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Abstract

Background: Adequate nutrition is a public health challenge due to the increase in the incidence of diet-related
diseases. The aim of this study was to examine food and nutrient intakes in the light of the current dietary
guidelines of Poland and Norway. This is a suitable model for studying the diet quality in countries with different
degrees of government intervention in the food market, which may affect food diversity available for citizens.

Methods: The food diversity on the market was assessed using national food balance sheets. To show the actual
food and nutrient intake within countries, data from 24-h recalls from the national surveys, NORKOST 3 from
Norwegians and WOBASZ II from Poles, were used. In order to evaluate whether dietary patterns comply with
nutritional and dietary recommendations, the Norwegian and Polish recommendations for nutrition and the
national food based dietary guidelines (FBDGs) were analyzed.

Results: Significant differences between the national supplies for most food products were found. Only subtle
differences in the national FBDGs and nutritional recommendations were found. Low compliance with the national
FBDGs for milk, fish and sugar consumption in Poland was observed. The intakes of most nutrients were in line
with the countries’ nutrition recommendations. The intakes of folate and vitamin D by both genders and the intake
of iron among women, were inadequate in both countries. Calcium and magnesium intakes were below the
recommended intake among the adult population of Poland, additionally, insufficient intake of potassium and
thiamine was found among Polish women.
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Conclusions: Despite the limited availability of certain food products on the market, the diet of Norwegians was
better balanced in terms of food consumed and micronutrient intakes. The good supply of various groups of food
has not, however, reduced the problem of widespread deficiency of vitamin D and folic acid in the diet, and action
should be taken at national level to eliminate their inadequacy. In view of increasing risk of non-communicable
diseases, low compliance with the dietary guidelines requires educational campaigns aimed at increasing dietary
literacy in vulnerable groups.

Keywords: Diet, Dietary patterns, Population study, Norway, Poland, Food balance, Nutrients, Recommended intake
(RI), Food-based dietary guidelines (FBDG), 24-h recall

Background
Nutrition is a cornerstone of sustainable development
and one of the biggest global development challenges.
Currently 88% of the countries in the world for which
data are available are struggling with the problem of
poor nutrition [1]. In addition, on a global scale, the
world is not on track to achieve the United Nations Sus-
tainable Development Goals [1]. A recent report con-
cludes that substantial change is needed for the Nordic
countries to meet the 2030 Agenda, and the increase in
prevalence of overweight and obesity is mentioned as an
example of poor diet [2].
One possible way to change this track is to translate

these goals into a healthy diet through food-based
nutrient-sensitive dietary recommendations, since diet is
one of the most important elements influencing nutri-
tional status. Furthermore, nutrition is usually consid-
ered to be a problem of knowledge and behavior, since
the final choice of a diet is affected by personal factors
[3]. Therefore, the level of nutrition literacy and role of
education through guidelines can create demands for
nutrient- rich food.
Nutrition recommendations focus on nutrient intakes, in

particular by suggesting a reduction of total fat intake, and
reduction in a saturated fat intake, and the elimination of
trans- fats. They also take into account carbohydrate intake
and limited intake of added sugars [4]. In order to transfer
the knowledge from science-based recommendations to
practical guidelines, food-based dietary guidelines (FBDG)
have been developed. According to the European Food
Safety Authority (EFSA), FBDGs are science-based easy-to-
understand healthy nutrition recommendations for con-
sumers. FBDGs are specific to regions and countries, where
they are culturally acceptable and feasible to implement [5].
These guidelines provide advice on foods, food groups and
dietary patterns that aim to provide residents with the ne-
cessary nutrients to promote general health and prevent
chronic diseases [4, 5]. Taking into account the above, ex-
perts from Norway and Poland have developed appropriate
recommendations [6–8].
However, to ensure that the population’s dietary pat-

terns are consistent with such guidelines, consumers

should have access to appropriate food products [9]. En-
suring the availability to nutritious food is crucial and
depends on how markets function at local level. ‘What
to eat’ it is an individual decision, but it is the responsi-
bility of the government to ensure a nutritionally ad-
equate diet [10].
The diversity and quality of food available on the mar-

ket, its prices and the information that consumers re-
ceive about different products depend on national
policies and regulations [11] and are dependent on social
and cultural norms and values [12]. Differences in gov-
ernmental intervention exist even in countries that are
part of the European Union (EU) single market.
The European Economic Area (EEA) aims in applying

the freedom of goods, services, persons and capital
within the EU internal market. Norway, a non-EU mem-
ber, has an individual agreement on trade of processed
agricultural products (Protocol 3) [13]. In addition,
Norway and the EU have concluded a bilateral agree-
ment on trade of primary agricultural products (Article
19) [14]. However, the Norwegian market is not as open
as the Polish market for agricultural products and proc-
essed food. As a result, the variety of products available
to Norwegian consumers is somewhat limited.
The aim of this study was to examine food and nutri-

ent intakes in the light of the current dietary guidelines
of Poland and Norway. This is a suitable model for
studying the diet quality in countries with different de-
grees of government intervention in the food market,
which may affect food diversity available for citizens.

Methods
Analysis of national food balance sheets
Data on selected foodstuffs in total and per capita mea-
sures were collected from food balance sheets in order
to compare food availability between the two countries,
and to determine trends in the overall national food sup-
ply. These data are based on production and import sta-
tistics, with deductions for export, animal feed, seeds
and other non-food uses and relate to the availability of
food at wholesale level. The source of information was
the data presented by the Central Statistical Office,
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Statistical Yearbook of Agriculture for the Polish popula-
tion [15] and by the Norwegian Directorate for Health
for the Norwegian population [16]. The analysis of food
availability in Poland and Norway covered the years
2006–2016. The following nine food groups were ana-
lyzed: 1) milk and milk products, 2) poultry and meat, 3)
fish and shellfish, 4) cereals including rice, 5) vegetables,
6) potatoes, 7) fruit and berries, 8) sugar and sweet
products, 9) margarine, butter, oil, etc. (Table 1). Avail-
ability of milk and milk products is expressed as milk
equivalent, i.e. it is converted into milk, both milk for
direct consumption and milk for processed products,
with appropriate conversion factors [17]. Availability of
cereals was converted to flour using appropriate milling
coefficients [18]. The figures for each product group are
given in g/capita/day (Table 2).

Determination of food consumption and nutrient intakes
in individual diets from national dietary surveys
In order to show the actual nutrient and dietary intake
by individuals in the countries, data from national sur-
veys, NORKOST 3 [19, 20] for Norwegians and
WOBASZ II [21, 22] for Poles, representative for each
population by age and gender, were used.
In the NORKOST 3 survey, two randomly distrib-

uted 24-h recalls were used to assess the diet in a na-
tionally representative sample (N = 5000) of men and
women between 18 and 70 years of age randomly se-
lected from the National Register [19]. The survey
was conducted during the years 2011–2012 by the
University of Oslo in collaboration with the Director-
ate of Health and the Food Safety Authority in
Norway. Of the 5000 invited, 153 were unavailable for

contact. In total, 1760 participants (849) men and
(911) women) were included in the final study, result-
ing in a participation rate of 37% [19, 20].
WOBASZ II was a nationwide, cross-sectional study

conducted on a randomly selected sample of 15.200
residents of 16 voivodships of Poland aged > 18 years.
The sample was recruited from the National Register
using a multistage sampling design. One thousand
five hundred fifty-seven persons were not eligible.
Out of eligible persons, 6170 were examined and the
final response rate was 45.5%. Additional statistical
analyses confirmed similar age distribution in the
general Polish population and the study group, thus
indicating that the WOBASZ II study was indeed rep-
resentative for the general Polish population. To es-
tablish food consumption, WOBASZ II survey used
24-h recall methodology. The final analysis of dietary
habits included 4979 respondents aged 18–69 after
some subjects were excluded due to missing or unre-
liable diet recalls [21, 22].
In both countries, photographs and images of differ-

ent sizes of food portions were used to facilitate
quantitative estimation of food consumption. Table 1
shows the grouping of food products into nine cat-
egories that covered most of foods consumed. In this
study, the individual food consumption is expressed
as g/day. It takes into account the consumption of
processed products without converting them into raw
food, i.e. the consumption of milk, fermented milk
drinks, cheeses and other milk products, is summed
up for milk and milk products. The mean and stand-
ard deviation (SD) were calculated for the intake of
each food group.

Table 1 Food groups and related food products

Food groups Products included in the groupa

Milk and milk
products

milk (whole, semi-skimmed, skimmed, condensed milk)
milk-based beverages, sweet milk, curds, yoghurt, kefir, etc.
soft cheese, hard cheese and other types of cheese, cream, sour cream and its substitutes, ice creams, milk-cream desserts

Poultry and meat red meat: pork, beef, veal, other meat (mutton, horse meat, pork and beef offal), pork and beef smoked meats (hams, sirloins,
sausages, etc)
poultry meat: chicken, turkey, other poultry (duck, geese and poultry offal), poultry smoked meats (hams, sirloins, sausages,
etc) and rabbit

Fish and shellfish fresh fish, smoked and processed fish (canned fish, salted fish, other fish products)

Cereals, including rice bread: light bread, wholemeal bread, rolls (various kinds of rolls, toasted bread), flour, pasta, cereal and rice, cereals (various
types, also with toppings, bran, muesli)

Vegetables fresh, frozen vegetables, processed vegetables, vegetable products and legumes

Potatoes all potato dishes

Fruit and berries fresh, frozen and processed fruits (e.g. jam, but excluding juices)

Sugar and sweet
products

sugar, sweets: various types of cakes and biscuits, candies, chocolates, sweet bars, honey

Margarine, butter, oil
etc.

animal fats added (butter, lard), vegetable fats added (soft and hard margarines, oils), and mixed fats added (blends of butter
with margarine or oil)

aAll products were treated equally during aggregation
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Assessment of nutrient intakes and dietary patterns
according to national nutrition and dietary
recommendations
Norwegian and Polish nutrition recommendations (Add-
itional file 1: Table S1, S2 and S3) and FBDGs (Add-
itional file 1: Table S4) have been used to assess whether
the dietary patterns are consistent with national nutri-
tion and dietary recommendations. On the basis of con-
sumption data in national surveys, the energy and
nutrient content in the diet was calculated using the Pol-
ish and Norwegian food composition tables [23, 24]. The
following conversion factors were used to calculate
the energy intake: for fat 37 kJ/g, for protein and car-
bohydrates 17 kJ/g, for dietary fiber 8 kJ/g and for al-
cohol 29 kJ/g. The following official sources of dietary
recommendations for Norway and Poland were used:
Nordic Nutrition Recommendation [6], Recommenda-
tion about diet, nutrition and physical activity [7] for
Norwegian population, and Nutrition standards for
Polish population [8], which contains both nutrition
recommendation and dietary guidelines. The data are
presented as % energy intake (E%) for macronutrients
and as recommended intake (RI) for certain micronu-
trients for adults (18–64 years) of both genders. The
Recommended Dietary Allowance (RDA) was used as
a cut-off value to assess the adequacy of nutrient in-
take, except for dietary fiber, vitamin D and E, potas-
sium and sodium for which Adequate Intake (AI) was
used. Added sugars were calculated for processed
food with the exception of naturally occurring sugars
(e.g. in vegetables, fruit, dairy products).

Statistical analysis
The Student’s t-test and Mann-Whitney’s U-test were
used to investigate the differences between consumption
structures in Norway and Poland. Statistical significance
was found at p < 0.05. A simple regression analysis was
conducted to determine the trend.
The statistical analysis was conducted using Statistica

64, version 13.1 (Dell Software, Inc., Round Rock, TX,
USA) and Statistical Analysis System (SAS), version 9.4
(SAS Institute Inc., Cary, NC, USA).

Results
The comparison of data on the structure of food avail-
ability in Norway and Poland at the national level is pre-
sented in Table 2. More fish and fruits were available in
Norway, while milk, cereals, vegetables, potatoes, sugar
plus sweet products and margarine plus butter and other
fats were more available on the Polish market. The over-
all food supply in Poland comply with the recommenda-
tions for vegetables and fruit as a total. In both countries
the availability of fruit on the food market is increasing
but not significantly. In addition, the availability of vege-
tables in Norway followed the same trend. In turn, the
Polish vegetable supply shows a downward trend. The
supply of milk and milk products in Poland was also ad-
equate and supported by a significant increase in market
availability. The supply of milk and milk products in
Norway followed the opposite trend. The analysis also
showed that in the analyzed period a significant decrease
in the supply of sugar, margarine, butter and oil was ob-
served in Norway as opposed to Poland, where the

Table 2 Food availability structure and trends - means from years 2006–2016

Food items Mean Trend

g/capita/day

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2006–2016 p- value p-value

Milk and milk products Norwaya 479.2 482.7 477.0 453.7 451.5 443.0 437.3 422.5 412.0 402.7 403.0 441.0 ≤0.001 ↓ 0.0000

Polandb 482.2 490.4 498.6 517.8 517.8 531.5 528.8 564.4 561.6 583.6 608.2 534.2 ↑ 0.0000

Poultry and meat Norwaya 195.6 207.1 207.1 203.8 201.9 205.5 206.3 210.1 206.8 209.0 211.0 206.0 0.2 ↑ 0.0324

Polandb 203.6 212.6 206.3 205.5 201.9 201.1 194.5 184.9 201.6 205.5 212.6 202.7 ↓ 0.6041

Fish and shellfish Norwaya 136.4 144.7 141.9 138.9 137.3 136.7 139.7 139.5 135.6 132.3 126.6 137.3 ≤0.001 ↓ 0.0137

Polandb 32.1 34.2 36.4 36.2 37.9 33.5 32.2 33.3 36.8 34.2 35.9 34.8 ↓ 0.9473

Cereals inc. rice Norwaya 243.3 246.3 242.5 236.7 235.3 228.8 224.7 224.9 223.3 225.5 229.0 223.9 ≤0.001 ↓ 0.0003

Polandb 320.5 312.3 306.8 304.1 295.9 295.9 295.9 295.9 290.4 282.2 282.2 298.6 ↓ 0.0000

Vegetables Norwaya 179.2 187.1 201.9 187.4 197.3 209.8 202.7 208.7 215.6 212.1 221.9 202.2 ≤0.001 ↑ 0.0001

Polandb 298.6 315.1 315.1 317.8 290.4 284.9 282.2 279.5 284.9 287.7 290.4 295.9 ↓ 0.0193

Potatoes Norwaya 196.4 192.3 209.8 160.5 169.6 159.5 171.2 162.5 179.7 140.5 169.3 173.7 ≤0.001 ↓ 0.0281

Polandb 331.5 331.5 323.3 317.8 301.4 304.1 304.1 279.4 276.7 273.9 265.7 301.4 ↓ 0.0000
aThe Norwegian Directorate for Health; bPolish Central Statistical Office
↓−Decreasing trend ↑−Increasing trend
A simple regression analysis was performed to determine the trend
Mann-Whitney’s U-test was used to test the differences, statistical significance was assessed for p < 0.05
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availability of sweets on the market increased signifi-
cantly, while the increase in margarine, butter and oil
was not significant. The availability of meat and poultry
on the Norwegian market increased significantly be-
tween 2006 and 2016. In both countries a significant
tendency towards a reduced supply of staple potatoes
and cereals was observed. The Norwegian market was
also characterized by a significant decrease in the avail-
ability of fish and shellfish, but still exceeding the rec-
ommended level.
The diet of adults in both countries is compatible with

the food available on the market. Significant differences
in food consumption between the countries were found
for milk and milk products, fish and shellfish, vegetables,
potatoes, margarine, butter, oil in all sex and age groups,
as shown in Tables 3 and 4. Moreover, significant differ-
ences were found for all age groups of men with regard
to the consumption of poultry and meat, and in women
with regard to sugar and sweet products. In contrast to
the food availability on the market, more milk and milk
products were consumed by adults in Norway. In turn,
all age-groups of Polish men and women aged 36–69
consumed significantly more meat and poultry products.
In terms of fish consumption, it was significantly lower

in Poland in all sex and age groups. In Norway, only
women aged 18–35 had lower fish consumption than
recommended, but it was still more than 2 times higher
than in Polish women in the same age group. Further-
more, the mean intake of vegetables and fruit was ad-
equate among the adult Polish population, but the
proportions between them did not comply with the rec-
ommended. Sugar intake is one of the main targets of
global reduction, but neither the Polish nor Norwegian
dietary guidelines give any specific quantities recom-
mended for consumption. It was therefore difficult to
compare these food products data with the recommen-
dations. The situation was similar for cereals, potatoes
and margarine, butter and oil.
The intake of energy among men and women is shown

in Tables 5 and 6, respectively. Polish adults were char-
acterized by a lower percentage of energy coming from
proteins compared to Norwegian adults, and the differ-
ences between the average values were significant. More-
over, in both populations studied, the level of
compliance with the countries’ recommendations con-
cerning energy from protein, was very high. The oppos-
ite was true for fats, which provided a higher energy
supply for all age-groups of Polish men, and for Polish

Table 3 Food intake among men (edible amount g/day) in Norwaya (n = 849) and Polandb (n = 2267) by age groups

Food items 18–35 36–55 56–69

Norway n =
212

Poland n =
633

Norway n =
364

Poland n = 945 Norway n =
273

Poland n =
689

Milk and milk products (mean ± SD) median (25–75
percentile)

441 ± 390 198 ± 2541 430 ± 381 158 ± 2031 354 ± 282 170 ± 2241

348 (160–605) 106 (30–282) 326 (139–642) 80 (24–239) 302 (108–550) 78 (20–250)

Poultry and meat (mean ± SD) median (25–75
percentile)

208 ± 152 242 ± 1902 180 ± 112 241 ± 1861 161 ± 119 212 ± 1851

175 (106–271) 205 (105–
330)

159 (99–251) 203 (116–322) 144 (82–217) 180 (90–294)

Fish and shellfish (mean ± SD) median (25–75
percentile)

53 ± 86 18 ± 581 73 ± 88 23 ± 741 107 ± 122 25 ± 741

0 (0–85) 0 (0–0) 36 (0–124) 0 (0–0) 75 (5–156) 0 (0–0)

Cereals inc. rice (mean ± SD) median (25–75
percentile)

320 ± 154 282 ± 1562 277 ± 125 259 ± 1352 229 ± 106 227 ± 110

308 (206–414) 252 (174–
352)

258 (189–336) 235 (161–330) 215 (152–284) 212 (150–
290)

Vegetables (mean ± SD) median (25–75 percentile) 173 ± 116 254 ± 1861 148 ± 101 268 ± 1891 149 ± 104 281 ± 1951

158 (94–221) 230 (120–
350)

131 (71–285) 232 (133–374) 128 (81–193) 253 (146–
376)

Potatoes (mean ± SD) median (25–75 percentile) 57 ± 70 292 ± 3161 78 ± 76 281 ± 2711 110 ± 84 278 ± 2611

22 (0–98) 231 (0–461) 121 (70–184) 231 (0–461) 98 (55–163) 231 (0–461)

Fruit and berries (mean ± SD) median (25–75
percentile)

128 ± 134 164 ± 2172 163 ± 146 199 ± 2712 207 ± 169 218 ± 240

101 (11–185) 100 (0–250) 129 (45–248) 125 (0–300) 175 (76–288) 150 (10–310)

Sugar and sweet prod. (mean ± SD) median (25–75
percentile)

55 ± 87 70 ± 812 53 ± 63 73 ± 851 53 ± 65 62 ± 78

26 (3–78) 46 (10–100) 30 (5–78) 43 (10–105) 31 (5–81) 34 (8–87)

Margarine, butter, oil etc. (mean ± SD) median (25–75
percentile)

39 ± 26 56 ± 441 40 ± 25 51 ± 361 37 ± 29 45 ± 321

33 (20–50) 46 (27–70) 36 (21–51) 43 (27–66) 31 (17–51) 38 (23–59)

Highlighted numbers show statistical difference between countries within each age group:1 p ≤ 0.001; 2 p ≤ 0.05
aFrom NORKOST 3; bFrom WOBASZ II
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women aged 18–55. In addition, the total energy intake
from fats was higher in Polish men and in women aged
18–55 than that recommended for adult Poles. The in-
take of energy supplied by saturated fatty acids was
much above the level recommended by both countries,
and the difference between the average in Poland and
Norway was not significant only in the group of women
aged 36–55 and in the oldest group of men analyzed.
The intake of energy from monounsaturated fatty acids
(MUFA) and polyunsaturated fatty acids (PUFA) is con-
sistent with the recommendations, but only the differ-
ences between the average MUFA values for adults of
both genders were significant. The energy from PUFA
varies significantly in the 36–55 age group for men and
in the women aged 18–35 and 56–69. Norwegian men,
except the 18–35 age group, were characterized by lower
intake of energy from carbohydrates than it is recom-
mended. The same was observed in all age groups of
Polish men. Lower energy intake from carbohydrates
than it is recommended was also observed among Nor-
wegian women aged 36–69. The differences between the
average values were significant among women aged 36–
69 and men aged 18–35 and 56–69.

Although the average intake of most nutrients varied
significantly between countries in each age group, most
of them complied with the countries’ nutrient recom-
mendations. However, the degree of compliance was
variable, as presented in Tables 7 and 8. The intakes of
folate and vitamin D in both adult populations were not
sufficient. Adult women from both populations were
also characterized by insufficient iron intake. In addition,
the intake of dietary fiber was only balanced in Norwe-
gian men. Poor compliance with the recommendations
was found in each age group with regard to calcium and
magnesium intake by both genders of Polish population.
Moreover, the intake of potassium was not consistent
with the recommendation among all age groups of Pol-
ish women and in Polish men aged 56–69. The intake of
thiamine among Polish women has also not reached the
Polish nutritional recommendations.

Discussion
Norway and Poland are two similar economies that dif-
fer in the scale of governmental intervention in the food
market. This study examines the influence of govern-
ment intervention on the structure of foods available for

Table 4 Food intake among women (edible amount g/day) in Norwaya (n = 911) and Polandb (n = 2712) by age groups

Food items 18–35 36–55 56–69

Norway n =
226

Poland n = 692 Norway n =
465

Poland n = 1168 Norway n =
220

Poland n =
852

Milk and milk products (mean ± SD) median (25–75
percentile)

312 ± 264 198 ± 1921 256 ± 226 179 ± 1671 258 ± 236 182 ± 1871

244 (125–
445)

150 (50–288) 200 (83–369) 140 (46–260) 186 (97–395) 125 (42–262)

Poultry and meat (mean ± SD) median (25–75
percentile)

122 ± 83 132 ± 111 119 ± 77 132 ± 1132 105 ± 74 138 ± 1171

Fish and shellfish (mean ± SD) median (25–75
percentile)

113 (60–162) 117 (44–185) 107 (63–164) 121 (40–189) 92 (50–148) 122 (35–202)

28 ± 61 13 ± 481 58 ± 74 15 ± 541 68 ± 72 16 ± 571

0 (0–59) 0 (0–0) 30 (0–91) 0 (0–0) 43 (0–118) 0 (0–0)

Cereals inc. rice (mean ± SD) median (25–75
percentile)

199 ± 101 176 ± 1042 182 ± 86 171 ± 1012 154 ± 77 160 ± 75

177 (131–
253)

156 (107–223) 168 (120–
231)

154 (105–210) 142 (103–
191)

152 (108–
203)

Vegetables (mean ± SD) median (25–75 percentile) 135 ± 89 212 ± 1501 163 ± 108 245 ± 1681 161 ± 111 253 ± 1631

125 (71–177) 195 (102–291) 144 (96–210) 215 (125–334) 140 (92–199) 228 (130–
359)

Potatoes (mean ± SD) median (25–75 percentile) 42 ± 60 177 ± 2041 50 ± 58 204 ± 2121 58 ± 52 203 ± 2011

7 (0–72) 117 (0–292) 35 (0–82) 179 (0–328) 50 (0–93) 200 (0–308)

Fruit and berries (mean ± SD) median (25–75
percentile)

160 ± 136 209 ± 2281 185 ± 139 223 ± 2361 226 ± 155 246 ± 240

138 (56–239) 150 (15–300) 166 (75–264) 175 (41–305) 205 (105–
301)

197 (81–340)

Sugar and sweet prod. (mean ± SD) median (25–75
percentile)

56 ± 60 68 ± 762 51 ± 51 68 ± 771 51 ± 55 61 ± 722

40 (13–89) 45 (12–100) 37 (10–75) 45 (10–100) 37 (8–70) 38 (9–85)

Margarine, butter, oil etc. (mean ± SD) median (25–
75 percentile)

23 ± 19 35 ± 261 24 ± 19 36 ± 251 26 ± 20 34 ± 221

19 (10–32) 30 (18–44) 20 (10–33) 31 (19–47) 22 (13–34) 30 (18–45)

Highlighted numbers show statistical difference between countries within each age group:1 p ≤ 0.001; 2 p ≤ 0.05
aFrom NORKOST 3; bFrom WOBASZ II
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Table 5 Comparison of energy structure from nutrients among men in Norwaya (n = 849) and Polandb (n = 2267) by age groups%
energy from nutrients
% energy from nutrients 18–35 36–55 56–69

Norway n =
212

Poland n =
633

Norway n =
364

Poland n =
945

Norway n =
273

Poland n =
689

Protein, E% (mean ± SD) median (25–75 percentile) 17.4 ± 3.9 15.3 ± 3.91 17.7 ± 3.7 15.3 ± 3.71 18.1 ± 3.4 15.6 ± 41

17.1 (15.0–19.1) 15 (12.6–17.4) 17.2 (15.0–20.0) 14.8 (12.9–17.3) 17.7 (15.5–20.3) 15.1 (13–17.9)

Fat, E% (mean ± SD) median (25–75 percentile) 33.0 ± 7.0 38.4 ± 8.31 34.8 ± 6.7 37.9 ± 8.31 34.6 ± 8.0 37 ± 8.51

33.0 (28.4–37.3) 38.7 (33.3–43.7) 34.8 (30.7–39.2) 37.2 (32.4–43.5) 33.8 (29.5–39.6) 36.8 (31.7–42.1)

SFA, E% (mean ± SD) median (25–75 percentile) 12.8 ± 3.1) 14.5 ± 4.31 13.2 ± 3.1 13.8 ± 4.32 13.3 ± 3.7 13.5 ± 4.4

12.7 (10.6–14.6) 14.1 (11.6–17.3) 13.2 (10.9–15.5) 13.4 (10.7–16.6) 13.2 (10.7–16.0) 12.9 (10.6–16)

MUFA, E% (mean ± SD) median (25–75 percentile) 11.2 ± 3.0 15.4 ± 4.21 11.8 ± 2.8 15.3 ± 4.31 11.6 ± 3.4 14.9 ± 4.41

10.7 (9.1–12.7) 15.1 (12.4–17.9) 11.6 (9.8–13.5) 15.1 (12.4–18) 11.2 (9.4–13.7) 14.5 (12–17.6)

PUFA, E% (mean ± SD) median (25–75 percentile) 5.9 ± 2.1 5.8 ± 2.5 6.5 ± 2.2 6.1 ± 2.52 6.2 ± 2.3 6 ± 2.6

5.5 (4.6–7.2) 5.4 (4–7.1) 6.2 (5.0–7.8) 5.7 (4.3–7.5) 5.9 (4.5–7.6) 5.7 (4.2–7.2)

Carbohydratesc, E% (mean ± SD) median (25–75
percentile)

45.2 ± 7.8 43.6 ± 9.92 43.4 ± 7.7 43.6 ± 10.2 42.2 ± 8.0 44.1 ± 9.82

45.5 (41.3–50.2) 43.7 (37.7–50.0) 44.0 (38.3–48.4) 44.3 (37.9–50.0) 42.9 (36.9–47.6) 44.9 (38.5–50.0)

Free sugars, E% (mean ± SD) median (25–75 percentile) 8.8 ± 6.9 10.3 ± 9.92 7.0 ± 5.6 11.6 ± 11.81 6.2 ± 4.6 10.7 ± 11.21

7.0 (4.1–12.2) 8.1 (2–15.3) 5.7 (3.1–9.6) 8 (2.5–17.2) 5.3 (2.9–8.8) 7.1 (1.7–15.4)

SFA Saturated fatty acids, MUFA Monounsaturated fatty acids, PUFA Polyunsaturated fatty acids
Highlighted numbers shows statistical difference between countries within each age group:1 p ≤ 0.001; 2 p ≤ 0.05
aFrom NORKOST 3; bFrom WOBASZ II; cThe % E of carbohydrates was calculated without fiber and alcohol

Table 6 Comparison of energy structure from nutrients among women in Norwaya (n = 911) and Polandb (n = 2712) by age groups

% energy from nutrients 18–35 36–55 56–69

Norway n =
226

Poland n =
692

Norway n =
465

Poland n =
1168

Norway n =
220

Poland n =
852

Protein, E% (mean ± SD) median (25–75 percentile) 16.9 ± 3.9 15.0 ± 4.01 17.8 ± 3.6 15 ± 4.11 17.9 ± 3.4 15.4 ± 4.11

16.6 (14.1–
19.0)

14.5 (12.5–17) 17.5 (15.3–
19.9)

14.4 (12.3–
16.9)

17.8 (15.4–
19.9)

14.8 (12.6–
17.6)

Fat, E% (mean ± SD) median (25–75 percentile) 33.1 ± 7.1 35.6 ± 8.51 34.4 ± 7.1 35.6 ± 8.42 35.7 ± 7.6 34.9 ± 8.1

32.5 (28.2–
38.5)

35.1 (30–41.1) 34.4 (29.8–
38.6)

35.7 (30.1–
40.8)

35.3 (30.2–
40.1)

34.7 (29.5–
40.2)

SFA, E% (mean ± SD) median (25–75 percentile) 12.8 ± 3.2 13.9 ± 4.51 13.2 ± 3.4 13.3 ± 4.3 13.5 ± 3.5 12.9 ± 4.22

12.8 (10.4–
15.0)

13.5 (10.8–
16.7)

13.1 (10.8–
15.4)

13 (10.2–15.9) 13.0 (10.9–
15.9)

12.5 (9.9–
15.6)

MUFA, E% (mean ± SD) median (25–75 percentile) 11.2 ± 2.9 13.7 ± 4.21 11.6 ± 3.1 13.8 ± 4.21 12.1 ± 3.5 13.5 ± 4.21

11.0 (9.1–13.0) 13.5 (10.7–
16.4)

11.4 (9.4–13.5) 13.6 (10.9–
16.3)

11.6 (9.8–13.3) 13.2 (10.8–
16.1)

PUFA, E% (mean ± SD) median (25–75 percentile) 5.9 ± 2.4 5.4 ± 2.52 6.1 ± 2.2 5.9 ± 3.1 6.5 ± 2.4 5.9 ± 2.81

5.5 (4.2–6.9) 4.9 (3.7–6.5) 5.9 (4.5–7.5) 5.3 (3.9–7.2) 6.1 (4.7–7.9) 5.3 (3.9–7.3)

Carbohydratesc, E% (mean ± SD) median (25–75
percentile)

46.7 ± 7.4 47.1 ± 93 43.3 ± 8.0 47.3 ± 9.71 41.3 ± 8.0 47.3 ± 9.31

46.9 (42.1–
52.1)

47.5 (41.4–
53.2)

43.7 (38.2–
48.6)

49.4 (40.1–
53.1)

42.0 (36.8–
46.1)

49.7 (41.5–
53.5)

Free sugars, E%(mean ± SD) median (25–75
percentile)

9.3 ± 6.2 14.2 ± 13.41 7.0 ± 4.8 14.4 ± 13.71 6.3 ± 4.2 13.3 ± 13.31

7.9 (5.0–12.5) 11 (3.6–21.8) 6 (3.4–9.0) 11 (3–22.3) 5.7 (3.3–8.4) 9.9 (2.1–19.9)

SFA Saturated fatty acids, MUFA Monounsaturated fatty acids, PUFA Polyunsaturated fatty acids
Highlighted numbers shows statistical difference between countries within each age group:1 p ≤ 0.001; 2 p ≤ 0.05
aFrom NORKOST 3; bFrom WOBASZ II; cThe % E of carbohydrates was calculated without fiber and alcohol
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consumption and dietary intake by populations of
Norway and Poland, and their compliance with dietary
recommendations. Although both countries are a part of

the EEA Agreement, Norway does not participate in the
common agricultural policy or the common fisheries
policy and protects its domestic production from global

Table 7 Energy and nutrients intake (per person per day) among men in Norwaya (n = 849) and Polandb (n = 2267) by age groups

Energy/nutrients 18–35 36–55 56–69

Norway n = 212 Poland n = 633 Norway n =
364

Poland n = 945 Norway n =
273

Poland n =
689

Energy, MJ (mean ± SD) median (25–75
percentile)

12.24 ± 3.92 10.85 ± 4.481 10.80 ± 3.14 10.06 ± 3.801 9.89 ± 2.94 8.96 ± 3.511

11.75 (9.77–
14.51)

10.15 (7.72–
13.57)

10.52 (8.54–
12.83)

9.38 (7.41–
12.28)

9.55 (7.88–
11.68)

8.62 (6.53–
10.83)

Cholesterol, mg (mean ± SD) median (25–75
percentile)

420 ± 266 405 ± 275 392 ± 209 358 ± 2272 385 ± 206 317 ± 2121

363 (245–503) 326 (213–536) 348 (243–439) 303 (194–459) 351 (238–489) 267 (175–
399)

Dietary fibre, g (mean ± SD) median (25–75
percentile)

28 ± 11 21 ± 101 26 ± 11 21 ± 91 26.1 ± 10.3 21 ± 91

26 (20–34) 20 (14–27) 25 (19–31) 20 (15–27) 24.3 (18.8–
31.8)

20 (15–26)

Vitamin A, RAE (mean ± SD) median (25–75
percentile)

1030 ± 887 1255 ± 22062 948 ± 567 1209 ± 21861 1036 ± 1309 1119 ± 2178

811 (561–1227) 884 (539–1404) 871 (573–
1167)

864 (530–1307) 805 (572–
1189)

830 (525–
1220)

Vitamin D, μg (mean ± SD) median (25–75
percentile)

5.6 ± 5.2 4.1 ± 4.61 6.6 ± 5.2 4.2 ± 4.41 7.6 ± 6.6 4.2 ± 5.41

4.1 (2.6–7.9) 3.0 (1.7–4.9) 5.6 (3.4–8.2) 3.1 (1.9–4.9) 5.8 (3.4–9.9) 2.8 (1.6–4.7)

Vitamin E, mg (mean ± SD) median (25–75
percentile)

12.6 ± 5.7 13.3 ± 7.8 12.1 ± 4.8 12.6 ± 7.0 12.0 ± 5.8 11.8 ± 7.3

11.7 (8.4–15.8) 11.6 (7.7–16.8) 11.3 (8.5–14.4) 11.4 (7.6–15.9) 11.0 (8.1–14.7) 10.5 (7.3–
14.7)

Thiamine, mg (mean ± SD) median (25–75
percentile)

2.0 ± 0.8 1.6 ± 0.91 1.9 ± 0.7 1.5 ± 0.81 1.7 ± 0.6 1.4 ± 0.71

1.9 (1.5–2.4) 1.4 (1.0–2.0) 1.8 (1.4–2.3) 1.4 (1.0–1.9) 1.6 (1.3–2.1) 1.2 (0.9–1.8)

Riboflavin, mg (mean ± SD) median (25–75
percentile)

2.3 ± 0.9 1.8 ± 1.01 2.2 ± 0.8 1.7 ± 0.91 2.0 ± 0.7 1.6 ± 0.91

2.2 (1.7–2.8) 1.6 (1.2–2.2) 2.0 (1.6–2.6) 1.5 (1.1–2.0) 1.9 (1.4–2.3) 1.4 (1.0–1.9)

Vitamin B6, mg (mean ± SD) median (25–75
percentile)

2.1 ± 1.0 2.3 ± 1.02 1.9 ± 0.7 2.1 ± 0.91 1.8 ± 0.7 2.0 ± 0.81

2.0 (1.5–2.5) 2.2 (1.5–2.9) 1.8 (1.4–2.3) 2.1 (1.5–2.6) 1.7 (1.3–2.1) 1.9 (1.4–2.5)

Vitamin B12, μg (mean ± SD) median (25–75
percentile)

8.8 ± 6.0 4.4 ± 5.91 8.8 ± 6.1 4.4 ± 6.21 9.0 ± 11.2 4.2 ± 7.71

7.4 (4.9–11.0) 3.2 (2.1–4.7) 7.2 (5.3–10.7) 2.8 (1.9–4.5) 7.3 (4.9–10.5) 2.6 (1.6–4.1)

Folate, μg (mean ± SD) median (25–75
percentile)

307 ± 117 282 ± 1182 272 ± 93 266 ± 111 270 ± 102 254 ± 1342

289 (225–376) 268 (197–348) 263 (202–325) 253 (191–324) 256 (196329) 237 (183–
303)

Vitamin C, mg (mean ± SD) median (25–75
percentile)

103 ± 77 90 ± 802 99 ± 93 83 ± 771 114 ± 83 84 ± 691

82 (45–141) 68 (36–115) 81 (48–132) 64 (33–110) 96 (50–148) 68 (37–104)

Calcium, mg (mean ± SD) median (25–75
percentile)

1182 ± 587 720 ± 5461 1058 ± 526 576 ± 3951 899 ± 383- 515 ± 3421

1063 (780–1471) 544 (353–902) 945 (697–
1346)

478 (304–733) 862 (6061132) 432 (269–
649)

Iron, mg (mean ± SD) median (25–75
percentile)

13.7 ± 5.3 13.0 ± 6.2 12.4 ± 4.2 12.9 ± 6.1 11.9 ± 3.9 11.9 ± 5.5

13.2 (10.1–16.6) 11.9 (9.1–15.4) 11.9 (9.5–14.5) 11.9 (9.0–15.2) 11.8 (9.2–14.2) 11 (8.7–14.2)

Magnesium, mg (mean ± SD) median (25–75
percentile)

457 ± 158 320 ± 1311 446 ± 143 309 ± 1161 419 ± 129 284 ± 1101

439 (346–547) 302 (224–387) 426 (344–527) 294 (232–370) 399 (239–492) 272 (213–
338)

Potassium, g (mean ± SD) median (25–75
percentile)

4.24 ± 1.41 3.68 ± 1.571 4.25 ± 1.25 3.55 ± 1.361 4.26 ± 1.25 3.39 ± 1.271

4.16 (3.16–5.11) 3.62 (2.54–4.55) 4.11 (3.39–
4.97)

3.44 (2.57–4.36) 4.11 (3.41–
5.15)

3.29 (2.54–
4.14)

Highlighted numbers shows statistical difference between countries within each age group:1 p ≤ 0.001;2 p ≤ 0.05
aFrom NORKOST 3; bFrom WOBASZ II
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competition. Most of agricultural and fisheries goods
originating from Norway do not benefit from completely
free trade, and most agricultural and fisheries goods are

excluded from the single market [25]. Moreover, high
tariffs and quantitative restrictions limit entry of com-
peting products. In addition, in order to maintain

Table 8 Energy and nutrients intake (per person per day) among women in Norwaya (n = 911) and Polandb (n = 2712) by age
groups

Energy/nutrients 18–35 36–55 56–69

Norway n = 226 Poland n = 692 Norway n =
465

Poland n = 1168 Norway n =
220

Poland n =
852

Energy, MJ (mean ± SD) median (25–75
percentile)

8.37 ± 2.48 7.38 ± 2.881 8.04 ± 2.37 7.22 ± 2.791 7.49 ± 2.25 6.86 ± 2.461

8.37 (66.2–97.4) 7.10 (5.35–9.14) 8.02 (6.43–
9.47)

6.83 (5.35–8.59) 7.17 (8.89–
5.92)

6.65 (5.13–
8.22)

Cholesterol, mg (mean ± SD) median (25–75
percentile)

258 ± 169 242 ± 149 311 ± 172 242 ± 1631 317 ± 174 233 ± 1471

217 (158–316) 204 (133–317) 276 (183–403) 206 (131–300) 273 (181–422) 204 (133–
296)

Dietary fibre, g (mean ± SD) median (25–75
percentile)

21.9 ± 8.4 17 ± 71 22.4 ± 8.2 18 ± 81 22.3 ± 8.2 18 ± 81

21 (16–26) 16 (12–21) 21.2 (16.8–
26.7)

17 (13–22) 20.8 (17.1–
26.3)

17 (13–22)

Vitamin A, RAE (mean ± SD) median (25–75
percentile)

709 ± 441 956 ± 13811 794 ± 546 907 ± 11382 767 ± 446 1066 ± 19791

605 (444–904) 703 (428–1057) 677 (481–915) 689 (445–1035) 666 (513–907) 722 (438–
1056)

Vitamin D, μg (mean ± SD) median (25–75
percentile)

4.1 ± 3.4 2.4 ± 2.61 4.9 ± 4.5 2.7 ± 3.51 5.4 ± 4.6 2.6 ± 2.91

3.2 (1.8–5.5) 1.7 (1.0–2.8) 3.9 (2.1–6.1) 1.9 (1.1–3.1) 4.3 (2.4–7.1) 1.9 (1.2–3.0)

Vitamin E, mg (mean ± SD) median (25–75
percentile)

9.4 ± 4.3 9.3 ± 5.4 10.2 ± 4.3 10.0 ± 5.8 10.3 ± 4.3 9.7 ± 5.4

8.4 (6.3–11.6) 8.2 (5.6–11.8) 9.8 (7.4–12.3) 8.8 (6.1–12.3) 9.8 (7.4–12.2) 8.6 (5.8–12.2)

Thiamine, mg (mean ± SD) median (25–75
percentile)

1.4 ± 0.5 1.0 ± 0.51 1.4 ± 0.5 1.0 ± 0.51 1.3 ± 0.4 1.0 ± 0.51

1.3 (1.1–1.7) 0.9 (0.7–1.2) 1.3 (1.1–1.7) 0.9 (0.7–1.3) 1.3 (1.0–1.6) 0.9 (0.7–1.2)

Riboflavin, mg (mean ± SD) median (25–75
percentile)

1.6 ± 0.6 1.3 ± 0.61 1.6 ± 0.6 1.3 ± 0.61 1.5 ± 0.6 1.3 ± 0.71

1.6 (1.2–2.1) 1.2 (0.9–1.6) 1.6 (1.2–1.9) 1.2 (0.9–1.6) 1.4 (1.1–1.7) 1.2 (0.9–1.6)

Vitamin B6, mg (mean ± SD) median (25–75
percentile)

1.5 ± 0.5 1.6 ± 0.7 1.5 ± 0.5 1.6 ± 0.72 1.4 ± 0.5 1.6 ± 0.71

1.4 (1.1–1.8) 1.5 (1.1–2.0) 1.5 (1.2–1.8) 1.5 (1.1–2,0) 1.4 (1.1–1.7) 1.5 (1.1–1.9)

Vitamin B12, μg (mean ± SD) median (25–75
percentile)

5.6 ± 3.2 2.8 ± 3.21 6.1 ± 3.8 2.8 ± 3.31 6.2 ± 4.0 3.1 ± 5.01

4.9 (3.4–7.3) 2.2 (1.4–3.2) 5.1 (3.5–8.0) 2 (1.4–3.1) 5.9 (3.4–8.1) 2.1 (1.3–3.2)

Folate, μg (mean ± SD) median (25–75
percentile)

230 ± 85 216 ± 892 234 ± 83 221 ± 911 227 ± 94 219 ± 91

220 (171–289) 205 (156–264) 220 (178–276) 207 (160–274) 211 (167–270) 207 (158–
263)

Vitamin C, mg (mean ± SD) median (25–75
percentile)

102 ± 72 85 ± 7422 113 ± 71 88 ± 791 113 ± 70 85 ± 67

87 (45–139) 64 (36–111) 99 (58–147) 67 (39–112) 100 (65–153) 66 (42–110)

Calcium, mg (mean ± SD) median (25–75
percentile)

855 ± 379 573 ± 3731 806 ± 355 520 ± 3181 771 ± 356 478 ± 2941

822 (565–1095) 480 (302–744) 762 (548–
1009)

466 (302–654) 715 (506–994) 410 (258–
615)

Iron, mg (mean ± SD) median (25–75
percentile)

9.9 ± 3.4 9.4 ± 4.1 10.1 ± 3.6 9.5 ± 3.92 9.5 ± 3.3 9.6 ± 4.6

9.5 (7.2–11.9) 8.7 (6.7–11.1) 9.6 (7.7–12.1) 8.9 (7.0–11.2) 9.2 (7.3–11.3) 8.8 (7.0–11.1)

Magnesium, mg (mean ± SD) median (25–75
percentile)

337 ± 116 246 ± 941 356 ± 109 249 ± 911 333 ± 105 237 ± 941

323 (256–397) 234 (182–294) 345 (278–424) 237 (186–300) 315 (261–389) 225 (178–
282)

Potassium, g (mean ± SD) median (25–75
percentile)

3.32 ± 0.95 2.87 ± 1.131 3.45 ± 1.00 2.95 ± 1.091 3.38 ± 0.98 2.90 ± 1.101

3.23 (2.49–3.84) 2.71 (2.09–3.56) 3.37 (2.76–
4.06)

2.88 (2.22–3.59) 3.18 (2.72–
3.94)

2.84 (2.15–
3.49)

Highlighted numbers shows statistical difference between countries within each age group:1 p ≤ 0.001;2 p ≤ 0.05
aFrom NORKOST 3; bFrom WOBASZ II

Janowska-Miasik et al. BMC Public Health          (2021) 21:319 Page 9 of 13



agricultural production, the Norwegian government sub-
sidizes 60% of farmer’s income, while a farmer in Poland
can expect state subsidies amounting to 20% of their an-
nual income [26, 27]. High agricultural subsidies are jus-
tified in protected markets, but lead to less variety of
available products, because the country is not able to
produce more from the point of diversity [28]. The Nor-
wegian food market is therefore characterized by a very
narrow choice of food products available for consumers
[29]. On the contrary, the Polish food market, which in a
short period of time underwent major transformations
(from a centrally controlled economy with food short-
ages on the market including food rationing to an open
economy) is characterized by a large variety of available
products. Additionally, in Poland, since the implementa-
tion of the program of radical economic transformation
in 1989, state control over the food market has been
minimized [30].
Our analysis shows significant differences between the

national supplies for most food products. Moreover, dif-
ferences in supply trends were also observed within the
countries. Our findings are consistent with many others
[31–33] and confirm that governments have a substan-
tial impact on the food available for human consump-
tion and are responsible for ensuring a nutritionally
adequate diet. In addition, each country should provide
advice on healthy diets in the form of dietary guidelines
based on food production, consumption patterns, na-
tional public health, nutritional priorities and other fac-
tors [5]. Despite the differences between the elements
that are taken into account when developing dietary
guidelines, both countries recommend differentiated di-
ets and a balance between food intake and physical ac-
tivity. They are also in line with the World Health
Organization’s (WHO’s) three core targets for global re-
duction: trans- and saturated fats, sodium and sugar
[34]. In the Norwegian guidelines the recommended
range for total energy from fat is slightly higher than in
the Polish recommendations, while total energy recom-
mendations from carbohydrates can be higher for the
Polish population. In addition, Polish nutrition recom-
mendations are more precise for saturated fatty acids
(SFA), linoleic acid (LA) and alpha-linolenic acid (ALA),
but this is consistent also with The Nordic Nutrition
Recommendations [6]. Slight differences are also visible
in the case of micronutrients and they concern higher
recommendation for the intake of vitamin D, B12, folate,
calcium, magnesium and zinc for the Polish population,
with lower intakes of riboflavin, iron, sodium and salt.
Greater differences were found when comparing FBDGs.
A key message in both countries is to diversify the diet
and maintain a balance between food consumption and
physical activity, increase the intake of vegetables, fruits,
berries, wholegrains and fish, and reduce the intake of

fats and processed food. However, they differ when it
comes to milk consumption. Poles are recommended to
drink two glasses of milk a day, while Norwegians are
only recommended to include low-fat milk products in
their daily diet. Furthermore, the proportions between
the recommended consumption of vegetables and fruit
vary. In Poland, it is recommended to eat more vegeta-
bles than fruit, while in Norway they should be con-
sumed in comparable amounts. In addition, Norwegian
dietary recommendations place emphasis on food label-
ling – the Keyhole labelling system, which is voluntary
for Nordic countries [6]. This helps consumers to
choose products that are lower in sugar, fats and salt,
and higher in whole grains. There is no such informa-
tion for consumers in Poland. The Polish recommenda-
tions, on the other hand, draw attention to the number
of meals and suggest 4–5 meals a day, whereas the Nor-
wegian guidelines do not mention this. Both systems of
dietary recommendations have three primary targets: re-
duction of trans- and saturated fats, sodium and sugar.
Our findings show that the adult diet in both countries

matches most of the food products available on the mar-
ket but does not comply with the FDGs for many of
them. Fruit consumption was in line with the recom-
mendation among adult Poles, as the supply of fruit in
Poland met the needs of the population in terms of
implementing dietary guidelines. However, it should be
borne in mind that the link between food availability
and food consumption is bi-directional [35]. What is
more, the type of food that goes on people’s plate is
based on complex preferences and depends on learning
experience with food [36]. This is also reflected in our
findings. The availability of fish on the Norwegian food
market is higher than the country’s recommendations,
and only women aged 18–35 were characterized by
under-target fish intake. This example indicates that the
average availability of food per person does not reflect
the actual food intake of different age groups as it does
not reflect what people in the country have reported
consuming [37]. On the other hand it should be remem-
bered that the balance sheet method serve to assess
changes in food availability in a given country, but can-
not be directly compared with data obtained from indi-
vidual consumption surveys, and only allow rough
comparisons [38]. Comparisons between the balance
sheet method and the consumption surveys should also
be treated with caution, as in balance sheet surveys the
food availability is calculated per capita of the entire
population, while NORKOST 3 and WOBASZ II surveys
deal with adult participants. In addition, national food
balance does not include food losses due to the wastage
at specific points from production to plate [38]. There is
therefore a discrepancy between food balance data and
individual consumption, which can also be explained by
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overproduction of certain types of food in relation to de-
mand. This is clearly visible in the case of milk and its
products in Poland, where milk production exceeds de-
mand [39, 40]. It is worth mentioning that on the basis
of balance sheet research conducted according to Food
and Agriculture Organization (FAO) methodology, milk
availability in Poland per capita does not differ from the
European average [40] and is similar to the data given by
the statistical yearbook [15]. For comparison, in
Denmark, Ireland and the Netherlands, milk availability
is twice as high as in Poland [40]. Therefore, although
the supply of milk in Poland is large, this does not trans-
late into a significant increase in consumption, despite
the upward trend observed in this study. A different
situation with regard to the production and consump-
tion of milk and milk products concerns Norway, where
consumption is roughly in line with production. Dairy
products are a good source of many macro- and micro-
nutrients, in particular calcium and iodine [41]. As far as
this study is concerned, a deficiency of calcium was
found in the diet of Poles, which corresponds to lower
milk consumption in this country. Thus, despite the
availability of dairy products on the food markets of both
countries, only in Norway was their consumption satis-
factory, which translated into an adequate supply of
calcium.
Dietary patterns of both nations differed depending on

the consumption of milk and its products, fish and shell-
fish, which was higher for Norway, and also on the con-
sumption of meat and poultry, vegetables, potatoes,
sugar and sweets, and fats, which was higher for Poland.
In general, dietary patterns of the Norwegian population
tend to be compatible with the Nordic diet recommen-
dations, which emphasize consumption fish and whole
grains [42].
According to national statistics and national surveys,

the availability and consumption of fish and shellfish in
this study is several times lower in Poland, what may de-
pend not only on Poles’ eating habits, but also may be
associated with relatively high fish prices on the market
as compared to pork and poultry meat [43]. As the stat-
istical trend shows, national supply of these products has
been stable for years. Fish and fish liver are an important
source of vitamin D. Increasing their consumption in
the Polish population may reduce to some extent the
deficit of this vitamin [44]. However, as the example of
Norway in our study shows, despite significantly higher
fish consumption and higher levels of vitamin D in the
diet compared to Poland, the deficiency problem still ex-
ists. In Norway, the health authorities recommend a
daily vitamin D supplement from the age of 4 weeks
[45]. In Poland, supplementation of vitamin D is recom-
mended from the first days of life. Polish recommenda-
tions also point to diet as a source of vitamin D, and in

particular to fish such as eel, wild salmon and herring
[46].
Both national statistics and surveys showed that sugar

and sweet product availability and consumption was
higher in Poland compared to Norway. In addition, an
unfavorable tendency to increase consumption of these
products has been noted in Poland, and in Norway this
trend has decreased. The situation is critical, because
three out of five adult Poles are overweight and one in
four is obese [47]. In Poland the tendency to sweeten
drinks and dishes is decreasing, but at the same time
there is more sugar added to processed food [48]. There-
fore, its total consumption is increasing. The intake of
free sugars, which in the case of Norway did not exceed
10% of energy, is in line with WHO recommendations
[49]. In contrast, in the Polish population, sugar con-
sumption was significantly higher than in Norway and
exceeded 10%. Currently, the Polish authorities are in-
creasing the tax on sugar, as previously done in Norway.
This study has some strengths and limitations. The

strong point of this study is its representativeness for the
Norwegian and Polish populations, a similar method-
ology for evaluating nutrition and a large coverage of
food products taken into account. As regards limitations,
firstly, food consumption depends not only on the
amount of food on the market, whether the quantity and
variety of food is regulated by individual countries, but
also on the eating habits of citizens, which may influence
the study outcomes. In addition, the weights of individ-
ual products were taken into account for the calculation
of milk and milk products intake without conversion
into the quantity of milk intended for the production of
these products, which could have affected the final data.
Mild to moderate iodine deficiency has re-emerged as a
public health concern in Norway [50]. However, NOR-
KOST3 has no data on iodine, thus iodine intake has
not been addressed.

Conclusions
This study concluded that state intervention in the food
market does not restrict its access for citizens. Despite
some diversity restrictions, the diet of Norwegian citi-
zens was better balanced in terms of food and micronu-
trient content. The authorities of both countries should
draw attention to the fact that a good availability of vari-
ous groups of food does not reduce the problem of
widespread dietary deficiency in vitamin D and folic
acid, and action should be taken at national level to
eliminate their inadequacy. In the light of increasing risk
of non-communicable diseases, low compliance with the
dietary guidelines for milk, fish and sugar consumption
in Poland requires specific educational campaigns aimed
at increasing dietary literacy in vulnerable groups.
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