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Abstract

Background: Little is known about the time-course of the postprandial appearance of macronutrient-induced
inflammatory response. Our aim was to investigate the postprandial inflammatory and metabolic response
following high fat, high caloric popular meals in apparently healthy participants.

Methods: Fifty four apparently healthy normal weight volunteers (BMI of 25.9±0.9) were given two iso-caloric meals
with similar amounts but different composition of fats: a meal high in monounsaturated fats (MUFA), and a meal
high in saturated fat (SFA). Three main effects and the interactions between them were analyzed: the time (before
and 2 and 4 hours following the meals), the meal (MUFA or SFA) and the gender.

Results: The effect of time from the meal on hs-CRP level was highly significant (p=0.004). The highest responses
were observed 2 hours after the meal (p=0.002). A statistically significant interaction was found between the time
and the meal (p≤0.0001), which reflects the higher increase in hs-CRP values 2 hours after the SFA meal, with no
effect by the MUFA meal. The white blood cell counts were affected significantly by the time (p≤0.0001) however,
other inflammatory markers (fibrinogen, IL-6, TNFα, ICAM and VICAM) were not. All the metabolic markers (insulin,
glucose, HOMA-R, QUICKI and triglycerides) were affected by the time (p≤0.0001), with no interactions observed.

Conclusions: Metabolic and modest inflammatory changes occur within a few hours after the ingestion of a high
SFA meal in apparently healthy adults.
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Background
Understanding the nutrients and foods that are likely to pro-
mote cardiac health has grown substantially in the past dec-
ades owing to knowledge achieved on the molecular
mechanisms of atherosclerosis and the metabolic effects of
various nutrients and foods. Previous studies have shown
that a ‘Western type', energy dense, refined diet, may lead to
the development of a positive energy balance, weight gain,
obesity, particularly visceral obesity and eventually to be a
key promoter of low-grade systemic inflammation [1-3] and
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metabolic syndrome abnormalities [4,5]. Various diets have
been explored with reference to their capability for improv-
ing body weight and components of the metabolic syn-
drome as well as the intensity of low-grade internal
inflammation as part of the atherothrombotic disease [6-10].
Little is known about the time-course of postprandial

triglyceride serum levels and their relation to the appear-
ance of a macronutrient-induced inflammatory response.
Their importance may lie in the fact that an early post-
prandial inflammatory response might precede a poten-
tially hazardous transient state of insulin resistance and
hypertriglyceridemia [11]. In fact, mediators of inflam-
mation have been clearly shown to be involved in
the induction of an insulin resistant state [12,13].
A transient, macronutrient-related, microinflammatory
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response could explain, at least in part, the appearance
of a dynamic insulin resistant state which could be re-
sponsible for a postprandial hypertriglyceridemic re-
sponse [14-23]. In the present study we have
investigated the metabolic and inflammatory impact of
the fat composition of a single meal, rather than its fat
amount, has any effect on selected metabolic and
inflammation-sensitive biomarkers which are involved in
the atherosclerosis process.

Methods
Study population
Sixty staff members (physicians and nurses) of the
Tel-Aviv Sourasky Medical Center volunteered to take
part in the study and signed a written consent according
to the instructions of the Institutional Ethics Committee.
Included were apparently healthy non obese (BMI 25.9
kg/m2) subjects with no recent acute or chronic inflam-
matory disease, not using anti inflammatory and im-
munosuppressive drugs and steroids. Six potential
subjects were excluded: two subjects suffered from a re-
cent upper respiratory tract infection, two used non-
steroidal anti-inflammatory drugs on a regular basis for
back pain, one was taking statins for hypercholesterol-
emia, and one had acute tooth pain. The decision to
choose healthy subjects was made in order to determine
whether a single food has a pro or anti inflammatory ef-
fect on the general population.

Study design
The chosen meals represented two very popular meals ha-
bitually preferred by the general population: 1. Chicken
sausages with fried potatoes, ketchup and mayonnaise
(defined as SFA); 2. Pasta with olive oil, ketchup and nuts
(defined as MUFA). Both meals are consumed by adults
and children on an almost daily basis. Both meals are high
in calories and fat. The composition of the meals used in
the study was close to that of the meals eaten at home or in
fast-food restaurants.
All participants ate two iso-caloric meals with similar

amounts of fat. The participants were randomly divided
into two groups. One group began with the meal that was
high in saturated fats (SFA), and continued consuming the
meal high in mono-unsaturated fats (MUFA) after three
weeks. The second group began with the high complex
high MUFA meal, and began consuming the high SFA after
three weeks. Blood samples were taken following a 12-hour
overnight fast, after which one of the meals was provided
as breakfast. The second and third blood samples were
taken two and four hours after the meal. Plasma lipids,
glucose, insulin, erythrocyte sedimentation rate (ESR),
fibrinogen, white blood cell count (WBCC), and high-
sensitive C-reactive protein (hs-CRP) were determined. The
insulin resistance index was calculated according to the
Homeostatic Model Assessment for Insulin Resistance
(HOMA-R) [24] and the Quantitative Insulin Sensitivity
Check Index (QUICKI) [25,26].

Meals composition
High saturated fat (SFA) meal included 1162 kilocalories
and 57% fat, of which 24 grams were saturated fatty acids,
33 grams – mono-unsaturated fatty acids, and 17 grams –
poly-unsaturated fatty acids. High mono-unsaturated fat
(MUFA) meal included 1161 kilocalories, 56% fat, of which
8 grams were saturated fatty acids, 51 grams - mono unsat-
urated fatty acids, and 14 grams – poly-unsaturated fatty
acids. The fat content of both meals was adjusted to the
body surface area (BSA) of each participant which was cal-
culated according to the formula: BSA (m2) = square root
of the height (cm) x the weight (kg)/3600 [27,28].
The data were calculated using the nutrients computer

program of the Israeli Ministry of Health - “Tzameret”,
which is based on the Israeli Food Composition Tables [29].

Laboratory methods
All biochemical assessments were carried out by the
Sourasky Medical Center Laboratory, using the same
standard laboratory methods. The laboratory has an ISO
9001:2000 standard certification and thus implements
and maintains the quality management system, as
required.
Venous blood was drawn at 8 A.M. following a 12-hour

overnight fast, and 2 and 4 hours following the meal. The
WBCC was estimated using a Coulter STKS electronic
analyzer (Beckman Coulter, Nyon, Switzerland), the ESR
using the method of Westergren, quantitative fibrinogen
using the method of Clauss [30] with a Sysmex 6000 autoa-
nalyzer (Sysmex Corporation, Hyaga, Japan) and the hs-
CRP was determined with a Boehring BN II Nephelometer
(DADE Boehring, Marburg, Germany) using the method of
Rifai et al. [31]. Routine biochemistry, including the blood
glucose and lipid profile, was performed using the Roche/
Hitachi 747 Analyzer (Roche Diagnostics, Mannheim,
Germany). Insulin levels were determined using the INSIK-
5 (CIS, Grif sur Yvette, France) radioimmunoassay kit.
Measurement of cytokines and adhesion molecules was

performed in the Laboratory of Cell Physiology of the Ariel
University Center (Ariel 40700, Israel), by its director, Dr.
Tovit Rosenzweig. The concentration of cytokines (IL-6
and TNF-α) and adhesion molecules (sICAM1 and
sVCAM1) was measured within 6-12 months in serum
samples that were stored at -80°C immediately after collec-
tion. Measurements were performed using high sensitive
quantitative sandwich enzyme immunoassay (Quantikine
HS Human TNFα Immunoassay, Quantikine HS Human
IL-6 Immunoassay, Quantikine human soluble ICAM-1/
CD54 Immunoassay, and Quantikine human soluble
VCAM-1 Immunoassay, (R&D Systems, Minneapolis,
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USA) according to the manufacturer's instructions. Samples
were pipetted into specific monoclonal antibody-precoated
wells, and any IL6 or TNF-α or VCAM-1 or ICAM-1
present was sandwiched by the immobilized antibody. After
washing away any unbound substances, an enzyme-linked
polyclonal antibody specific for the detected cytokine or
adhesion molecule was added to the wells (alkaline phos-
phatase for IL6, TNFα; horseradish peroxidase for ICAM1,
VCAM1). The wells were washed to remove any unbound
antibody-enzyme reagent, and a substrate solution was
added. After an incubation period, an amplifier solution
was added to the wells and color developed in proportion
to the amount of the cytokine bound in the initial step.
Color development was stopped by addition of stop solu-
tion (sulfuric acid) and the intensity of the color was mea-
sured using a Tecan Infinite F200 fluorescence microplate
reader (Tecan, Salzburg, Austria) at a test wavelength of
490 nm and a reference wavelength of 650 nm for cyto-
kines, or at a test wavelength of 450 nm and reference
wavelength of 540 nm or 650 nm for sVCAM1 or sICAM1,
respectively.
Peripheral insulin resistance and sensitivity were esti-

mated using the Homeostasis Model Assessment (HOMA-
R) calculated as glucose (mg/dl) x insulin (μU/ml)/405 [24]
and the Quantitative Insulin Sensitivity Check Index
(QUICKI) calculated as 1/(log insulin + log glucose [25,26].
Anthropometric measurements: Height and weight

were measured without shoes. The subjects were
weighed on electronic scales, without shoes and in light
clothing. The precision of the scale was to 100 grams.
Hip and waist circumferences were measured twice with
a tape measure by the same investigator in order to
avoid interpersonal differences. If the two measurements
differed by more than 0.5 cm, a third measurement was
taken. If two measurements were similar – the mean
was calculated, if not – the mean was calculated with
the 3rd measurement and with the one closest to it. Body
mass index was calculated using the equation: BMI=Weight
(kg)/Height2 (m).

Statistical analysis
All data were summarized and displayed as means ±
standard errors for the continuous variables, such as
age, body mass index (BMI), inflammation-sensitive bio-
markers, etc., using the descriptive procedure. Because
the hs-CRP level had a non-normal distribution, a loga-
rithmic transformation was used to convert it to a
normal distribution for all statistical procedures (i.e., the
t-test, multiple factors analysis and correlations). All hs-
CRP results are therefore presented as a back-transformed
geometrical mean and standard error.
Repeated measures ANOVA with multiple factors was

performed for all continuous variables in order to com-
pare the repeated measures at different times after the
same meal and between the two meals, as well as to es-
tablish interactions between the repeated measures and
multiple factors (gender and insulin level - treatment
groups).
A paired sample two-tailed Student's t-test analysis

was performed in order to compare the characteristics
of responders and non responders.
Pearson correlation coefficients were used for con-

founding variables in order to study the associations be-
tween postprandial hs-CRP serum levels and the
postprandial lipid, glucose and insulin serum levels.
These correlations were studied for the whole study
population. The significance level used for all of the above
analyses was p<0.05. All statistical evaluations were carried
out using the SPSS package (SSPS Inc., Chicago, IL, USA).
Results
The study included 54 participants (38 females, 16 males),
who served as controls of themselves, with a mean age of
41.7±3.1 years and a mean BMI of 25.9±0.9. Other details
are provided in the Methods section (pp. 20-24). The main
effects that were analyzed included: the meal (SFA or
MUFA), the time (before and 2 and 4 hours following each
meal), and the gender of the participants. First, we analyzed
the effects of the two meals on the inflammatory markers
within the treatment groups. These results are summarized
in Table 1.
As shown, the main effect of the time on the hs-CRP

level was statistically significant (p=0.004), albeit moder-
ate. The highest responses were observed 2 hours after
the meal (p=0.002). A statistically significant interaction
was found between the time and the meal (p≤0.0001),
which reflects the higher increase in hs-CRP values 2
hours after the SFA meal, with no effect by the MUFA
meal. There was a significant interaction (p=0.05) between
the time and the gender. The increase in the hs-CRP level
after 2 hours following the SFA meal was higher in the
men than in the women: 23.9% vs 6%. In the women, the
hs-CRP level after the SFA meal returned to normal 4
hours postprandially, whereas it remained high in the men
(18.2% higher than before the meal).
In contradistinction to the hs-CRP, the main effect of

gender was significant in the results of the ESR
(p=0.007), since the values were much higher in the
women than in the men. There was also a statistically
significant interaction between the time and the meal
(p=0.03), particularly after 2 and 4 hours (p=0.04 and
0.007, respectively), with no dependence on the gender.
As shown, there was a continuous increase in ESR values
after the SFA meal in both the women and the men
(5.3% after 2 hours and 12.5% after 4 hours for the
women, 8.2% after 2 hours and 16.5% after 4 hours for
the men) with no increase after the MUFA meal.



Table 1 SFA and MUFA meals: comparison of the inflammatory markers among treatment groups, mean ± SEM

Treating groups
meals

CRP (mg/l) ESR (mm/hr) Fibrinogen (mg/dl) WBC x109/L IL6 (pg/ml) TNFά (pg/ml) VCAM (ng/ml) ICAM (ng/ml)

SFA: Women 0h 2.77±0.5 16.8±1.9 280.5±14 7.2±0.3 2.16±0.3 3.08±0.3 419.7±27.1 211.9±17.4

2h 2.94±0.5 17.7±1.9 285.2±11.9 7.8±0.3 2.54±0.6 2.64±0.2 404.5±23.0 209.3±16.6

4h 2.76±0.5 18.9±1.8 279.7±12.3 8.2±0.3 2.56±0.3 2.89±0.3 405.6±24.8 204.9±17.1

MUFA: Women 0h 2.82±0.5 18.7±1.7 297.0±11.4 7.4±0.3 2.13±0.2 3.12±0.3 421.9±22.7 220.6±19.2

2h 2.73±0.5 18.3±1.8 288.4±11.0 7.9±0.3 2.09±0.2 3.33±0.3 410.6±23.5 216.1±19.9

4h 2.72±0.5 18.1±1.9 288.4±11.1 8.1±0.3 2.46±0.3 2.85±0.3 435.5±25.9 231.0±20.0

SFA: Men 0h 2.3±0.5 8.5±0.9 261.9±15.4 6.6±0.4 2.29±0.6 2.96±0.4 382.3±32.9 200.8±22.9

2h 2.85±0.6 9.2±1.0 270.2±17.4 7.3±0.4 2.15±0.5 2.97±0.4 388.1±32.1 196.6±18.6

4h 2.72±0.7 9.9±1.0 258.7±10.7 7.6±0.3 2.28±0.4 2.9±0.4 387.5±29.5 193.6±18.6

MUFA: Men 0h 2.26±0.6 11.5±3.3 266.9±11.7 7.2±0.4 4.07±1.4 2.44±3.6 397.2±35.1 197.0±16.0

2h 2.27±0.6 11.6±3.1 262.4±11.4 7.3±0.4 2.24±0.5 2.9±0.4 397.4±33.4 191.2±15.6

4h 2.3±0.6 10.1±1.6 249.9±20.3 7.3±0.4 3.16±0.6 2.79±0.5 395.4±31.7 188.7±12.6

Main effects

Meal 0.4 0.2 0.7 0.6 0.3 0.9 0.5 0.6

Time 0.004 0.5 0.1 <0.0001 0.3 0.9 0.5 0.06

0-2 0.002 <0.0001

2-4 0.1 0.01

0-4 0.3 <0.0001

Gender 0.7 0.007 0.2 0.2 0.5 0.7 0.5 0.4

Interaction

Meal x Time <0.0001 0.03 0.3 0.06 0.3 0.2 0.7 0.6

0-2 <0.0001 0.1

2-4 0.04 0.04

0-4 0.05 0.007

Meal x Gender 0.6 0.5 0.3 0.9 0.1 0.3 0.9 0.3

Time x Gender 0.05 0.6 0.6 0.3 0.1 0.5 0.2 0.7

Meal x Time x Gender 0.4 0.7 0.9 0.2 0.5 0.6 0.5 0.6

WBCC, white blood count; ESR, erythrocyte sedimentation rate; hs-CRP, C-reactive protein; SFA, high saturated fat meal; MUFA, high monounsaturated fat meal.
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As shown in Table 1, WBCC values were affected sig-
nificantly by the time (p≤0.0001) and increased after
both meals. The interaction between the time and the
meal was statistically borderline (p=0.06): WBCC values
increased by 13.5% after 4 hours following the SFA meal
compared with a relatively lower decrease of 6.4% after
the MUFA meal (women and men pooled). The other
inflammatory markers (fibrinogen, IL-6, TNFα, ICAM
and VICAM) were not affected by the meals and did not
change after the meals.
Since the increase in hs-CRP levels after the SFA meal

was observed only in some of the participants, the parti-
cipants were divided into responders (i.e., with at least
20% elevation of hs-CRP after 2 hours following the SFA
meal) and non-responders (i.e., with lower or no eleva-
tion of hs-CRP). Table 2 summarizes the basal character-
istics of responders and non-responders. As shown in
Table 2, the hs-CRP responders comprised 28% of the
participants. In this group, 40% were men, compared
with the non-responders, where the percentage of men
was 26%. Weight and BMI were statistically lower in the
responders than in the non-responders. A statistically sig-
nificant difference was observed in the hip circumference
between the responders and non-responders, 98.8±1.8 cm
vs. 106.2±2.1 cm. As shown in Figure 1, the increase
in triglyceride levels after 4 hours was significantly
higher in the responders (141.5%) than in the non-
responders (77.3%). In the non-responders, the post-
prandial increase in the triglyceride level stopped after
2 hours, while in the responders the triglycerides contin-
ued to rise after 2 and 4 hours.
xThe effects of the two meals on the metabolic mar-

kers within the treatment groups are summarized in
Table 3. All the metabolic markers (insulin, glucose,
HOMA-R, QUICKI and triglycerides) were affected by
the time (p≤0.0001) and no interactions were observed.
As expected, glucose levels increased significantly after
both meals (p≤0.0001). This increase was higher after



Table 2 Basal characteristics of responders and non-responders, mean ± SEM

Responders n=15 (28%) Non-responders n=39 (72%) P value

Gender 9 women (60%); 6 men (40%) 29 women (74%); 10 men (26%)

Age (years) 39.7±4.0 44±2.2 0.5

Weight (kg) 69.5±3.0 76.2±3.1 0.02

Height (meter) 1.7±0.02 1.7±0.02 0.4

BMI (kg/m2) 24.8±1.0 27.1±0.9 0.02

Waist (cm) 90±3.3 93.3±2.8 0.1

Hip (cm) 98.8±1.8 106.2±2.1 0.006

Hs-CRP 2.8±0.6 4.2±1.1 0.2

Responders: at least 20% increase in the hs-CRP values 2 hours after the high SFA meal; BMI, body mass index.
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the MUFA meal than after the SFA meal (p=0.01), still
remaining within the normal range. A statistically bor-
derline (p=0.06) interaction between the meal and the
time was found for the insulin concentration: following
the MUFA meal, the increase in insulin values (women
and men pooled) after 2 hours was slightly lower, and
the decrease after 4 hours was slightly higher (128.6%
and -33.8%, respectively), than following the SFA meal
(154.5% and -28.8%, respectively).
Triglyceride levels were significantly affected by both the

meal and the time (p≤0.0001 for both). The gender had a
borderline effect (p=0.08), with higher values for the men
than for the women. There was a highly significant inter-
action between the meal and the time: the increase in
triglyceride values after 4 hours was significantly higher in
both the women (98.7%) and the men (131.4%) after the
SFA meal than after the MUFA meal (33.4% for the
women and 66.7% for the men). The differences between
hs-CRP responders and non-responders with reference to
the TG level were mentioned above. No statistically signifi-
cant interactions were observed with other metabolic para-
meters with reference to the hs-CRP in the responders.
Figure 1 Interrelations between triglyceride levels in responders and
postprandially, mean ± SEM.
Discussion
An inflammatory response that follows prolonged food
intake is not a novel concept [6,32-42]. This inflamma-
tory response could contribute to the possible pathogen-
esis of atherothrombotic disease [43-45]. It is possible,
then, that the beneficial effects of certain diets might be
through their ability to attenuate the inflammatory re-
sponse [46]. It is also accepted that increased long-term
fat intake results in the synthesis of atherogenic lipopro-
teins [47], and that such dietary changes might be a poten-
tial initiator of an inflammatory response [6,34,37,39,40].
One of the goals of this work was to elucidate whether
one single meal can affect postprandial elevation of
inflammatory and metabolic markers in non obese appar-
ently health subjects, thus having a pro-inflammatory.
There is not much data on the effect of a single meal as a
potential inflammatory initiator. Peairs et at, studied the
acute effect of a single meal with different fat composition
on 11 overweight and obese volunteers with no increase
in inflammatory factors measured. [48] The participants
in Peairs's study were supplied milk shakes of different fat
composition. In our study, 54 non obese subjects were
non-responders in the fasting state and 2 and 4 hours



Table 3 SFA and MUFA meals: comparison of the metabolic markers within the treatment groups, mean ± SEM

Treating groups meals Insulin (μ u/ml) Glucose (mg/dl) HOMA-R (ins*glu/405) QUICKI 1/(log ins + log glu) TG (mg/dl)

SFA: Women 0h 24.7±1.8 82.6±2.1 4.9±0.4 0.31±0.01 112.3±13.4

2h 60.3±6.7 83.9±2.7 13.4±2 0.28±0.01 191.9±22.8

4h 43.0±4 89.9±1.4 9.0±0.9 0.29±0.01 223.2±34.6

MUFA: Women 0h 24.6±2.1 82.7±2.2 5.02±0.4 0.31±0.01 106.3±13.7

2h 57.1±5.5 94.5±3.4 13.9±1. 8 0.27±0.01 156.9±18.2

4h 36.0±3.2 92.8±1.7 8.2±0.9 0.29±0.01 141.8±20.3

SFA: Male 0h 24.9±2.9 90.2±7.5 5.8±1.1 0.3±0.01 147.2±24.1

2h 70.4±13.4 97.7±9.4 18.4±4.5 0.27±0.01 255.5±33.7

4h 48.1±7.5 96.7±5.8 12.31±2.4 0.28±0.01 340.7±62.1

MUFA: Male 0h 24.1±3.6 91.2±8.5 5.96±1.4 0.31±0.01 142.1±25

2h 54.4±8.5 101.4±10.6 14.45±3.2 0.28±0.01 208.3±34.3

4h 39.6±4.7 103.7±7.9 10.1±1.8 0.28±0.01 236.9±49.6

Main effects

Meal 0.07 0.01 0.3 0.2 <0.0001

Time <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

0-2 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

2-4 <0.0001 0.5 <0.0001 <0.0001 0.005

0-4 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Gender 0.6 0.1 0.3 0.5 0.08

Interaction

Meal x Time 0.06 0.1 0.25 0.7 <0.0001

0-2 <0.0001

2-4 <0.0001

0-4 <0.0001

Meal x Gender 0.4 0.8 0.3 0.3 0.6

Time x Gender 0.6 0.8 0.4 0.7 0.1

Meal x Time x Gender 0.6 0.3 0.4 0.4 0.7

TG, triglycerides; HOMA, homeostasis model assessment; QUICKI, quantitative insulin-sensitivity check index; SFA, high saturated fat meal; MUFA, high
monounsaturated fat meal.
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given regular popular meals, and the results showed differ-
ent effect.
As effectors of the inflammatory response, inflammation-

sensitive biomarkers might contribute to the appearance
of insulin [11], endothelial activation [49] as well as vascu-
lar injury [50]. C-reactive protein (CRP), for instance, is
not only a marker for cardiovascular risk and a predictor
of coronary disease [51,52], it might also play a role in the
development of atherosclerotic plaque [53,54].
We investigated whether the fat composition of a sin-

gle meal, rather than its fat amount, has any effect on
selected metabolic and inflammation-sensitive biomar-
kers which are involved in the atherosclerosis process in
non obese subjects. The study supports the notion that
an early postprandial inflammatory response may be
related to the appearance of insulin resistance and
hypertriglyceridemia. The main finding of the present
study was the elevation of the hs-CRP level within 2
hours and prolonged hypertriglyceridemia within 4
hours as a result of a high saturated fat meal in appar-
ently healthy non obese participants. ESR and WBC had
different kinetics compared with hs-CRP, but it was ap-
parent that they all increased following the SFA meal.
The delineation of the interval of time from fat con-
sumption to its expression by a biological marker that
demonstrated an increased level of hs-CRP in the blood
is also highly relevant to the process of macronutrient-
induced inflammation and to the inflammatory response
in individuals with insulin resistance [11,14].
The present experiment shows the short-term effect of

macronutrients on the inflammatory response 2 and 4
hours following high SFA and high MUFA meals. It is
highly possible that the effect may occur earlier. Our
results showed that one meal had modest pro-
inflammatory properties and the other did not, depend-
ing on the controlled macronutrient content. The main
difference between the two meals in the current study
was in their fatty acid composition. Unlike in the recent
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study of Nappo et al., there was no difference between
the total amount of fat of the two meals [33].
The hs-CRP and ESR levels increased modestly but sig-

nificantly statistically following the high SFA meal but not
following the high MUFA meal. We showed that the hs-
CRP levels were affected by the SFA meal differently in
women and in men, with a higher increase in men than in
women, which shows a gender-related effect of the meals.
Gender differences should be taken into consideration
when prescribing diet manipulations. Poppitt et al [55]
showed that when giving a high fat breakfast to 18 healthy
normal weight volunteers, that during the first 3 hours after
the high fat meal, there were no differences in the levels of
TNF alpha and IL6, as in our study, and there was no incre-
ment in the CRP level. Our study showed a moderate but
significant increase in CRP levels, probably because of a dif-
ference in fat composition of the high fat meals in both
studies, as well as because of a presence of responders and
non-responders. However, Wood et al [56] did demonstrate
in 14 obese patients with asthma that consumed a high-fat/
high energy meal, that there were small increases in plasma
IL-6 compared with baseline at 2, 3, and 4 hours, as well as
an increase in plasma CRP at 2 hours following the meal.
In spite of the fact that the ESR was higher in women

than in men, the reduction was similar in both genders. As
expected, the WBCC value increased significantly after both
meals [57-59], but continued to climb between 2 and 4
hours after a high SFA meal, whereas it stayed the same
when measured 4 hours after a high MUFA meal. The tri-
glyceride levels increased by 2 hours after both meals, but
continued to increase only after the high SFA meal.
Since postprandial hypertriglyceridemia accelerates

atherosclerotic damage by initiating inflammation and
affecting the endothelium [57,60-63], it is important to
define meals that can lead to a higher and more pro-
longed triglyceride increment and lipo-toxicity. In this
study, the average triglyceride levels in the fasting state
were normal, increased as expected after both meals, but
continued to increase only after the high SFA meal,
more profoundly in men than in women.
These findings also show the importance of measuring

triglyceride levels not only following 12-14 hours of fast-
ing as accepted nowadays, but also postprandially, in
order to demonstrate their inflammatory effect. Since
most people eat every few hours, it is reasonable to as-
sume that following repeated high SFA meals they have
continuous high levels of triglycerides and low-grade in-
flammation, with a borderline effect for gender.
In a study by Masson CJ et al [48], 50 grams of butter

or sunflower margarine were added into mixed meals of
13 overweight participants; no differences in postpran-
dial changes in TG levels between two meals were
noticed. In our study, a profound difference between the
effects of two meals on triglycerides level of 54 non
obese participants was observed. We believe, that the
large differences between different studies can be due to
participants genetic variations, their number, gender and
metabolic state (non obese vs. obese).
Little is known about the time course of postprandial

triglyceride serum levels and their relation to the appear-
ance of a macronutrient-induced inflammatory response.
Their importance may lie in the fact that an early post-
prandial inflammatory response might precede a poten-
tially hazardous transient state of insulin resistance and
hypertriglyceridemia [11]. In fact, mediators of inflam-
mation have been clearly shown to be involved in the
induction of an insulin-resistance state [12,13]. A transi-
ent, macronutrient-related, microinflammatory response
could explain, at least in part, the appearance of a dy-
namic insulin-resistant state which could be responsible
for a postprandial hypertriglyceridemic response [14-23].
These data raise the possibility that the microinflamma-
tory response could be a potential target for anti-
inflammatory and antioxidant interventions as part of
the efforts to lower the risk of atherosclerosis [34,40].
Since postprandial hypertriglyceridemia accelerates ath-
erosclerotic damage by initiating inflammation and
affecting the endothelium [57,60-63], it is important to
define meals that can lead to a higher and more pro-
longed triglyceride increment.
Another important finding of this study was the fact

that 28% of the cohort of apparently healthy individuals
had moderately elevated hs-CRP levels 2 hours after the
SFA meal. These responders differed from the rest of the
participants by their anthropometric measurements, as
well as by a significant higher increase in triglycerides 2
and 4 hours after the SFA meal. This severe postprandial
hypertriglyceridemia reduces insulin sensitivity and
causes more serious metabolic abnormalities. These
findings can point to an association between genetic var-
iations in CRP and a risk of cardiovascular disease.
Other studies are needed to elucidate the genetic back-
ground of the responders [64].
We conclude that metabolic and modest inflammatory

effects occur within a few hours after the ingestion of a
high SFA meal in healthy subjects. Whether the speed of
expression is different among individuals with diabetes
mellitus awaits further investigation. Both meals were
isocaloric and contained equal amounts of fat. These
findings show the importance of the macronutrient
composition of meals for slowing down or speeding up
postprandial hypertriglyceridemia.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
OR and SB have participated in the design of the study, performed the
statistical analyses and drafted the paper. SB, OR, IS, conceived the study,
participated in its design and coordination and helped to draft and review



Raz et al. Journal of Inflammation 2013, 10:3 Page 8 of 9
http://www.journal-inflammation.com/content/10/1/3
the manuscript. DJ and AS helped in the data organization and retrieval,
English editing and final draft preparation. RT have performed the laboratory
analysis on cytokines and adhesion molecules and helped in drafting the
paper. All of the authors have read and approved the final manuscript.
Acknowledgments
Olga Raz and Arie Steinvil and should both be considered first authors.

Author details
1The Departments of Diet and Nutrition, The Tel-Aviv Sourasky Medical
Center, 6 Weizman St, Tel Aviv, Israel. 2Cardiology, Tel Aviv University, Tel
Aviv, Israel. 3Internal Medicine “D” & “E” the Tel Aviv Sourasky Medical Center
affiliated to the Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv,
Israel. 4The Department of Molecular Biology at the Faculty of Natural
Sciences, the Ariel University of Samaria, Samaria, Israel. 5Department on
Nutritional Sciences, the Ariel University of Samaria, Israel.

Received: 10 November 2012 Accepted: 25 January 2013
Published: 31 January 2013
References
1. Gasteyger C, Tremblay A: Metabolic impact of body fat distribution.

J Endocrinol Invest 2002, 25:876–883.
2. Diamant M, Lamb HJ, van de Ree MA, Endert EL, Groeneveld Y, Bots ML,

Kostense PJ, Radder JK: The association between abdominal visceral fat
and carotid stiffness is mediated by circulating inflammatory markers in
uncomplicated type 2 diabetes. J Clin Endocrinol Metab 2005,
90:1495–1501.

3. Piche ME, Lemieux S, Weisnagel SJ, Corneau L, Nadeau A, Bergeron J:
Relation of high-sensitivity C-reactive protein, interleukin-6, tumor
necrosis factor-alpha, and fibrinogen to abdominal adipose tissue, blood
pressure, and cholesterol and triglyceride levels in healthy
postmenopausal women. Am J Cardiol 2005, 96:92–97.

4. Despres JP, Lemieux I, Prud'homme D: Treatment of obesity: need to
focus on high risk abdominally obese patients. BMJ 2001, 322:716–720.

5. Grundy SM, Brewer HB Jr, Cleeman JI, Smith SC Jr, Lenfant C: Definition of
metabolic syndrome: Report of the National Heart, Lung, and Blood
Institute/American Heart Association conference on scientific issues
related to definition. Circulation 2004, 109:433–438.

6. Chrysohoou C, Panagiotakos DB, Pitsavos C, Das UN, Stefanadis C:
Adherence to the Mediterranean diet attenuates inflammation and
coagulation process in healthy adults: The ATTICA Study. J Am Coll
Cardiol 2004, 44:152–158.

7. Digenio AG, Mancuso JP, Gerber RA, Dvorak RV: Comparison of methods
for delivering a lifestyle modification program for obese patients: a
randomized trial. Ann Intern Med 2009, 150:255–262.

8. Lavi T, Karasik A, Koren-Morag N, Kanety H, Feinberg MS, Shechter M: The
acute effect of various glycemic index dietary carbohydrates on
endothelial function in nondiabetic overweight and obese subjects. J Am
Coll Cardiol 2009, 53:2283–2287.

9. Raitakari M, Ilvonen T, Ahotupa M, Lehtimaki T, Harmoinen A, Suominen P,
Elo J, Hartiala J, Raitakari OT: Weight reduction with very-low-caloric diet
and endothelial function in overweight adults: role of plasma glucose.
Arterioscler Thromb Vasc Biol 2004, 24:124–128.

10. Shai I, Schwarzfuchs D, Henkin Y, Shahar DR, Witkow S, Greenberg I, Golan
R, Fraser D, Bolotin A, Vardi H, et al: Weight loss with a low-carbohydrate,
Mediterranean, or low-fat diet. N Engl J Med 2008, 359:229–241.

11. Dandona P, Aljada A, Chaudhuri A, Mohanty P, Garg R: Metabolic
syndrome: a comprehensive perspective based on interactions between
obesity, diabetes, and inflammation. Circulation 2005, 111:1448–1454.

12. Hotamisligil GS, Peraldi P, Budavari A, Ellis R, White MF, Spiegelman BM: IRS-
1-mediated inhibition of insulin receptor tyrosine kinase activity in TNF-
alpha- and obesity-induced insulin resistance. Science 1996, 271:665–668.

13. Hotamisligil GS, Shargill NS, Spiegelman BM: Adipose expression of tumor
necrosis factor-alpha: direct role in obesity-linked insulin resistance.
Science 1993, 259:87–91.

14. Axelsen M, Smith U, Eriksson JW, Taskinen MR, Jansson PA: Postprandial
hypertriglyceridemia and insulin resistance in normoglycemic first-
degree relatives of patients with type 2 diabetes. Ann Intern Med 1999,
131:27–31.
15. Cardona F, Morcillo S, Gonzalo-Marin M, Tinahones FJ: The apolipoprotein
E genotype predicts postprandial hypertriglyceridemia in patients with
the metabolic syndrome. J Clin Endocrinol Metab 2005, 90:2972–2975.

16. Charlesworth JA, Kriketos AD, Jones JE, Erlich JH, Campbell LV, Peake PW:
Insulin resistance and postprandial triglyceride levels in primary renal
disease. Metabolism 2005, 54:821–828.

17. Eliasson B, Mero N, Taskinen MR, Smith U: The insulin resistance syndrome
and postprandial lipid intolerance in smokers. Atherosclerosis 1997,
129:79–88.

18. Eriksson JW, Buren J, Svensson M, Olivecrona T, Olivecrona G: Postprandial
regulation of blood lipids and adipose tissue lipoprotein lipase in type 2
diabetes patients and healthy control subjects. Atherosclerosis 2003,
166:359–367.

19. Halkes CJ, Van Wijk JP, Ribalta J, Masana L, Castro Cabezas M: Diurnal
triglyceridaemia and insulin resistance in mildly obese subjects with
normal fasting plasma lipids. J Intern Med 2004, 255:74–81.

20. Hwu CM, Kwok CF, Kuo CS, Hsiao LC, Lee YS, Wei MJ, Kao WY, Lee SH, Ho
LT: Exacerbation of insulin resistance and postprandial triglyceride
response in newly diagnosed hypertensive patients with
hypertriglyceridaemia. J Hum Hypertens 2002, 16:487–493.

21. Karamanos BG, Thanopoulou AC, Roussi-Penesi DP: Maximal post-prandial
triglyceride increase reflects post-prandial hypertriglyceridaemia and is
associated with the insulin resistance syndrome. Diabet Med 2001,
18:32–39.

22. Taskinen MR: Insulin resistance and lipoprotein metabolism. Curr Opin
Lipidol 1995, 6:153–160.

23. van Wijk JP, Halkes CJ, Erkelens DW, Castro Cabezas M: Fasting and
daylong triglycerides in obesity with and without type 2 diabetes.
Metabolism 2003, 52:1043–1049.

24. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC:
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man.
Diabetologia 1985, 28:412–419.

25. Chen H, Sullivan G, Quon MJ: Assessing the predictive accuracy of QUICKI
as a surrogate index for insulin sensitivity using a calibration model.
Diabetes 2005, 54:1914–1925.

26. Muniyappa R, Lee S, Chen H, Quon MJ: Current approaches for assessing
insulin sensitivity and resistance in vivo: advantages, limitations, and
appropriate usage. Am J Physiol Endocrinol Metab 2008, 294:E15–E26.

27. Lam TK, Leung DT: More on simplified calculation of body-surface area. N
Engl J Med 1988, 318:1130.

28. Mosteller RD: Simplified calculation of body-surface area. N Engl J Med
1987, 317:1098.

29. Health TI: M.o. Tzameret; 2009. cited; Available from: http://www.health.gov.
il/pages/default.asp?maincat=33&catId=749.

30. Clauss A: Gerinnungsphysiologische Schnellmethode zur Bestimmung
des Fibrinogens. Acta Haematol Basel 1957, 17:237–246.

31. Rifai N, Tracy RP, Ridker PM: Clinical efficacy of an automated high-
sensitivity C-reactive protein assay. Clin Chem 1999, 45:2136–2141.

32. Esposito K, Nappo F, Marfella R, Giugliano G, Giugliano F, Ciotola M,
Quagliaro L, Ceriello A, Giugliano D: Inflammatory cytokine concentrations
are acutely increased by hyperglycemia in humans: role of oxidative
stress. Circulation 2002, 106:2067–2072.

33. Nappo F, Esposito K, Cioffi M, Giugliano G, Molinari AM, Paolisso G, Marfella
R, Giugliano D: Postprandial endothelial activation in healthy subjects
and in type 2 diabetic patients: role of fat and carbohydrate meals. J Am
Coll Cardiol 2002, 39:1145–1150.

34. Carroll MF, Schade DS: Timing of antioxidant vitamin ingestion alters
postprandial proatherogenic serum markers. Circulation 2003, 108:24–31.

35. Jenkins DJ, Kendall CW, Marchie A, Faulkner DA, Wong JM, de Souza R,
Emam A, Parker TL, Vidgen E, Lapsley KG, et al: Effects of a dietary portfolio
of cholesterol-lowering foods vs lovastatin on serum lipids and C-
reactive protein. JAMA 2003, 290:502–510.

36. Liu S, Manson JE, Buring JE, Stampfer MJ, Willett WC, Ridker PM: Relation
between a diet with a high glycemic load and plasma concentrations of
high-sensitivity C-reactive protein in middle-aged women. Am J Clin Nutr
2002, 75:492–498.

37. Pischon T, Hankinson SE, Hotamisligil GS, Rifai N, Willett WC, Rimm EB:
Habitual dietary intake of n-3 and n-6 fatty acids in relation to
inflammatory markers among US men and women. Circulation 2003,
108:155–160.

http://www.health.gov.il/pages/default.asp?maincat=33&catId=749
http://www.health.gov.il/pages/default.asp?maincat=33&catId=749


Raz et al. Journal of Inflammation 2013, 10:3 Page 9 of 9
http://www.journal-inflammation.com/content/10/1/3
38. Riserus U, Basu S, Jovinge S, Fredrikson GN, Arnlov J, Vessby B:
Supplementation with conjugated linoleic acid causes isomer-
dependent oxidative stress and elevated C-reactive protein: a potential
link to fatty acid-induced insulin resistance. Circulation 2002,
106:1925–1929.

39. Esposito K, Marfella R, Ciotola M, Di Palo C, Giugliano F, Giugliano G,
D'Armiento M, D'Andrea F, Giugliano D: Effect of a mediterranean-style
diet on endothelial dysfunction and markers of vascular inflammation in
the metabolic syndrome: a randomized trial. JAMA 2004, 292:1440–1446.

40. Ceriello A, Assaloni R, Da Ros R, Maier A, Piconi L, Quagliaro L, Esposito K,
Giugliano D: Effect of atorvastatin and irbesartan, alone and in
combination, on postprandial endothelial dysfunction, oxidative stress,
and inflammation in type 2 diabetic patients. Circulation 2005,
111:2518–2524.

41. Seshadri P, Iqbal N, Stern L, Williams M, Chicano KL, Daily DA, McGrory J,
Gracely EJ, Rader DJ, Samaha FF: A randomized study comparing the
effects of a low-carbohydrate diet and a conventional diet on
lipoprotein subfractions and C-reactive protein levels in patients with
severe obesity. Am J Med 2004, 117:398–405.

42. Tannock LR, O'Brien KD, Knopp RH, Retzlaff B, Fish B, Wener MH, Kahn SE, Chait A:
Cholesterol feeding increases C-reactive protein and serum amyloid A levels
in lean insulin-sensitive subjects. Circulation 2005, 111:3058–3062.

43. Biasucci LM: CDC/AHA Workshop on Markers of Inflammation and
Cardiovascular Disease: Application to Clinical and Public Health
Practice: clinical use of inflammatory markers in patients with
cardiovascular diseases: a background paper. Circulation 2004,
110:e560–e567.

44. Libby P, Ridker PM: Inflammation and atherosclerosis: role of C-reactive
protein in risk assessment. Am J Med 2004, 116(Suppl 6A):9S–16S.

45. Ridker PM: Cardiology Patient Page. C-reactive protein: a simple test to
help predict risk of heart attack and stroke. Circulation 2003, 108:e81–e85.

46. Parikh P, McDaniel MC, Ashen MD, Miller JI, Sorrentino M, Chan V,
Blumenthal RS, Sperling LS: Diets and cardiovascular disease: an evidence-
based assessment. J Am Coll Cardiol 2005, 45:1379–1387.

47. Ursini F, Zamburlini A, Cazzolato G, Maiorino M, Bon GB, Sevanian A:
Postprandial plasma lipid hydroperoxides: a possible link between diet
and atherosclerosis. Free Radic Biol Med 1998, 25:250–252.

48. Masson CJ, Mensink RP: Exchanging saturated fatty acids for (n-6)
polyunsaturated fatty acids in a mixed meal may decrease postprandial
lipemia and markers of inflammation and endothelial activity in
overweight men. J Nutr 2011, 141:816–821.

49. Sjoholm A, Nystrom T: Endothelial inflammation in insulin resistance.
Lancet 2005, 365:610–612.

50. Labarrere CA, Zaloga GP: C-reactive protein: from innocent bystander to
pivotal mediator of atherosclerosis. Am J Med 2004, 117:499–507.

51. Pepys MB, Hirschfield GM: C-reactive protein: a critical update. J Clin Invest
2003, 111:1805–1812.

52. Ridker PM, Buring JE, Cook NR, Rifai N: C-reactive protein, the metabolic
syndrome, and risk of incident cardiovascular events: an 8-year follow-
up of 14 719 initially healthy American women. Circulation 2003,
107:391–397.

53. Fu T, Borensztajn J: Macrophage uptake of low-density lipoprotein bound
to aggregated C-reactive protein: possible mechanism of foam-cell
formation in atherosclerotic lesions. Biochem J 2002, 366:195–201.

54. Jarvisalo MJ, Harmoinen A, Hakanen M, Paakkunainen U, Viikari J, Hartiala J,
Lehtimaki T, Simell O, Raitakari OT: Elevated serum C-reactive protein
levels and early arterial changes in healthy children. Arterioscler Thromb
Vasc Biol 2002, 22:1323–1328.

55. Poppitt SD, Keogh GF, Lithander FE, Wang Y, Mulvey TB, Chan YK, McArdle BH,
Cooper GJ: Postprandial response of adiponectin, interleukin-6, tumor
necrosis factor-alpha, and C-reactive protein to a high-fat dietary load.
Nutrition 2008, 24:322–329.

56. Wood LG, Garg ML, Gibson PG: A high-fat challenge increases airway
inflammation and impairs bronchodilator recovery in asthma. J Allergy
Clin Immunol 2011, 127:1133–1140.

57. Boquist S, Ruotolo G, Tang R, Bjorkegren J, Bond MG, de Faire U, Karpe F,
Hamsten A: Alimentary lipemia, postprandial triglyceride-rich lipoproteins, and
common carotid intima-media thickness in healthy, middle-aged men.
Circulation 1999, 100:723–728.
58. Erridge C, Attina T, Spickett CM, Webb DJ: A high-fat meal induces low-
grade endotoxemia: evidence of a novel mechanism of postprandial
inflammation. Am J Clin Nutr 2007, 86:1286–1292.

59. van Oostrom AJ, Rabelink TJ, Verseyden C, Sijmonsma TP, Plokker HW, De
Jaegere PP, Cabezas MC: Activation of leukocytes by postprandial lipemia
in healthy volunteers. Atherosclerosis 2004, 177:175–182.

60. Ferreira AC, Peter AA, Mendez AJ, Jimenez JJ, Mauro LM, Chirinos JA, Ghany
R, Virani S, Garcia S, Horstman LL, et al: Postprandial hypertriglyceridemia
increases circulating levels of endothelial cell microparticles. Circulation
2004, 110:3599–3603.

61. Igarashi M, Hirata A, Yamauchi T, Yamaguchi H, Tsuchiya H, Ohnuma H,
Jimbu Y, Okuyama Y, Shirata T, Otsu N, et al: Clinical utility and approach
to estimate postprandial hypertriglycemia by a newly designed oral fat-
loading test. J Atheroscler Thromb 2003, 10:314–320.

62. Marz W, Scharnagl H, Winkler K, Tiran A, Nauck M, Boehm BO, Winkelmann
BR: Low-density lipoprotein triglycerides associated with low-grade
systemic inflammation, adhesion molecules, and angiographic coronary
artery disease: the Ludwigshafen Risk and Cardiovascular Health study.
Circulation 2004, 110:3068–3074.

63. Tirosh A, Rudich A, Shochat T, Tekes-Manova D, Israeli E, Henkin Y, Kochba I,
Shai I: Changes in triglyceride levels and risk for coronary heart disease
in young men. Ann Intern Med 2007, 147:377–385.

64. Kathiresan S, Larson MG, Vasan RS, Guo CY, Gona P, Keaney JF Jr, Wilson
PW, Newton-Cheh C, Musone SL, Camargo AL, et al: Contribution of
clinical correlates and 13 C-reactive protein gene polymorphisms to
interindividual variability in serum C-reactive protein level. Circulation
2006, 113:1415–1423.

doi:10.1186/1476-9255-10-3
Cite this article as: Raz et al.: The effect of two iso-caloric meals
containing equal amounts of fats with a different fat composition on
the inflammatory and metabolic markers in apparently healthy
volunteers. Journal of Inflammation 2013 10:3.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Study design
	Meals composition
	Laboratory methods
	Statistical analysis

	Results
	Discussion
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


