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Abstract
Men have earlier first-time event of CHD and higher postprandial TAG response compared with women. The aim of this exploratory sub-study
was to investigate if intake of meals with the same amount of fat from different dairy products affects postprandial lipoprotein subclasses differ-
ently in healthy women and men. A total of thirty-three women and fourteen men were recruited to a randomised controlled cross-over study
with four dairy meals consisting of butter, cheese, whipped cream or sour cream, corresponding to 45 g of fat (approximately 60 energy percent).
Blood samples were taken at 0, 2, 4 and 6 h postprandially. Lipoprotein subclasses were measured using NMR and analysed using a linear mixed
model. Sex had a significant impact on the response in M-VLDL (P=0·04), S-LDL (P=0·05), XL-HDL (P=0·009) and L-HDL (P=0·001) particle
concentration (P), with women having an overall smaller increase in M-VLDL-P, a larger decrease in S-LDL-P and a larger increase in XL- and
L-HDL-P compared with men, independent of meal. Men showed a decrease in XS-VLDL-P compared with women after intake of sour cream
(P<0·01). In men only, XS-VLDL-P decreased after intake of sour cream compared with all other meals (v. butter: P=0·001; v. cheese: P=0·04;
v. whipped cream: P=0·006). Meals with the same amount of fat from different dairy products induce different postprandial effects on lipoprotein
subclass concentrations in men and women.
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TAG-rich lipoproteins and their remnants are strongly associated
with CVD and all-cause mortality(1–6). The postprandial TAG
response after a high-fat meal has been shown to be larger in
men compared with women(7,8), which may be a contributing
factor to why men have earlier first-time event, and higher
mortality rate, of CHD(9,10). TAG-rich lipoproteins include all
lipoproteins of various sizes that are enriched with TAG, that
is, chylomicrons and VLDL(11,12), and men have also been shown
to have higher postprandial response of TAG-rich VLDL particles
compared with women(8).

Lipoproteins can be divided into subclasses based on their
altered particle size as they undergo lipolysis. In epidemiological
studies, all VLDL subclasses have been associated with increased
CVD risk, and in particular smaller VLDL particles(13–17).

LDL-cholesterol is a causal CVD risk factor(18), and all LDL
subclasses are associated with increased CVD risk(13,14,19).
Plasma TAG concentration is inversely correlated with HDL-cho-
lesterol (HDL-C) concentration(2,5,20), and there is epidemiologi-
cal evidence that HDL-C is protective against CVD(21–23). There is
a well-known sex difference in fasting HDL-C concentration,
with women having higher HDL-C than men(24). HDL particle
concentration (HDL-P) has lately been shown to be a better
marker for residual CVD and mortality risk than HDL-C(25,26),
but it is unclear to what extent HDL particle size matters as liter-
ature shows inconsistent results(13,14,26,27).

Both long-term interventional studies and epidemiological
data indicate that dairy products are a heterogeneous food
group with various effects on blood lipids(28) and all-cause

Abbreviations: HDL-C, HDL-cholesterol; iAUC, incremental AUC; IDL, intermediate-density lipoprotein; L, large; M, medium; P, particle concentration; S, small;
XL, very large; XS, very small; XXL, extremely large.
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mortality(29,30). For the first time, we recently demonstrated diver-
gent postprandial TAG and HDL-C responses (measured as the
0–6 h incremental AUC (iAUC0–6h)) between different dairy
products in healthy adults(31), with a borderline significant effect
of sex on serum TAG-iAUC0–6h. We have also shown that dietary
fat quality affects the peak time of larger VLDL subclasses
postprandially in healthy adults and adults with familial
hypercholesterolemia(32). How intake of different dairy products
affects postprandial lipoprotein subclass concentrations in
women and men has, to the best of our knowledge, not been
reported. Thus, the aim of this sub-study was to investigate if
men and women respond differently to high-fat dairy meals, with
the same amount of fat from different dairy products, with
respect to postprandial lipoprotein subclass concentrations.
The primary outcomes for this exploratory sub-study were the
total 6 h postprandial particle concentration responses of six
VLDL subclasses and four HDL subclasses, and secondary

outcomes were the corresponding particle concentration
responses of intermediate-density lipoprotein (IDL) and LDL
subclasses, all measured as the iAUC0–6h.

Subjects and methods

Subjects

A total of forty-seven healthy subjects (thirty-three women and
fourteen men) who accomplished at least one visit in a postpran-
dial study at the University of Oslo between September 2016 and
April 2017 were included in this exploratory sub-study. A total of
twenty-one women and ten men completed all four study visits
(Fig. 1). As abdominal obesity is associated with an elevated
postprandial TAG response(33), subjects between 18 and 70 years
of age with BMI 18·5–25 kg/m2 and waist circumference <80 cm
for women and <94 cm for men, or BMI �25 kg/m2 and waist

Fig. 1. Flow chart of the study participants. (A) Meal rich in fat from butter; (B) meal rich in fat from medium-hard cheese; (C) meal rich in fat from whipped cream; (D) meal
rich in fat from sour cream.
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circumference �80 cm for women and �94 cm for men were
recruited to the postprandial study. Complete inclusion and
exclusion criteria have been described previously(31).

Study design

A randomised controlled cross-over study was conducted with
four high-fat dairy meals as intervention, as has been described
earlier (31). Briefly, each meal consisted of three toasted
slices of white bread (Pågen Rosta), raspberry jam (Nora
Bringebærsyltetøy) and either butter (TINE Smør), medium-hard
cheese (TINE Gräddost), whipped cream (TINE Kremfløte) or
sour cream (TINE Seterrømme), corresponding to 45 g of fat
and approximately 60 energy percent of fat with similar fatty acid
profiles. The energy content of each meal was 629 kcal (2632 kJ)
for the butter meal, 715 kcal (2992 kJ) for the cheese meal,
652 kcal (2728 kJ) for the whipped cream meal and 655 kcal
(2741 kJ) for the sour cream meal. The subjects were randomly
allocated to one of the four test meal orders (order 1: A_B_C_D,
order 2: B_C_D_A, order 3: C_D_A_B and order 4: D_A_B_C;
A = butter, B = cheese, C = whipped cream and D = sour cream)
by block randomisation performed by the principal investigator.
Allocation ratio was 1:1:1:1. Each test day was separated by a
3- to 5-week-long washout period for premenopausal women
not taking contraceptives, and a minimum washout period of
2 weeks for other participants. Before each test day, subjects
received a reminder to fast for 12 h (with no fatty food for
14 h) and not perform any strenuous physical activity or drink
alcohol the last 24 h before visit. Blood samples were drawn
fasting, and 2, 4 and 6 h after the meal. Subjects were
encouraged to be physically inactive during the 6 h period of
blood sampling.

Clinical measurements

Weight was measured by the Medical Body Composition
Analyzer seca 515/514 (seca, software version 1.1). Blood
pressure was measured three consecutive times in a sitting
position in the subjects’ non-dominant arm by a Dinamap
Carescape v100 (GE Medical System) at a screening visit.

Blood sampling and lipoprotein subclass measurement

Serum was collected in silica gel tubes (Becton Dickinson
Vacutainer Systems) and kept in room temperature for
30–60 min to ensure complete blood coagulation before
15 min centrifugation at 1500 g (Thermo Fischer Scientific).
Serum samples were then stored in a refrigerator until being
analysed. Standard blood biochemical measurements were
performed at an accredited medical laboratory (Fürst Medical
Laboratory)(31). Plasma was collected in EDTA tubes (Becton
Dickinson Vacutainer Systems) and kept on ice for less than
15 min before being centrifuged at 2000 g for 15 min at 4°C
(Thermo Fischer Scientific). The samples were distributed into
smaller tubes and frozen at �80°C for lipoprotein subclass
analysis. Lipoprotein subclass profiling was achieved using a
commercial proton NMR metabolomics platform (Nightingale
Health Ltd) with the following classifications: extremely large

(XXL) VLDL with particle diameters of at least 75 nm (including
chylomicrons), five VLDL subclasses (very large (XL), large (L),
medium (M), small (S) and very small (XS), with average particle
diameters of 64·0, 53·6, 44·5, 36·8 and 31·3 nm, respectively), one
IDL subclass with an average particle diameter of 28·6 nm, three
LDL subclasses (L, M and S, with average particle diameters of
25·5, 23·0, and 18·7 nm, respectively) and four HDL subclasses
(XL, L, M and S, with average particle diameters of 14·3, 12·1,
10·9 and 8·7 nm, respectively). Details about the NMR metabo-
lomics platform have been described previously(34,35).

Ethics

The study was approved by the Regional Committees for
Medical and Health Research Ethics (2016/418/REK sør-øst B)
and conducted according to the principles of the Declaration
of Helsinki. Written informed consents were obtained from all
subjects. The study was registered at www.clinicaltrials.gov as
NCT02836106.

Statistics

The primary outcome of the original study was the serum
TAG-iAUC0–6h, and the sample size calculation has been
described previously(31). In this exploratory sub-study,
differences in characteristics between women and men at base-
line were analysed by the Mann–Whitney U test using IBM SPSS
Statistics for Windows 24.0 (IBM Corp.). Baseline characteristics
are presented as medians (25th–75th percentiles). Data from the
postprandial measurements were analysed with a linear mixed
model using Stata Special Edition 15.1 (StataCorp LLC). All
subjects who completed at least one test day were included in
the analysis. The response variable was the iAUC0–6h, calculated
from the different time points using the trapezoid method(36,37),
and the model included the variables meal, visit number, age,
BMI, sex and a meal×sex interaction as fixed effects in addition
to a random intercept at subject level. Response differences
between meals were stratified by sex when the meal×sex
interaction was significant. Non-significant meal×sex inter-
actions were excluded from the model, and as the meal×sex
interaction represents sex-specific meal differences, response
differences between meals were calculated for the whole study
group independent of sex in these cases. All results beyond base-
line characteristics originate from this model. The significance
level was set to �=0·05. To adjust for multiple testing when
performing comparisons on each lipoprotein subclass, the
Bonferroni correction was applied (i.e. all P values for
differences between meals were multiplied by the number of
meal comparisons, and all P values for meal response
differences between sexes were multiplied by the number of
meals). Only Bonferroni-corrected P values are presented in
the text and the figures. Pairwise meal comparisons within each
sex were performed by combining the appropriate regression
coefficients from the linear mixed model. All data that were ana-
lysed by the linear mixed model are shown as mean values with
standard errors in the figures.
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Results

Baseline characteristics

The median age was 30 years for women and 33·5 years for men,
with no significant difference between sexes (P=0·50). Women
had higher baseline fasting serum HDL-C (P<0·001) and apo A-1
(P=0·005), and higher fasting plasma XL-HDL-P (P<0·001),
L-HDL-P (P<0·001) and M-HDL-P (P=0·04) compared with
men (Table 1). Women also had lower BMI (P=0·007) and
systolic blood pressure (P=0·001). Men, on the contrary, had
higher fasting plasma XXL-VLDL-P (P=0·05), XL-VLDL-P
(P=0·03), L-VLDL-P (P=0·01), M-VLDL-P (P=0·01) and
S-VLDL-P (P=0·03) compared with women (Table 1).

Postprandial differences between sexes

The meal by sex interaction, representing sex-specific meal
differences, was only statistically significant for XS-VLDL-P
(P=0·008). Significant sex effects on other lipoprotein subclass
responses were independent of meal.

VLDL subclasses. After intake of each of the four test meals,
men tended to have larger iAUC0–6h particle concentrations
for all VLDL subclasses, except XS-VLDL, compared with
women. However, a significant sex effect, independent of meal,

was only found for M-VLDL (P=0·04), whereas a borderline
significant sex effect was found for XXL-VLDL (P=0·05) and
S-VLDL (P=0·06) (Fig. 2, online Supplementary Table 1). In
contrast, men showed a decrease in XS-VLDL-P, whereas
women showed a small increase after intake of sour cream
(P=0·01) (Fig. 2, online Supplementary Tables 1 and 2).

HDL subclasses. Sex had a significant impact on the increase
in XL-HDL-P (P=0·009) and L-HDL-P (P=0·001) with larger
increases observed in women compared with men, independent
of meal (Fig. 3, online Supplementary Table 1).

Intermediate-density lipoprotein and LDL subclasses. Sex
had a significant impact on the decrease in S-LDL-P (P=0·05)
with overall larger decreases observed in women compared with
men, independent of meal (Fig. 4, online Supplementary
Table 1).

Meal-induced differences

VLDL subclasses. Intake of cheese induced the largest increase
in XXL-VLDL-P (77 % larger v. butter: P<0·001; 76 %
larger v. whipped cream: P<0·001), XL-VLDL-P (77 % larger
v. butter: P=0·006; 76 % larger v. whipped cream: P=0·006)
and L-VLDL-P (94 % larger v. butter: P=0·04) (online
Supplementary Table 3). In men only, intake of sour cream

Table 1. Baseline characteristics of the fasting study subjects*
(Medians and interquartile ranges (IQR))

Female subjects
(n 33)

Male subjects
(n 14)

Median IQR Median IQR P

Descriptives
Age (years) 30·0 25·0–42·0 33·5 27·0–46·0 0·50
BMI (kg/m2) 21·8 20·8–24·9 24·2 23·5–31·0 0·007

Blood pressure (mmHg)
Systolic 110 105–114 118 113–123 0·001
Diastolic 66 59–70 70 65–73 0·14

Biochemical measurements
TAG (mmol/l) 0·86 0·68–1·05 0·89 0·80–1·09 0·43
Total cholesterol (mmol/l) 4·8 4·3–5·4 5·0 4·1–5·5 0·95
LDL-cholesterol (mmol/l) 2·8 2.5·3.2 3·4 2·8–3·9 0·08
HDL-cholesterol (mmol/l) 1·7 1·5–2·1 1·3 1·1–1·5 <0·001
Apo B (g/l) 0·9 0·8–1·0 1·0 0·8–1·1 0·20
Apo A-1 (g/l) 1·6 1·5–1·8 1·5 1·4–1·6 0·005
Glucose (mmol/l) 4·7 4·5–5·0 5·0 4·7–5·3 0·14
Insulin (pmol/l) 42 26–63 43 35–68 0·34
Micro-CRP (mg/l) 0·6 0·4–1·6 0·8 0·5–1·1 0·84

Lipoprotein subclass particles
XXL-VLDL (mol/l (10-10)) 0·80 0·67–1·06 0·98 0·78–1·38 0·05
XL-VLDL (mol/l (10-10)) 2·23 1·52–3·79 3·70 2·78–5·55 0·03
L-VLDL (mol/l (10-09)) 1·92 1·32–2·84 2·62 2·21–3·86 0·01
M-VLDL (mol/l (10-08)) 0·95 0·73–1·16 1·14 1·02–1·61 0·01
S-VLDL (mol/l (10-08)) 1·80 1·49–2·07 2·07 1·78–2·40 0·03
XS-VLDL (mol/l (10-08)) 2·92 2·53 –3·05 2·84 2·44–3·46 0·84
IDL (mol/l (10-08)) 8·36 7·51–9·36 8·69 7·21–9·64 0·69
L-LDL (mol/l (10-07)) 1·33 1·19–1·52 1·46 1·18–1·65 0·49
M-LDL (mol/l (10-07)) 1·04 0·94–1·21 1·20 0·94–1·38 0·28
S-LDL (mol/l (10-07)) 1·24 1·13–1·44 1·39 1·11–1·64 0·42
XL-HDL (mol/l (10-07)) 5·02 4·13–6·87 3·49 2·67–4·04 <0·001
L-HDL (mol/l (10-06)) 1·22 0·91–1·53 0·82 0·60–0·88 <0·001
M-HDL (mol/l (10-06)) 1·77 1·62–1·94 1·67 1·50–1·79 0·04
S-HDL (mol/l (10-06)) 4·42 4·19–4·53 4·48 4·30–4·59 0·24

CRP, C-reactive protein; XXL, extremely large; XL, very large; L, large; M, medium; S, small; XS, very small.
* Statistical analyses were performed with the Mann–Whitney U test.
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Fig. 2. Plasma 0–6 h incremental AUC (iAUC0–6h) particle concentrations of VLDL subclasses after intake of meals with butter, cheese, whipped cream and sour cream
in healthy men and women. Values are means, with standard errors represented by vertical bars. The original linear mixed model included meal, age, BMI, sex, visit
number and a sex × meal interaction as fixed effects. All subclasses presenting a P value for sex as a main effect (Psex) had no significant sex×meal interaction, and the
interaction was consequently excluded from the model for those subclass analyses. † Bonferroni-corrected P value. (a) n 26, (A) n 10, (b) n 23, (B) n 12, (c) n 26, (C) n 12,
(d) n 25, (D) n 11. (a) Response in women after intake of meal rich in fat from butter; (A) response in men after intake of meal rich in fat from butter; (b) response in women
after intake of meal rich in fat from cheese; (B) response in men after intake of meal rich in fat from cheese; (c) response in women after intake of meal rich in fat
from whipped cream; (C) response in men after intake of meal rich in fat from whipped cream; (d) response in women after intake of meal rich in fat from sour cream;
(D) response in men after intake of meal rich in fat from sour cream. L, large; M, medium; S, small; XL, very large; XS, very small; XXL, extremely large.

784 P. Hansson et al.

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . IP address: 54.208.73.179 , on 21 Jan 2021 at 08:31:52 , subject to the Cam

bridge Core term
s of use, available at https://w

w
w

.cam
bridge.org/core/term

s . https://doi.org/10.1017/S0007114519001429



induced a significant decrease in XS-VLDL-P (v. butter: P=0·001;
v. cheese: P=0·04; v. whipped cream: P=0·006) (online
Supplementary Table 3).

HDL subclasses. Intake of sour cream induced the largest
increase in XL-HDL-P (69 % larger v. butter: P=0·04; 87 % larger
v. cheese: P=0·03; 113 % larger v. whipped cream: P<0·001),
L-HDL-P (241 % larger v. cheese: P=0·01; 110 % larger v.
whipped cream: P=0·04) and M-HDL-P (v. cheese: P<0·001).
In contrast, intake of cheese induced the largest decrease in
S-HDL-P (101 % larger decrease v. butter: P=0·03; 103 % larger
decrease v. whipped cream: P=0·01) (online Supplementary
Table 4).

Intermediate-density lipoprotein and LDL subclasses. Intake
of sour cream induced the largest decrease in L-LDL-P (219 %
larger decrease v. whipped cream: P=0·04), M-LDL-P (153 %
larger decrease v. whipped cream: P=0·006) and S-LDL-P
(158 % larger decrease v. whipped cream: P=0·02) (online
Supplementary Table 5).

Discussion

The two major findings from the present study are that men
and women have different postprandial lipoprotein subclass
responses after intake of similar meals, and that different dairy
products cause different responses within men and women,
respectively. To the best of our knowledge, this is the first
study to investigate sex differences in postprandial lipopro-
tein subclass responses to high-fat meals with different dairy
products.

Regarding the postprandial iAUC0–6h particle concentrations
of the HDL subclasses, sex had a significant effect on the
response in XL-HDL-P and L-HLD-P with a consistently larger
response seen in women compared with men. Intake of sour
cream induced the largest increase in XL-, L- and M-HDL-P,
which is in accordance with our previous findings from the same
study where sour cream induced the largest postprandial
increase in HDL-C(31). This could be due to sour cream being

Psex = 0·009 Psex = 0·001

Psex = 0·16 Psex = 0·24

a b c dA B C D

Fig. 3. Plasma 0–6 h incremental AUC (iAUC0–6h) particle concentrations of HDL subclasses after intake of meals with butter, cheese, whipped cream and sour cream in
healthy men and women. Values are means, with standard errors represented by vertical bars. The original linear mixed model included meal, age, BMI, sex, a sex × meal
interaction and visit number as fixed effects. All subclasses presenting a P value for sex as a main effect (Psex) had no significant sex×meal interaction, and the interaction
was consequently excluded from the model for those subclass analyses. (a) n 26, (A) n 10, (b) n 23, (B) n 12, (c) n 26, (C) n 12, (d) n 25, (D) n 11. (a) Response in women
after intake of meal rich in fat from butter; (A) response in men after intake of meal rich in fat from butter; (b) response in women after intake of meal rich in fat from cheese;
(B) response in men after intake of meal rich in fat from cheese; (c) response in women after intake of meal rich in fat from whipped cream; (C) response in men after intake
of meal rich in fat from whipped cream; (d) response in women after intake of meal rich in fat from sour cream; (D) response in men after intake of meal rich in fat from sour
cream. L, large; M, medium; S, small; XL, very large.
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a homogenised dairy product, which means that sour cream con-
sists of more and smaller fat droplets that generate increased ini-
tial lipid digestion in the gastrointestinal tract(38,39). This increase
in lipolysis may potentially lead to escalated formation of nascent
pre-� HDL particles in the enterocytes, which could partly
explain the increase in HDL particles after intake of sour
cream(40). Interestingly, even though there was no significant
meal by sex interaction for any of the HDL subclasses, the figures
indicate that the strong increase in XL-, L- and M-HDL-P after
intake of sour cream mainly occurred in the women. Holmes
et al. found that the particle concentrations of non-fasting XL-,
L-HDL and M-HDL were inversely associated with myocardial
infarction in Chinese adults, whereas S-HDL-P had neutral effect
on myocardial infarction but was positively associated with
ischaemic stroke. Furthermore, the correlations between HDL
subclasses and coronary artery calcification have been studied
in both women and men with or without type 1 diabetes(41),
showing an inverse association between large HDL subclasses

(corresponding to M-, L- and XL-HDL in the present study)
and coronary artery calcification in both women and men with-
out diabetes. Thus, it could be that intake of sour cream gener-
ates a more favourable postprandial HDL profile than butter,
cheese and whipped cream, especially in healthy women.
This provides one possible explanation for the neutral and some-
times positive epidemiological associations between intake of
fermented dairy products and cardiovascular health. However,
the potential health benefits of increased postprandial HDL par-
ticle concentrations remain to be investigated.

Regarding the postprandial iAUC0–6h particle concentrations
of the VLDL subclasses, men showed an overall larger response
in M-VLDL-P and a borderline larger response in XXL-VLDL-P
and S-VLDL-P compared with women. These findings are in line
with the observed borderline significant effect of sex on the
serum TAG response in our previous publication(31). Based on
the response patterns in Fig. 2, the lack of significant sex effects
could potentially be due to the lower number of men compared

Psex = 0·64 Psex = 0·40

Psex = 0·08 Psex = 0·05

a b c dA B C D

Fig. 4. Plasma 0–6 h incremental AUC (iAUC0–6h) particle concentrations of Intermediate-density lipoprotein (IDL) and LDL subclasses after intake of meal with butter,
cheese, whipped cream and sour cream in healthy men and women. Values are means, with standard errors represented by vertical bars. The original linear mixed model
included meal, age, BMI, sex, a sex × meal interaction and visit number as fixed effects. All subclasses presenting a P value for sex as a main effect (Psex) had no
significant sex×meal interaction, and the interaction was consequently excluded from the model for those subclass analyses. (a) n 26, (A) n 10, (b) n 23, (B) n 12,
(c) n 26, (C) n 12, (d) n 25, (D) n 11. (a) Response in women after intake of meal rich in fat from butter; (A) response in men after intake of meal rich in fat from butter;
(b) response in women after intake of meal rich in fat from cheese; (B) response in men after intake of meal rich in fat from cheese; (c) response in women after intake of
meal rich in fat from whipped cream; (C) response in men after intake of meal rich in fat from whipped cream; (d) response in women after intake of meal rich in fat from
sour cream; (D) response in men after intake of meal rich in fat from sour cream. L, large; M, medium; S, small.
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with women in the study. Intake of cheese induced the largest
iAUC0–6h for XXL-, XL- and L-VLDL-P, which is a deviating find-
ing from our previous result showing a significantly larger TAG-
iAUC0–6h from intake of sour cream(31). This could be explained
by the different methods of measurements. Firstly, the NMR tech-
nology only measures the TAG content inside the lipoproteins,
which gives a somewhat incomplete picture of the total post-
prandial TAG concentration, as the early postprandial phase is
characterised by high lipoprotein lipase activity and, thus, a sub-
stantial amount of hydrolysed or partly hydrolysed TAG in the
circulation, which are not captured with NMR. Secondly, the
NMR technology has difficulties measuring very large and
TAG-rich chylomicrons that can be present after a high-fat meal.
It may therefore be that the sour cream generated more of these
very large TAG-rich chylomicrons. This has been supported by
Vors et al. who found that emulsified fat (similar to homogenised
fat droplets) induced a larger increase in chylomicrons/apo-B48
and fatty acid spillover(42). The most apparent deviation in
this sub-study, though, may be the observed decrease in
XS-VLDL-P in men, but not in women, induced by intake of sour
cream. This lipoprotein has an average diameter close to the one
defining IDL and is therefore more of a remnant particle than a
TAG-rich particle, with an assumed atherogenic capacity to enter
the arterial wall(43). Non-fasting XS-VLDL-P has been linked to
increased odds for myocardial infarction and ischaemic stroke
in a nested case–control study(14). In addition, findings from
the JUPITER (Justification for the Use of Statins in Prevention)
trial showed reduced residual risk for CVD when lowering the
fasting concentration of small-sized VLDL particles (with diame-
ters corresponding to XS-VLDL measured in the present study) in
statin-treated subjects(15,16). Interestingly, lowering the concen-
trations of medium and large-sized VLDL particles did not result
in further risk reduction in that study. Applying these findings to
our study indicates that sour cream may generate a more favour-
able postprandial VLDL profile than butter, cheese and whipped
cream in men, potentially through a higher clearance rate of XS-
VLDL particles.

Regarding the postprandial iAUC0–6h particle concentrations
of IDL and the LDL subclasses, men showed an overall larger
response in S-LDL-P compared with women, which is one of
the lipoprotein subclasses considered to be the most athero-
genic(14,44). Intake of sour cream induced significantly larger
decreases in L-, M- and S-LDL-P compared with whipped cream.
The LDL-cholesterol concentration is expected to temporarily
decrease 5–10 % in the postprandial state due to the competition
of lipoprotein lipase between intestinally derived chylomi-
crons and hepatic VLDL particles, where chylomicrons are the
preferred lipoproteins(45–47). As whipped cream induced overall
smaller increases in the largest VLDL subclasses (and thus
possibly less chylomicrons) compared with sour cream, this
may possibly partly explain the smaller decrease in L-, M- and
S-LDL-P after intake of whipped cream.

We found that men and women responded differently to the
dairy meals for some lipoprotein subclasses, with women
showing a pattern of less increased VLDL-P and more increased
HDL-P compared with men. These findings have support in the
literature(7,8,48,49) and one proposed mechanism is a higher
lipoprotein lipase capacity in women, generating more

lipolysis(7). This could explain both the partly lower VLDL-P
responses and the partly higher HDL-P responses in women,
as increased lipolysis stimulates the production of HDL particles
by releasing more surface components to be incorporated into
new HDL(40).

Our study has several strengths including a randomised con-
trolled cross-over design with four dairy meals containing dairy
products with different matrices. The meals were equal in fat
content and not adjusted for differing nutrient contents since
we were interested in the effect of the fat from dairy products
as whole foods. This also means that we did not adjust the
amount of fat based on body mass, and differences in responses
due to variations in the amount of fat ingested can therefore be
ruled out. The limitations of the study are what we cannot ensure
absolute standardisation of the evening meal and amount of
physical activity the day before each test day, even though the
participants received guidelines and reminders before each visit.
The male group had higher BMI than the female group; how-
ever, the median was within normal range for both groups,
and BMI was adjusted for in the analysis. The Bonferroni method
was applied to the meal and meal×sex comparisons to reduce
the risk of false-positive findings. Since this was an exploratory
sub-study, the number of parameters was not adjusted for.

In conclusion, the present study shows that intake of meals
with the same amount of fat from different dairy products indu-
ces different postprandial effects on lipoprotein subclass con-
centrations, with sour cream potentially being the most
healthy option. We also show that women and men respond dif-
ferently to high-fat dairy meals in general, but also to certain
dairy products in particularly, and that women seem to respond
more beneficially to high-fat dairy meals than men.
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