty meal causes no significant changes in
the lipid profile and platelet activity and leads to increased postprandial
inflammation in healthy subjects. Despite the higher risk profile, these
changes in inflammation were not expressed in CCS + DM2 patients,
which most obviously can be explained by the consequent use of anti-
platelet therapy and statins in these patients.
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