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Résumé

Contexte : Dans un environnement gastro-intestinal simulé, la matrice fromagére module la vitesse
de digestion du gras laitier. A notre connaissance, l'impact de la matrice fromagére sur la lipémie

postprandiale n’a jamais été évaluée chez des humains.

Objectif : Nous avons comparé I'impact de la consommation de gras laitiers via un fromage ferme,
un fromage crémeux et du beurre sur la réponse postprandiale des TG 4 heures aprés le repas et
sur I'aire sous la courbe incrémentale (iIAUC) des concentrations de TG plasmatiques chez des sujets

en santé.

Design : Un total de 43 sujets en santé ont été recrutés pour cette étude controlée, randomisée, en
chassé-croisé. Dans un ordre aléatoire, a intervalle de 14 jours et aprés un jeQine de 12 h, les sujets
devaient consommer 33 g de gras provenant d’'un fromage ferme (cheddar jeune), d’'un fromage
crémeux (fromage a la creme) ou de beurre, incorporés dans des repas standardisés avec des
compositions nutritionnelles équivalentes. Les concentrations plasmatiques de TG étaient mesurées

avant le repas et 2, 4, 6, et 8 h aprés ce dernier.

Résultats : Le fromage cheddar, le fromage a la créeme et le beurre ont induit des augmentations
similaires dans les concentrations de TG 4 h aprés le repas (changements vs T=0 h : +59%, +59%
et +62% respectivement ; P=0,9). Aucune différence n’a été observée dans I'ilAUC des TG entre les
3 repas (P=0,9). Cependant, 2 h aprés le repas, la réponse des TG induite par la consommation de
fromage a la creme (changements vs T=0 h : +44%) était significativement plus importante que celle
induite par le beurre (changements vs T=0 h: +24% ; P=0,002) et le fromage cheddar (changements
vs T=0 h: +16% ; P=0,0004). Six heures aprés le repas, la réponse des TG induite par le fromage a
la creme était significativement atténuée comparativement a celle induite par le fromage cheddar
(changements vs T=0 h : +14 vs + 44% ; P=0,0004).

Conclusion : Cette étude démontre que la matrice fromagére module I'impact du gras laitier sur la

lipémie postprandiale chez des sujets sains.
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apo: apolipoprotein;
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BMI: body mass index;
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FFA: free fatty acid;

FFQ: food frequency questionnaire;
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OLTT: oral lipid tolerance test;
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Abstract

Background: In a simulated gastrointestinal environment, the cheese matrix modulates dairy fat
digestion. However, to our knowledge, the impact of the cheese matrix on postprandial lipemia in

humans has not yet been evaluated.

Objective: In healthy subjects, we compared the impact of dairy fat provided from firm cheese, soft
cream cheese, and butter on the postprandial response at 4 h and on the incremental area under the

curve (iIAUC) of plasma triglycerides.

Design: Forty-three healthy subjects were recruited to this randomized, crossover, controlled trial. In
random order at intervals of 14 d and after a 12-h fast, subjects ingested 33 g fat from a firm cheese
(young cheddar), a soft cream cheese (cream cheese), or butter (control) incorporated into
standardized meals that were matched for macronutrient content. Plasma concentrations of

triglycerides were measured immediately before the meal and 2, 4, 6 and 8 h after the meal.

Results: Cheddar cheese, cream cheese, and butter induced similar increases in triglyceride
concentrations at 4 h (change from baseline: +59%, +59%, +62%, respectively; P = 0.9). No
difference in the triglyceride iAUCo-sn (P-meal = 0.9) was observed between the 3 meals. However,
at 2 h, the triglyceride response caused by the cream cheese (change from baseline: +44%) was
significantly greater than that induced by butter (change from baseline: +24%, P = 0.002) and cheddar
cheese (change from baseline: +16%, P = 0.0004). At 6 h, the triglyceride response induced by cream
cheese was significantly attenuated compared with that induced by cheddar cheese (change from
baseline: +14% compared with +42%; P = 0.0004).

Conclusion: This study demonstrates that the cheese matrix modulates the impact of dairy fat on
postprandial lipemia in healthy subjects. This trial was registered at clinicaltrials.gov as
NCT02623790.

Keywords: cheese, food matrix, postprandial, triglyceride, apolipoprotein B-48
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Introduction

Postprandial lipoproteins play an important role in the pathogenesis of cardiovascular disease
(CVvD).! Remnants of intestinally-derived apolipoprotein B-48 (apoB-48)-containing lipoproteins
(chylomicrons) are sufficiently small to penetrate the sub-endothelial space, where they contribute to
the formation of foam cells, a hallmark of early atherosclerosis.? In addition, nonfasting triglyceride
concentrations are associated with the risk of CVD.3-® Indeed, Bansal et al. previously observed
among a large prospective cohort of women that postprandial triglyceride concentrations measured
at 4 h had the strongest association with CVD risk.# Postprandial lipemia is modulated by the
composition of food in fatty acids, which encompasses the degree of saturation and the length of the
chain of the fatty acid,® 7 in carbohydrates® ° and in proteins.1%12 |n addition, to macronutrient
composition, the food texture,’® fat globule organization,** 5 protein quality,'® micronutrient
composition,” and bacterial content!® may influence the kinetics of food disintegration and dietary
lipid bioaccessibility. Therefore, it is hypothesized that, independent of macronutrient composition,

the food matrix per se modulates dietary lipid intestinal absorption and the postprandial lipid response.

Although cheese consumption is a major contributor to sodium and saturated fat intake in Western
diets,!® 20 it is not associated with an increased risk of CVD, hypertension or stroke.?! Several clinical
studies report that the cholesterol-raising effect of dairy fat was attenuated when provided from
cheese rather than butter.22 23 These observations suggest that the cheese matrix modulates the
effect of dairy fat on cardiovascular health. Moreover, cheeses with different hardnesses or
cohesivenesses are digested differently and have varied lipid release rates within a simulated
gastrointestinal environment.?* In this context, the cheese matrix, compared with butter, has the
potential to delay dairy fat digestion and reduce the postprandial lipid response. To our knowledge,
however, the impact of dairy fat provided from different cheese matrices and from butter on

postprandial lipid metabolism has not been thoroughly evaluated in humans.?®

The objective of this study was to investigate the impact of the cheese matrix on the postprandial lipid
response. We aimed to compare the impact of dairy fat from cheese and from butter on postprandial
lipid concentrations in healthy subjects. The impact of dairy fat provided from firm cheese (cheddar)
and from soft cream cheese (cream cheese) on postprandial lipid concentrations was also compared.
We hypothesized that compared with butter, the matrix of both cheddar and cream cheeses would
induce a slower lipid release and would decrease the postprandial levels of circulating triglycerides
after a mixed meal. We also hypothesized that the firm cheddar matrix would induce a slower lipid

response than the soft cream cheese matrix.

Subjects and Methods

The Laval University Medical Center ethical review committee approved the research protocol.

Written consent was obtained from all participants. This trial was registered at clinicaltrials.gov as
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NCT02623790. The study was conducted between February 2016 and June 2016 at the Laval

University Institute of Nutrition and Functional Food in Québec City, Canada.

Study subjects

Forty-three healthy adults (19 men and 24 women) were recruited. The study inclusion criteria were
as follows: age 18-65 y, stable body weight for > 3 mo before the screening, BMI (in kg/m?) <35,
fasting triglyceride concentrations <2.5 mmol/L, and blood pressure <150/90 mm Hg. Exclusion
criteria were as follows: smoking status (>1 cigarette/d); alcohol abuse; illicit drug consumption;
extreme dyslipidemias (e.g., familial hypercholesterolemia), type 2 diabetes, perimenopause, history
of CVD or cancer, dairy product intolerance, vegetarianism, non-standard eating habits, or acute
hepatic, gastrointestinal, or renal disease or any other condition that interfered with study
participation. The use of antidepressants, levothyroxine or hormonal therapy was allowed only if the
dose had been stable for >3 months prior to the study. Any other drug or therapy was considered
cause for exclusion. Study subjects who typically used dietary supplements or natural health products
were not allowed to use these products during the study. Participants notified the study coordinators

if they had to initiate or modify any medications during the course of the study.

Study design

This study was designed as a single-center, randomized, crossover controlled trial. Participants who
met the eligibility criteria first had to complete a validated, web-based, self-administered food
frequency questionnaire (FFQ), which assessed participants’ diet from the preceding 4 wk.2® Subjects
subsequently received dietary advice from a registered dietitian to adapt their diet to a prudent dietary
pattern. Participants had a 2-wk run-in period to familiarize themselves with the dietary
recommendations and to complete a validated 3-d physical activity diary.2” At the end of the run-in
period, participants were randomly assigned to 1 of 3 test sequences: cheddar-butter-cream cheese,
butter-cream cheese-cheddar, and cream cheese-cheddar-butter. Three test sequences were used
because of the unlikelihood of a carryover effect between the tests. The study coordinators (J-P
Drouin-Chartier and J Maltais-Giguére, Institute of Nutrition and Functional Foods) used a computer-
assisted program to perform the randomization, in which 8 blocks of 6 subjects were allocated to each

sequence of tests.

The intervention consisted of 3 oral lipid tolerance tests (OLTTs), with each containing the same
amount of dairy fat provided from cheddar cheese, cream cheese, or butter (control) and consumed
at intervals of 14 d in the allocated test sequence. The nutritional composition of the test meals was
equivalent and is detailed below. The 3 OLTTs were conducted in the morning after a 12-h fast. At
0700, an intravenous catheter was inserted into a forearm vein, and a fasting blood sample was
collected. Immediately afterward, the participant ate the test meal containing the cheddar, cream

cheese or butter. The 3 OLTTs were conducted under carefully controlled isocaloric conditions to
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provide one-third of the daily energy requirements for each participant. Daily energy requirements
were estimated using Harris-Benedict's formula and the assessment of participants’ caloric intakes
using the FFQ completed during the run-in period.26 The time required to eat was monitored, limited
to 20 min and had to be similar for the 3 meals for the same subject. Blood samples were drawn
every 2 h over the 8-h postprandial period (2, 4, 6 and 8 h). For the duration of the OLTTSs, subjects

were not allowed to eat but had access to 500 mL of water.

On the evening before each OLTT, a standardized dinner was provided to the participants. The
composition of the dinner was designed to provide one-third of the daily energy requirements of each
participant. The dinner had to be ingested before 1900 to ensure a 12-h overnight fast. Forty-eight
hours before the OLTTSs, alcohol consumption and intense physical activity were prohibited. During
the last week of the study, subjects had to complete a second physical activity diary. Subjects also

had to complete a FFQ to assess their diet over the course of the study.

During the study, participants and coordinators were not blinded because of the tangibility of the study
food. However, laboratory and statistical analyses were conducted with investigators blinded to the

study foods until final analyses were completed.

Composition of the test meals

The cream cheese used in this study was a commercially available, 31% milkfat, 55% moisture,
unripened, homogenized, fresh cheese. The cheddar cheese was a firm, uncooked, 32% milkfat, 37%
moisture, young cheddar without a rind. The cream cheese and the cheddar cheese were selected
from other commercially available cheeses because of their markedly different textural properties
(24). The butter was a commercially available, salted butter. The test foods were accompanied by
bread covered with icing (topping) and a fruit juice. The cheddar cheese was served in pieces beside
the bread, whereas the cream cheese and butter were incorporated into the icing. The icing was
prepared without heating and was spread on top of the bread to preserve the matrix of the cream
cheese and the butter. The 3 test meals were designed using the Nutrition Data System for Research
software (University of Minnesota, MN, USA) to provide 33 g of fat from cheddar cheese, cream
cheese, or butter per 1000 kcal (Table 1). The composition in macronutrients (protein, lipids and
carbohydrates), cholesterol, fiber and sodium of the test meals was matched to isolate the impact of
the cheese matrix from the impact of macronutrient composition on postprandial lipemia. Sodium
caseinate was added to the bread that accompanied the cream cheese and the butter to match the
total protein content of the meals. Dietetic technicians prepared the test meals throughout the study.

Each food or ingredient was weighed to a precision of +0.1 g.
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Biochemical measurements

Serum cholesterol and triglyceride concentrations were determined with a Roche/Hitachi MODULAR
analyzer (Roche Diagnostics, Indianapolis, IN, USA) using the appropriated reagents. Blood glucose
concentrations were measured by colorimetry and insulin  concentrations by
electrochemiluminescence (Roche Diagnostics, Indianapolis, IN, USA). Commercial ELISA kits were

used to measure apoB-48 plasma concentrations (Shibayagi) and free fatty acids (FFAs) (ZenBio).

Study outcomes, sample size estimate and statistical analyses

The primary study outcome was changes in triglyceride concentrations from baseline to 4 h after the
meal was consumed between the cheddar cheese and butter and between the cream cheese and
butter. The triglyceride response at 4 h was selected as the primary outcome because of the
association between postprandial triglyceride concentrations at 4 h and CVD risk.* Changes in the
incremental area under the curve (IAUC) over the 8 h of the test of triglycerides and FFAs were
secondary study outcomes. The assessment of the postprandial response of apoB-48 was not a
predesignated endpoint and should be considered as exploratory.

The study was designed to have adequate power to test the main hypothesis that the cheese matrix
would modulate the postprandial triglyceride response at 4 h in healthy subjects. The estimation of
sample size was based on previous studies from our group that showed that the within-patient SD for
triglyceride concentrations represents 40% of the mean value in a population.?® A total of 40 patients
completing the study would allow us to detect a 20% difference between the cheeses and the butter,
with a power of 80% at a 2-sided, 5% significance level. Forty-three subjects were recruited on the

basis of an anticipated drop-out rate of 5-10%.

Statistical analyses were conducted using mixed models for repeated measures with changes from
baseline in triglyceride, FFA, or apoB-48 concentrations as dependent variables. The interaction
between meals (cream cheese, cheddar, butter) and time (2, 4, 6, 8 h) was treated as the main fixed
effect. Subjects were treated as a random effect. Potential covariates (baseline concentrations, sex,
age, BMI, sequence, time required to eat the test meal, water consumed during the OLTTS, caloric
content of the test meals) were added into the models as fixed effects. Only covariates with significant
effects were maintained in the models. The adaptive Holm-Bonferroni method was used to adjust P
values for multiple comparisons.?® For the multiple comparison adjustment, only comparisons
between the 3 test meals at the same time point were kept. Data were analyzed using SAS software

(Studio University Edition, version 3.5, SAS Institute Inc.).

Results

The study flow chart is presented in Figure 1. No subjects dropped out during the research project.

Baseline demographic, anthropometric and fasting biochemical characteristics of the 43 subjects
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included in the study are presented in Table 2. Women represented 56% of the study subjects. The
weights, lipid concentrations and surrogate markers of insulin-sensitivity for the study participants
were all within the normal range. During the study, the mean daily caloric intake was significantly
lower than the participants’ usual intake (Table 3). No changes were observed in diet composition as
macro- and micronutrient distribution remained constant. Energy expenditure, estimated from the 3-
d physical activity diary, remained constant during the study. Finally, on the morning of the 3 test
meals, fasting concentrations of triglycerides (P = 0.07), apoB-48 (P = 0.2) and FFAs (P = 0.5) were
similar (data not shown). The time required to eat each meal (P = 0.1) and the volume of water

consumed during the OLTTs (P = 0.4) were also similar between the 3 test meals (data not shown).

Postprandial triglyceride response

As presented in Figure 2A, the cream cheese, cheddar cheese and butter induced similar increases
in triglyceride concentrations at 4 h (primary outcome) compared with baseline values (P =0.9). No
difference was observed in the triglyceride AUCo-sn (P-meal = 0.1) and the iAUCo-sn (P-meal = 0.9)
(secondary outcome) between the cream cheese, cheddar cheese and butter (Figure 2B). However,
the postprandial triglyceride response between the sources of dairy fat differed (P-meal X time <
0.0001). At 2 h, the cream cheese induced a greater increase in triglyceride concentrations than the
butter (P = 0.002) and the cheddar cheese (P = 0.0004), while the cheddar and the butter induced a
similar triglyceride response (P = 0.9). At 6 h, there was no difference in the triglyceride response
between the cream cheese and the butter (P = 0.09) or the cheddar and the butter (P = 0.3), but
triglyceride response of cream cheese was lower than that of cheddar (P = 0.0004). At 8 h, no

difference in triglyceride response was observed between the 3 meals (0.07 <P < 0.9).

Postprandial apoB-48 response

The cheese matrix modulated the apoB-48 concentrations during the OLTT (P-meal X time = 0.004)
as presented in Figure 3A. The apoB-48 response from baseline induced by cream cheese peaked
at 2 h, whereas the response induced by the butter and the cheddar cheese peaked at 4 h. At 2 h,
no difference between the 3 meals was observed (0.1 <P <0.7). At4 h and 6 h, the apoB-48 response
from baseline with the cream cheese tended to be lower compared with the butter (P-4 h = 0.1; P-6
h = 0.07). No difference was observed between the cheddar and the butter at 4 h and 6 h (P-4 h =
0.9; P-6 h =0.1). However, the cream cheese led to a lower apoB-48 response at 4 h (P = 0.02) and
6 h (P = 0.0002) compared with the cheddar cheese. There was no difference in the apoB-48
response at 8 h between the 3 meals (0.1 < P < 0.9). The cheese matrix had also an impact on the
apoB-48 iAUCo.sn (P = 0.01, Figure 3B). No difference was observed in the apoB-48 iAUCo-gn
between the two cheeses and the butter (0.08 < P<0.7), but the cream cheese induced a lower apoB-
48 iAUCo-sh than the cheddar cheese (P = 0.01).
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Postprandial FFA response

Significant effect of the 3 sources of dairy fat in the FFA response was observed (P-meal X time =
0.03, Figure 4A). At 2 h, the reduction in circulating FFA concentrations with the cream cheese was
significantly lower compared with the cheddar cheese (P = 0.04). No other difference was observed
in the FFA response between the 3 meals. As presented in Figure 4B, the cheese matrix had no
impact on either the FFA AUCo-sh (P = 0.1) or the iIAUCo-sn (P = 0.8).

Discussion

In this study, the impact of dairy fat provided from cheese and butter on postprandial lipemia was
compared in healthy women and men. The firm cheddar matrix, the soft cream cheese matrix and
the butter induced similar elevations in postprandial triglyceride concentrations at 4 h (primary
outcome). No differences were observed in the triglyceride, FFA and apoB-48 iAUCO0-8h between the
cheeses and the butter, but the cream cheese attenuated the apoB-48 iIAUCO0-8h compared with the
cheddar cheese. In addition, the dairy fat provided from the soft cream cheese matrix induced a
greater increase in triglyceride concentrations at 2 h than the butter and the firm cheddar matrix.
These data demonstrate for the first time, to our knowledge, that the cheese matrix modulates the
postprandial release of triglycerides and apoB-48 but does not differentially modulate the impact of
dairy fat on the magnitude of the postprandial peak and the response of triglycerides compared with

butter in healthy subjects.

In this study, the lack of difference in the triglyceride iAUCo-sn reflects the similarity in fatty acid
composition and fat content of the 3 meals.2° Differences in the timing of the triglyceride response
and in the timing and the magnitude (IAUCo-sn) of the apoB-48 response between the cream cheese
and the cheddar cheese or butter provide evidence regarding the differential impact of the cheese
matrix on the postprandial lipid response. These results suggest that dairy fat provided from a cream
cheese matrix, as characterized by small homogenized lipid droplets enclosed in a soft, semi-solid
protein gel,3* was more rapidly digested and absorbed than dairy fat provided from the cheddar
matrix, which is characterized by fat globules of varying size surrounded by a firm, dense and solid
protein network,3? or from butter, a water-in-oil emulsion with a very low protein content.33 34 In
addition, the reduced apoB-48 iAUCo-sn with cream cheese suggests that this particular cheese matrix

induces the secretion of fewer and larger chylomicrons than those induced by cheddar cheese.

Among other factors, the protein curd plays an important role in defining the cheese matrix and may
have contributed significantly to the modulation of the postprandial lipid response. In miniature pigs,
the ingestion of a solid rennet curd, used for cheddar manufacturing, rather than a soft acid curd,
used for cream cheese manufacturing, delayed digestion of the food matrix.3® Indeed, in a gastric
environment, the rennet curd forms firm aggregates that delay gastric emptying and matrix

disintegration.®® In addition, cheddar cheese curds exhibit lower moisture and higher hardness, which
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confers the cheddar matrix a higher resistance to digestive enzymes compared with the cream
cheese curds.?# %6 The cheddaring and pressing processes also enhance the resistance to digestive
enzymes of the cheddar curds by increasing the density and the stability of the protein gel compared
with the cream cheese.* 32 Given the role of proteins in gastric emptying and gastrointestinal
transport,3” one cannot exclude that matching the total protein content of the mixed meals in the
present study attenuated the differential effect of cheese matrix on postprandial lipemia by delaying
the digestion of the cream cheese or the butter. On the other hand, matching the total protein content
of the test meals isolated the effect of the protein network per se on cheese disintegration and dairy
fat release from the effect of proteins on gastrointestinal transit. The differences observed in the
triglyceride response between 0 and 2 h most likely reflect the delay in dairy fat release induced by

the higher resistance of cheddar curds to digestive enzymes compared with the cream cheese.

Another factor that may have modulated the postprandial lipid response is the fat globule organization
within cheese matrices. Homogenization of the cream cheese increases the number and stability and
decreases the size of lipid droplets.3! 3 For comparison, the diameter of a lipid droplet from cream
cheese is ~0.5 pm, approximately one-sixth the size of a cheddar cheese lipid droplet (~3.0 pm).39.4°
Smaller lipid droplets have a larger contact surface for lipases, which enhances digestion and
absorption.15 41-44 Several studies have shown that dietary lipid droplet size is inversely associated
with the postprandial triglyceride response.l> 444 Therefore, the rapid postprandial increase in
triglyceride concentrations in the first 2 hours following the consumption of cream cheese is consistent

with the effect of lipid droplet size on dairy fat digestibility.

The lack of difference in the postprandial lipid response induced by the cheddar cheese and the butter
could be interpreted as a limited effect of the cheese matrix on the bioaccessibility of dairy fat in the
intestine. However, despite similarities in the postprandial lipid response, the gastrointestinal behavior
of dairy fat from cheddar cheese versus butter is different.#> Butter is a water-in-oil emulsion
composed of large heterogeneous fat granules.? In this form, butter fat is not an adequate substrate
for water-soluble digestive emulsifiers and lipases.15 46 In fact, butter fat probably separated into a
layer on top of the aqueous phase in the stomach, which delayed the transit of dietary fats from the
stomach to the intestine and induced a slow increase in triglycerides in the early postprandial
phase.*6-48 Further investigation evaluating gastric emptying following the ingestion of cheese and

butter is warranted to confirm this hypothesis.

The reduction in energy intake observed during the study period compared with the usual intake was
unexpected, but is not unusual in the context of studies. This reduction in caloric intake, however,
had no impact on the subjects’ weight and is unlikely to have impacted postprandial lipemia. A full
control of the diet between test days should be considered in future studies. Major strengths of this

study include the crossover design and the use of a standardized dinner on the evening before the
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study. These 2 elements limited the intra- and inter-individual variability in the postprandial lipid
response. Additionally, while the incorporation of carbohydrate-rich foods in the test meals may have
partly attenuated the effect of dairy fat per se on postprandial lipemia by enhancing triglyceride
secretion, it allowed for the demonstration that, within a real-life mixed meal, the cheese matrix
modulated postprandial lipemia. Finally, the absence of an extensive tracer analysis or data on
postprandial concentraitons of insulin, glucose and glucagon-like peptide-1 limited the interpretation
of the results on the impact of the cheese matrix on TG and chylomicron secretion and clearance

rates.

In conclusion, this study showed that the cheese matrix modulates the postprandial release of
triglycerides and apoB-48 in healthy subjects. Dairy fat provided from the soft cream cheese matrix
was likely digested more rapidly than when provided from the butter or the firm cheddar matrix,
inducing a more important triglyceride response in the early postprandial phase. However, the cheese
matrix per se does not differentially impact the magnitude of the postprandial peak and the overall
triglyceride response compared with butter. Results of this study are consistent with the neutral
associations observed between both cheese and butter consumption and CVD risk.?% 4% In sum, this

study highlights that the food source of dairy fat modulates its effect on postprandial lipemia.
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Tables

Table 19-1 Dietary composition of the test meals for a 1000-kcal serving?!

Butter Cream cheese Cheddar
Energy (kcal) 1000 1000 1000
Total protein (g) 334 334 33.5
Protein from butter/cheese (Q) 0.4 9.5 24.9
Total fat (g) 41.5 41.5 41.5
Fat from butter/cheese (Q) 33.2 33.2 331
Dietary cholesterol (mg) 180 180 180
Carbohydrates (g) 130 129 127
Fiber (g) 4.6 4.6 4.6
Calcium (mg) 311 390 589
Sodium (mg) 900 902 905

1The 3 test meals were designed to provide 33 g of fat from cheese or butter per 1000 kcal.

The serving size was adjusted according to the participants’ energy requirements.
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Table 19-2 Anthropometric and fasting biochemical characteristics of the subjects at screening (n=43)

Characteristics

Women (n) 24
Men (n) 19
Age (y) 36.9+14.71
Weight (kg) 70.7 +£13.2
BMI (kg/m?) 24.7 £ 3.9
Waist circumference (cm) 84.4+115
Systolic blood pressure (mmHg) 112 +11
Diastolic blood pressure (mmHg) 71+13
Total-cholesterol (mmol/L) 4.99 +0.91
Triglycerides (mmol/L) 0.94 +0.39
HDL-cholesterol (mmol/L) 1.80 £ 0.42
LDL-cholesterol (mmol/L) 2.76 £0.70
Total-cholesterol/HDL-cholesterol 2.88 + 0.68
Insulin (pmol/L) 65 + 22
Glucose (mmol/L) 50+04

1 Mean % SD (all such values).

325



Table 19-3 Differences between dietary intakes, weight and energy expenditure before and during the study?

Pre-study? Study period % A3 p4
Energy (kcal) 2420 + 912 2079 + 798 -14 £ 58 0.01
Alcohol (%) 29128 28+25 2+11 0.8
Lipids (%) 36.7+5.5 36.3+5.5 -1+2 0.6
SFA (%) 12.1+2.6 119+24 -2+8 0.6
MUFA (%) 152+3.2 15.0+ 3.0 -1+2 0.7
PUFA (%) 6.6+1.8 6.6 +1.7 0+3 0.9
Protein (%) 16.3+£2.0 16521 1+2 0.6
Carbohydrates (%) 47.2+6.0 476 6.1 1+£1 0.7
Diet cholesterol (mg) 299 + 146 258 £ 143 147 0.7
Fiber (g) 29.7£12.2 26.1+10.1 12+5 0.7
Sodium (mg) 3200 + 1323 2797 + 1158 -13+8 0.5
Weight (kg) 70.7 £13.2 70.6 +13.2 0+4 0.6
Energy expenditure (kcal) 2970 + 593 2929 + 616 1+4 0.2

1In all study subjects (n=43).
2 prestudy and study period intakes are presented as means * SDs.

3 Differences between prestudy and study period are presented as mean + SEMs.

4 P values were calculated with mixed procedures for repeated measures with subjects as random effect. P values for diet

cholesterol, fiber and sodium intakes were adjusted for energy intake.
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Figures

Figure 19-1 Flow chart of the study participants.

Screened for eligibility

n=62 —
Not eligible
Triglycerides > 2.50 mmol/L, n=4
Health problems, n=4
Drug not permitted, n=3
Vv Nonstandard eating habits, n=1
Randomization No longer available, n=7

Cream-Ched-But sequence, n=15
Ched-But-Cream sequence, n=15
But-Cream-Ched sequence, n=13

Dropped-out
n=0
A 4
Completed the study
n=43

Of the 62 subjects screened for eligibility, 19 did not met eligibility criteria. Eligible subjects (n=43)
were randomized to 1 of 3 test sequences. No subjects dropped-out of the study. But: butter; Ched:

cheddar; Cream: cream cheese.
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Figure 19-2 Differential impact of cheese matrix on postprandial TG response
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(A) Percentage of change in TG concentrations from baseline. Data are presented as the mean
changes from baseline (expressed as %) + SEMs. Triangles indicate butter (control), squares indicate
cream cheese, and circles indicate cheddar. Statistical analyses were conducted with mixed models
for repeated measures with changes from baseline as a dependent variable. The interaction between
meals and time was treated as the main fixed effect. Subjects (n = 43) were treated as a random
effect. Only covariates with significant effects (i.e., sex and caloric content of the test meals) were
maintained in the model as fixed, independent factors. The adaptive Holm-Bonferroni method was
used to correct P values for multiple comparisons. (B) Percentage of the difference in the TG AUCo-
sh and the iAUCo-sh of each cheese compared with butter. Data are presented as the mean differences
+ SEMs. Statistical analyses were conducted with mixed models for repeated measures with the TG
AUCo-gh or iIAUCo-sh as a dependent variable. The test meal (cream cheese, cheddar, butter) was the
independent, fixed effect. Subjects (n = 43) were treated as a random effect. *P < 0.05 (cream cheese
compared with butter); #P < 0.05 (cheddar compared with cream cheese). AUCo.sn, area under the
curve for the 8 hours of the test; iIAUCo-sn, incremental area under the curve for the 8 hours of the test;
TG, triglyceride.
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Figure 19-3 Differential impact of the cheese matrix on postprandial apoB-48 response
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(A) Percentage of change in apoB-48 concentrations from baseline. Data are presented as the mean
changes from baseline (expressed as %) + SEMs. Triangles indicate butter, squares indicate cream
cheese, and circles indicate cheddar. Statistical analyses were conducted with mixed models for
repeated measures with changes from baseline as the dependent variable. The interaction between
meals and time was treated as the main fixed effect. Subjects (n = 43) were treated as a random
effect. Only covariates with significant effects (i.e., baseline apoB-48 concentrations, sex, and BMI)
were maintained in the model as fixed, independent factors. The adaptive Holm-Bonferroni method
was used to correct P values for multiple comparisons. (B) Percentage of the difference in the apoB-
48 AUCo-s h and iAUCo-s h of each cheese compared with butter. Data are presented as the mean
differences + SEMs. Statistical analyses were conducted with mixed models for repeated measures
with the apoB-48 AUCo-s h or iAUCo-s h as a dependent variable. The test meal (cream cheese,
cheddar, or butter) was the independent, fixed effect. Subjects (n = 43) were treated as a random
effect. #P < 0.05 (cheddar compared with cream cheese). apoB-48, apolipoprotein B-48; AUCo g h,
AUC for the 8 h of the test; iIAUCo-s n, incremental AUC for the 8 h of the test.
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Figure 19-4 Differential impact of the cheese matrix on postprandial FFA response
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(A) Percentage of change in FFA concentrations from baseline. Data are presented as the mean
changes (expressed as %) + SEMs. Triangles indicate butter (control), squares indicate cream
cheese, and circles indicate cheddar. Statistical analyses were conducted with mixed models for
repeated measures with changes compared with baseline as the dependent variable. The interaction
between meals and time was treated as the main fixed effect. Subjects (n = 43) were treated as a
random effect. Only the covariate with a significant effect (i.e., sex) was maintained in the model as
a fixed factor. The adaptive Holm-Bonferroni method was used to correct P values for multiple
comparisons. (B) Percentage of difference in the FFA AUCo-s h and iAUCo-s h of each cheese
compared with butter. Data are presented as the mean differences + SEMs. Statistical analyses were
conducted with mixed models for repeated measures with the FFA AUCo-s h or iIAUCo-g h ratio as a
dependent variable. The test meal (cream cheese, cheddar, or butter) was the independent, fixed
effect. Only the covariate with a significant effect (i.e., the test meal sequence) was maintained in the
model as a fixed, independent factor. Subjects (n = 43) were treated as a random effect. #P, 0.05
(cheddar compared with cream cheese). AUCo-s h, AUC for the 8 h of the test; FFA, free fatty acid;
iIAUCo-s h, incremental AUC for the 8 h of the test.
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