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Abstract

Objective: To compare temporal trends, over a 20-year period, in dietary habits
between a county (Visterbotten) with a CVD prevention programme and a county
(Norrbotten) without such a programme.

Design: Cross-sectional data from the Northern Sweden MONICA study (survey
period 1994, 1999, 2004, 2009 and 2014). Dietary habits were assessed by a
semi-quantitative FFQ.

Setting: Counties of Norrbotten and Visterbotten, Northern Sweden.
Participants: Five thousand four hundred Swedish adults (mean age 569 years;
51-2 % women) from Visterbotten (47 %) and Norrbotten (53 %).

Results: No differences in temporal trend for estimated percentage of energy intake
from total carbohydrates, total fat, total protein and alcohol were observed
between the counties (P interaction = 0-:33). There were no between-county differ-
ence in temporal trends for overall diet quality (assessed by the Healthy Diet Score;
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Pror interaction = 0-:30). Nor were there any between-county differences for the intake . Keywords

A\ of whole grain products, fruits, vegetables, fish, sweetened beverages or fried pota- D'E'"Ly }tm(}terns
toes (Pror interaction = 0-09). Consumption of meat (Pro; interaction = 0-03) increased to arbony! rulgs

X o . Protein

a greater extent in Norrbotten from 2009 and onwards, mainly in men (sex-specific Fat

analyses, Pror interaction = 0:04). Men in Visterbotten decreased their intake of Alcohol

sweets to a greater extent than men in Norrbotten (Pyo; ineraction < 0-01). Unhealthy foods

Conclusions: Over a 20-year period in northern Sweden, only small differences in Healthy foods

dietary habits were observed in favour of a county with a CVD prevention pro- D
gramme compared with a county without such a programme. Prevention programme
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Cardiovascular disease (CVD) is the leading cause of death
in the world (17-6 million deaths in 2016)?". To reduce this
burden, a number of countries have introduced CVD pre-
vention programmes®>, with the purpose to treat conven-
tional risk factors (i.e. hypertension, hyperlipidaemia and
diabetes) and to lower the prevalence of lifestyle-related
risk factors (e.g. unhealthy diet, physical inactivity and
tobacco smoking).

*Corresponding author: Email johanna.torma@pubcare.uu.se

An example of a CVD prevention programme is the
Visterbotten Intervention Programme (VIP), which started
in 1985 and was fully implemented in 1991 in the county of
Visterbotten in northernmost Sweden‘®. Since then, more
than 180 000 persons have been invited to an individual
health assessment and received counselling on healthy life-
style and food habits. In addition, to raise the public
awareness of CVD risk factors and a healthy lifestyle, the
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involved researchers organised population-based activities
in the early years of the VIP. Also, a food-labelling system
for low-fat and high fibre products, which helps consumers
to identify healthier food options, was developed in col-
laboration with the Swedish Food Agency. This food label
(the green Keyhole) is still in use in the whole country (see
online Supplemental Fig. 1).

Even though several evaluations of the VIP have been
published”~¥ its effectiveness with respect to changes
in risk factor profile and CVD burden is still under debate.
A reduction in CVD mortality has been reported in the inter-
vened group'®; however, the spillover effect to the over-
all population seems to be small?>'®. It was recently
shown that among a number of risk factors, blood pressure,
glucose levels and tobacco smoking had improved at a
faster rate from the mid-90s in Visterbotten than in the
neighbouring county of Norrbotten (that had no CVD pre-
vention programme until 201417, However, it has not
been studied whether temporal trends in dietary habits dif-
fer between Visterbotten and Norrbotten.

Using 20-year data from the Northern Sweden MONICA
study, which is a population-based cohort of men and
women from Visterbotten (with intervention) and
Norrbotten (without intervention), we aimed to compare
the changes in dietary habits between two counties with
and without a CVD prevention programme.

Methods

Study population
The Northern Sweden MONICA (MONTtoring of trends and
determinants in CArdiovascular disease) study was initiated
in 19859, From its initiation up until 2014, seven popula-
tion-based surveys have been conducted in Visterbotten
and Norrbotten. Each survey was performed during the
same months (January to April) and is an independent,
cross-sectional sample of 2000 (up until 1990) to 2500
(from 1994 and onwards) randomly selected persons from
population registers. The survey samples were stratified by
county, sex and 10-year age group (aged 25-64 years until
1990, aged 25-74 years thereafter). Individuals answered a
questionnaire on socio-demographic and lifestyle factors
(e.g. sex, age and educational level), underwent a clinical
examination and had blood samples drawn. They also
filled in an FFQ, which, in turn, is part of the larger
Northern Sweden Diet Database. The participation rate
in the MONICA surveys was similar in both counties and
ranged from 83 % in 1994 to 64 % in 2014 (for participants
aged 35 to 64 years). Further details on the survey proce-
dures are described elsewhere!!71®),

The current study used data from the MONICA surveys
in 1994 to 2014 (because the surveys prior to 1994 used a
different FFQ) and was restricted to individuals aged 40
years or older (because the VIP uses that age cut-off for
the intervention). Of the participants from Visterbotten
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county in this study, 60 % had participated in the VIP prior
to the participation in the MONICA study.

Assessment of dietary variables

A validated -2 semi-quantitative FFQ was used to assess
dietary intake. The FFQ contained eighty-four questions
(food items) on a nine-point scale: ranging from ‘never’
to ‘>4 times/d’. The participants also indicated portion sizes
for three food groups (potatoes/rice/pasta, meat/fish and
vegetables) using photo illustrations of four different por-
tion sizes. Reported food intake frequencies were con-
verted to g/d based on data from a validation study@®,
and energy and nutrient intakes were estimated by multi-
plying food intake frequencies with portion sizes and
nutrient content (the latter based on data from the
Swedish Food Agency?¥).

Dietary macronutrients (e.g. fat, protein and carbohy-
drates) were calculated as percentage of energy from a
nutrient (energy % (E %)); that is, the proportion of energy
from that nutrient divided by the total energy intake.
Alcohol intake was assessed by questions on five alcoholic
beverages (light beer (2:3 % alcohol), medium beer (3-5 %
alcohol), strong beer (5-4 % alcohol), wine (12-13 % alco-
hoD) and liquor/spirits (40 % alcohol)).

Overall dietary quality was assessed by the Healthy
Diet Score (HDS)?®, which in our study included eight
food groups: whole grains, fish, fruits and vegetables
(classified as healthy foods) and red/processed meat,
sweets, sweetened beverages and fried potatoes (classi-
fied as unhealthy foods). Whole grain products included
whole grain crisp bread, whole grain soft bread, oatflake/
whole wheat/rye/barley porridge and fiber cereals (e.g.
muesli and granola). Fish included lean fish (e.g. perch,
bass and cod), fatty fish (e.g. herring, whitefish, char
and salmon) and salted fish (irrespective of type). Fruits
included berries (fresh/frozen), apple, pear, peach,
banana, orange and other citrus fruits. Vegetables
included white cabbage, root vegetables, carrot, spinach,
broccoli, kale and mixed frozen vegetables. Red/proc-
essed meat included sausage/meat/liver paté on bread,
minced meat, meat stew, steak, bacon, sausage as dish,
hamburger and offals. Organic meat or game/reindeer
meat, the latter a common traditional, ecological and
highly nutrient dense meat item, was not specified in
the FFQ. Sweets included ice cream, chocolate, candy,
cookies, pastry, sugar, honey and jam. Sweetened bever-
ages included juices, nectar and sodas. Fried potatoes
included fried potatoes and French fries.

HDS is study-specific, meaning that the consumption of
each food group is categorised into quartiles and assigned
ascending values (0, 1, 2, 3) for healthy foods, descending
values (3, 2, 1, 0) for unhealthy foods and calculated for the
whole cohort and separately for each sex. The values are
summed up to a total score that ranges from 0 to 24.
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Statistical analyses

Of the 6451 participants who were eligible for the current
study, we excluded those with extreme energy intakes
(>5000 kcal; n 4) and/or extreme food intake levels (i.e.
the ratio between reported energy intake and estimated
BMR) (n 442). Food intake level values below the fifth
and above the 97, fifth percentile were used as exclusion
criteria, because under-reporting is more common than
over-reporting. In addition, individuals with incomplete
FFQ (i.e. missing data on portion size indications and/or
missing data on >10% of food intake frequencies) were
excluded (72 605). If < 10 % of food intake frequencies were
missing, data were imputed for the missing variables with
the median intake frequency of the same sex, 10-year age
group and survey year.

Mean values of the HDS, food group consumption and
macronutrient and energy intake were tabulated according
to county (Visterbotten, Norrbotten) and survey year
(1994, 1999, 2004, 2009 and 2014). One-way ANOVA tests
were used to examine changes in dietary habits within
counties. To examine whether the changes in dietary habits
differed between counties, we used linear regression mod-
els that incorporated an interaction term between county
and survey year (modelled as a continuous variable). All
reported P-values in the text are for the interaction terms
and were adjusted for sex, age (modelled as a continuous
variable) and level of education (university, non-univer-
sity). Further adjustment for BMI (BMI, modelled as a con-
tinuous variable), smoking status (current, non-current)
and physical activity (almost none, 1-3 times/week and
>3 times/week) did not change the results (data not
shown). Missing data on covariates were handled by com-
plete case analysis (total of 0-5% missing data). P-values
<0-05 were considered statistically significant. SPSS version
26.0 was used for all statistical analyses IBM Corp., IBM
SPSS Statistics). The Strengthening the Reporting of
Observational Studies in Epidemiology guidelines were fol-
lowed whenever applicable®.

Results

The final study cohort included 5400 participants aged 40 to
75 years (Fig. 1), recruited between 1994 and 2014, of
whom 47 % were from Visterbotten (mean age 569 years;
49-8 % women) and 53 % from Norrbotten (mean age 57-0
years; 52:5% women). Socio-demographic and dietary
characteristics of the study population are displayed in
Table 1. The age and sex structure of the cohort remained
fairly constant over time and by county, while the propor-
tion with a university education increased in both counties
during the study period. Interestingly, reported energy
intakes and estimated food intake level values decreased
in both counties over time.

No differences in temporal trends for estimated
percentage of energy intake from total carbohydrates
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Extreme FIL-values, n 442
Incomplete FFQ, n 605

Final study cohort for analysis,
n 5400

Fig. 1 Participant flow chart

(Pfor interaction = 040)7 total fat (Pfor interaction = 033) and total
protein (Pio; interaction = 0-77) were observed between the
counties (Fig. 2). The estimated percentage of energy from
total carbohydrates declined from around 50 to 44 E%
between 2004 and 2014, whereas that from total fat
increased from around 33 to 38 E % during the same period.
Estimated percentage of energy from total protein
increased slightly from 14 to 16 E% between 1994 and
2014 (Table 1). The shape of the temporal associations
was similar in sex-specific analyses (see online
Supplemental Fig. 2a).

Estimated percentage of energy from alcohol and sub-
types of carbohydrates, protein and fat did not differ
between the counties and showed similar temporal trends
in both counties, except for trans fats (Table 1). Estimated
percentage of energy from trans fats declined between
1994 and 2004 in both counties and remained stable there-
after, but participants from Visterbotten decreased their
intake of trans fats to a greater extent than those from
Norrbotten (Pro; interaction = 0-02). Estimated percentage of
energy from alcohol increased to a small degree up until
2009 (Pror interaction = 0-45). The estimated percentage of
energy from saturated and monounsaturated fats increased
from 2004 and onwards (Pro; interaciion =0-21 and 0-68,
respectively). We observed a modest but steady increase
in estimated energy from polyunsaturated fats over the
entire study period (Pror interaction = 0-74). From 1994 to
2014, estimated percentage of energy intake from sugar
showed a decreasing trend (Pror interaction = 0-48).
Regarding the different subtypes of protein, estimated
energy from animal protein increased between 2004 and
2014, whereas estimated energy from plant protein
remained stable over the entire study period (Pro; interaction
=0-71 and 0-79, respectively).

Mean values of the HDS and its included food groups by
survey year and county are displayed in Table 2. The HDS
increased slightly over time, and temporal trends did not
differ between the counties (P interaction = 0-30, Fig. 3).
When looking at the healthy food items included in the
HDS, no between-county differences were observed.
The consumption of whole grain products decreased in
both Visterbotten (from 2:8 to 2-3 servings/d) and
Norrbotten (from 2:6 to 22 servings/d) over time
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Table 1 Socio-demographic and dietary characteristics of the study population

Vasterbotten (n 2555)

Norrbotten (n 2845)

County
1994 1999 2004 2009 2014 1994 1999 2004 2009 2014
(n572) (n491) (n 536) (n504) (n 452) (n613) (n 628) (n 605) (n 493) (n 506)
Survey year Mean sb Mean sp Mean sb Mean sb Mean spb P Mean sp Mean sb Mean sb Mean sb Mean sb Pt
Socio-demographic characteristics
Women
% 49-3 511 48-1 51.2 493 ns 51.2 51.9 52.9 52.3 54.3 ns
Age 566 97 567 97 576 96 566 97 571 97 ns 562 93 569 98 572 97 574 94 572 94 ns
University education
% 13-8 24.2 235 29.2 36-1 e 18-1 175 21.0 26-6 338 e
Dietary characteristics
Energy intake (kcal) 1740 546 1710 516 1689 515 1625 497 1619 541 ** 1632 548 1671 484 1589 518 1564 503 1545 527 ***
Food intake level (FIL) 110 029 1.08 030 106 029 1.01 028 100 030 ** 1.03 031 106 029 1.00 029 098 029 096 028 *
Percentage of energy intake
Total fat 328 54 333 60 327 58 30 65 381 70 * 330 63 335 63 324 63 358 67 383 71 e
Total carbohydrates 509 56 504 58 501 61 474 66 440 78 ™ 507 65 502 65 506 66 469 71 436 77
Total protein 144 20 144 20 148 22 152 23 156 26 ™ 145 22 145 25 149 24 150 25 159 29 *
Saturated fat 144 32 141 33 136 31 147 34 162 38 ™™ 146 37 142 34 134 35 151 36 165 4.0 ***
Trans fat 14 04 09 03 05 02 06 02 06 02 *™ 13 04 09 03 05 02 06 02 06 02 ™
Monounsaturated fat 109 2.0 111 22 110 23 118 25 127 26 *™™ 109 23 113 23 108 23 120 25 128 26 **
Polyunsaturated fat 44 1.2 51 1.9 52 1.6 55 1.9 58 19 ™ 44 1.2 51 1.9 53 20 56 1.9 58 21 i
Sugar 82 34 80 36 74 33 66 31 61 31 ™ 84 441 82 40 75 38 69 36 61 30
Animal protein 100 22 100 22 103 24 109 25 116 30 * 101 24 103 25 104 26 108 27 120 31 i
Plant protein 44 09 44 09 45 09 43 09 40 11 ™™ 44 1.0 43 1.0 45 141 42 1.0 40 141 i
Alcohol 14 17 1.5 1.8 20 22 20 23 219 26 ™ 13 19 14 21 1.7 21 20 22 1.8 22

ns, non-significant.
***P < 0-001.
+ANOVA (continuous variables) and 42 (categorical variables) tests for within-county differences.
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decreased, that of total fats increased and that of total pro-
tein remained stable. The temporal trends of intake of car-
bohydrates, fats and protein in our study are in line with a
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previous study on dietary trends in northern Sweden
between 1986 and 2010, which included dietary data from
participants in both the VIP and the Northern Sweden
MONICA study (90 % from the VIP)*”. The only fat subtype
for which we observed a decrease was trans fat. The
decrease seen in both counties is most likely due to the
reduced use of partially hydrogenated fats in foods since
the mid-1990s.

In recent years, an increased intake of fats and a
decreased intake of carbohydrates have also been
observed in the official statistics of food consumption in
Sweden®. In addition, the North Karelia Project in
Finland, which is another CVD prevention programme,
reported that the fat intake decreased up until 2007, after
which it started to increase again®. It is reasonable to
assume that the ongoing nutritional debate about different
low-carbohydrate-high-fat diets has had an impact on these
results.

There has recently been a shift in nutritional research
from macronutrient quantity to macronutrient quality@3;
that is, a focus on high-quality carbohydrates (e.g. whole
grain) and high-quality fats (i.e. unsaturated fats) instead
of the fat-to-carbohydrate ratio. This is also emphasised
in the official Nordic nutritional guidelines®?, and a newly
published cohort study — using data from the US National
Health and Nutrition Examination Survey of 37 233 adults —
showed that it was not the fat-to-carbohydrate ratio of a diet
that was associated with total mortality but rather the type
of fats and carbohydrates that was included in the diet®?.

The HDS was used to assess overall diet quality, and it
increased slightly over time but did not differ between the
counties. Temporal changes were observed for some food
groups, such as whole grain products, sweets and red/
processed meat, and there were some small between-
county differences. Consumption of whole grain products
decreased in both counties, which is not in line with a
healthy dietary pattern. Consumption of sweets decreased
in both counties, but men in Visterbotten decreased their
consumption more than men in Norrbotten. Consumption
of meat increased to a greater extent in Norrbotten from
2009 and onward, mainly attributable to differences in
men. The consumption of red/processed meat should be
limited to 500 g/week, that is, 4 meals a week according
to the Nordic nutritional guidelines®?. Our data indicate
consumption of on average 1 serving/d in both counties.
Although meat contains vital nutrients (e.g. protein, Fe
and vitamin By,), the consumption is still too high com-
pared with the recommendations, and a decrease in the
population would be beneficial for public health.

The significant difference in estimated energy percent-
age from trans fats in favour of Visterbotten may partly
be explained by the male-specific differences in intakes
of red/processed meat and sweets, which, in turn, might
have contributed to the better outcomes in blood pressure
and fasting glucose previously observed in Visterbotten
compared with Norrbotten”.
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The diet intervention in the VIP has been modified
somewhat over the years, but the main message is to
reduce total fats, change saturated fats to polyunsaturated
fats and eat more vegetables, legumes, fruit, fish and whole
grain. In contrast to the recommendations, we observed
increased intakes of total and saturated fats and decreased
consumption of whole grain products by the end of the
study period in Visterbotten and Norrbotten alike. These
trends indicate that additional strategies and collaborations
between different public health sectors are needed to
change the general population’s dietary habits. In addition,
a more balanced debate about different diets and their
health effects is desirable.

Recently, the effectiveness of health checks has been up
for debate. One Cochrane review, including fourteen trials,
concluded that general health checks did not reduce mor-
tality or morbidity®®. This review was recently updated®>,
now including seventeen trials, and came to the same con-
clusion. Another review and meta-analysis, including six
trials, focused on general practice-based health checks
and surrogate outcomes, and it showed that the health
checks led to improvements in total cholesterol, blood
pressure and BMI®®. As mentioned earlier, the VIP has also
been subject to evaluation. The prevalence of some cardio-
vascular risk factors (i.e. blood pressure, fasting glucose
levels and smoking cessation) was found to be in favour
of the programme in a recent study'”, which had an iden-
tical study design and was performed in the same cohort as
the current study. As for other lifestyle-related variables,
such as physical activity and BMI, the temporal develop-
ment was fairly similar in the two counties’”. However,
based on our study, the observed differences in some
CVD risk factors in favour of the VIP only seem to be
explained by beneficial dietary changes to a small extent.
An interesting observation in our study was that the energy
percentage from total and saturated fats increased from
2004 and onward, despite that the cohort’s cholesterol lev-
els have decreased steadily throughout the study period
(1994-2014)"7, This is in contrast to previous studies from
northern Sweden and Finland?’?” where time periods
with increased intakes of total and saturated fats have led
to increased cholesterol levels (and vice versa, for time
periods with decreased intakes). A possible explanation
to the finding in the present study could be an increased
prescription of cholesterol-lowering drugs as a result of
expired patents for these drugs during the study period.

Lifestyle modifications are known to be challenging and
require a great deal of efforts from both the intervened indi-
viduals and the health professionals. A number of barriers
to achieve and maintain weight loss and to stay physically
active have been described®”3® and it is likely that the
same barriers apply for dietary changes. It could be that
occasional health checks combined with individual coun-
selling about healthy lifestyle habits, including diet, are
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not enough and that more efforts and resources, and pos-
sibly other methods, are needed to achieve sustainable
changes in diet. A recently published study suggested that
health care intervention programmes aimed at reducing
obesity should adopt a team based and more comprehen-
sive and holistic approach to be successful®.
Furthermore, the National Institute for Health and Care
Excellence in the UK has published guidelines in effective
behaviour change that can be incorporated in standard
health and social care practice™®.

Methodological concerns

A strength of the present study is the population-based
sample with measurements over a period of 20 years,
together with the fairly high participation rate. Another
strength is that the Northern Sweden MONICA study is con-
ducted in two neighbouring counties with similar socio-
economic and demographic characteristics. This enables
evaluations of the VIP, although not in a randomised
design, by comparing time trends between two counties
that share comparable features but differs in the implemen-
tation of a CVD prevention programme.

Several limitations must also be mentioned. First, the
actual participation in the VIP in our cohort was 60 %.
Therefore, we studied both the direct and indirect effect
of the VIP on dietary changes. Second, as with all methods
of self-reported dietary intake, the FFQ had inherent
sources of error. To address potential measurement errors,
several validation studies have been published, with the
conclusion that the FFQ used in the Northern Sweden
MONICA study has a good reproducibility and a validity
similar to that of FFQ in other prospective cohort stud-
ies?2D_ Recall bias is of special concern with FFQ, since
individuals have to report their dietary intakes retrospec-
tively for a long period of time. Another concern is under-
reporting due to social desirability bias, meaning that
individuals intentionally misreport their intakes of certain
foods. It is, however, unlikely that the degree of recall
and social desirability bias should have varied substantially
between counties. A FFQ is also, by design, restricted to the
food items that are listed in the questionnaire. In all five sur-
veys in our study (1994, 1999, 2004, 2009 and 2014), an
identical FFQ was used. While this made it easy to compare
the data, it did not capture the increased diversity of food
sources over time. For example, the FFQ did not include
vegetarian/plant-based food items, so whether there was
a between-county difference in these food items could
not be answered by the present study. New food items
available at the market over time, not captured by the
FFQ, are a likely explanation to the observed decrease in
energy intake and food intake level over time. Thus, there
might have been dietary differences between the counties
that we did not manage to capture with the FFQ.
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Conclusions

Over a 20-year period in northern Sweden, only small
differences in dietary habits were observed in favour of a
county with a CVD prevention programme compared with
a county without such a programme. Further studies are
needed to examine the impact of CVD prevention pro-
grammes with respect to sustainable dietary changes.
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