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Abstract
Aims: To investigate if diet quality is related to incidence of cardiovascular (CV) events.

Subjects and Methods: A diet quality index based on the 2005 Swedish Nutrition Recommendations and the Swedish
Dietary Guidelines was created and included six dietary components: saturated fatty acids, polyunsaturated fatty acids, fish
and shellfish, dietary fiber, fruit and vegetables, and sucrose. The index ranked 17126 participants (59% women) of the
population-based Malmé Diet and Cancer cohort (Sweden) on their dietary intakes. Total index score was categorized as
low, medium or high. Cox proportional hazard regression was used to model associations between index score categories
and index components with risk of incident CV events, with adjustment for potential confounders. The incidence of first CV
events (non-fatal or fatal myocardial infarction or ischemic stroke or death from ischemic heart disease) was monitored from
baseline (1991-1996) until December 31, 2008; 703 CV events occurred in women and 1093 in men.

Results: A high diet quality was associated with decreased risk of CV events when compared to a low diet quality. In
multivariate analysis, the risk reduction was 32% (hazard ratio =0.68, 95% confidence interval: 0.49-0.73) in men and 27%
(hazard ratio =0.73, 95% confidence interval: 0.59-0.91) in women. When examined separately and mutually adjusted for
each other, the individual components were either not associated with CV risk or marginally decreased risks were seen.

Conclusion: High quality diets in line with current recommendations may reduce the risk of CV events. This study illustrates
the importance of considering a combination of dietary factors when evaluating diet-disease associations.
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[12] In addition, trials are often limited to investigating the effect
of a limited number of dietary changes on markers for disease (e.g.
blood pressure and blood lipids) due to the practical difficulties
with carrying out long-term controlled trials addressing the overall
dietary pattern. The evidence for the potential health effects of
dietary recommendations must therefore also rely on the results
from observational studies. Dietary indices, or a priorz dietary

Introduction

The relation between intake of single nutrients or foods and
cardiovascular disease (CVD) has been studied extensively. Since
foods are consumed together, and nutrients are metabolized
jointly, health outcome studies could benefit from the investigation
of dietary patterns. [1] There is strong evidence that dietary
patterns with high intakes of vegetables, legumes, fruits, nuts,

! pattern methods, are based on current nutrition knowledge and
wholc-gralg products, and mono- and poly'unsaturated r'ather th‘fm used to evaluate overall diet quality in observational settings. [13]
saturated fats (e.g., “prudent” or Mediterranean diets), offer

: e ' So far, most epidemiological studies investigating dietary patterns
protection against coronary heart disease (CHD) and stroke. [2-4] in line with dietary recommendations have found that they are

Although, the general dietary recommendations are supported by
several randomized controlled trials, [5-10] the disappointing
results of large-scale interventions can cause doubt regarding the
long-term benefit of dietary changes. [11] Poor compliance also
makes it difficult to estimate the potential effect of dietary changes.
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associated with decreased risk of CVD morbidity [14-16] and
mortality. [3,17-18].

We have previously described the development of a diet quality
index (DQI) in the Malmé Diet and Cancer (MDC) study, and
demonstrated the usefulness of this index (DQI-SNR) when
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assessing diet quality based on the Swedish Nutrition Recommen-
dations of 2005 (SNR) and the Swedish Dietary Guidelines (SDG).
[19] In a methodological study investigating the effect of index
scoring models on the predictive capability for mortality outcomes,
a high diet quality was associated with decreased CVD mortality
among men, but not women. [20] Since CVD typically occurs
later in women than men, the null association among women may
be due to fewer CVD deaths occurring during follow-up and thus
reduced statistical power. Further, there may be certain gender
differences in diagnosis and treatment of CVD affecting particu-
larly mortality outcomes. Therefore, this study aimed to explore
the association between diet quality and incidence of cardiovas-
cular (CV) events during a mean follow-up period of 14 years, in a

Diet Quality and Risk of Cardiovascular Events

Swedish population-based cohort of middle-aged men and
women.

Methods

Study Population

The MDC is a prospective population-based study designed to
investigate the relationship between diet and other lifestyle factors
on the risk of developing cancer, with baseline examinations
between March 1991 and October 1996. [21] All men (born
between 1923 and 1945, aged 45—73 years, mean age 59 years)
and women (born between 1923 and 1950, aged 4474 years,
mean age 58 years) living in the city of Malmé were eligible for
participation. Approximately 40% (n=28449) of the source
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Table 1. Baseline characteristics of men (n=6940) and women (n=10186) of the Malmo Diet and Cancer cohort (1991-1996) by
categories of total index score’.
Men Women
Low Medium High Pvalue* Low Medium High P value*
Number of subjects 1070 4356 1514 1753 5674 2758
Mean (standard deviation, SD) Mean (standard deviation, SD)
Age at baseline (years) 59 (7) 59 (7) 60 (7) 0.033 57 (8) 57 (8) 58 (8) <0.001
Systolic blood pressure (mmHg) 144 (19) 143 (19) 144 (19) 0.691 139 (20) 139 (20) 139 (20) 0.574
Diastolic blood pressure (mmHg) 88 (10) 88 (10) 88 (10) 0.328 83 (10) 84 (10) 84 (9) 0.019
Waist (cm) 93 (10) 93 (10) 93 (10) 0.283 76 (10) 77 (14) 77 (10) 0.101
n (%) n (%)
Smoking <0.001 <0.001
Never 283 (26.5) 1241 (28.5) 533 (35.2) 708 (40.4) 2484 (43.8) 1391 (50.4)
Former 366 (34.2) 1747 (40.1) 688 (45.5) 403 (23.0) 1515 (26.7) 823 (29.8)
Current 420 (39.3) 1356 (31.4) 292 (19.3) 641 (36.6) 1674 (29.5) 544 (19.7)
Living alone 237 (22.1) 711 (16.3) 218 (14.4) <0.001 501 (28.6) 1532 (27.0) 662 (24.0) <0.001
Educational level <0.001 <0.001
< nine years 569 (53.4) 1903 (43.8) 591 (39.1) 745 (42.6) 2170 (38.3) 921 (33.5)
Nine years 191 (17.9) 899 (20.8) 283 (18.6) 533 (30.5) 1787 (31.6) 895 (32.5)
High school degree 187 (17.5) 961 (22.1) 381 (25.2) 259 (14.8) 837 (14.8) 483 (17.5)
University/college degree 119 (11.2) 582 (13.4) 257 (17.0) 213 (12.2) 867 (15.3) 454 (16.5)
Alcohol consumption <0.001 <0.001
Zero 62 (5.8) 134 (3.1) 49 (3.2) 145 (8.3) 317 (5.6) 127 (4.6)
Low 760 (71.0) 2755 (63.2) 1004 (66.3) 1342 (76.6) 4235 (74.6) 2067 (74.9)
Medium 191 (17.9) 1074 (24.7) 357 (23.6) 229 (13.1) 957 (16.9) 493 (17.9)
High 57 (5.3) 393 (9.0) 104 (6.9) 37 (2.1) 165 (2.9) 72 (2.6)
Leisure-time physical activity <0.001 <0.001
Low 447 (42.2) 1479 (34.2) 371 (24.6) 705 (40.4) 1947 (34.6) 720 (26.2)
Medium 315 (29.7) 1460 (33.7) 525 (34.8) 553 (31.7) 1870 (33.2) 955 (34.8)
High 298 (28.1) 1391 (32.7) 612 (40.6) 487 (27.9) 1817 (32.3) 1072 (39.0)
Hypertension 722 (67.5) 2840 (65.2) 1031 (68.2)  0.07 942 (53.8) 3137 (55.3) 1518 (55.2) 0.52
Use of lipid-lowering drugs 8 (0.7) 68 (1.6) 30 (2.0) 0.04 8 (0.5) 42 (0.7) 20 (0.7) 0.436
Use of statins 5 (0.5) 44 (1.0) 16 (1.1) 0.22 6 (0.3) 26 (0.5) 16 (0.6) 0.512
Use of thrombocyte aggregation inhibitor 17(1.6) 87 (2.0 21 (1.4) 0.14 13 (0.7) 57 (1.0) 25 (0.9) 0.599
Use of hormone replacement therapy - - - 340 (19.9) 1151 (21.2) 570 (22.5) 0.139
'Total index score ranged from 0 to 6 points based on adherence to six dietary components. Low score was defined as 0-1, medium score as 2-3 and high score as 4-6
E:E(;/A was used to calculate P values across categories of score for continuous variables and -test to calculate P values for distribution of categorical variables across
categories of score.
doi:10.1371/journal.pone.0071095.t001
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population (n=74138) either joined the study spontancously or
after receiving a mailed invitation, and complete nutritional data
were obtained for 28098 subjects. In order to avoid influence of
disease history, dietary assessment error, or dietary changes
potentially related to the study outcomes, several exclusions were
made prior to analysis. Subjects with a previous cardiovascular
event, identified through local or national registers (n =826, 74%
men), or reporting a diabetes diagnosis and/or identified as being
treated with anti-diabetic medicine (n=800, 50% men) were
excluded. Subjects classified as energy misreporters were also
excluded (n=4871, 32% men). Energy misreporting was defined
as having a ratio of energy intake to basal metabolic rate outside
the 95% confidence interval (Cl) of the individual’s physical
activity level. [22] Finally, subjects reporting a substantial change
in their eating habits in the past (due to illness or other reason) [23]
were excluded (n=4475, 35% men). The final study population
included 6940 men (41%) and 10,186 women (59%). The Ethics
Committee at Lund University approved the design of the MDC
study (LU 51-90). Written informed consent was obtained from all
participants.

Dietary Data

Dietary history data were obtained for the MDC study by
combining a 7-day menu book (“current” diet information) and a
diet history questionnaire (“usual” diet information) with a 1-hour
interview. The reference period for the questionnaire was the
preceding year. Studies on the reproducibility and validity of the
methodology have been published previously. [24,25] A categor-
ical variable delineating the four seasons (ie., winter, spring,
summer, and autumn) was defined based on the date of the dietary
interview. Because of a slight change in the coding routines, a
categorical variable (i.e., method) was defined indicating dietary
data collection before or after September 1, 1994. [26].

The construction of the diet quality index (DQI-SNR),
developed to assess diet quality based on the SNR issued in
2005, has been described in a previous paper. [19] The DQI-SNR
includes six components: energy percentage (I %) from saturated
fatty acids (SFAs), E % from polyunsaturated fatty acids (PUFAs),
intake of fish and shellfish (g/week), dietary fiber (g/M]), fruit and
vegetables (g/day), and E% from sucrose. In this study, the

1.00
1
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--------- Medium score (2-3)
High score (4-6)

Probability of event-free survival
0.75
1
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nutrient density variables (E %) were based on non-alcohol energy.
Each index component was dichotomized using pre-defined cut-
offs reflecting recommended intake levels and defined as: SFA
=14 E%, PUFA 5-10 E%, fish and shellfish =300 g/week,
dietary fiber 2.4-3.6 g¢/M]J, fruit and vegetables =400 g/day,
and sucrose =10 E%. The cut-off for SFA was adjusted from the
recommended =10 E% to =14 E% since only 2% of the cohort
had intakes below the recommended level. [19] Each component
provided one point for participant intake levels within the defined
cut-offs and zero points for those with intakes above or below the
recommended level or interval. The total DQI-SNR score was
aggregated into three pre-specified categories: low (01 points),
medium (2-3 points) and high (4-6 points). It has previously been
reported that participants in the MDC cohort with high compared
to low DQI-SNR scores had an overall dietary pattern similar to
current nutritional recommendations. [19] The observation that
those with high scores were more likely to have changed their
eating habits in the past (due to illness or other reasons), or to have
been classified as potential energy misreporters, also prompted the
exclusion of these individuals from the current study (see above).

[19].

Other Variables

Information on age and gender was obtained through each
individual’s civil registration number, and lifestyle and socioeco-
nomic information was obtained using a self-administered
questionnaire. [27] Smoking was defined as never, former, or
current smokers. Leisure time physical activity was assessed using
questionnaire items adapted from the Minnesota Leisure Time
Physical Activity Questionnaire. [28,29] Subjects were ranked
based on their leisure time physical activity score, and gender-
specific tertiles created (i.e., low, moderate and high physical
activity). Education was defined by the number of years of
education completed or degree of educational level attained, i.e.,
less than nine years, nine years, high-school, or university/college
degree. Cohabitation status was defined as living alone or
cohabiting. Alcohol consumption was classified as zero, low,
moderate or high. Participants reporting no alcohol intake in the
7-day menu book and no alcohol intake during the preceding year
in the questionnaire were classified as zero alcohol consumers. For
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0 5 10 15
Follow-up, years
No. at Risk
Low score 1071 1013 920 343
Medium score 4356 4186 3880 1585

High score 1513 1450 1367 684

Figure 1. Kaplan-Meier curves of cardiovascular event-free survival by categories of DQI-SNR score among men (n=6 940) in the
Malmo Diet and Cancer cohort (1991-2008). Analysis time was cut-off at 16 years of follow-up.

doi:10.1371/journal.pone.0071095.g001
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Figure 2. Kaplan-Meier curves of cardiovascular event-free survival by categories of DQI-SNR score among women (n=10 186) in
the Malmo Diet and Cancer cohort (1991-2008). Analysis time was cut-off at 16 years of follow-up.

doi:10.1371/journal.pone.0071095.g002

all other participants low, medium, and high alcohol consumption
levels were set at alcohol intakes of <15, 15-30, and >30 g/day
for women, and <20, 2040, and >40 g/day for men. Waist
circumference (cm) was measured midway between the lowest rib
margin and the iliac crest; and hip circumference horizontally at
the level of the greatest lateral extension of the hips. Blood pressure
(mmHg) was measured by trained nurses at one of the visits to the
MDOC center, in the supine position after 10 min rest. Hyperten-
sion was defined as blood pressure =140/90 mmHg and/or
current use of pressure-lowering medication. Dyslipidemia was
defined as being treated with lipid-lowering medication.

Classification of Cardiovascular Events

All subjects were followed from the baseline examination until
their first episode of CV event, death, emigration from Sweden, or
until December 31* 2008. End-point information was obtained
from the Swedish Hospital Discharge Register, the National
Myocardial Infarction Register, the Stroke Register of Malmo
(STROMA), and the National Cause of Death Register. [30,31]
Outcomes were coded in accordance with the 9™ and 10™ versions
of the International Classification of Diseases (ICD). A CV event
was defined as fatal or non-fatal myocardial infarction (MI) (ICD-9
codes: 410A-410X; ICD-10: 121), fatal or non-fatal ischemic (ICD-
9, code: 434; ICD-10: 163) or non-specific stroke (ICD-9, code:
436; ICD-10: 164), or death attributable to ischemic heart disease
(ICD-9 codes: 410-414; ICD-10: 120-125), whichever came first.

Table 2. Hazard ratio (HR) and 95% confidence intervals (Cl) for incident cardiovascular (CV) events' in the men (n=6940) and
women (n=10 186) of the Malmé Diet and Cancer cohort (1991-2008) by categories of total index score?.

Low

Medium

High

P trend
Index score 0-1 2-3 4-6
Men
Number of cases 196 687 210
Number of cases per 1000 person-years of follow-up  13.8 1.5 9.9
Adjusted HR (95% Cl)* 1.00 (ref) 0.81 (0.69, 0.94) 0.60 (0.49, 0.73) <0.001
Fully adjusted HR (95% @)l 1.00 (ref) 0.85 (0.72, 1.00) 0.68 (0.56, 0.83) <0.001
Women
Number of cases 132 394 177
Number of cases per 1000 person-years of follow-up 5.5 5 4.5
Adjusted HR (95% CI)* 1.00 (ref) 0.86 (0.71, 1.03) 0.66 (0.53, 0.81) <0.001
Fully adjusted HR (95% an’ 1.00 (ref) 0.91 (0.75, 1.10) 0.73 (0.59, 0.91) 0.006

points.

data collection.

doi:10.1371/journal.pone.0071095.t002
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"Incident CV event was defined as non-fatal or fatal myocardial infarction or ischemic stroke, or death from ischemic heart disease.
Total index score ranged from 0 to 6 points based on adherence to six dietary components. Low score was defined as 0-1, medium score as 2-3 and high score as 4-6

*HRs and 95% Cls were estimated using a Cox proportional hazards regression model adjusting for dietary assessment method version, age, total energy, and season of

fAdditional adjustment for waist circumference, smoking status, leisure-time physical activity, and alcohol consumption.
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(1991-2008).
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Table 3. Hazard ratios (HR) and 95% confidence intervals (Cl) for incident cardiovascular (CV) events' by adherence to
recommended intake of the index components? in men (n=6940) and women (n=10 186) of the Malmé Diet and Cancer study

Fish and shellfish

Dietary fiber

Subjects (men/women), %

=300 g/week

Subjects (men/women), % 49.7/56.2
Basic model* 1.00
Multivariate modelf 1.00
Mutually adjusted multivariate model8 1.00

=24 or >3.6 g/MJ
81.1/67.6

Basic model* 1.00
Multivariate modelf 1.00
Mutually adjusted multivariate model8 1.00
Fruit and vegetables =400 g/day
Subjects (men/women), % 71.8/59.9
Basic model* 1.00
Multivariate modelf 1.00
Mutually adjusted multivariate model3 1.00
Sucrose =10E%
Subjects (men/women), % 27.5/32.8
Basic model* 1.00
Multivariate modelf 1.00
Mutually adjusted multivariate model8 1.00

Non-adherence Adherence

Men Women
Saturated fatty acids =14 E% =14 E% =14 E%
Subjects (men/women), % 82.4/82.8 17.6 17.2
Basic model* 1.00 0.95 (0.81, 1.11) 0.93 (0.76, 1.13)
Multivariate modelf 1.00 0.99 (0.85, 1.16) 0.96 (0.78,1.16)
Mutually adjusted multivariate model3 1.00 1.06 (0.90, 1.25) 1.01 (0.82, 1.25)
Polyunsaturated fatty acids <5 E % or >10E% 5-10 E% 5-10 E%
Subjects (men/women), % 21.1/27.9 789 721
Basic model* 1.00 0.97 (0.84, 1.12) 0.95 (0.80, 1.11)
Multivariate modelf 1.00 0.96 (0.83, 1.11) 0.93 (0.79, 1.10)
Mutually adjusted multivariate model8 1.00 0.97 (0.84, 1.13) 0.93 (0.79, 1.10)

=300 g/week =300 g/week
50.3 43.8

0.83 (0.74, 0.94) 0.93 (0.80, 1.08)
0.85 (0.75, 0.96) 0.98 (0.84, 1.15)
0.87 (0.77, 0.98) 0.97 (0.83,1.13)
2.4-3.6 g/MJ 2.4-3.6 g/MJ
18.9 324

0.68 (0.58, 0.80) 0.76 (0.65, 0.89)
0.77 (0.66, 0.91) 0.82 (0.70, 0.97)
0.83 (0.69, 0.99) 0.87 (0.72, 1.05)
=400 g/day =400 g/day
282 40.1

0.74 (0.64, 0.85) 0.76 (0.65, 0.90)
0.80 (0.69, 0.92) 0.83 (0.71, 0.98)
0.85 (0.73, 0.99) 0.87 (0.73, 1.04)
=10E% =10E%

725 67.2

0.80 (0.71, 0.91) 0.90 (0.77, 1.05)
0.83 (0.73, 0.95) 0.89 (0.76, 1.05)
0.86 (0.75, 0.98) 0.91 (0.77, 1.07)

was used as the reference category.

collection.

doi:10.1371/journal.pone.0071095.t003

Ischemic stroke was diagnosed when computed tomography,
magnetic resonance imaging or autopsy could verify the infarction
and/or exclude hemorrhage and non-vascular disease. If neither
imaging nor autopsy was performed, the stroke was classified as
unspecified (ICD-9 code 436; ICD-10: 164). By definition, patients
with transient ischemic attacks (ICD-9, code 435) is not included
in the current definition of stroke and therefore excluded. In order
to identify individuals who moved out of the city after the
screening examination, we also used the National Hospital
Discharge Register and the Swedish Cause of Death Register,
using the same diagnosis validation procedures as for STROMA.
Only subjects with ischemic stroke and MI were included in the

PLOS ONE | www.plosone.org

"Incident CV event was defined as non-fatal or fatal myocardial infarction or ischemic stroke, or death from ischemic heart disease.
2Adherence to the index components was dichotomized based on pre-specified recommended intake levels (adherence = 1 and non-adherence = 0) and non-adherence

*HRs and 95% Cls estimated using a Cox proportional hazards regression model adjusting for dietary assessment method version, age, total energy, and season of data

fAdditional adjustment for waist circumference, smoking status, leisure-time physical activity, and alcohol consumption.
$Multivariate model (as above) with mutual adjustment for the index components in this table.

analysis. Atherosclerosis is the major cause of acute M1, stroke and
peripheral artery disease. Since different subtypes of stroke may be
caused by other pathobiological mechanisms other than arterial
atherosclerosis, the risk factors for hemorrhagic stroke differ from
those for MI. [32] During follow-up a total of 1797 first CV events
occurred; 703 in women and 1093 in men.

Statistical Analysis

All analyses were sex-specific due to gender differences in eating
patterns. Baseline differences among men and women across
categories of index score were examined using ANOVA for
continuous variables and y’-test for categorical variables. Kaplan—
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Meier survival curves estimated the probability of remaining free
of CV events during the follow-up period for the low, medium,
and high categories of the DQI-SNR score. Hazard ratios (HR)
and 95% confidence intervals (CI) for incident CV event were
estimated using Cox proportional hazard regression with person-
years of follow-up as the underlying time metric and the lowest
DOI-SNR score category as the reference. The association
between the six index components (SFAs, PUFAs, fish and
shellfish, dietary fiber, fruit and vegetables and sucrose) and the
risk of incident CV events were examined separately. The basic
model included adjustment for age, total energy intake, method
version, and season of data collection. An additional multivariate
model was formulated adjusting for confounders identified from
the literature, such as smoking, leisure-time physical activity,
alcohol consumption, and waist circumference. Waist circumfer-
ence and total energy were log-transformed to normalize data
distribution. When investigating the individual components of the
index the multivariate model also included mutual adjustment for
the other components. Education and cohabiting status showed
high-co-linearity with smoking, physical activity and alcohol
consumption. Also, education, cohabitation status, hypertension,
and use of lipid-lowering medication or thrombocyte aggregation
mhibitor influenced the CVD risk estimate by less than 10% and
were not included in the final multivariate model. In addition, to
assess the sensitivity of the DQI-SNR score and incident CV
events association, we also calculated HR and 95% Cls as in the
full cohort (n =28 098) (i.e., without exclusions). PASW Statistics
(SPSS Statistics, version 18, 2009) and Stata 10.1 (Statistic/Data
Analysis, 2007, USA) for Windows were used for all statistical
calculations. All tests were two-sided and P-values <0.05 were
considered statistically significant.

Results

Dietary, Lifestyle and Other Variables

Baseline differences across categories of index score are shown
in Table 1. Apart from men with high diet quality being more
likely to use lipid-lowering drugs and women with high diet quality
having a marginally higher diastolic blood pressure, no differences
in systolic or diastolic blood pressure, hypertension, or the use of
statins or thrombocyte aggregation inhibitors, were observed
across index score categories. Individuals with higher index scores
were more likely to be older, more physically active during leisure-
time, non-smokers, have a higher educational level and socioeco-
nomic status, and less likely to live alone.

DQI-SNR and Risk of Incident CVD

Survival curves for the three categories of DQI-SNR score are
shown in Figure 1 for men and Figure 2 for women. Significant
trends of decreased risk were seen across the DQI-SNR score
categories for both men and women (Table 2). Inclusion of waist
circumference, smoking, leisure time physical activity, and alcohol
consumption in the analysis did not substantially change the
associations (Table 2). When examining the full cohort (ie.,
without exclusions), both men and women with high scores had
decreased risk of CV events, compared to those with low scores
(data not shown), but these risk estimates were weaker (especially
in women), compared to the main analysis.

Index Components and Risk of Incident CV Events
Recommended intakes of dietary fiber (2.4-3.6 g/M]J), and fruit
and vegetables (>400 g/day) were associated with decreased risk
of CV events in both men and women in models adjusting for
several lifestyle confounders (Table 3). However, in the mutually

PLOS ONE | www.plosone.org
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adjusted multivariate models, the associations remained significant
only in men (Table 3). Also, recommended intakes of fish and
shellfish (=300 g/week) and of sucrose (<10 E %) were associated
with a decreased risk of CV events among men (Table 3).

Discussion

This study demonstrates the relationship between DQI-SNR,
an index score based on the current Swedish dietary recommen-
dations, and incident CV events in apparently healthy, middle-
aged subjects. The main finding is that men and women reporting
high overall adherence to current dietary recommendations had a
lower risk of CV events compared to those with low adherence. A
reduced risk of CV events were also seen among men who
reported recommended intake levels of fish and shellfish, dietary
fiber, fruit and vegetables and sucrose.

Dietary recommendations are designed to promote good overall
health and reduce the risk of major chronic disease in the general
population. Overall the risk reduction of CV events seen with a
high diet quality in this study is in line with previous reports from
U.S. and European cohorts. In a European study based on five
different cohorts, high scores of a healthy diet indicator, based on
the World Health Organization’s guidelines, was associated with
18% lower risk of mortality due to CVD. [18] Studies using the
Healthy Eating Index (HEI), a score measuring how well
Americans conform to the Dietary Guidelines for Americans
and the food guide pyramid, found a reduction in CVD risk in two
separate US cohorts of men (28%) and women (14%). [33,34]
Two other studies evaluating recommended diets, using the
Alternate Healthy Eating Index (AHEI) based on foods and
nutrients predictive of chronic disease risk, reported a reduction in
CVD risk in both men and women. [14,35] Pooled analysis of
these US cohorts showed reduced risk of CVD with high scores on
the HEI-2005 (21%) and the AHEI-2010 (24%). [15].

In a previous study from the MDC cohort, high DQI-SNR
scores were associated with approximately 40% decreased risk of
mortality due to CVD in men, but no association with CVD
mortality was seen among women. [20] In contrast, this study
suggests that high DQI-SNR scores are associated with reduced
number of CV events in both men and women. The individual
index components were more strongly associated with CV events
among men in this study. Since there were fewer CV events
among women compared to men in this study population, there is
a possibility that the non-significant findings among women are
due to reduced statistical power in the multivariate model.
Further, there are possible gender differences in food selection
and unobserved confounders across food patterns.

The weaker associations seen with the individual index
components compared to that of using the total score as a
measure of diet quality suggest the importance of considering the
overall dietary pattern when investigating the associations between
diet and disease. Since nutrient intakes are highly correlated, it is
difficult to isolate the effect of individual nutrients in epidemio-
logical studies. In line with a previous report based on MDC data
on macronutrient intakes [36], we found no association between
recommended intake levels of SFA and PUFA and risk of incident
CV events in this study. However, since very few fulfilled the SNR
for SFA, the potential benefit of low SFA intake is difficult (or
virtually impossible) to determine in this population. In contrast, a
pooled analysis of 11 cohort studies indicated that replacing SFAs
with PUFAs was associated with a reduction in the risk of CHD.
[37].

The main advantages of this study are the dietary data of high
relative validity, large study population with virtually no loss to

August 2013 | Volume 8 | Issue 8 | 71095



follow-up (<0.7%) and CV endpoints of very high relative validity.
[38] Few epidemiological studies have access to similar dietary
data. [39] Further, the access to an extensive data set, containing
information on many potential confounders, is an important
advantage. For instance, subjects reporting previous changes in
cating habits, and those identified as potential misreporters of
energy intake were excluded from the analysis. Few other studies
have the ability to consider the possibility of bias due to these
factors. The importance of these factors was demonstrated in
sensitivity analysis indicating stronger associations (compared to
the full cohort) when subjects with prevalent CVD and diabetes,
energy misreporting, and past food habit change were excluded
from analysis (data not shown).

However, some limitations need to be considered. This study
consists of middle-aged to elderly men and women and therefore
the generalizability of our findings to other age groups is uncertain.
Another potential limitation is that only 40% of the eligible
population was included in the study sample, which potentially
resulted in selection bias. However, previous reports from the
MDC cohort indicated that the socio-demographic structure,
prevalence of obesity and smoking habits were similar compared
to a mailed health survey in the same population (where 74.6%
participated), while the proportion reporting good health was
higher. [40] We have previously observed that few participants of
the MDC cohort follow the dictary recommendations'? and
national data suggest that compliance is generally low in Sweden.
[41] Overall, only 2% of the MDC cohort followed the
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recommended intake level for SFAs (=10 E %) and only 20—
30% the recommended intake of fiber. [19] As a consequence, the
associations observed in this study may be severely deflated. The
Nordic Nutrition Recommendations, on which the SNR are based
upon, are currently being revised and therefore an evaluation of
the new recommendations may be needed when they are
published. Finally, several lifestyle factors play an important role
in the development of CVD and these may confound the
associations observed in this study. Although we controlled for
these factors in our analysis, the possibility of residual confounding
cannot be excluded.

Conclusion

The results suggest that a high diet quality is associated with a
decreased risk of CV events. This study thus supports the
effectiveness of the dietary recommendations in reducing risk of
CVD in the general population, and illustrates that a combination
of dietary factors needs to be considered in order to fully capture
the influence of diet on disease.
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