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Abstract
Objective: We aimed to assess the feasibility of a simple new fifteen-item FFQ as a
tool for screening risk of poor dietary patterns in a healthy middle-aged
population and to investigate how the results of the FFQ correlated with
cardiovascular risk factors and socio-economic factors.
Design: A randomized population-based cross-sectional study. Metabolic mea-
surements for cardiovascular risk factors and information about lifestyle were
collected. A fifteen-item FFQ was created to obtain information about dietary
patterns. From the FFQ, a healthy eating index was created with three dietary
groups: good, average and poor. Multivariate logistic regression was used to assess
relationships between dietary patterns and cardiovascular risk factors.
Setting: Sweden.
Subjects: Men and women aged 50 years and living in Gothenburg, Sweden.
Results: In total, 521 middle-aged adults (257 men, 264 women) were examined.
With good dietary pattern as the reference, there was a gradient association of
having obesity, hypertension and high serum TAG in those with average and poor
dietary patterns. After adjustment for education and lifestyle factors, individuals
with a poor dietary pattern still had significantly higher risk (OR; 95% CI) of
obesity (2·33; 1·10, 4·94), hypertension (2·73; 1·44, 5·20) and high serum TAG
(2·62; 1·33, 5·14) compared with those with a good dietary pattern.
Conclusions: Baseline data collected by a short FFQ can predict cardiovascular
risk factors in middle-aged Swedish men and women. The FFQ could be a useful
tool in health-care settings, when screening for risk of poor dietary patterns.
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Premature deaths from non-communicable diseases such
as CVD, diabetes and cancer are largely preventable by a
healthy lifestyle, with good dietary patterns being a key
factor(1–4). Globally, more than 36 million people die every
year from non-communicable diseases, including more
than 14 million aged between 30 and 70 years, con-
tributing substantially to increased health-care costs and
premature mortality(1,5,6).

There has been a declining trend in CVD morbidity and
mortality in high-income countries over the past four
decades(7–9). In Sweden, the decrease in mortality from
CVD has been the major reason for an increase in life
expectancy in recent decades(10). High blood pressure,
high serum cholesterol and tobacco use, as well as
insulin resistance, physical inactivity and obesity, are all

modifiable lifestyle risk factors affecting CVD mortal-
ity(11,12). More than half of the substantial decrease in CHD
mortality in Sweden between 1986 and 2002 was attribu-
table to reductions in major risk factors, primarily a large
decrease in serum total cholesterol(13). Unhealthy lifestyle
and high cardiovascular risk are associated with low socio-
economic status(10). This inequality of health in the
population is a challenge for the health-care system(14).

Obesity has been shown to be a prominent risk factor
for several CVD(15,16), and in Sweden there has been a
marked increase in the prevalence of overweight and
obesity in both men and women nationwide(17). The
recently published report The Nordic Monitoring System
2011–2014(18), which monitored diet, physical activity and
overweight, showed an alarming increase in obesity
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prevalence among adults in the Nordic countries. The
prevalence of obesity in Sweden has been estimated at
14–19% in men and women aged 20 years or older(10,17).
Even though the overall CVD morbidity and mortality and
the total CVD risk factor burden have decreased in 50-
year-old men and women over the past 50 years(19,20),
recent studies indicate that the incidence of CVD is
increasing among people under 45 years of age(21,22).

There is currently a large body of evidence directly
supporting the importance of good dietary patterns in
order to maintain good health(2). In the INTERGENE study,
a healthy cluster was defined by more frequent con-
sumption of high-fibre and low-fat foods, and lower con-
sumption of products rich in fat and sugar. This
cluster differed significantly from the others, with a lower
prevalence of CVD risk factors, including the metabolic
syndrome(23). The Mediterranean dietary pattern is
negatively associated with overall mortality(24), CVD,
CHD, myocardial infarction(25), overall cancer incidence
and diabetes(26). A recent meta-analysis revealed that
the protective effects of the diet appear to be most attri-
butable to olive oil, fruits, vegetables and legumes(25). In
the Nordic Nutrition Recommendations (NNR), a food
pattern rich in fibre and good fat quality is recom-
mended(2). In the population-based Västerbotten Inter-
vention Programme with more than 15 000 participants,
dietary changes over 10 years towards lower carbohydrate
and higher protein intakes showed that individual changes
in line with the NNR resulted in a healthier cardiometa-
bolic risk factor profile at the second visit(27).

The proportion of individuals in the Nordic countries
with an unhealthy diet increased by more than 20% from
2011 to 2014, while the proportion with a healthy diet

decreased(18). Actions need to be taken towards more
effective prevention strategies. In 2012, the Swedish
National Board of Health and Welfare published the report
National Guidelines for Methods of Preventing Disease, in
which health-care personnel are urged to support patients
in their efforts to change unhealthy lifestyle habits by five
indicators(28). Our intention was to use these indicators as
the basis for development of a screening instrument aimed
at screening for the risk of poor dietary pattern in accor-
dance to CVD. The aims of the present study were
therefore to: (i) assess the feasibility of a simple new
fifteen-item FFQ as a tool for screening risk of poor dietary
patterns; and (ii) investigate how the results of this FFQ
correlated with cardiovascular risk factors as well as socio-
economic factors in a random sample from a healthy
middle-aged population.

Methods

Study population
In 2013, a random sample of every fifth man and woman
born in 1963 and living in the city of Gothenburg, western
Sweden, was selected and invited to a screening exam-
ination for cardiovascular risk factors(19). In total, 649 men
and 645 women were invited and 313 men (48% of the
sample) and 343 women (53%) agreed to participate
(Fig. 1).

Written informed consent was obtained from all parti-
cipants and the study protocol was approved by the
regional ethical review board at Gothenburg University
(DNR 649-13).

Invited men and women born in 1963, n 1294
(649 men, 645 women)

Examined, n 656
(313 men, 343 women; 51 %)

Not eligible/did not answer, n 638

Participants, n 521
(257 men, 264 women)

Did not fill in questionnaire, n 3 + 3

Treatment hypertension, n 17 + 23

Currently on a diet, n 14 + 47

Treatment diabetes, n 10 + 3

Treatment hyperlipidaemia, n 12 + 3

Fig. 1 Flowchart of the study participants
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Data collection
Most participants were investigated in the morning after an
overnight fast, while some (26% of the men and 31% of
the women) were investigated in the afternoon after at
least 4 h of fasting. Both BMI (weight/height2; kg/m2) and
waist-to-hip ratio were used as indicators of relative
weight and obesity. BMI≥ 25·0 kg/m2 was defined as
overweight and BMI≥ 30·0 kg/m2 was defined as obesity.
Blood pressure was measured once in a sitting position,
before venepuncture, and to the nearest 2mmHg after a
5min rest. Hypertension was diagnosed based on either
medical history with current antihypertensive therapy or
current blood pressure≥ 140mmHg (systolic) or
≥90mmHg (diastolic). A research nurse drew blood
samples from an antecubital vein. Fasting serum choles-
terol and serum TAG measurements were performed
according to standard laboratory procedures. Fasting
serum total cholesterol≥ 6·0mmol/l and serum TAG≥1·7
mmol/l were considered elevated values.

Information about smoking habits, leisure-time physical
activity, mental stress and level of education were col-
lected using questionnaires. Both current smokers and
those who had quit smoking less than a month before the
examination were categorized as smokers. A modernized
version of the Saltin–Grimby questionnaire(29) was used to
assess leisure-time physical activity and coded as
1= sedentary (physically inactive), 2= some light physical
activity such as walking, riding a bicycle and light gar-
dening for at least 4 h/week, 3= regular moderate physical
activity for a minimum of 3 h/week and 4= regular hard
physical training for competitive sports. Through a pre-
viously validated tool(30), mental stress was defined as
‘feeling tense, irritable or filled with anxiety or having
sleeping difficulties due to conditions at work or at home’.
The question had six response options: 0= ‘never
experienced stress’, 1= ‘one period of stress ever’,
2= ‘some periods of stress during the past 5 years’,
3= ‘several periods of stress during the past 5 years’,
4= ‘permanent stress during the past year’ and 5= ‘per-
manent stress during the past 5 years’. Categories 4 and 5
were regarded as permanent stress. Educational level was
measured as ‘the highest level of completed education’
with the response options 1= ‘elementary school’,
2= ‘vocational school’, 3= ‘secondary school’,
4= ‘upper secondary school’ and 5= ‘university/college’.
Education was set as a dichotomous variable: having/not
having a university/college education (categories 1–4 v.
category 5). Marital status was defined using the question
‘what is your marital status at the moment?’ with the
response options being 1= ‘unmarried’, 2= ‘married/living
with partner’, 3= ‘widow/widower’, 4= ‘divorced/sepa-
rated’ and 5= ‘remarried/living with new partner’, where
categories 1, 3 and 4 were defined as living alone.
Employment status was measured as 1= ‘working full-
time’, 2= ‘early retirement’, 3= ‘retired’, 4= ‘part-time
early retirement/sick leave’, 5= ‘full-time sick leave’,

6= ‘unemployed’ and 7= ‘other’. Foreign-born was
defined as being born outside Sweden.

FFQ
Information on dietary patterns was obtained using a
fifteen-item FFQ, based on indicators from the National
Food Agency population, and supplemented with addi-
tional questions (see online supplementary material). A
healthy eating index was created from the answers to the
FFQ. The answers to each item were set into a dichot-
omous variable with the options meets/does not meet the
recommendations. We used the NNR(2) to determine
which answers met/did not meet the recommendations for
a healthy intake of each item. The question regarding
having breakfast is not included in the NNR. However, it
was added in the present FFQ as breakfast is one of five
indicators in the National Board of Health and Welfare’s
questions proposed to capture dietary habits that
are relevant from a public health point of view and at the
same time is easy to answer(31,32). The criteria for meeting
the recommendations are shown in Table 1. Each
recommendation that was met received 1 point, resulting
in a healthy eating index ranging from 0 to 15 points. From
this index, three dietary patterns were defined: good
(meets nine or more recommendations), average (meets
six to eight recommendations) and poor (meets five or
fewer recommendations).

Statistical methods
Means and SD for continuous variables and numbers and
percentages for categorical variables are presented. The χ2

test was performed in order to investigate differences in
dietary patterns, lifestyle and socio-economic factors
between the three dietary pattern groups. We used multi-
variate logistic regression models to assess the relationship
between dietary patterns and cardiovascular risk factors by

Table 1 Criteria for meeting the Nordic Nutrition Recommenda-
tions for each food item

Food item

1. Eats vegetables at least once/d
2. Eats fruits and/or berries at least once/d
3. Eats nuts at least once/d
4. Eats fish or shellfish at least two times/week
5. Eats beef/pork/game at the most two times/week
6. Eats buns/cakes, chocolate/sweets, crisps or soda once/week

or less
7. Eats breakfast every day
8. Eats 1–3 slices of bread/d
9. Only eats whole wheat or crispbread

10. Drinks/eats milk/sour milk/yoghurt at least once/d
11. Chooses milk/sour milk/yoghurt with <3% fat
12. Chooses low-fat margarine (30–40%) or margarine with plant

sterols as sandwich spread
13. Using margarine or vegetable oil when cooking
14. Avoids to add salt to the food before tasting
15. Avoids salty food
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OR and 95% CI. The first model was unadjusted and the
second model was adjusted for smoking, permanent
stress, sedentary lifestyle and education.

All statistical analyses were performed using statistical
software package SAS version 9.4 and R version 3.3.2
(http://www.R-project.org).

Results

Out of 656 participants, six individuals (three men and
three women) did not complete the FFQ and sixty-eight
were excluded due to known medically treated hyper-
tension, hyperlipidaemia or diabetes. Another sixty-one
participants reported ongoing, temporary, special diets
and were also excluded, see flowchart in Fig. 1. Thus, the
present study includes 521 participants (257 men and 264
women). Anthropometric measurements, blood pressure,
serum lipids, lifestyle and demographic factors are sum-
marized in Table 2.

FFQ
The proportions in each dietary pattern group that met the
recommendations for each item in the FFQ are shown in
Fig. 2. The median number of recommendations met was
8 (interquartile range 3). Overall, individuals in the poor

dietary group met each recommendation to a smaller
extent compared with individuals in the average and good
dietary pattern groups. The least attained recommenda-
tions were daily intake of nuts, choosing sandwich spread
with 30–40% fat and avoidance of salty foods, and the
most attained were daily intake of vegetables, having
breakfast every day and low consumption of soda and
sweets. Pairwise differences between the groups are pre-
sented in the online supplementary material, Supple-
mental Table 1.

Socio-economic differences and other lifestyle
factors in relation to dietary patterns
Figure 3 shows differences in socio-economic factors and
lifestyle between dietary pattern groups. The poor dietary
pattern group had the lowest proportion of university/
college education and highest proportions of smoking and
sedentary lifestyle, while no significant correlations were
found between dietary pattern groups and participants
living alone or having permanent stress. Pairwise differ-
ences between the groups are presented in the online
supplementary material, Supplemental Table 2.

Dietary patterns and cardiovascular risk factors
Figure 4 shows the odds of having a cardiovascular risk
factor by good, average and poor dietary patterns. With

Table 2 Baseline characteristics of risk factors in 50-year-old men and women born in 1963 and living in Gothenburg, Sweden, 2013

All participants (n 521) Men (n 257) Women (n 264)

Variable Mean or n SD or% Mean or n SD or% Mean or n SD or% P value

Height (cm) 172·6 10·2 179·8 7·81 165·5 6·69 <0001
Weight (kg) 78·1 16·1 86·9 13·1 69·6 14·1 <0001
Waist circumference (cm) 91·6 11·7 95·6 10·3 87·7 11·6 <0001
Hip circumference (cm) 96·8 10·5 98·1 8·40 95·5 12·1 0·0046
BMI (kg/m2) 26·2 4·42 26·8 3·59 25·4 5·02 0·0002
BMI≥25·0 kg/m2 288 55·3 179 69·7 109 41·3 <0001
BMI≥30·0 kg/m2 86 16·5 45 17·5 41 15·5 0·5429
High waist circumference† 173 33·2 60 23·4 113 42·8 <0001
Systolic blood pressure (mmHg) 135 17·4 139·7 16·3 130·4 17·2 <0001
Diastolic blood pressure (mmHg) 85·4 11·0 88·1 10·8 82·9 10·5 <0001
Hypertension‡ 133 25·5 90 35·0 43 16·3 <0001
Serum total cholesterol (mmol/l) 5·45 1·00 5·44 0·95 5·46 1·00 0·8512
Serum total cholesterol≥ 6·0mmol/l 150 28·9 77 30·1 73 27·7 0·5414
Serum TAG (mmol/l) 1·26 0·86 1·47 0·95 1·05 0·72 <0001
Serum TAG≥1·7mmol/l 104 20·0 72 28·2 32 12·1 <0001
HDL-cholesterol (mmol/l) 1·61 0·50 1·36 0·39 1·86 0·47 <0001
LDL-cholesterol (mmol/l) 3·53 0·90 3·69 0·85 3·38 0·93 <0001
Smoker 67 12·9 31 12·1 36 13·6 0·8204
Sedentary lifestyle 71 13·6 42 16·3 29 11·0 0·0757
Permanent stress§ 110 21·1 50 19·5 60 22·7 0·3612
Living alone 156 30·0 68 26·5 88 33·5 0·0818
University/college education 257 49·7 115 44·9 142 54·4 0·0311
Working full- or part-time 440 84·5 223 86·8 217 82·2 0·1503
Foreign-born 145 27·8 77 30·0 68 25·8 0·2854

Continuous variables are presented as mean and SD; categorical variables are presented as n and %. Differences between men and women were measured
using the Wilcoxon rank-sum test for continuous variables and Pearson’s χ2 test for categorical variables.
†High waist circumference: ≥102 cm for men and ≥88 cm for women.
‡Hypertension: systolic blood pressure ≥140mmHg or diastolic blood pressure ≥90mmHg.
§Permanent stress as reported by the participant during the last year or up to the last 5 years.
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good dietary pattern as the reference, there was a gradient
increase in OR of having overweight, obesity, hyperten-
sion and high serum TAG in those with average and poor
dietary patterns. After adjusting for education, smoking,
sedentary lifestyle and permanent stress, the odds of being
obese were increased to 1·85 (95% CI 1·05, 3·25) in par-
ticipants with average dietary patterns and up to 2·33 (95%
CI 1·10, 4·94) in those with poor dietary patterns. There
were also higher odds of having high blood pressure
(OR= 2·73; 95% CI 1·44, 5·20) and high serum TAG
(OR= 2·62; 95% CI 1·33, 5·14) in those with poor dietary
patterns, while there was no significant difference in
having high serum total cholesterol between the dietary
pattern groups. In a sensitivity analysis with obese indi-
viduals excluded, the association between dietary pattern
and risk factors was still present (see online supplemen-
tary materal, Supplemental Table 3).

Discussion

In a cross-sectional sample of 50-year-old Swedish men
and women, we found that a simple fifteen-item FFQ can
predict the risk of a poor dietary pattern related to CVD
risk factors. With a good dietary pattern as reference,
there was a gradient increase in odds of clinical CVD risk
factors for participants with average and poor dietary
patterns. The results confirm that compliance to the NNR
seems to be associated with a lower prevalence of CVD
risk factors. This is in accordance with results from
recent large-scale international studies, showing that
both eating amounts of macronutrients in accordance
with NNR recommendations(33) and having a high intake
of fruits and vegetables are associated with lower risk of
CVD(34).

We found a reverse relationship between a good dietary
pattern and other health-related lifestyle factors, such as
smoking and sedentary lifestyle. This has previously been
established in the INTERGENE study, which identified five
distinct food clusters and where the healthy eating pattern
was associated with other positive health behaviours(23).
During the past decades, it seems that the gap between a
healthy and unhealthy lifestyle in relation to level of
education has increased in Sweden(10). This is a trend that
was also evident in the present study, where poor dietary
patterns were more common among participants with
lower education. No differences between the dietary pat-
tern groups were found regarding marital status, being
born outside Sweden or working full/part-time.

The prevalence of obesity (17·5 and 15·5% for men and
women, respectively) in the present study was within the
range previously reported in Sweden. A study which
measured weight and height showed a prevalence of
obesity of 19% in both men and women(17), while a study
with self-reported data found a prevalence of about 14%
for both sexes aged 16–84 years(10). The value in the latter

study was most likely under-reported and the ‘true’ value
is probably somewhat higher(35).

The present study showed an association between a
poor dietary pattern and hypertension. Similar results were
recently shown in the Västerbotten Intervention Pro-
gramme study, where a Healthy Diet Score was associated
with lower systolic blood pressure for men after 10 years
of follow-up(27). In addition, the INTERGENE study
showed that the cluster of participants with a healthy
eating pattern had lower blood pressure compared with
the rest of the study population(23). Furthermore, the Fra-
mingham Study(36) showed a similar positive effect from a
healthy dietary pattern on hypertension. A recent meta-
analysis of the association between dietary pattern and
blood pressure showed that some dietary patterns are
more effective than others in reducing blood pressure(37).
The largest effect was seen from the DASH (Dietary
Approaches to Stop Hypertension) diet, characterized by
increased consumption of fruits, vegetables, low-fat dairy,
whole grains, lean meats (fish and poultry), nuts and
beans, as well as reduced intakes of red meat and fat.

There were no differences in hypercholesterolaemia
between the dietary pattern groups in the present study.
This may be due to a small sample size, too small range in
cholesterol levels between dietary pattern groups, or lim-
itations in the FFQ with regard to capturing the con-
sumption of relevant foods properly. The result could not,
however, be explained by cholesterol-lowering treatment,
since all individuals with these types of medication were
excluded from the study.

Strengths and limitations
The greatest strengths of the current study are the ran-
domly selected population sample and the thorough
procedure for data collection. The method for data col-
lection in the present study has been performed in several
previous cross-sectional studies of 50-year-old men and
women in Gothenburg(19). Since the FFQ was created for
the purposes of the study, there has not been any previous
validation of the method, which is a limitation. However,
the FFQ showed to be promising as a screening tool,
assessing the risk of poor dietary patterns, and should be
further tested in future studies. In addition, the cross-
sectional design is a limitation, since it only generates
descriptive data from one time period, and we are only
able to describe correlation, not any causal effect. Fur-
thermore, the response rate in the study was about 50%
and the sample was quite small, limiting the possibility to
find clear associations in subgroup analysis. Due to ethical
reasons, we were not able to collect any information about
the non-participants. However, previous studies have
found that individuals willing to participate in population
studies tend to have higher socio-economic status and a
healthier life style compared with non-participants(38,39).
Thus, the percentage of participants with poor dietary
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patterns might have been underestimated. Nevertheless,
we found a difference in education and some lifestyle
factors between the dietary pattern groups. If the partici-
pation rate had been higher, it is possible that the differ-
ences would be greater and more associations between
socio-economic factors and dietary pattern groups may
have been found.

The FFQ lacked information regarding portion sizes and
included only specific food frequencies, giving an indica-
tion of the quality of the dietary pattern rather than mir-
roring habitual food intake. However, by showing an
association between dietary patterns and health indices it
gives an indirect evaluation of the questionnaire’s feasibility
to capture meaningful data. It therefore appears suitable for
the purpose of screening for poor dietary patterns related to
cardiovascular risk factors. The simplicity of the FFQ is its
greatest strength. It is easy to use for both the interviewer
and the participant, and the interviewer does not require
special training. Health-care professionals in Sweden are
encouraged to address lifestyle issues with patients proac-
tively, with the aim of screening for a risk of unhealthy
lifestyle behaviours(28). The FFQ could be used as such a
screening tool and should be tested in practical settings for
further development. It is important to stress that screening
is merely a quick and easy method to identify risks,
meaning that not all individuals identified actually have
unhealthy dietary patterns. However, the screening should
lead to an offer of further assessment by a dietitian and
those found in need of advanced counselling should also
be offered individualized dietary advice(40).

Conclusions

Individuals with a higher compliance to the NNR are less
likely to have cardiovascular risk factors than those
showing poor dietary quality according to the recom-
mendations. The fifteen-item FFQ tested in the present
study was shown to predict an association between poor
dietary patterns and cardiovascular risk factors. Hence, the
FFQ has potential to be used as an effective screening tool
for detecting individuals at risk of developing food-related
CVD risk factors.
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