
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

The Association between Carbohydrate-Rich Foods and Risk of Cardiovascular
Disease Is Not Modified by Genetic Susceptibility to Dyslipidemia as Determined by 80
Validated Variants.

Sonestedt, Emily; Hellstrand, Sophie; Schulz, Christina-Alexandra; Wallström, Peter; Drake,
Isabel; Ericson, Ulrika; Gullberg, Bo; Hedblad, Bo; Orho-Melander, Marju
Published in:
PLoS ONE

DOI:
10.1371/journal.pone.0126104

2015

Link to publication

Citation for published version (APA):
Sonestedt, E., Hellstrand, S., Schulz, C.-A., Wallström, P., Drake, I., Ericson, U., Gullberg, B., Hedblad, B., &
Orho-Melander, M. (2015). The Association between Carbohydrate-Rich Foods and Risk of Cardiovascular
Disease Is Not Modified by Genetic Susceptibility to Dyslipidemia as Determined by 80 Validated Variants. PLoS
ONE, 10(4), Article e0126104. https://doi.org/10.1371/journal.pone.0126104

Total number of authors:
9

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

Download date: 29. May. 2026

https://doi.org/10.1371/journal.pone.0126104
https://portal.research.lu.se/en/publications/44bf5db7-cb14-4331-9fc4-09700efea87a
https://doi.org/10.1371/journal.pone.0126104


RESEARCH ARTICLE

The Association between Carbohydrate-Rich
Foods and Risk of Cardiovascular Disease Is
Not Modified by Genetic Susceptibility to
Dyslipidemia as Determined by 80 Validated
Variants
Emily Sonestedt1*, Sophie Hellstrand1, Christina-Alexandra Schulz1, Peter Wallström2,
Isabel Drake2, Ulrika Ericson1, Bo Gullberg2, Bo Hedblad3, Marju Orho-Melander1

1 Diabetes and Cardiovascular Disease—Genetic Epidemiology, Department of Clinical Sciences Malmö,
Lund University, Malmö, Sweden, 2 Nutritional Epidemiology, Department of Clinical Sciences Malmö, Lund
University, Malmö, Sweden, 3 Cardiovascular Disease Epidemiology, Department of Clinical Sciences
Malmö, Lund University, Malmö, Sweden

* Emily.Sonestedt@med.lu.se

Abstract

Background

It is still unclear whether carbohydrate consumption is associated with cardiovascular dis-

ease (CVD) risk. Genetic susceptibility might modify the associations between dietary in-

takes and disease risk.

Objectives

The aim was to examine the association between the consumption of carbohydrate-rich

foods (vegetables, fruits and berries, juice, potatoes, whole grains, refined grains, cookies

and cakes, sugar and sweets, and sugar-sweetened beverages) and the risk of incident is-

chemic CVD (iCVD; coronary events and ischemic stroke), and whether these associations

differ depending on genetic susceptibility to dyslipidemia.

Methods

Among 26,445 individuals (44–74 years; 62% females) from the Malmö Diet and Cancer

Study cohort, 2,921 experienced an iCVD event during a mean follow-up time of 14 years.

At baseline, dietary data were collected using a modified diet history method, and

clinical risk factors were measured in 4,535 subjects. We combined 80 validated genetic

variants associated with triglycerides and HDL-C or LDL-C, into genetic risk scores and

examined the interactions between dietary intakes and genetic risk scores on the inci-

dence of iCVD.
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Results

Subjects in the highest intake quintile for whole grains had a 13% (95% CI: 3–23%; p-trend:

0.002) lower risk for iCVD compared to the lowest quintile. A higher consumption of foods

rich in added sugar (sugar and sweets, and sugar-sweetened beverages) had a significant

cross-sectional association with higher triglyceride concentrations and lower HDL-C con-

centrations. A stronger positive association between a high consumption of sugar and

sweets on iCVD risk was observed among those with low genetic risk score for triglycerides

(p-interaction=0.05).

Conclusion

In this prospective cohort study that examined food sources of carbohydrates, individuals

with a high consumption of whole grains had a decreased risk of iCVD. No convincing evi-

dence of an interaction between genetic susceptibility for dyslipidemia, measured as genet-

ic risk scores of dyslipidemia-associated variants, and the consumption of carbohydrate-

rich foods on iCVD risk was observed.

Introduction
It is still unclear whether carbohydrate consumption is associated with cardiovascular disease
(CVD) risk. Evidence suggests that carbohydrate quality is more important than carbohydrate
quantity, and that in addition to macronutrients it is important to examine foods rich in carbo-
hydrates. For example, whole grains are related to a decreased risk of CVD [1, 2], whereas
sugar-sweetened beverages are associated with an increased risk of CVD [3, 4]. Previously, in
the Malmö Diet and Cancer study (MDCS), we have shown that high fiber consumption asso-
ciates with protection against CVD [5], and men adhering to the recommended fruit, vegetable
and sugar consumption guidelines had a decreased risk for CVD [6]. One of the proposed
mechanisms by which dietary intakes can influence CVD risk is through their impact on blood
lipids and lipoproteins. In the MDCS, sugar consumption was positively related to the athero-
genic lipid profile which was composed of high levels of triglycerides and small LDL and low
levels of HDL-C [7]. It is possible that genetic susceptibility to dyslipidemia and CVD risk may
influence the association between dietary intake and risk of CVD. In the recent years, genome-
wide screening for common variants that associate with blood lipids and lipoproteins has made
great progress. In 2010, 95 validated genetic loci were identified, which together accounted for
10–12% of the total variance and 25–30% of the genetic variance, in blood lipid and lipoprotein
levels [8]. Recently, an additional 62 genetic loci were identified accounting for another 2–3%
of the variance [9]. One study demonstrated an interaction on the lipid-lowering effect between
a weight-loss intervention and genetic risk score for total dyslipidemia composed of 32 lipid-as-
sociated genetic variants [10]. However, because carbohydrates might show associations with
specific lipid traits, it is important to examine risk scores that reflect the genetic susceptibility
for adverse levels of triglycerides, HDL-C and LDL-C separately. Therefore, the primary objec-
tives of this study were to 1) examine the association between consumption of different carbo-
hydrate-rich foods (vegetables, fruits and berries, juice, potatoes, whole grains, refined grains,
cookies and cakes, sugar and sweets, and sugar-sweetened beverages) and risk of incident ische-
mic CVD (iCVD) in the MDCS cohort and 2) examine whether genetic susceptibility to dysli-
pidemia, measured as the genetic risk scores of 80 validated variants, modify such associations.
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As a secondary objective we examined the cross-sectional associations between the consump-
tion of carbohydrate-rich foods and clinical risk factors of iCVD at baseline (blood pressure,
triglycerides, HDL-C, LDL-C and insulin resistance) and whether the associations with blood
lipids and lipoproteins were modified by genetic susceptibility to dyslipidemia.

Subjects and Methods

Subjects and data collection
The Malmö Diet and Cancer Study (MDCS) is a prospective population-based cohort with
baseline examinations conducted between 1991 and 1996. All men born between 1923 and
1945 and women born between 1923 and 1950 that live in Malmö were invited via personal
letters and advertisements in the local newspaper and public places to participate in the study.
Limited Swedish language skills and mental incapacity were the only exclusion criteria. The
participation rate was approximately 40% [11]. The ethical committee at Lund University ap-
proved the study (LU 51–90), and the participants gave their written informed consent. Die-
tary intakes were collected using a modified diet history method. Information regarding
different lifestyle and demographic factors (including education, smoking, leisure-time physi-
cal activity, and drug use) was collected using a self-administered questionnaire. Nurses mea-
sured blood pressure and body composition and collected blood samples. In total, 28,098
individuals completed the lifestyle questionnaire and diet assessment and had their anthropo-
metrics measured. After excluding those with a history of myocardial infarction, stroke, or di-
abetes, 26,445 individuals remained and constituted the study sample for this study. A 50%
random sample (n = 6,103) of those that participated between 1992 and 1994 were invited for
an additional visit (on average 0.7 years after the previous visit) for collecting fasting blood
samples. Blood concentrations of fasting triglycerides, HDL-C, glucose and insulin were mea-
sured with standard procedures, and LDL-C concentration was calculated using the Friede-
wald formula: LDL = total cholesterol—HDL-C—(triglycerides/2.2). Homeostasis model
assessment (HOMA-IR) was used as a measure of insulin resistance and was calculated using
the following formula: (fasting insulin x fasting blood glucose)/22.5.

Dietary data
Usual dietary intakes were estimated using a modified diet history method specifically devel-
oped for MDCS [12]. Information on cooked lunches and dinners and cold beverages was col-
lected over 7 consecutive days, and other foods regularly consumed during the past year were
collected through a 168-item dietary questionnaire, with frequencies of food intake and usual
portion sizes assessed using photographs. During a 1-hour interview, the participants were
asked questions about their food choices, food preparation practices and portion sizes of the
foods they consumed during the 7 days studied. The routines for coding dietary data were
slightly altered in September 1994 in order to shorten the interview time. This change did not
reveal any major influence on the ranking of individuals [13]. A variable was constructed (“diet
method version”) to distinguish between data collection before and after the change in diet as-
sessment method. Energy and nutrient intakes were computed from the reported food intakes
using the MDCS Food and Nutrient Database, mainly originating from PC Kost2-93 of the
Swedish National Food Administration in Uppsala.

The nutrients examined in this study were: total carbohydrates, sucrose and dietary fiber.
The foods examined were selected for being significant sources of dietary carbohydrates: vege-
tables (g/day), fruits and berries (g/day), juice (g/day), potatoes (g/day), whole grains (por-
tions/day of fiber-rich bread, biscuits and cereals), refined grains (portions/day of low-fiber
bread, biscuits, cereals, rice and pasta), cookies and cakes (g/day), sugar and sweets (g/day),
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and sugar-sweetened beverages (g/day). Milk, which is also a significant source of carbohy-
drates, has already been examined in relation to iCVD risk within MDCS and therefore was
not included in this study [14]. The nutrient and food intakes were adjusted for total energy in-
take using the residual method (ln-transformed food intake as the dependent variable and ln-
transformed total energy intake as the independent variable). The residuals were divided into
quintiles for most of the nutrients and foods. For the foods with>25% zero-consumers (i.e.,
juice and sugar-sweetened beverages), we categorized zero-consumers into a separate group
and divided the rest of the individuals into tertiles according to their energy-adjusted intakes.
The validity and reproducibility of the dietary method have been examined previously [15–17].
Energy-adjusted Pearson’s validity correlation coefficients (compared to 18 days of weighed
food records) were for carbohydrates (0.66 and 0.70 for men and women, respectively), fiber
(0.74/0.69), sugar (0.60/0.74), vegetables (0.65/0.53), fruits (0.60/0.77), potatoes (0.69/0.51), ce-
reals (0.74/0.73), breads 0.50/0.58), rice and pasta (0.35/0.24) [16, 17].

Cardiovascular endpoints
Incident CVD events were identified by linkage to the Swedish Hospital Discharge Registry
and Cause-of-death Registry [18]. Stroke events were also identified from the local stroke reg-
istry in Malmö (STROMA) [19]. Coronary heart disease was defined as ICD-9 codes 410–
414 (fatal or non-fatal myocardial infarction or death due to ischemic heart disease). Ische-
mic stroke was defined as ICD-9 code 434 and diagnosed when computed tomography or au-
topsy could verify the presence of an infarction and/or exclude hemorrhage and non-vascular
disease. Vital status and emigration was extracted from the National Tax Board. Until the
end of follow-up on June 30, 2009, 2,921 of the study participants were diagnosed with an
iCVD event. The participants contributed to time of follow-up until iCVD diagnosis, emigra-
tion, death or end of follow-up. Cases with intra-cerebral (ICD-9 code 431), subarachnoid
hemorrhages (ICD-9 code 430) or non-specific stroke (ICD-9 code 436) were not included in
the analyses with iCVD, because the risk factors are different compared to coronary heart dis-
ease and ischemic stroke; however, they contributed to person-years of follow-up until
their diagnosis.

Genotyping and construction of genetic risk scores
Genotyping was performed at the Clinical Research Centre, Malmö, Sweden, by using the
Sequenom MassARRAY (Sequenom, San Diego, CA, USA) or Taqman allelic discrimination
on an ABI 7900 (Applied Biosystems, Foster City, CA, USA). We estimated susceptibility for
dyslipidemia by combining the validated single-nucleotide polymorphisms (SNP) reported in
the genome-wide association meta-analysis by Teslovich et al. [8]. We genotyped all SNPs
(n = 91) that had reached the genome-wide significant level for either triglycerides, HDL-C or
LDL-C, except LPA rs1084651, JMJD1C rs10761731 and NPC1L1 rs217386 because of diffi-
culties in genotyping or no proxies were available. SNPs were then excluded in the current
study if the success rate was less than 90% (COBLL1 rs10195252, KLF14 rs4731702, PLEC1
rs11136341, ABCA8 rs4148008) or if the Hardy-Weinberg equilibrium p-value was less than
0.00057 (0.05/87) (ANGPTL3 rs2131925, TYW1B rs13238203, SCARB1 rs838880, OSBPL7
rs7206971, LILRA3 rs386000, PLTP rs6065906,MOSC1 rs2642442). Weighted genetic risk
scores were constructed using PLINK (version 1.07) for triglycerides (26 SNPs), HDL-C (41
SNPs) and LDL-C (32 SNPs) by multiplying the effect size (β-coefficients) found in the meta-
analysis [8] with the number of risk alleles and then summing the products. In these analyses,
those 24,799 individuals who had more than 60% of their SNPs successfully genotyped
were included.

Carbohydrates, Genetic Risk and Cardiovascular Disease
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Other variables
Body mass index (BMI; kg/m2) was calculated from direct measurements of weight and height.
Subjects, wearing light clothing and no shoes, were weighed using a balance-beam scale for
weight and a fixed stadiometer for height (cm). Smoking habits were categorized into smokers,
ex-smokers and never smokers. Alcohol consumption was categorized into six categories. Indi-
viduals indicating no consumption during the past year and no consumption in the 7-day food
diary were categorized as zero-consumers. The other individuals were divided into gender-spe-
cific quintiles based on their consumption in the food diary. Education level was divided into
elementary, primary and secondary, upper secondary, further education without a degree, and
university degree. Leisure-time physical activity was obtained from the questionnaire where
the individuals had to estimate minutes per week they spent on 17 different activities. A score
was constructed taking into account the intensity and duration of the activity; the score was di-
vided into quintiles. Non-adequate reporters of energy were determined by comparing their re-
ported energy intake with their total energy expenditure (estimated from their calculated basal
metabolic rate and self-reports of leisure-time physical activity, work activity, household work,
and sleep hours). Individuals with reported energy intake above or below the 95% confidence
interval for total energy expenditure were categorized as “misreporters”. Individuals answering
yes to the questionnaire item “Have you substantially changed your dietary habits in the past?”
were classified as “dietary changers”.

Statistical methods
SPSS (version 20, IBM Corporation, Armonk, NY) was used for all statistical analyses. Baseline
characteristics according to incident iCVD status were examined using general linear model
adjusted for age and sex. The mean age, BMI and dietary intakes of the lowest and highest in-
take groups in the food categories (quintiles or zero-consumers/tertiles) were reported sepa-
rately for men and women. We also examined the linear relationship between the intake of
food group categories and possible mediating risk factors between dietary intake and iCVD
risk (i.e., blood pressure, fasting blood lipids, lipoproteins, and HOMA-IR) among the 4535 in-
dividuals with complete data on all risk factors and the variables that were adjusted for (i.e.,
age, sex, season of data collection [spring, summer, winter, autumn], total energy intake, BMI,
smoking habits, alcohol consumption, leisure-time physical activity and education). Blood
pressure analyses were also adjusted for the use of anti-hypertensive drugs, and blood lipid and
lipoprotein analyses were also adjusted for the use of lipid-lowering drugs. We used ln-trans-
formed risk factor variables to test for trend across food group categories. In sensitivity analy-
ses, we excluded individuals categorized as misreporters of energy intake (18% of the study
sample, see above).

Cox proportional hazard regression analysis was used to calculate hazard ratios for iCVD
with the lowest food category (lowest quintile) as the reference, and with person-years of fol-
low-up as the underlying time-variable. The proportional hazards assumption was checked
graphically using log minus-log survival plot and tested using Shoenfeld residuals. These analy-
ses were adjusted for age, sex, season of data collection, diet method version, total energy in-
take, and several potential confounders (i.e., BMI, smoking habits, alcohol consumption,
leisure-time physical activity, and education). These covariates were selected a priori for being
known risk factors for CVD and for being associated with dietary habits, without being consid-
ered intermediates between dietary habits and disease. If values for any of the categorical vari-
ables were missing, they were treated as a separate category (i.e., 60 individuals for smoking
habits, 171 individuals for leisure-time physical activity, and 60 individuals for education). If
values for the continuous variables were missing, they were excluded (i.e., 30 individuals for
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BMI). To examine the heterogeneity of effect in men and women we included the cross product
of sex and diet exposure in the analyses. Because BMI can be regarded as a mediating factor, we
also performed the analyses without BMI as a covariate in the multivariable model. In addition-
al analyses, other dietary factors (i.e., fermented milk [g/day], coffee [g/day], meat [g/day], fish
[g/day], vegetables [g/day] and whole grains [portions/day]) were included as covariates, be-
cause these dietary factors have previously been associated with iCVD risk and could confound
the examined associations [14, 20]. We also included systolic blood pressure and use of anti-
hypertensive drugs (yes/no) in a multivariate model. In sensitivity analyses, we excluded indi-
viduals reporting dietary changes in the past (“dietary changers”; 22% of the study sample), be-
cause these individuals were suspected to have unstable food habits [21, 22]. We also examined
the associations after excluding cases that were diagnosed within two years after the baseline
examination. Separate analyses were also performed with coronary heart disease or ischemic
stroke as first iCVD endpoint.

We examined whether the associations between dietary intakes and iCVD risk were differ-
ent depending on genetic risk scores for triglycerides, HDL-C and LDL-C. The interactions be-
tween dietary intakes and risk scores were examined by including a cross product of the
continuous variables (diet categories x genetic risk score) in the multivariable model in addi-
tion to the main variables.

Results

Participant characteristics
The baseline characteristics of incident iCVD cases and non-cases are shown in Table 1. The
food intakes and lifestyle factors in the lowest and highest food group categories are shown in
S1 Table.

The association between dietary intakes and clinical risk factors
The cross-sectional associations between food intakes and blood pressure, blood lipids and li-
poproteins, and HOMA-IR were investigated among 4,535 individuals at baseline (Table 2).
Total carbohydrate consumption was positively associated with triglyceride concentrations
(mean [SE] = 1.33 [0.02] and 1.25 [0.02] mmol/L for highest vs. lowest quintile, p-
trend = 0.003) and negatively associated with HDL-C concentration (1.35 [0.01] and 1.46
[0.01] mmol/L for highest vs. lowest quintile, p-trend = 1x10-11). A higher consumption of
foods rich in added sugar (sugar and sweets, and sugar-sweetened beverages) was significantly
associated with higher triglyceride concentrations and lower HDL-C concentrations. Specifi-
cally, mean triglyceride concentration in the highest vs. lowest quintile of sugar and sweets and
sugar-sweetened beverages were 1.32/1.23 (p-trend = 0.007) and 1.37/1.25 (p-trend = 5 x 10-6),
respectively, and mean HDL-C were 1.36/1.43 (p-trend = 3 x 10-5) and 1.35/1.41 (p-trend = 1 x
10-4), respectively. Sugar-sweetened beverage consumption was associated with higher insulin
resistance (measured by HOMA-IR), while a high consumption of fiber, vegetables, and fruits
and berries was associated with lower insulin resistance. Generally, the exclusion of misrepor-
ters produced stronger risk estimates. However, the results of the sensitivity analysis would not
change our interpretation of the data and are therefore not shown.

The association between dietary intakes and iCVD risk
We observed similar incidence rates of iCVD in the highest vs. lowest quintiles of total carbo-
hydrates (8.2 vs. 8.4 cases/1000 person-years). In the basic model, sucrose consumption was
positively associated with iCVD risk, while the consumption of fiber, vegetables, fruits and
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berries, juice, whole grains, and cookies and cakes was negatively associated with iCVD risk.
When we adjusted for several lifestyle factors, only higher consumption of fiber and whole
grains remained statistically significantly associated with a decreased risk of iCVD (Table 3). In
the lowest quintile of whole grains (mean intake of 0.0 portions/day), there were 10.2 iCVD
cases per 1000 person-years of follow-up compared to 7.8 cases per 1000 person-years of fol-
low-up in the highest quintile (mean intake of 2.5 portions/day). The highest intake quintile of
whole grains was associated with a 13% lower risk of iCVD compared to the lowest quintile.
We observed no significant heterogeneity in the results between men and women for any of the
food groups (all p-interaction�0.19). The highest whole grain intake was associated with an
8% (p-trend = 0.13) lower risk in men and a 21% (p-trend = 0.002) lower risk in women (p-in-
teraction with sex: 0.19) for iCVD (S2 Table). Excluding BMI as a covariate or additional ad-
justments for several dietary factors or systolic blood pressure and anti-hypertensive drug use
did not influence the risk estimates (data not shown). Excluding cases diagnosed within two
years after baseline only slightly affected the results. The association with sucrose was slightly
strengthened (p-trend = 0.06); however, the association was only observed among men (p-
trend = 0.02) but not among women (p-trend = 0.95). Specifically, men in the highest quintile
had a 20% higher iCVD risk compared to men in the lowest quintile. When we excluded indi-
viduals who reported a substantial dietary change in the past, the associations observed with in-
take levels of fiber and whole grains were somewhat stronger (HR for highest vs. lowest fiber
quintile: 0.81; 95% CI: 0.70, 0.94; p-trend = 0.001; HR for highest vs. lowest whole grains

Table 1. Baseline characteristics according to cardiovascular event at follow-up on June 30, 2009.

Variables n Incident iCVD cases(n = 2,921) Non iCVD cases(n = 23,524) Pa

Women (%) 26,445 42% 65%

Age, y 26,445 61.8 (61.5, 62.0)b 57.4 (57.3, 57.5)

BMI, kg/m2 26,415 26.2 (26.0, 26.3) 25.6 (25.5, 25.6) <0.001

Diastolic blood pressure, mmHg 26,405 87.7 (87.3, 88.0) 85.2 (85.1, 85.4) <0.001

Systolic blood pressure, mmHg 26,407 146 (145, 147) 140 (140, 140) <0.001

Triglycerides, mmol/L 5,070 1.44 (1.37, 1.50) 1.33 (1.31, 1.35) 0.003

HDL-C, mmol/L 5,021 1.31 (1.28, 1.34) 1.40 (1.39, 1.41) <0.001

LDL-C, mmol/L 4,957 4.24 (4.16, 4.33) 4.16 (4.13, 4.19) 0.09

HOMA-IR 4,624 1.80 (1.68, 1.91) 1.57 (1.53, 1.61) <0.001

Energy intake, kcal 26,445 2272 (2251, 2294) 2281 (2273, 2288) 0.46

Carbohydrate, E% 26,445 45.1 (44.9, 45.4) 45.2 (45.1, 45.3) 0.75

Sucrose, E% 26,445 8.83 (8.70, 8.96) 8.60 (8.55, 8.64) 0.001

Fiber, g/1000 kcal 26,445 8.82 (8.73, 8.92) 9.06 (9.03, 9.09) <0.001

Vegetables, g/day 26,445 175 (172, 179) 182 (180, 183) 0.001

Fruits and berries, g/day 26,445 189 (184, 194) 196 (194, 197) 0.006

Juice, g/day 26,445 61.0 (57.2, 64.8) 62.5 (61.2, 63.8) 0.47

Potatoes, g/day 26,445 123 (120, 125) 121 (120, 122) 0.14

Whole grains, portions/day 26,445 0.92 (0.89, 0.96) 0.98 (0.97, 0.99) 0.006

Refined grains, portions/day 26,445 2.61 (2.56, 2.67) 2.60 (2.59, 2.62) 0.76

Cookies and cakes, g/day 26,445 36.2 (35.0, 37.3) 37.4 (37.0, 37.8) 0.05

Sugar and sweets, g/day 26,445 42.1 (41.0, 43.3) 40.9 (40.5, 41.3) 0.05

Sugar-sweetened beverages, g/day 26,445 82.4 (76.9, 87.8) 76.7 (74.8, 78.6) 0.06

aThe difference in baseline characteristics between cases and non-cases was tested with a general linear model adjusted for age and sex.
bAll values are expressed as means (95% CI).

doi:10.1371/journal.pone.0126104.t001
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quintile: 0.81; 95% CI: 0.71, 0.92; p-trend = 0.0001). We observed a somewhat stronger associa-
tion with ischemic stroke than coronary events for dietary fiber and whole grain consumption
(p-trend [fiber] = 0.02 and 0.18, and p-trend [whole grains] = 0.006 and 0.10 for ischemic
stroke and coronary event, respectively) (S3 Table).

Effect modification by genetic risk for dyslipidemia
Genetic risk scores were composed of 26 SNPs for triglycerides, 41 SNPs for HDL-C and 32
SNPs for LDL-C (S4 Table) and were calculated for 24,799 individuals who had more than
60% of their SNPs successfully genotyped. The associations with genetic risk scores were strong
as expected for their respective traits, triglycerides (p = 1x10-48), HDL-C (p = 7x10-62), and
LDL-C (p = 2x10-76). The genetic risk scores for LDL-C and HDL-C were significantly associat-
ed with incidence of iCVD (p = 4x10-6 and 0.01, respectively), while the genetic risk score for
triglycerides was not associated with iCVD (p = 0.13). Only one of the examined dietary vari-
ables showed nominal significant interaction with at least one of the genetic risk scores
(Table 4). Specifically, higher potato consumption was associated with lower HDL-C concen-
trations among those with lower genetic risk for low HDL-C and not among those with higher
genetic risk (p-interaction = 0.02). Only minor differences in the interactions were seen after
adjusting for the other genetic risk scores.

We found no strong evidence of an interaction on iCVD risk between the dietary categories
and genetic risk scores for standard lipids (Table 5). The strongest interaction on the risk of
iCVD was observed between sugar and sweets consumption and genetic risk score for

Table 2. The associations between risk factors and energy-adjusted food intakes at baseline among 4,535 individuals in the Malmö Diet and Can-
cer cohort, 1992–1994.a

Diastolic BPb Systolic BP Triglycerides HDL-C LDL-C HOMA index

βc (SE) Ptrend βc (SE) Ptrend βc (SE) Ptrend βc (SE) Ptrend βc (SE) Ptrend βc (SE) Ptrend

Carbohydrates -0.12 (0.10) 0.24 0.30 (0.20) 0.13 0.019 (0.007) 0.003 -0.025 (0.004) 1 x 10–11 -0.008 (0.011) 0.46 -0.033 (0.013) 0.009

Sucrose 0.22 (0.10) 0.03 0.23 (0.19) 0.23 0.026 (0.006) 4 x 10–5 -0.022 (0.004) 4 x 10–10 0.009 (0.011) 0.39 0.019 (0.012) 0.13

Fiber -0.15 (0.10) 0.14 -0.13 (0.19) 0.51 -0.008 (0.006) 0.19 <0.001 (0.004) 0.94 -0.003 (0.011) 0.78 -0.056 (0.012) 6 x 10–6

Vegetables -0.06 (0.09) 0.51 -0.18 (0.18) 0.32 -0.008 (0.006) 0.20 0.009 (0.003) 0.01 0.011 (0.010) 0.29 -0.031 (0.012) 0.009

Fruits and
berries

-0.13 (0.10) 0.20 -0.30 (0.19) 0.12 -0.003 (0.006) 0.61 <0.001 (0.004) 0.96 -0.005 (0.011) 0.64 -0.039 (0.013) 0.002

Juice 0.10 (0.11) 0.40 0.30 (0.22) 0.17 -0.002 (0.007) 0.76 -0.002 (0.004) 0.67 0.011 (0.013) 0.36 -0.022 (0.014) 0.12

Potatoes 0.12 (0.09) 0.20 0.61 (0.18) 0.001 0.005 (0.006) 0.43 -0.004 (0.003) 0.24 -0.003 (0.010) 0.79 0.012 (0.012) 0.32

Whole grains 0.11 (0.09) 0.23 0.04 (0.18) 0.82 -0.007 (0.006) 0.22 0.001 (0.003) 0.83 0.007 (0.010) 0.50 -0.016 (0.012) 0.17

Refined grains -0.29 (0.09) 0.002 -0.14 (0.18) 0.46 -0.001 (0.006) 0.90 -0.001 (0.003) 0.69 -0.007 (0.010) 0.47 -0.016 (0.012) 0.17

Cookies and
cakes

-0.14 (0.10) 0.16 -0.34 (0.19) 0.07 0.005 (0.006) 0.46 -0.01 (0.004) 0.003 0.028 (0.011) 0.009 -0.012 (0.012) 0.32

Sugar and
sweets

0.14 (0.10) 0.15 0.17 (0.19) 0.38 0.017 (0.006) 0.007 -0.015 (0.004) 3 x 10–5 -0.007 (0.011) 0.52 0.012 (0.012) 0.31

Sugar-
sweetened
beverages

0.18 (0.12) 0.11 0.45 (0.23) 0.04 0.034 (0.007) 5 x 10–6 -0.016 (0.004) 1 x 10–4 0.024 (0.013) 0.07 0.035 (0.015) 0.02

aThe general linear model was used to test the linear relationship adjusted for age, sex, season, energy intake, BMI, smoking, alcohol consumption,

leisure-time physical activity, and education. Food intakes and blood pressure analyses were also adjusted for the use of anti-hypertensive therapy; food

intakes and blood lipids analyses were also adjusted for the use of lipid-lowering therapies.
bBP, blood pressure.
cβ (regression coefficient) represents the mean change in biological risk markers for each increase in intake category.

doi:10.1371/journal.pone.0126104.t002
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Table 3. Hazard ratios (95% CI) of incident cardiovascular disease by categories of carbohydrates and food groups, Malmö Diet and Cancer co-
hort, 1991–2009.

Categories of intake

1 2 3 4 5 Ptrend

Carbohydrates

Cases/follow-up 602/72032 546/72974 580/73008 590/73301 603/73619

Mean intakes (E%) 37 42 45 48 53

Basic modela 1.00 0.89 0.79, 1.00 0.91 0.81, 1.02 0.91 0.81, 1.02 0.92 0.82, 1.03 0.27

Extended multivariable modelb 1.00 0.94 0.84, 1.06 0.98 0.87, 1.10 1.01 0.89, 1.14 1.00 0.88, 1.13 0.65

Excluding diet changersc 1.00 0.94 0.83, 1.07 0.97 0.85, 1.11 0.98 0.85, 1.12 0.96 0.83, 1.11 0.80

Sucrose

Cases/follow-up 631/72294 528/73978 574/73457 545/73527 643/71677

Mean intakes (E%) 4 7 8 10 14

Basic model 1.00 0.86 0.76, 0.96 0.95 0.85, 1.06 0.90 0.80, 1.01 1.11 0.99, 1.24 0.05

Extended multivariable model 1.00 0.92 0.81, 1.03 1.02 0.91, 1.14 0.94 0.84, 1.06 1.08 0.96, 1.21 0.18

Excluding diet changers 1.00 0.92 0.80, 1.05 1.03 0.90, 1.17 0.93 0.81, 1.07 1.07 0.94, 1.22 0.33

Fiber

Cases/follow-up 707/69571 603/71873 564/73191 526/74341 521/75958

Mean intakes (g/1000 kcal) 6 8 9 10 13

Basic model 1.00 0.83 0.74, 0.92 0.77 0.69, 0.87 0.70 0.62, 0.78 0.70 0.62, 0.79 1 x 10–11

Extended multivariable model 1.00 0.91 0.81, 1.01 0.90 0.80, 1.01 0.84 0.75, 0.94 0.88 0.78, 0.99 0.01

Excluding diet changers 1.00 0.91 0.80, 1.02 0.88 0.78, 1.00 0.82 0.72, 0.93 0.81 0.70, 0.94 0.001

Vegetables

Cases/follow-up 735/69394 649/72127 562/73192 519/74340 456/75881

Mean intakes (g/day) 72 123 164 213 332

Basic model 1.00 0.92 0.83, 1.03 0.85 0.76, 0.95 0.84 0.75, 0.94 0.80 0.71, 0.90 2 x 10–5

Extended multivariable model 1.00 0.97 0.87, 1.08 0.93 0.83, 1.04 0.95 0.85, 1.07 0.94 0.83, 1.06 0.24

Excluding diet changers 1.00 0.98 0.87, 1.11 0.89 0.79, 1.01 0.94 0.82, 1.07 0.95 0.82, 1.09 0.25

Fruits and berries

Cases/follow-up 656/70657 623/71997 614/72705 519/74752 509/74822

Mean intakes (g/day) 53 120 173 242 387

Basic model 1.00 0.94 0.84, 1.05 0.92 0.82, 1.03 0.79 0.71, 0.89 0.83 0.73, 0.93 6 x 10–5

Extended multivariable model 1.00 1.02 0.91, 1.14 1.05 0.94, 1.18 0.93 0.82, 1.05 0.99 0.87, 1.12 0.40

Excluding diet changers 1.00 1.06 0.94, 1.20 1.03 0.91, 1.17 0.93 0.81, 1.06 0.99 0.86, 1.15 0.38

Juice

Cases/follow-up 1449/157978 523/69283 467/69356 482/68316

Mean intakes (g/day) 0 11 87 235

Basic model 1.00 0.89 0.81, 0.99 0.87 0.79, 0.97 0.93 0.84, 1.03 0.03

Extended multivariable model 1.00 0.98 0.88, 1.08 0.97 0.87, 1.08 0.99 0.89, 1.10 0.66

Excluding diet changers 1.00 1.01 0.90, 1.13 0.98 0.86, 1.10 0.99 0.88, 1.12 0.79

Potatoes

Cases/follow-up 490/74186 544/73688 562/73110 620/72439 705/71511

Mean intakes (g/day) 45 86 115 147 212

Basic model 1.00 1.00 0.89, 1.13 0.97 0.86, 1.10 1.03 0.92, 1.17 1.14 1.01, 1.28 0.02

Extended multivariable model 1.00 0.99 0.88, 1.12 0.96 0.85, 1.09 0.97 0.86, 1.10 1.04 0.92, 1.17 0.60

Excluding diet changers 1.00 0.98 0.85, 1.13 0.98 0.85, 1.13 1.00 0.87, 1.14 1.07 0.94, 1.23 0.25

Whole grains

Cases/follow-up 710/69847 551/72618 559/72959 514/74325 587/75184

Mean intakes (portions/day) 0.0 0.3 0.7 1.2 2.5

(Continued)
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triglycerides (p-interaction = 0.05), where the intake was positively associated with iCVD risk
only among individuals with a low genetic risk for high triglycerides.

Discussion
In this prospective cohort study that examined foods rich in carbohydrates, individuals who
consumed a high amount of whole grains had a decreased risk of iCVD. Similarly, we observed
a decreased risk of iCVD among individuals who consumed high levels of dietary fiber. None
of the other foods showed a significant linear association with iCVD risk. We found no con-
vincing evidence that genetic susceptibility to dyslipidemia, measured as the genetic risk scores
of 80 validated genetic variants for blood lipids and lipoproteins, modified the association be-
tween carbohydrates and carbohydrate-rich foods and iCVD risk.

Table 3. (Continued)

Categories of intake

1 2 3 4 5 Ptrend

Basic model 1.00 0.82 0.74, 0.92 0.83 0.74, 0.92 0.70 0.63, 0.79 0.75 0.67, 0.83 5 x 10–9

Extended multivariable model 1.00 0.89 0.80, 1.00 0.92 0.82, 1.02 0.80 0.72, 0.90 0.87 0.77, 0.97 0.002

Excluding diet changers 1.00 0.88 0.78, 1.00 0.89 0.79, 1.01 0.77 0.67, 0.87 0.81 0.71, 0.92 0.0001

Refined grains

Cases/follow-up 564/73958 577/73228 598/72561 587/72359 595/72827

Mean intakes (portions/day) 1.2 2.0 2.5 3.1 4.3

Basic model 1.00 1.02 0.91, 1.14 1.04 0.93, 1.17 1.02 0.91, 1.15 1.02 0.91, 1.15 0.73

Extended multivariable model 1.00 1.03 0.92, 1.16 1.05 0.94, 1.18 1.05 0.94, 1.18 1.06 0.95, 1.20 0.28

Excluding diet changers 1.00 1.04 0.91, 1.19 1.07 0.93, 1.22 1.09 0.95, 1.25 1.09 0.95, 1.25 0.15

Cookies and cakes

Cases/follow-up 610/71589 534/73455 568/73779 599/73431 610/72680

Mean intakes (g/day) 6 20 33 49 79

Basic model 1.00 0.85 0.76, 0.96 0.87 0.77, 0.97 0.84 0.75, 0.94 0.81 0.72, 0.91 0.001

Extended multivariable model 1.00 0.91 0.81, 1.03 0.96 0.85, 1.07 0.93 0.83, 1.05 0.90 0.80, 1.01 0.15

Excluding diet changers 1.00 0.90 0.79, 1.03 0.91 0.80, 1.04 0.89 0.78, 1.02 0.87 0.76, 1.00 0.07

Sugar and sweets

Cases/follow-up 565/73201 579/73289 590/73494 583/72824 604/72125

Mean intakes (g/day) 12 27 39 51 76

Basic model 1.00 1.01 0.90, 1.13 1.00 0.89, 1.12 0.97 0.86, 1.09 1.10 0.98, 1.24 0.25

Extended multivariable model 1.00 1.03 0.91, 1.16 1.04 0.92, 1.16 0.98 0.87, 1.10 1.08 0.96, 1.21 0.46

Excluding diet changers 1.00 1.01 0.88, 1.16 1.07 0.94, 1.22 1.00 0.87, 1.15 1.09 0.95, 1.25 0.31

Sugar-sweetened beverages

Cases/follow-up 1342/164894 490/67500 532/67072 557/65467

Mean intakes (g/day) 0 26 89 309

Basic model 1.00 0.89 0.80, 0.99 1.05 0.95, 1.16 1.04 0.94, 1.15 0.27

Extended multivariable model 1.00 0.93 0.84, 1.03 1.06 0.95, 1.17 1.00 0.90, 1.10 0.69

Excluding diet changers 1.00 0.95 0.85, 1.07 1.05 0.93, 1.17 0.99 0.88, 1.11 0.83

aBasic model adjusted for age, sex, season, diet method version and energy intake.
bExtended multivariable model adjusted for age, sex, season, diet method version, energy intake, BMI, smoking, alcohol consumption, leisure-time

physical activity, and education.
cExtended multivariable adjustments were used in the model excluding diet changers.

doi:10.1371/journal.pone.0126104.t003
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In line with our results, a high consumption of whole grains was found to be related to de-
creased CVD risk in several earlier studies [1, 2]. According to a meta-analysis with studies
published up before February 2012, a consistent inverse association was observed across the 10
prospective cohort studies conducted in the US. The highest intake category of whole grains
(on average 3–5 portions/day) was associated with a 21% reduction in CVD risk compared to
those who rarely consumed whole grains. Because of the different sources of whole grains be-
tween countries [23, 24], additional studies are needed in other countries and ethnic groups.
Interestingly, although whole grains were associated with decreased iCVD risk, we did not ob-
serve any association between consumption and any of the examined clinical risk factors at
baseline. However, we found that higher fiber consumption was associated with lower levels of
insulin resistance at baseline. Additionally, we did not observe the association between whole
grain intake and risk of iCVD to be modified by the genetic risk scores for lipids and

Table 4. The association between diet intakes and triglycerides, HDL-C and LDL-C concentrations stratified by genetic risk scores.a

GRS for triglyceridesb GRS for HDL-C GRS for LDL-C

Low High Low High Low High

Carbohydrates 0.012c(-0.004, 0.028) 0.023(0.003, 0.042) -0.029(-0.040, -0.019) -0.021(-0.030, -0.011) -0.025(-0.053, 0.005) <0.001(-0.031, 0.031)

P-interaction = 0.82 P-interaction = 0.73 P-interaction = 0.48

Sucrose 0.024(0.008, 0.040) 0.025(0.006, 0.045) -0.030(-0.040, -0.020) -0.017(-0.026, -0.008) 0.010(-0.019, 0.038) 0.008(-0.022, 0.038)

P-interaction = 0.42 P-interaction = 0.52 P-interaction = 0.52

Fiber -0.004(-0.020, 0.012) -0.016(-0.035, 0.004) 0.004(-0.006, 0.014) -0.005(-0.014, 0.005) -0.025(-0.054, 0.004) 0.005(-0.025, 0.036)

P-interaction = 0.86 P-interaction = 0.66 P-interaction = 0.27

Vegetables -0.011(-0.026, 0.005) -0.004(-0.023, 0.014) 0.005(-0.005, 0.014) 0.011(0.020, 0.020) -0.002(-0.030, 0.026) 0.013(-0.016, 0.042)

P-interaction = 0.93 P-interaction = 0.97 P-interaction = 0.89

Fruits and
berries

-0.005(-0.021, 0.011) 0.002(-0.021, 0.017) 0.001(-0.009, 0.012) -0.004(-0.013, 0.005) -0.023(-0.052, 0.005) 0.012(-0.019, 0.043)

P-interaction = 0.60 P-interaction = 0.83 P-interaction = 0.54

Juice 0.009(-0.010, 0.027) -0.012(-0.034, 0.011) <0.001(-0.012, 0.011) -0.006(-0.017, 0.005) 0.014(-0.019, 0.047) 0.005(-0.030, 0.040)

P-interaction = 0.40 P-interaction = 0.13 P-interaction = 0.63

Potatoes 0.005(-0.011, 0.020) 0.010(-0.008, 0.029) -0.011(-0.021, -0.001) 0.003(-0.006, 0.012) -0.001(-0.029, 0.026) -0.003(-0.032, 0.026)

P-interaction = 0.24 P-interaction = 0.02 P-interaction = 0.51

Whole grains -0.006(-0.021, 0.009) -0.010(-0.028, 0.009) 0.008(-0.002, 0.018) -0.006(-0.015, 0.003) 0.006(-0.020, 0.033) <0.001(-0.030, 0.029)

P-interaction = 0.54 P-interaction = 0.08 P-interaction = 0.82

Refined grains -0.002(-0.017, 0.013) <0.001(-0.019, 0.018) -0.002(-0.012, 0.008) 0.001(-0.007, 0.010) -0.021(-0.049, 0.007) 0.005(-0.023, 0.033)

P-interaction = 0.86 P-interaction = 0.65 P-interaction = 0.19

Cookies and
cakes

0.002(-0.014, 0.017) 0.003(-0.017, 0.022) -0.014(-0.024, -0.003) -0.005(-0.014, 0.004) 0.034(0.005, 0.063) 0.016(-0.014, 0.046)

P-interaction = 0.91 P-interaction = 0.74 P-interaction = 0.87

Sugar and
sweets

0.017(0.001, 0.032) 0.016(-0.003, 0.035) -0.017(-0.027, -0.007) -0.013(-0.022, -0.004) 0.005(-0.023, 0.033) -0.018(-0.048, 0.012)

P-interaction = 0.41 P-interaction = 0.39 P-interaction = 0.93

Sugar-
sweetened
beverages

0.028(0.009, 0.047) 0.039(0.016, 0.062) -0.022(-0.035, -0.010) -0.012(-0.023, -0.001) 0.026(-0.008, 0.059) 0.033(-0.003, 0.069)

P-interaction = 0.75 P-interaction = 0.39 P-interaction = 0.51

aAdjusted for age, sex, season, energy intake, BMI, smoking, alcohol consumption, leisure-time physical activity, education, and use of lipid-

lowering therapies.
bGenetic risk scores were split by the median value. The interactions were examined with continuous variables of diet categories and genetic risk scores.
cBeta (β, regression coefficient) represents the mean change in biological risk marker for each increase in intake category.

doi:10.1371/journal.pone.0126104.t004
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lipoproteins. The mechanism by which whole grain intake mediates a decreased CVD risk is
not fully understood. Although whole grain interventions have been shown to have beneficial
effects on blood levels of insulin, glucose and LDL-C [1], it is possible that the protective effects
are mediated through other mechanisms, such as inflammation, oxidative stress, endothelial
dysfunction [25], or an effect on gut microflora composition [26].

The consumption of sugar-sweetened beverages, as well as sugar and sweets, was related to
higher triglyceride and lower HDL-C levels at baseline. Added sugar in the form of sucrose is
most likely the main source of fructose in the Swedish diet [27]. In several recently published ex-
perimental studies, high fructose and sucrose consumption was related to adverse effects on
blood lipids and lipoproteins. For example, an intervention study that compared the effects of
very-high fructose and very-high glucose diets over 4 weeks found that triglyceride

Table 5. The association between diet intakes and incident cardiovascular disease stratified by genetic risk scores for high triglycerides, low
HDL-C and high LDL-C.a

GRSb for triglycerides GRS for HDL-C GRS for LDL-C

Low High Low High Low High

Carbohydrates 1.02 (0.98, 1.06)c 1.00 (0.96, 1.04) 0.99 (0.95, 1.04) 1.02 (0.98, 1.06) 1.04 (1.00, 1.08) 0.98 (0.94, 1.02)

P-interaction = 0.11 P-interaction = 0.47 P-interaction = 0.75

Sucrose 1.05 (1.01, 1.09) 0.99 (0.95, 1.03) 1.02 (0.98, 1.06) 1.02 (0.98, 1.06) 1.01 (0.97, 1.06) 1.02 (0.98, 1.06)

P-interaction = 0.06 (0.06) P-interaction = 0.74 P-interaction = 0.57

Fiber 0.97 (0.94, 1.01) 0.96 (0.92, 1.00) 0.98 (0.94, 1.02) 0.96 (0.92, 1.00) 0.97 (0.93, 1.01) 0.96 (0.92, 1.00)

P-interaction = 0.42 P-interaction = 0.34 P-interaction = 0.57

Vegetables 1.00 (0.96, 1.04) 0.97 (0.93, 1.01) 0.99 (0.95, 1.03) 0.99 (0.95, 1.02) 0.99 (0.95, 1.04) 0.98 (0.94, 1.02)

P-interaction = 0.26 P-interaction = 0.85 P-interaction = 0.50

Fruits and
berries

1.01 (0.97, 1.06) 0.96 (0.92, 1.00) 1.00 (0.96, 1.04) 0.98 (0.94, 1.02) 1.00 (0.96, 1.05) 0.97 (0.93, 1.01)

P-interaction = 0.45 P-interaction = 0.61 P-interaction = 0.43

Juice 0.99 (0.94, 1.04) 1.00 (0.96, 1.05) 1.00 (0.95, 1.05) 0.99 (0.94, 1.04) 1.02 (0.97, 1.07) 0.97 (0.93, 1.02)

P-interaction = 0.61 P-interaction = 0.12 P-interaction = 0.39

Potatoes 1.03 (0.99, 1.07) 1.00 (0.97, 1.04) 1.02 (0.98, 1.07) 1.00 (0.97, 1.04) 1.03 (0.99, 1.07) 1.00 (0.96, 1.04)

P-interaction = 0.62 P-interaction = 0.08 P-interaction = 0.48

Whole grains 0.96 (0.93, 1.00) 0.96 (0.92, 1.00) 0.97 (0.93, 1.00) 0.96 (0.92, 0.99) 0.96 (0.92, 0.99) 0.97 (0.93, 1.01)

P-interaction = 0.64 P-interaction = 0.40 P-interaction = 0.21

Refined grains 1.00 (0.97, 1.04) 1.03 (1.00, 1.07) 1.01 (0.97, 1.05) 1.03 (0.99, 1.07) 1.02 (0.98, 1.06) 1.02 (0.98, 1.06)

P-interaction = 0.23 P-interaction = 0.55 P-interaction = 0.56

Cookies and
cakes

0.97 (0.93, 1.01) 1.00 (0.96, 1.04) 0.98 (0.94, 1.02) 0.99 (0.95, 1.03) 0.96 (0.92, 1.00) 1.01 (0.97, 1.05)

P-interaction = 0.59 P-interaction = 0.56 P-interaction = 0.11

Sugar and
sweets

1.04 (1.00, 1.09) 0.98 (0.94, 1.02) 1.01 (0.97, 1.06) 1.01 (0.97, 1.05) 0.99 (0.95, 1.03) 1.03 (0.99, 1.07)

P-interaction = 0.05 (0.050) P-interaction = 0.14 P-interaction = 0.87

Sugar-
sweetened

1.01 (0.97, 1.06) 1.01 (0.97, 1.06) 1.00 (0.96, 1.05) 1.02 (0.98, 1.07) 1.01 (0.96, 1.06) 1.01 (0.97, 1.06)

beverages P-interaction = 0.65 P-interaction = 0.38 P-interaction = 0.85

aAdjusted for age, sex, season, diet method version, energy intake, BMI, smoking, alcohol consumption, leisure-time physical activity, and education.
bGRS, genetic risk score was split by the median value. The interactions were examined with continuous variables of diet categories and genetic

risk scores.
cHR represents the risk estimate for each increase in intake category.

doi:10.1371/journal.pone.0126104.t005
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concentrations were adversely effected by fructose intake [28]. A 6-months study found that su-
crose-sweetened soft drinks adversely affected triglycerides and total cholesterol levels more
strongly compared to iso-caloric milk and non-caloric soft drinks [29]. However, the associa-
tions between sugar-sweetened beverage consumption and adverse effects on triglyceride and
HDL-C levels in the MDCS cohort could not clearly be translated to an increased risk of iCVD;
although, we have previously shown in the MDCS cohort that men who consumed less than
10% of their energy from sucrose had 14% lower risk of iCVD compared to men with higher su-
crose intake levels [6]. However, we found a stronger association between high sugar and sweets
consumption and iCVD risk among individuals with low genetic risk score for triglycerides.

Few earlier studies have examined the association between sugar and sugar-rich foods and
CVD risk. Women in the US-based Nurses’Health Study who consumed more than two
sugar-sweetened beverages per day had a 35% higher risk of coronary heart disease compared
with those who consumed less than one sugar-sweetened beverage per month [3]. In the Health
Professionals Follow-Up Study that evaluated 42,883 men, each daily serving of sugar-sweet-
ened beverages increased the men’s risk of coronary heart disease by 19%. In line with our
study, high sugar-sweetened beverage consumption was associated with lower HDL-C and
higher triglycerides levels [4]. High consumption of sugar-sweetened soda was also associated
with an increased risk of stroke in the Nurses’Health study and the Health Professional Fol-
low-up Study [30]. However, data from populations outside the US are limited. The results
from the Japan Public Health Centre-based study cohort suggest a positive association between
soft drink intake and ischemic stroke [31]. The null association between sugar-sweetened bev-
erages and iCVD risk in our study might, at least partly, be due to the relatively low intake lev-
els and narrow intake range in our study population. However, an intake of 300 g/day
(approximately 1 can per day) of sugar-sweetened beverages in the highest intake group is, al-
though lower, still comparable to other studies. Another putative contributing factor for the
null association could be the increase in the consumption of sugar-sweetened beverages in Swe-
den since 1990s, which may have weakened the value of this diet variable in the prospective
analysis. In fact, cross-sectional analyses indicated an association between sugar-sweetened
beverages consumption and adverse levels of triglycerides, HDL-C and HOMA-IR as well as
high systolic blood pressure, which may support this possibility. It is also possible that con-
sumption of sugar-sweetened beverages is an indicator an unhealthy lifestyle and that this phe-
nomenon may be stronger in specific populations or age groups.

The relative validity of the diet method used in the MDCS is generally high, with energy-ad-
justed correlations of 0.60 among men and 0.74 among women for sugar. Although the dietary in-
strument used in the MDCS was not specifically constructed to estimate whole grain intake, it was
specifically focused on estimating fiber intake in this middle-aged population. For example there
was careful examination of fiber content in bread. The almost complete follow-up of individuals
through registries and the detailed ascertainment and verification of CVD diagnosis are major
strengths of this study. The estimated risks were clearly attenuated after adjusting for potential
confounders, with smoking as the strongest factor affecting the risk estimates. However, we can-
not exclude that residual confounding is still a problem. Another limitation might be the low par-
ticipation rate of 40%. However, while the proportion reporting good health was higher in the
MDCS than in a mailed health survey (where 74.6% participated), the socio-demographic struc-
ture, and the prevalence of obesity and smoking were similar [32]. In addition, for our research
question, the internal validity is more important than having a representative study sample.

In this study, we accounted for genetic susceptibility to dyslipidemia by combining 80 vali-
dated genetic variants associated with blood lipids and lipoproteins. Together, these variants
have been estimated to account for 25–30% of the genetic variance in blood lipid and lipopro-
tein levels in Caucasians and can be used as an estimate of the overall genetic susceptibility to
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dyslipidemia. However, these genetic variants are associated with different mechanisms of lipid
and lipoprotein metabolism. By combining such different mechanisms, we may end up neu-
tralizing the possible interacting effects due to the different directions of the interactions by the
individual genetic markers. Thus, we found no convincing evidence that the combined genetic
risk score of 80 common variants associated with dyslipidemia would modify the association
between dietary intakes of carbohydrate-rich foods and iCVD risk, particularly if we corrected
the p-values for multiple tests. Future studies may need to examine genetic variants affecting
specific mechanisms and pathways separately, to address whether genetic susceptibility affect-
ing specific mechanisms or pathways would modify the effect of dietary intakes on iCVD risk.
Few earlier studies have combined individual SNPs into genetic risk scores and examined their
interaction with lifestyle factors [10]. Pollin et al. found an attenuated lipid-lowering effect of a
weight-loss intervention among those with high genetic risk score composed of 32 lipid-associ-
ated SNPs [10]. In addition, there are some studies examining interactions with individual ge-
netic markers involved in lipid metabolism [33] [34] [35]; although, to our knowledge, no
study has examined carbohydrate quality as a dietary exposure.

In conclusion, the results from the present study indicate that, among the food sources of
carbohydrates, whole grain consumption affords the highest protection against iCVD. In addi-
tion, we found no convincing evidence that susceptibility to dyslipidemia, estimated as a genet-
ic risk score of 80 validated genetic variants, modifies the association between these foods and
iCVD risk.

Supporting Information
S1 Table. Baseline characteristics and dietary intakes according to highest and lowest cate-
gory of energy-adjusted food intakes among 16,397 women and 10,048 men in the Malmö
Diet and Cancer cohort.
(DOC)

S2 Table. Hazard ratios of incident cardiovascular events for the highest vs. lowest intake
group in men and women, Malmö Diet and Cancer cohort, 1991–2009.
(DOC)

S3 Table. Hazard ratios of incident coronary event and stroke by categories of food groups,
Malmö diet and cancer cohort, 1991–2009.
(DOC)

S4 Table. Characteristics of the included single nucleotide polymorphisms.
(DOC)

Author Contributions
Conceived and designed the experiments: ES MOM. Analyzed the data: ES. Wrote the paper: ES.

References
1. Ye EQ, Chacko SA, Chou EL, Kugizaki M, Liu S (2012) Greater whole-grain intake is associated with

lower risk of type 2 diabetes, cardiovascular disease, and weight gain. J Nutr 142: 1304–1313. doi: 10.
3945/jn.111.155325 PMID: 22649266

2. Mellen PB, Walsh TF, Herrington DM. (2008) Whole grain intake and cardiovascular disease: a meta-
analysis. Nutr Metab Cardiovasc Dis 18: 283–290. PMID: 17449231

3. Fung TT, Malik V, Rexrode KM, Manson JE, Willett WC, Hu FB. (2009) Sweetened beverage consump-
tion and risk of coronary heart disease in women. Am J Clin Nutr 89: 1037–1042. doi: 10.3945/ajcn.
2008.27140 PMID: 19211821

Carbohydrates, Genetic Risk and Cardiovascular Disease

PLOS ONE | DOI:10.1371/journal.pone.0126104 April 21, 2015 14 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126104.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126104.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126104.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126104.s004
http://dx.doi.org/10.3945/jn.111.155325
http://dx.doi.org/10.3945/jn.111.155325
http://www.ncbi.nlm.nih.gov/pubmed/22649266
http://www.ncbi.nlm.nih.gov/pubmed/17449231
http://dx.doi.org/10.3945/ajcn.2008.27140
http://dx.doi.org/10.3945/ajcn.2008.27140
http://www.ncbi.nlm.nih.gov/pubmed/19211821


4. de Koning L, Malik VS, Kellogg MD, Rimm EB, Willett WC, Hu FB. (2012) Sweetened beverage con-
sumption, incident coronary heart disease, and biomarkers of risk in men. Circulation 125: 1735–1741.
doi: 10.1161/CIRCULATIONAHA.111.067017 PMID: 22412070

5. Wallstrom P, Sonestedt E, Hlebowicz J, Ericson U, Drake I, Persson M, et al. (2012) Dietary fiber and
saturated fat intake associations with cardiovascular disease differ by sex in the Malmo Diet and Can-
cer Cohort: a prospective study. PLoS ONE 7: e31637. doi: 10.1371/journal.pone.0031637 PMID:
22384046

6. Hlebowicz J, Drake I, Gullberg B, Sonestedt E, Wallstrom P, Persson M, et al. (2013) A high diet quality
is associated with lower incidence of cardiovascular events in the malmo diet and cancer cohort. PLoS
ONE 8: e71095. doi: 10.1371/journal.pone.0071095 PMID: 23940694

7. Sonestedt E, Wirfalt E, Wallstrom P, Gullberg B, Drake I, Hlebowicz J, et al.(2012) High disaccharide in-
take associates with atherogenic lipoprotein profile. Br J Nutr 107: 1062–1069. doi: 10.1017/
S0007114511003783 PMID: 22011476

8. Teslovich TM, Musunuru K, Smith AV, Edmondson AC, Stylianou IM, Koseki M, et al. (2010) Biological,
clinical and population relevance of 95 loci for blood lipids. Nature 466: 707–713. doi: 10.1038/
nature09270 PMID: 20686565

9. Willer CJ, Schmidt EM, Sengupta S, Peloso GM, Gustafsson S, Kanoni S, et al. (2013) Discovery and
refinement of loci associated with lipid levels. Nat Genet 45: 1274–1283. doi: 10.1038/ng.2797 PMID:
24097068

10. Pollin TI, Isakova T, Jablonski KA, de Bakker PI, Taylor A, McAteer J, et al. (2012) Genetic modulation
of lipid profiles following lifestyle modification or metformin treatment: the Diabetes Prevention Pro-
gram. PLoS Genet 8: e1002895. PMID: 22951888

11. Manjer J, Elmstahl S, Janzon L, Berglund G. (2002) Invitation to a population-based cohort study: differ-
ences between subjects recruited using various strategies. Scand J Public Health 30: 103–112. PMID:
12028859

12. Callmer E, Riboli E, Saracci R, Akesson B, Lindgarde F. (1993) Dietary assessment methods evaluated
in the Malmo food study. J Intern Med 233: 53–57. PMID: 8429287

13. Wirfalt E, Mattisson I, Johansson U, Gullberg B, Wallstrom P, Berglund G. (2002) A methodological re-
port from the Malmo Diet and Cancer study: development and evaluation of altered routines in dietary
data processing. Nutr J 1: 3. PMID: 12537595

14. Sonestedt E, Wirfalt E, Wallstrom P, Gullberg B, Orho-Melander M, Hedblad B. (2011) Dairy products
and its association with incidence of cardiovascular disease: the Malmo diet and cancer cohort. Eur J
Epidemiol 26: 609–618. doi: 10.1007/s10654-011-9589-y PMID: 21660519

15. Elmstahl S, Gullberg B, Riboli E, Saracci R, Lindgarde F. (1996) The Malmo Food Study: the reproduc-
ibility of a novel diet history method and an extensive food frequency questionnaire. Eur J Clin Nutr 50:
134–142. PMID: 8654326

16. Elmstahl S, Riboli E, Lindgarde F, Gullberg B, Saracci R. (1996) The Malmo Food Study: the relative
validity of a modified diet history method and an extensive food frequency questionnaire for measuring
food intake. Eur J Clin Nutr 50: 143–151. PMID: 8654327

17. Riboli E, Elmstahl S, Saracci R, Gullberg B, Lindgarde F. (1997) The Malmo Food Study: validity of two
dietary assessment methods for measuring nutrient intake. Int J Epidemiol 26: S161–173. PMID:
9126544

18. Socialstyrelsen: Värdering av diagnoskvaliteten för akut hjärtinfarkt i patientregistret 1987 och 1995.
Stockholm; 2000.

19. Zia E, Pessah-Rasmussen H, Khan FA, Norrving B, Janzon L, Berglund G, et al.(2006) Risk factors for
primary intracerebral hemorrhage: a population-based nested case-control study. Cerebrovasc Dis 21:
18–25. PMID: 16286730

20. Mente A, de Koning L, Shannon HS, Anand SS. (2009) A systematic review of the evidence supporting
a causal link between dietary factors and coronary heart disease. Arch Intern Med 169: 659–669. doi:
10.1001/archinternmed.2009.38 PMID: 19364995

21. Sonestedt E, Gullberg B, Wirfalt E. (2007) Both food habit change in the past and obesity status may in-
fluence the association between dietary factors and postmenopausal breast cancer. Public Health Nutr
10: 769–779. PMID: 17381916

22. Sonestedt E, Wirfalt E, Gullberg B, Berglund G. (2005) Past food habit change is related to obesity, life-
style and socio-economic factors in the Malmo Diet and Cancer Cohort. Public Health Nutr 8: 876–885.
PMID: 16277804

23. Kyro C, Skeie G, Loft S, Landberg R, Christensen J, Lund E, et al. (2013) Intake of whole grains from
different cereal and food sources and incidence of colorectal cancer in the Scandinavian HELGA co-
hort. Cancer Causes Control 24: 1363–1374. doi: 10.1007/s10552-013-0215-z PMID: 23624874

Carbohydrates, Genetic Risk and Cardiovascular Disease

PLOS ONE | DOI:10.1371/journal.pone.0126104 April 21, 2015 15 / 16

http://dx.doi.org/10.1161/CIRCULATIONAHA.111.067017
http://www.ncbi.nlm.nih.gov/pubmed/22412070
http://dx.doi.org/10.1371/journal.pone.0031637
http://www.ncbi.nlm.nih.gov/pubmed/22384046
http://dx.doi.org/10.1371/journal.pone.0071095
http://www.ncbi.nlm.nih.gov/pubmed/23940694
http://dx.doi.org/10.1017/S0007114511003783
http://dx.doi.org/10.1017/S0007114511003783
http://www.ncbi.nlm.nih.gov/pubmed/22011476
http://dx.doi.org/10.1038/nature09270
http://dx.doi.org/10.1038/nature09270
http://www.ncbi.nlm.nih.gov/pubmed/20686565
http://dx.doi.org/10.1038/ng.2797
http://www.ncbi.nlm.nih.gov/pubmed/24097068
http://www.ncbi.nlm.nih.gov/pubmed/22951888
http://www.ncbi.nlm.nih.gov/pubmed/12028859
http://www.ncbi.nlm.nih.gov/pubmed/8429287
http://www.ncbi.nlm.nih.gov/pubmed/12537595
http://dx.doi.org/10.1007/s10654-011-9589-y
http://www.ncbi.nlm.nih.gov/pubmed/21660519
http://www.ncbi.nlm.nih.gov/pubmed/8654326
http://www.ncbi.nlm.nih.gov/pubmed/8654327
http://www.ncbi.nlm.nih.gov/pubmed/9126544
http://www.ncbi.nlm.nih.gov/pubmed/16286730
http://dx.doi.org/10.1001/archinternmed.2009.38
http://www.ncbi.nlm.nih.gov/pubmed/19364995
http://www.ncbi.nlm.nih.gov/pubmed/17381916
http://www.ncbi.nlm.nih.gov/pubmed/16277804
http://dx.doi.org/10.1007/s10552-013-0215-z
http://www.ncbi.nlm.nih.gov/pubmed/23624874


24. Sharma S, Sheehy T, Kolonel LN. (2013) Ethnic differences in grains consumption and their contribu-
tion to intake of B-vitamins: results of the Multiethnic Cohort Study. Nutr J 12: 65. doi: 10.1186/1475-
2891-12-65 PMID: 23688109

25. Andersson KE, Hellstrand P. (2012) Dietary oats and modulation of atherogenic pathways. Mol Nutr
Food Res 56: 1003–1013. doi: 10.1002/mnfr.201100706 PMID: 22764134

26. Costabile A, Klinder A, Fava F, Napolitano A, Fogliano V, Leonard C, et al. (2008) Whole-grain wheat
breakfast cereal has a prebiotic effect on the human gut microbiota: a double-blind, placebo-controlled,
crossover study. Br J Nutr 99: 110–120. PMID: 17761020

27. Becker W, Pearson M. (2002) Riksmaten 1997–98: kostvanor och näringsintag i Sverige: metod- och
resultatanalys. Uppsala: Livsmedelsverket doi: 10.1007/s00394-008-0701-3 PMID: 18320255

28. Silbernagel G, Lutjohann D, Machann J, Meichsner S, Kantartzis K, Schick F, et al. (2012) Cholesterol
synthesis is associated with hepatic lipid content and dependent on fructose/glucose intake in healthy
humans. Exp Diabetes Res 2012: 361863. doi: 10.1155/2012/361863 PMID: 22203835

29. Maersk M, Belza A, Stodkilde-Jorgensen H, Ringgaard S, Chabanova E, Thomsen H, et al. (2012) Su-
crose-sweetened beverages increase fat storage in the liver, muscle, and visceral fat depot: a 6-mo
randomized intervention study. Am J Clin Nutr 95: 283–289. doi: 10.3945/ajcn.111.022533 PMID:
22205311

30. Bernstein AM, de Koning L, Flint AJ, Rexrode KM, Willett WC. (2012) Soda consumption and the risk of
stroke in men and women. Am J Clin Nutr 95: 1190–1199. doi: 10.3945/ajcn.111.030205 PMID:
22492378

31. Eshak ES, Iso H, Kokubo Y, Saito I, Yamagishi K, Inoue M, et al. (2012) Soft drink intake in relation to
incident ischemic heart disease, stroke, and stroke subtypes in Japanese men and women: the Japan
Public Health Centre-based study cohort I. Am J Clin Nutr 96: 1390–1397. doi: 10.3945/ajcn.112.
037903 PMID: 23076619

32. Manjer J, Carlsson S, Elmstahl S, Gullberg B, Janzon L, LindstromM, et al. (2001) The Malmo Diet and
Cancer Study: representativity, cancer incidence and mortality in participants and non-participants. Eur
J Cancer Prev 10: 489–499. PMID: 11916347

33. Nettleton JA, McKeown NM, Kanoni S, Lemaitre RN, Hivert MF, Ngwa J, et al. (2010) Interactions of di-
etary whole-grain intake with fasting glucose- and insulin-related genetic loci in individuals of European
descent: a meta-analysis of 14 cohort studies. Diabetes Care 33: 2684–2691. doi: 10.2337/dc10-1150
PMID: 20693352

34. Pollin TI, Jablonski KA, McAteer JB, Saxena R, Kathiresan S, Kahn SE, et al. (2011) Triglyceride re-
sponse to an intensive lifestyle intervention is enhanced in carriers of the GCKR Pro446Leu polymor-
phism. J Clin Endocrinol Metab 96: E1142–1147. doi: 10.1210/jc.2010-2324 PMID: 21525158

35. Hellstrand S, Sonestedt E, Ericson U, Gullberg B, Wirfalt E, Hedblad B, et al. (2012) Intake levels of die-
tary long-chain polyunsaturated fatty acids modify the association between genetic variation in FADS
and LDL cholesterol. J Lipid Res 53: 1183–1189. doi: 10.1194/jlr.P023721 PMID: 22451038

Carbohydrates, Genetic Risk and Cardiovascular Disease

PLOS ONE | DOI:10.1371/journal.pone.0126104 April 21, 2015 16 / 16

http://dx.doi.org/10.1186/1475-2891-12-65
http://dx.doi.org/10.1186/1475-2891-12-65
http://www.ncbi.nlm.nih.gov/pubmed/23688109
http://dx.doi.org/10.1002/mnfr.201100706
http://www.ncbi.nlm.nih.gov/pubmed/22764134
http://www.ncbi.nlm.nih.gov/pubmed/17761020
http://dx.doi.org/10.1007/s00394-008-0701-3
http://www.ncbi.nlm.nih.gov/pubmed/18320255
http://dx.doi.org/10.1155/2012/361863
http://www.ncbi.nlm.nih.gov/pubmed/22203835
http://dx.doi.org/10.3945/ajcn.111.022533
http://www.ncbi.nlm.nih.gov/pubmed/22205311
http://dx.doi.org/10.3945/ajcn.111.030205
http://www.ncbi.nlm.nih.gov/pubmed/22492378
http://dx.doi.org/10.3945/ajcn.112.037903
http://dx.doi.org/10.3945/ajcn.112.037903
http://www.ncbi.nlm.nih.gov/pubmed/23076619
http://www.ncbi.nlm.nih.gov/pubmed/11916347
http://dx.doi.org/10.2337/dc10-1150
http://www.ncbi.nlm.nih.gov/pubmed/20693352
http://dx.doi.org/10.1210/jc.2010-2324
http://www.ncbi.nlm.nih.gov/pubmed/21525158
http://dx.doi.org/10.1194/jlr.P023721
http://www.ncbi.nlm.nih.gov/pubmed/22451038

