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Abstract

Increased plasma concentrations of small LDL particles denote an atherogenic lipoprotein phenotype (ALP) that is correlated with
increased circulating TAG and reduced HDL-cholesterol. Principal component analyses of subfraction concentrations have previously
been used in the Swedish population-based Malmo Diet and Cancer (MDC) cohort to identify three independent components, one pattern
representing the ALP. The aim of the present study was to examine the associations between macronutrient intakes and the principal
component representing the ALP. We examined 4301 healthy subjects (46—68 years old, 60% women) at baseline in the MDC cohort.
Dietary data were collected using a modified diet history method. Plasma lipoprotein subfractions were measured using a high-resolution
ion mobility method. The principal component corresponding to the ALP was significantly associated with a higher intake of disaccharides,
and inversely related to protein and alcohol consumption (P<0-001 for all). The present findings indicate that the ALP may be improved by

a low intake of disaccharides, and moderate intakes of protein and alcohol.
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The majority of prospective epidemiological studies have
shown that plasma levels of lipids and lipoproteins predict
cvD’. However, there is considerable heterogeneity among
lipoproteins in terms of size and density®, and some studies
have indicated that specific lipoprotein subfractions are more
predictive of CVD than others®. For example, small and
medium LDL particles showed strong positive associations
with CVD, whereas concentrations of large LDL particles were
not significantly associated with CVD in the Malmé Diet and
Cancer (MDC) studym .However, itis unclear whether measure-
ment of the total number of LDL particles or the concentration
of specific subfractions is more predictive of CVD®™. The athero-
genic lipoprotein phenotype (ALP), which comprises a higher
proportion of small LDL particles, reduced HDL-cholesterol
(HDL-C) and increased TAG, is associated with substantially
higher CVD risk™®, By using a principal component analysis,
a data-driven unsupervised statistical procedure designed to
capture independent clusters of lipoprotein subfractions that
can reflect the underlying mechanistic pathways, we have
earlier in the MDC cohort demonstrated that one of the com-
ponents closely matching the ALP was associated with 22%
increased risk for CVD per standard deviation®.

Numerous studies have examined the effect of short-term
diet interventions on LDL-cholesterol (LDL-C) and HDL-C

For example, high intakes of saturated
fat increase LDL-C7®; however, saturated fat seems to be
mainly associated with the large, less atherogenic, LDL
particles®!®. On the other hand, there are indications that
carbohydrates, particularly simple sugars and starches, are
major determinants of small LDL particle concentrations"
The overall aim of the present study was to examine the
association between dietary macronutrient intakes and lipo-
protein subfractions in an observational setting. Since there
are strong correlations among various lipoprotein subfrac-
tions”, we specifically examined dietary factors associated
with the lipoprotein pattern corresponding to the ALP.

concentrations.

Subjects and methods
Subjects and data collection

The MDC study is a prospective population-based cohort
(n 30447) with baseline examinations conducted between
1991 and 1996. Women born between 1923 and 1950 and
men born between 1923 and 1945 and living in Malmo were
invited to participate. The examination included was as
follows: assessment of dietary habits using a modified diet
history method; assessment of socio-economic, demographic

Abbreviations: ALP, atherogenic lipoprotein phenotype; E%, percentage of energy; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; MDC, Malmé Diet and

Cancer; PC, principal component.
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and lifestyle factors; medication and diet supplement
use; previous and current diseases using an extensive self-
administered questionnaire. Medication use was also reported
during seven consecutive days. Leisure-time physical activity
was obtained from a list of different physical activities in
the questionnaire (eighteen items) that were adapted from
the Minnesota Leisure Time Physical Activity Instrument®.
The subjects were asked to estimate the number of minutes
per week, and for each of the four seasons, they spent
performing eighteen different physical activities. The duration
of each activity was multiplied by an intensity factor, creating a
leisure-time physical activity score. The ability of the physical
activity questionnaire to rank individuals was examined
among 309 subjects against an accelerometer. Spearman’s
correlation coefficients between the two methods were 0-35
in men and 0-24 in women"®. Nurses conducted anthropo-
metric measurements, measured blood pressure and collected
blood (non-fasting samples). Weight was measured to the
nearest 0-1kg by trained project staff members using a balance
beam scale, with subjects wearing light clothing and no shoes;
height was measured with a fixed stadiometer calibrated
in centimetres. BMI was defined as the weight (kg) divided
by the square of height (m?).

Between 1991 and 1994, 6103 subjects were randomly
selected from the cohort to participate in a cardiovascular
subcohort where additional examinations of cardiovascular
risk factors were performed, including fasting lipid levels
according to the standard procedures. Fasting plasma samples
were obtained from 5540 subjects and stored at —80°C.
Of these individuals, 4751 had information for all lipoprotein
subfractions. After excluding individuals using lipid-lowering
therapy (7 116), those with a history of myocardial infarction
or stroke identified through local and national registries
(1 99), those with a history of diabetes (self-reported diagnosis
or use of diabetes medication) (n 131) and those without
dietary data (n 130), 4301 subjects remained and constituted
the study sample of the present study. The MDC study
was conducted according to the guidelines laid down in the
Declaration of Helsinki and were approved by the ethics
committee at Lund University. Written informed consent was
obtained from all participants.

Dietary data

The modified diet history method specifically designed for the
MDC study™? is a combination of the following: (1) a 7 d food
diary that collected information on cooked lunches and
dinner meals, cold beverages, and diet supplements and
(2) a 168-item dietary questionnaire covering foods regularly
consumed during the past year. The subjects estimated
frequencies of food intake, and usual portion sizes were
assessed using a booklet of photographic aids. During a 1h
interview, the subjects were asked questions about food
choices, food preparation practices and portion sizes of the
foods collected in the food diary (using a more extensive
book of photos). The interviewer also checked the food
diary and dietary questionnaire for overlapping information,
as well as for very high reported intakes. The average daily

intake of foods was calculated based on the information
available in the food diary (and interview) and the question-
naire. The average daily food intake was converted to nutrient
intake data using the MDC food and nutrition database specifi-
cally developed for the MDC study and originating from
PC KOST2-93 of the Swedish National Food Administration,
Uppsala, Sweden.

The dietary variables (both from diet and supplements)
examined in the present study were as follows: total energy
(kJ/d; including energy from fat, carbohydrates, protein, alcohol
and dietary fibre); percentage of energy (E%; from non-alcohol
and non-fibre energy intake) from fat, protein, carbohydrates,
monosaccharides, disaccharides, complex carbohydrates,
SFA, MUFA, PUFA, n-3 PUFA and n-6 PUFA; fibre density
(g/1000k)); cholesterol intake (mg/1000k]); alcohol intake
(energy percentage from total energy intake). Complex carbo-
hydrates were calculated from total carbohydrate intake minus
monosaccharides and disaccharides; 7n-3 PUFA were calcu-
lated as the sum of a-linolenic, eicosapentaenoic, docosahex-
aenoic and docosapentaenoic acid; 7-6 PUFA were calculated
as the sum of linoleic and arachidonic acid. The relative
validity of the dietary method has been presented earlier™
and was examined among 105 women and 101 men; 18d of
weighed food records (3d every second month) collected
over 1 year was used as the reference method. In summary,
energy-adjusted Pearson’s correlations were in the range of
0-53—-0-80, except for PUFA among men with a correlation
of 0-26.

We identified individuals who potentially reported non-
adequate energy intake by comparing the individually estimated
physical activity level (total energy expenditure divided by
BMR), with energy intake divided by BMR. This procedure
has been described in detail elsewhere®. Total energy
expenditure was calculated from self-reported information
on physical activity at work, leisure-time physical activity,
household work, estimated sleeping hours, self care and
passive time; BMR was calculated from age, weight and height
as recommended by the WHO"”. Non-adequate energy
reporters were defined as those with a ratio of reported
energy intake to BMR outside the 95% confidence limits of
the calculated physical activity level™®.

lon mobility measurement of lipoprotein subfractions

An ion mobility method was used to directly quantify the full
spectrum of lipoprotein subfraction particles, from the small,
dense HDL particles to the large, buoyant VLDL particles, in
archived baseline plasma samples. This method uses an ion
separation/particle detector system that separates ions by
size and which can count lipoprotein particles over a wide
range of sizes. A full description of this technique has been
published elsewhere*?”. For the present analyses, HDL
particles were divided into small (7-7-10-5nm) and large
(10-6—-14-5nm) subfractions. LDL particles were divided
into very small (18:0—20-8 nm), small (20-9-21-4 nm), medium
(21'5-22:0nm) and large (22-1-233nm) subfractions.
Intermediate-density lipoprotein particles were divided into
small (23-4—-25-0nm) and large (25-1-29-6nm) subfractions.
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VLDL particles were divided into small (29-7-33-5nm),
medium (33-6—-42-4nm) and large (42:5-52-0nm) subfrac-
tions. Particle diameter of the major LDL peak was also
determined.

Statistical analyses

All statistical analyses were performed using the Statistics
Package for Social Sciences (version 16.0; SPSS, Chicago, IL,
USA). Dietary factors and lipoprotein subfractions were trans-
formed logarithmically to normalise the distributions. Partial
correlations between dietary factors, conventional lipid
measures (LDL-C, HDL-C and TAG) and lipoprotein subfrac-
tions were computed. Sex-specific analyses were performed
due to known large differences in subfraction levels between
men and women®". In the multivariate model, we adjusted
for age, total energy intake, smoking (yes/no), leisure-time
physical activity (sex-specific quartiles) and BMI. Correlations
with P<0-01 were considered significant.

We used principal component analysis to capture indepen-
dent clusters of lipoprotein subfractions; the calculation has
been described in detail earlier™”. The principal component
vectors were used to calculate values for each individual
from the sum of weighted terms for each lipoprotein or
lipid, with each term being the product of the vector-derived
weighting and the particle concentrations minus subfraction
mean, divided by the standard deviation from the subfraction.
The principal component (PC) corresponding to the ALP, PC2,
was divided into sex-specific quartiles. ANOVA was used to
test mean differences in dietary intakes. In the multivariate
model, we adjusted for age, sex, total energy intake, smoking
habits, leisure-time physical activity and BMI. All analyses
were repeated excluding potential misreporters, i.e. individ-
uals who were classified as non-adequate energy reporters.

Results

Participant characteristics for males and females are shown
in Table 1. Tables 2, 3 and Tables S1 and S2 (supplementary
material for this article can be found at http://www.journals.
cambridge.org/bjn) show the correlations between each
dietary factor and the specific lipoprotein subfractions in
men and women after adjusting for age, energy intake, BMI,
smoking and leisure-time physical activity.

Concerning LDL, a positive correlation was observed
between fat intake and LDL-C in men (Table 2). Total fat, satu-
rated and 7-3 polyunsaturated fat intake were significantly
positively correlated with large LDL particles, but not with
other LDL fractions. Carbohydrate intake was negatively
associated with large LDL particle concentrations, but no
significant correlations were observed for other LDL fractions,
although a tendency of positive correlation was observed
between intake of disaccharides and small (r 0-:04, P=0-10)
and medium LDL particle concentrations (7 0-05, P=0-05).
In addition, fibre density was inversely correlated with very
small, small and medium LDL particles in men (Table 2).
In women, neither LDL-C nor any of the LDL subfractions
were significantly correlated with fat or carbohydrate intakes.

However, we observed a positive association between LDL
particle peak diameter and fat intake (especially SFA and
MUFA) and an inverse association with disaccharide intake
(Table 3).

For HDL, we observed similar results for men and women.
Fat intake (particularly SFA, MUFA and #7-3 PUFA) was posi-
tively correlated with HDL-C, while disaccharide intake was
negatively correlated with HDL-C. The other carbohydrates
(monosaccharides and complex carbohydrates) showed no
significant correlation with HDL-C. While alcohol was posi-
tively correlated with both HDL-C, and small and large HDL
particles among men, we observed a positive correlation
only with HDL-C and large HDL particles among women.
The correlation coefficients were almost identical when
excluding suspected non-adequate reporters of energy or in
models without adjusting for BMI and leisure-time physical
activity (data not shown).

By using principal component analysis, we have earlier
identified three independent components that explained 76 %
of the variance among the subfractions®. The first component
(PC1), with LDL and VLDL subfractions as the strongest contri-
butors and marginal association with CVD risk”
no clear association with dietary factors between sexes
(see Table S1 of the supplementary material, available online
at http://www journals.cambridge.org/bjn). The third com-
ponent (PC3), with HDL as the strongest contributor and
significantly associated with decreased CVD risk only among
men™®

showed

)

, was associated with a lower intake of disaccharides
in both men and women. In addition, PC3 was associated
with significantly higher protein and alcohol intake among
men (see Table S1 of the supplementary material, available
online at http://www.journals.cambridge.org/bjn).

The PC corresponding to the ALP (PC2) in sex-specific quar-
tiles is shown in Table 4. This pattern was characterised by
higher concentrations of very small, small and medium LDL
particles, and TAG, and lower concentration of HDL patrticles.
On average, BMI was higher among those in the highest quar-
tile compared with those in the lowest quartile (26:8 wv.
24-6kg/m? P for trend<0-001). PC2 was significantly inver-
sely associated with intakes of fat (39-2 v. 38-6E% for the
lowest and highest quartiles, respectively; P for trend=0-01),
protein (16:0 v». 155E%; P<0-001), cholesterol (378 w.
36-5mg/1000k]; P for trend=0-002) and alcohol (3-9 wv.
2:9E%; P for trend<<0-001), but positively associated with
intake of disaccharides (12-1 v. 13-1E%,; P for trend<<0-001).
To identify those dietary factors that show independent associ-
ation with the ALP, we adjusted for protein, disaccharides or
alcohol intake. The association with fat was no longer signifi-
cant when adjusted for disaccharide intakes (P=0-93), and the
association with cholesterol became attenuated when taking
protein (P=0-08) or disaccharide intake (P=0-07) into
account. The associations between PC2 and protein, disac-
charide, and alcohol intake remained significant even after
these adjustments. Associations were similar for men and
women with significant differences across quartiles of the
ALP pattern for protein, disaccharides and alcohol observed
for both sexes.
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Table 1. Participant characteristics of men and women in the Malmé Diet and Cancer-cardiovascular subcohort

(Mean values and standard deviations)

Men Women
n Mean SD n Mean SD
Age (years) 1678 57-4 6-0 2623 574 5-9
BMI (kg/m?) 1676 26-0 34 2622 25-3 4.2
LDL-C (mmol/l) 1614 4.13 0-90 2564 4.18 1.03
HDL-C (mmol/l) 1646 1.22 0-30 2588 1.51 0-37
TAG (mmol/l) 1662 1.49 0-91 2609 1.23 0-65
Subfractions (nmol/l)
VLDL 1678 96-8 352 2623 100 39
IDL-L 1678 180 93 2623 241 112
IDL-S 1678 117 42 2623 119 44
LDL-L 1678 448 178 2623 423 164
LDL-M 1678 148 87 2623 104 70
LDL-S 1678 98 77 2623 67 53
LDL-VS 1678 119 63 2623 100 50
HDL-L 1678 1206 871 2623 1936 1113
HDL-S 1678 2793 1693 2623 3061 1694
LDL peak diameter (nm) 1678 218 6 2623 222 5
Energy intake (kJ/d) 1678 11431 2896 2623 8643 2097
Protein intake (E%) 1678 154 2.4 2623 15.9 2:6
Fat intake (E%) 1678 39-8 6-2 2623 38-2 6-1
SFA 1678 16-8 39 2623 164 39
MUFA 1678 14.0 2.3 2623 132 2.2
PUFA 1678 6-51 1.65 2623 6-08 1.52
n-3 1678 1.02 0-29 2623 0-99 0-30
n-6 1678 5-31 1-50 2623 4.92 1.36
Carbohydrate intake (E%) 1678 44.8 6-2 2623 45.9 6-0
Monosaccharides 1678 6-59 2.50 2623 8-26 291
Disaccharides 1678 12.2 39 2623 133 3.7
Complex carbohydrates 1678 26-1 4.9 2623 24.3 4.2
Dietary fibre (g/1000 kJ) 1678 2.03 0-6 2623 2.37 0.7
Cholesterol intake (mg/1000 kJ) 1678 36-3 10-2 2623 38-1 11-0
Alcohol intake (E%) 1678 4.03 3.97 2623 2:43 2.70
Smoking status (%) 1678 2621
Non-smokers 31 47
Ex-smokers 41 27
Current smokers 28 26
Energy reporting (%) 1678 2623
Under 12 18
Adequate 84 79
Over 4 3

LDL-C, LDL-cholesterol; HDL-C, HDL-cholesterol; IDL-L, large intermediate-density lipoprotein; IDL-S, small intermediate-density lipo-
protein; LDL-L, large LDL; LDL-M, medium LDL; LDL-S, small LDL; LDL-VS, very small LDL; HDL-L, large HDL; HDL-S, small

HDL; E%, percentage of energy.

Discussion

In the present large Swedish cohort study, subjects with a lipo-
protein pattern corresponding to the ALP had higher intakes
of disaccharides and lower intakes of protein and alcohol.
Moreover, the present results show that in men, fat intake
was positively correlated with large LDL particles, but not
with other LDL fractions, and that a high fat intake was associ-
ated with an on average greater LDL particle size in women.

Overall, we observed low correlations between dietary
variables and lipoprotein subfractions (r < 0-19). The stron-
gest correlation was observed for alcohol intake and HDL-C.
This is in line with established dose-dependent effects of
alcohol on HDL-C that have consistently been observed in both
experimental and observational studies®®. Both lipoprotein
subfraction concentrations and the self-reported dietary
intakes are prone to measurement errors. The ion mobility
method for measuring lipoprotein subfraction concentrations

is unique in its capability of directly determining concen-
trations of the full spectrum of lipoprotein particles, from
small HDL to large VLDL, as a function of their particle
size'”?¥; however, lipoprotein concentrations were based
on a single blood sample. The correlation between self-
reported dietary intakes and blood measurements seems to
depend on the type of dietary assessment method used and
its quality<24). Bingham et al®? compared dietary intakes
from different diet methods with biomarkers, including
LDL-C and HDL-C, and observed a lower correlation with
the FFQ than with food records. However, timing of blood
samples and diet assessment is critical if the biomarker is
sensitive to recent intake. In the MDC study, median time
between diet assessment and the collection of fasting blood
samples was 07 years (with a maximum of 29 years).
Although diet history methods are proposed to reflect usual
diet, we would expect the correlations to be higher if the
time of diet assessment and blood samples were nearer in
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Table 2. Partial correlationst between dietary factorst, conventional lipid measures and lipoprotein subfractions among men in the Malmé
Diet and Cancer-cardiovascular subcohort

Dietary factors HDL-C LDL-C TAG LDL-VS LDL-S LDL-M LDL-L LDL peak diameter
Protein 0-12* <0-01 <0-01 0-02 —0-01 <0-01 <0.-01 0-02
Fat 0-11* 0-10* —0-02 0-02 <0-01 <0-01 0-08* 0-06
SFA 0-06 0.08* -0-02 <0-01 0-01 0-02 0-09* 0-05
MUFA 0-11* 0-10* —0-01 0-02 <0-01 <0-01 0-06 0-06
PUFA 0-08* 0-05 —0-02 0-03 —0-02 -0-03 <0-01 0-03
n-3 0-11* 0-10* —0-04 0-03 -0-02 —-0-02 0-07* 0-08*
n-6 0-05 0-04 —0-01 0-03 —0.02 —0-03 —0-02 0-02
Carbohydrates -0-15* —0-09* <0-01 —0-04 <0-01 —-0-01 —0-08* —0-06
Monosaccharides —0-06 —0-06 —0-02 —0-06 —0-02 —0.02 —0-05 —0-01
Disaccharides -017* -0-04 0-05 -0-02 0-04 0.05 <0.-01 -0-07*
Complex carbohydrates —0-02 -0-07* —0-04 —-0-02 —-0-04 —0-06 —0-08* <0.-01
Dietary fibre -0-05 -0-04 —0-06 -0.07* -0.07* -0-07* —0-04 0-03
Cholesterol 0-10* 0-04 —0-01 <0-01 —0-02 —0-02 0-02 0-05
Alcohol 0-19* 0-06 0-02 0-05 0-03 0-04 0-01 <0-01

HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; LDL-VS, very small LDL; LDL-S, small LDL; LDL-M, medium LDL; LDL-L, large LDL.

* P<0-01.

1 Adjusted for age, energy, BMI, smoking (yes/no) and leisure-time physical activity (sex-specific quartiles).

1 Dietary variables are expressed as percentage of energy from non-alcohol and non-fibre energy intake (protein, fat and carbohydrate), g/1000kJ (fibre),
mg/1000 kJ (cholesterol) or percentage of energy from total energy intake (alcohol).

time. The concentrations of lipoproteins clearly differ between
sexes, as well as the dietary intake levels, but the relative
validity and reproducibility of diet data was generally higher
for women compared with men1>29,

By using a principal component analysis, a data-driven
unsupervised statistical procedure designed to capture inde-
pendent clusters of lipoprotein subfractions, we have earlier
demonstrated in the present cohort that one of the com-
ponents (PC2) closely matching the ALP was associated with
a 22 (95% CI 8, 36)% increased risk for CVD per standard
deviation™”. Although the diet method did not permit determi-
nation of the usage of sweeteners in cakes, candies and
some beverages, or the varying amounts of sugars in jam,
marmalade and desserts, compared with the other examined
macronutrients, we found a relatively strong association
between disaccharide intake and the atherogenic lipoprotein
profile (12:1 and 13-1E% in the lowest v. highest quartile of

the ALP; P for trend<<0:001). Sucrose, composed of half
fructose and half glucose, is the main disaccharide in the
Swedish diet””, and probably the main source of fructose
in Sweden. Fructose has been shown to have an adverse
effect on the lipoprotein profile®. For example, an experi-
mental study by Stanhope et al.®® that compared diets with
25% of energy from fructose or glucose during 8 weeks
demonstrated that only fructose increased small LDL particle
concentrations. We also observed a significant inverse associ-
ation between protein intakes and the ALP. This is in line with
the results from several weight-loss intervention trials where
high-protein diets compared with low-protein diets generated
better lipoprotein patterns despite similar weight loss3%.
Previous analyses in the MDC cohort showed highly signifi-
cant associations between small/medium LDL particles and
CVD, whereas large LDL particles showed no relationship
with CVD risk“?. These findings are consistent with the results

Table 3. Partial correlationst between dietary factorst, conventional lipid measures and lipoprotein subfractions among women in the
Malmé Diet and Cancer-cardiovascular subcohort

Dietary factors HDL-C LDL-C TAG LDL-VS LDL-S LDL-M LDL-L LDL peak diameter
Protein 0-06* —0-01 —0-05* 0-02 —0-01 —0-03 —0-03 0-04
Fat 0-10* <0-01 —0.03 <0-01 <0-01 —-0-02 0-01 0-06*
SFA 0-10* <0-01 —0.-04 <0.-01 —0-02 —0-04 <0.-01 0-07*
MUFA 0-08* —-0-01 —0-03 <0-01 <0-01 —0-01 <0-01 0-05*
PUFA 0-02 <0-01 0-02 0-03 0-03 0-03 0-03 0-01
n-3 0-07* <0-01 —0-03 0-02 <0.-01 <0-01 —0-02 0-05
n-6 <0.-01 <0-01 0-03 0-03 0-04 0-04 0-04 <0-01
Carbohydrates -0-12* <0-01 0-05* —0-03 <0-01 0-02 <0-01 -0.07*
Monosaccharides —0-02 0-01 —0-01 —0-03 —0-02 —0-02 —0-03 —0-02
Disaccharides -0-14* 0-03 0-08* <0-01 <0-01 0-03 0-02 —0.08"
Complex carbohydrates —0.03 <0-01 <0-01 —0-02 <0-01 <0-01 <0-01 —0-02
Dietary fibre <0-01 —0-01 —0-03 —0-02 —0-02 —0-02 —0-02 <0-01
Cholesterol 0-08* 0-02 —0.06" 0-03 <0-01 —-0-02 —0-02 0-07*
Alcohol 0-17* —0-04 -0-11* —0-03 —0-04 —0-05* —0-02 0-08*

HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; LDL-VS, very small LDL; LDL-S, small LDL; LDL-M, medium LDL; LDL-L, large LDL.

* P<0.01.

1 Adjusted for age, energy, BMI, smoking (yes/no) and leisure-time physical activity (sex-specific quartiles).

1 Dietary variables are expressed as percentage of energy from non-alcohol and non-fibre energy intake (protein, fat and carbohydrate), g/1000kJ (fibre),
mg/1000 kJ (cholesterol) or percentage of energy from total energy intake (alcohol).
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Table 4. Characteristics* and dietary compositiont (mean or frequency) according to the atherogenic lipoprotein
phenotype (ALP) pattern among men and women in the Malmé Diet and Cancer-cardiovascular subcohort

Sex-specific quartiles of the ALP patternt

Variables 1 2 3 4 P for trend
Age (years) 574 571 574 57.7 0-20
BMI (kg/m?) 24-6 252 259 26-8 <0-001
LDL-C (mmol/l) 4.0 41 4.2 4.3 <0-001
HDL-C (mmol/l) 1.7 1.4 1.3 11 <0-001
TAG (mmol/l) 11 1.2 1-4 1.8 <0-001
HDL-S (nmol/l) 4249 2917 2511 2032 <0-001
HDL-L (nmol/l) 2762 1656 1163 704 <0-001
LDL-VS (nmol/l) 105 101 102 130 <0-001
LDL-S (nmol/l) 63 65 75 127 <0-001
LDL-M (nmol/l) 98 106 125 175 <0-001
LDL-L (nmol/l) 437 442 452 412 0-008
IDL-S (nmol/l) 280 232 192 139 <0-001
IDL-L (nmol/l) 124 118 116 115 <0-001
VLDL (nmol/l) 103 99 97 95 <0-001
Smoking status (%) 0-84

Smokers 25 28 27 27

Ex-smokers 32 33 32 33

Non-smokers 43 40 41 40
Leisure-time physical activity (%) 0-008

Quartile 1 23 23 26 29

Quartile 2 23 26 26 24

Quartile 3 26 26 25 23

Quartile 4 28 26 23 23
Protein (E%) 16-0 15-8 15.8 155 <0-001
Fat (E%) 39-2 39-0 38-8 38-6 0-01

SFA 16-7 16-6 16-5 16-4 0-09

MUFA 137 137 13-6 135 0-04

PUFA 6-3 6-3 6-2 6-2 0-10

n-3 1.02 1.00 1.01 1-00 0-02
n-6 5-1 5-1 5-0 51 0-23

Carbohydrates (E%) 44.8 45.2 45.4 45.9 <0-001

Monosaccharides 7-4 7-4 7-4 7-4 0.97

Disaccharides 121 12.5 13.0 131 <0-001

Complex carbohydrates 252 25.3 251 253 0.77
Dietary fibre (g/1000 kJ) 2.22 220 2.20 219 017
Cholesterol (mg/1000 kJ) 37-8 381 37-8 36-5 0-002
Alcohol (E%) 39 34 32 29 <0-001

LDL-C, LDL-cholesterol; HDL-C, HDL-cholesterol; HDL-S, small HDL; HDL-L, large HDL; LDL-VS, very small LDL; LDL-S, small

LDL; LDL-M, medium LDL; LDL-L, large LDL; IDL-S, small intermediate-density lipoprotein; IDL-L, large intermediate-density

lipoprotein; E%, percentage of energy.
* Adjusted for age and sex.

1 Adjusted for age, sex, total energy intake, smoking habits, leisure-time physical activity (sex-specific quartiles) and BMI.
I The ALP pattern was divided into sex-specific quartiles and then combined.

of other large prospective cohort studies® —>® The convin-
cing evidence that increased saturated fat consumption
raises LDL-C levels®®” has contributed to the conclusion that
diets high in saturated fat are atherogenic. However, direct
evidence for the contribution of saturated fat per se to CVD
risk is inconclusive®. The present findings indicating that
dietary saturated fat selectively increases the levels of large,
more cholesterol-enriched LDL particles are in line with earlier
observations. For example, in the context of a carbohydrate-
reduced diet (26% of the energy from carbohydrates), the
increased level of LDL-C induced by higher v. lower dairy
fat intake was primarily due to an increase in large, buoyant
LDL particles with no increase in small, dense LDL particles®” .
However, it has to be kept in mind that the impacts of different
fat types are difficult to separate as they are found in the
same foods. For example, intakes of saturated and mono-
unsaturated fats are highly correlated in the MDC cohort.

Trans-fatty acids, i.e. unsaturated fatty acids with at least
one double bond in the trans configuration, are known to
increase LDL-C concentrations®”, and one limitation of the
present study is that we have no information on intake of
trans-fatty acids. The major part of trans-fatty acids are 18:1
and thus here included in the group of MUFA. By grouping
them together, the putative beneficial effects of MUFA
on lipid levels previously observed” can be expected to be
counteracted by the harmful effect of trans-fatty acids.

We could not confirm the hypothesis that simple carbo-
hydrates would be the main determinants of small LDL particle
concentrations, although the negative association between
disaccharides and LDL peak size indicates a shift to smaller
LDL particles with a high intake of disaccharides. Carbo-
hydrates, in particular sugars and rapidly metabolised starches,
promote both increased hepatic secretion and reduced
peripheral clearance of large, TAG-rich lipoproteins that are
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thought to generate small, dense LDL particles®’. In the
present study, complex carbohydrate intake showed no
adverse association with lipoprotein concentrations. In addi-
tion, fibre intake was associated with lower levels of small/
medium LDL particles in men, which is interesting as intake
of soluble fibre, for example B-glucans, is known to decrease
LDL-C levels“?. Small LDL particle concentration was not
associated with large differences in dietary intakes in the pre-
sent study. This is in contrast to another cross-sectional study
comprising seventy-seven sedentary but healthy men where
for example PUFA and fibre intakes (estimated using 3-d
dietary records) correlated negatively and cholesterol intake
positively with small, but not with large, LDL particles(43) .

Both genetic and environmental factors are involved in the
development of dyslipidaemia. However, studies examining
the interaction between diet and specific genetic variants
on lipids and lipoprotein subfraction levels are limited, with
most of them only focusing on a small number of genes(4l‘44) .
Recent genome-wide association studies have identified
numerous gene regions contributing to dyslipidaemia and
the risk of CVD“ %7 The major challenge and opportunity in
the future is to utilise such genetic information and their inter-
actions with dietary factors to further understand predisposi-
tion to atherogenic dyslipidaemia and ultimately to CVD risk.

In conclusion, the present study shows that a diet limited
in disaccharides and with a moderate alcohol and protein
intake is associated with a less atherogenic lipoprotein profile.
In order to fully understand the observed associations, exam-
ination of food groups and food patterns is needed. The use
of a so-called dietary portfolio (i.e. food with plant sterols,
soluble fibres, soya protein, and almonds) has been particu-
larly successful in lowering cholesterol levels, including
small LDL particles®®”  and points towards a focus on
foods instead of nutrients. In addition, it is important to
directly examine the influence of these dietary factors on
the risk of diseases, such as CVD, because the dietary influ-
ence on disease development is more complex than simply
affecting blood lipids.
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