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Introduction. Inflammation is an important contributor to the
development of chronic diseases. We examined whether a healthy
Nordic diet, also called the Baltic Sea diet, associates with lower
concentrations of inflammatory markers.

Methods. We used two independent cross-sectional studies:
the DILGOM study including Finnish participants aged 25-74
years (n =4579), and the Helsinki Birth Cohort Study including
individuals born at Helsinki University Central Hospital between
1934 and 1944 and who participated in a clinical examination in
2001-2004 (n = 1911). Both studies measured anthropometrics,
drew blood, and assessed concentrations of leptin, high-molecular-
weight adiponectin, tumor necrosis factor a, interleukin 6, and
high-sensitivity C-reactive protein (hs-CRP). A food frequency
questionnaire was used to measure dietary intake over the past
year and calculate the Baltic Sea Diet Score (BSDS).

Results. In both studies, linear regression adjusting for age, sex,
energy intake, lifestyle factors, obesity, statin medication, and
upstream inflammatory markers revealed an inverse association
between the BSDS and hs-CRP concentrations (P<<0.01).
Especially, high intake of Nordic fruits and cereals, low intake
of red and processed meat, and moderate intake of alcohol
contributed to the emerged association (P < 0.05). The BSDS did
not associate with other inflammatory markers.

Conclusion. The Baltic Sea diet is associated with lower hs-CRP
concentrations.

Key words: Baltic Sea Diet Score, cross-sectional, Finland, inflammation,
Nordic diet, obesity

Introduction

Adipose tissue is not merely storage for extra fat, but is an active
organ that is involved in many metabolic processes. In obese
individuals, the expanded adipose tissue disturbs the metabolism
of anti- and pro-inflammatory cytokines, potentially causing

o The Baltic Sea diet is associated with lower concentrations
of high-sensitivity C-reactive protein independently
of obesity, statin medication, and upstream markers of
inflammation in two independent study populations.

o Chronic low-grade inflammation is an important risk
factor for type 2 diabetes and cardiovascular disease;
adopting the Baltic Sea diet may be beneficial in Nordic
countries, where these diseases are the leading causes of
premature death.

insulin resistance and atherosclerosis (1,2). Consequently chronic
low-grade inflammation is an important risk factor for type 2
diabetes and cardiovascular diseases (CVD). Even though inflam-
mation plays an important role in disease progression, inter-
actions between inflammatory markers are poorly understood.
Some evidence suggests that the inflammatory markers are
strongly connected; regulation of cytokine production in
adipose tissue depends on changes in the excretion of anti-
inflammatory adiponectin and pro-inflammatory leptin. These
adipokines induce macrophage production in adipose tissue
and stimulate the production of tumor necrosis factor alpha
(TNF-ar) and interleukin 6 (IL-6). These two along with adipok-
ines are the main moderators of acute-phase, inflammatory
C-reactive protein (CRP) production (3-6). CRP activates path-
ways culminating mainly in nuclear transcription factor kappa B,
by which CRP amplifies events related to lipid deposition and
oxidation (4). Elevated CRP concentration is, thus, considered
an independent atherosclerosis progression risk factor (1,2).

The role of diet in regulating inflammatory responses remains
little studied (7). The traditional diet of the Mediterranean area is
related to various health benefits, for example, lower inflammation
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grade (8). The health effects related to the Mediterranean diet
have, however, been inconsistent in different non-Mediterranean
countries, probably due to differences in food culture and in
resources (9,10). When the Mediterranean diet has been cultur-
ally modified it is associated with lower CRP and higher adi-
ponectin concentrations in Western populations (11,12).

Nordic nutritionists have proposed a diet comprising healthy
Nordic foods, the Baltic Sea diet, as an alternative to the Mediter-
ranean diet (13). Nordic trials that included hypercholesterolemic
subjects (14) and individuals with the metabolic syndrome (15)
have reported better lipid profiles and fewer signs of inflamma-
tion in their healthy Nordic diet groups compared to their control
groups. Thus far, the association between inflammatory markers
and the Baltic Sea diet has not yet been assessed in large epide-
miological studies.

We hypothesized that high adherence to the Baltic Sea diet, as
assessed by the Baltic Sea Diet Score (BSDS) (16), associates with
inflammatory markers of lower concentrations. We tested our
hypothesis in two Finnish cross-sectional study populations. The
Dletary, Lifestyle, and Genetic determinants of Obesity and Meta-
bolic syndrome (DILGOM) study is a population-based study
encompassing a wide range of measurements which allow us to
assess variation in inflammation versus variation in the BSDS.
The Helsinki Birth Cohort Study (HBCS) is a birth cohort study
of individuals examined at age 60 to 70. The HBCS lets us explore
whether the association between inflammatory responses and the
Baltic Sea Diet exists in an elderly Finnish population and allows
replication of the findings from the DILGOM study.

Materials and methods

The DILGOM study was implemented in the framework of the
National FINRISK 2007 Study (17). The National FINRISK 2007
Study conducted between January and March 2007 included men
and women aged 25 to 74 years (18). A random sample of 10,000
subjects from the Finnish population register was drawn and
stratified by sex, 10-year age groups, and by five geographical
areas. The participants received an invitation to a health exami-
nation and a self-administered health questionnaire via mail. In
total 6258 individuals participated in the health examination
(participation rate: 63%). To gather more precise information on
obesity all participants of the National FINRISK 2007 Study were
invited to the DILGOM study between April and June 2007. This
phase included a more detailed health examination and question-
naires on dietary habits, physical activity, and other health-related
behavior (17). Of the invited, 5024 individuals participated
(participation rate: 80%). After exclusions of participants with
missing background information, a total or partly empty food
frequency questionnaire (FFQ), extreme high or low energy intake
(19), or with incomplete measurement of inflammatory markers,
and women who were pregnant, the sample size for the present
study was 4579 participants (2165 men and 2414 women).

The participants of HBCS were born at Helsinki University
Central Hospital as singletons between 1934 and 1944 (20). Using
random number tables, a sample of 2902 participants from this
cohort was derived and invited to a clinical examination con-
ducted in the years 2001-2004. Eventually, 2003 individuals par-
ticipated. The clinical study has been described in detail elsewhere
(20). After exclusions of participants with a total or partly empty
FFQ, extreme high or low energy intake (19), or incomplete mea-
surement of inflammatory markers, the sample size for the pres-
ent study was 1911 participants (887 men and 1024 women).

The studies were conducted according to the guidelines laid
down in the Declaration of Helsinki, and the Ethics Committee of
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the Hospital District of Helsinki and Uusimaa approved all proce-
dures involving human subjects. Written informed consent was
obtained from all participants.

In both studies, participants filled in a standardized and vali-
dated FFQ designed to measure the habitual diet over the previ-
ous 12 months (21-23). Participants reported the consumption of
each 130 FFQ-item using nine frequency categories ranging from
‘never or seldom’ to ‘six or more times a day. The predefined por-
tion sizes for the food items appeared as household and natural
units (e.g. ‘glass, ‘slice’). After the participant had filled in the FFQ,
a trained study nurse reviewed the questionnaire. A nutritionist
entered the data into the study database. The average daily food,
nutrient, and energy intakes were calculated, using the Finnish
National Food Composition Database (Fineli®) and in-house
software (24).

We have described the development of BSDS in detail else-
where (16). In brief, the BSDS includes nine dietary features: high
intake of Nordic fruits (apples, pears, and berries); Nordic vegeta-
bles (tomatoes, cucumber, leafy vegetables, roots, cabbages,
peas); Nordic cereals (rye, oat, and barley); low-fat and fat-free
milk; Nordic fish (salmon and freshwater fishes); ratio of PUFA to
SFA and trans-fatty acids; low intake of red and processed meat;
total fat (E%); and moderate or low intake of alcohol (ethanol).
Study- and sex-specific quartiles of average daily intakes served as
cut-offs when each component, except alcohol, was scored from
0 to 3 according to the predictable impact of the component
for health. Participants received 1 point if alcohol intake was
moderate (<20 g/d ethanol for men and <10 g/d ethanol for
women) and 0 if above. The final BSDS ranged from 0 to 25.
Higher score values indicate higher adherence to the Baltic Sea
diet and vice versa.

In both studies, trained study nurses measured height, weight,
and waist circumference according to international guidelines
(25). They also drew blood for serum and plasma samples which
were stored at —70°C prior to analysis. Research laboratories ana-
lyzed high-sensitivity CRP (hs-CRP) with immunoturbidimetric
methods, using Abbot Architect ci8200 analyzer (Abbott Labora-
tories, Abbott Park, IL, USA) in the DILGOM study, and Konelab
T-serie High Sensitivity CRP analyzer (Thermo Fisher Scientific
Oy, Vantaa, Finland) in the HBCS. High-molecular-weight adipo-
nectin (HMW-adiponectin) was analyzed with an enzyme-linked
immunosorbent assay (HMW adiponectin ELISA kit, Millipore,
St Charles, MO, USA) in both studies. IL-6, TNF-q, and leptin
were analyzed with multiplex sandwich immunoassays (HBCS:
IL-6, TNFa, leptin, and DILGOM: leptin, with Milliplex Human
Metabolic Hormone Panel, Millipore; and DILGOM: IL-6
and TNFo, with Milliplex High Sensitivity Human Cytokine
kit, Millipore). In the DILGOM study, the highest between-run
variations (CV%) were 20.1% for IL-6 and 21.9% for HMW-
adiponectin. In the HBCS, the highest between-run variation
was 13% for IL-6 and TNF-o. For all the other inflammatory
markers, the between-run variations were under 10% in both
studies. In the DILGOM study, the amount of samples with con-
centrations below or above the measurement range of the analysis
method were <1% for HMW-adiponectin, leptin, TNF-o,
and hs-CRP, and 18% for IL-6. The corresponding figures in the
HBCS were 3% for HMW-adiponectin, 59% for leptin, 4% for
TNF-0,, 5% for hs-CRP, and 50% for IL-6.

Participants filled in self-administered questionnaires inquir-
ing about socio-economic characteristics and lifestyle factors.
Educational attainment was assessed in years. Smoking status was
assessed using three categories: never smokers, former smokers,
and current smokers. Leisure time physical activity (PA) assessed
activities outside of work using three categories: inactive (mainly
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light activities, e.g. reading, watching television), moderately
active (e.g. walking, cycling, or gardening at least 4 h per week),
active (physically demanding activities, e.g. running, cross-
country skiing, or swimming at least 3 h per week). Medication
use was derived from The Social Insurance Institute’s register of
reimbursements of pharmaceutical expenses, linking the data
with personal social security code, a unique feature of the social
security systems in Nordic countries.

Because the distributions of inflammatory markers were
skewed, we logarithmically transformed them closer to approxi-
mate normal distribution. Inflammation marker concentrations
below or above the measurement range of the analysis method
were included to the analyses. In the DILGOM study, all the
values below measurement range had been assigned the value of
the lower limit of the measuring range, and vice versa. In the
HBCS, the original concentrations had been reported even if they
were below or above the measurement range. When we analyzed
association between BSDS and hs-CRP we excluded participants
with hs-CRP > 10 mg/L (the DILGOM study: 121 values, HBCS:
138 values) since these concentrations are likely to indicate acute
inflammation. All the analyses were also run without any exclu-
sion, and the results did not change remarkably from those
obtained after exclusions. In the Results section, we present the
results that were run with the exclusions.

We used R statistical software version 2.15.1 (26) to analyze
the data. We analyzed men and women together since strong
evidence of interaction between the BSDS and sex did not emerge
in either study (P> 0.05). We calculated the descriptive data by
the BSDS quintiles as means = standard errors (SE) or percent-
ages (%). After that we calculated these estimates for inflamma-
tory markers, and then assessed the trends across BSDS fifths
with linear regression using the median values of BSDS fifths in
continuous form. Confounding variables used in the models
were determined with linear regression analysis (27). We adjust-
ed Model 1 for age (years; continuous), sex (dichotomic), and
energy intake (kJ; continuous); Model 2 we additionally adjusted

for educational attainment (years; continuous), smoking (former
smoker, ex-smoker, current smoker; categorical), leisure time
physical and activity (low, moderate, high; categorical); and
Model 3 we further adjusted for waist circumference (cm; con-
tinuous). HMW-adiponectin was adjusted also for anti-diabetic
medication (oral drugs and insulin injections) and hs-CRP for
statin medication (Model 4). Finally, if relevant, Model 5 was
adjusted for other inflammatory markers. To explore whether
specific score components drove the associations that emerged in
the main analyses, we ran Model 3 for each BSDS component
separately.

To take into account possible misreporting of energy
intake, we calculated the ratio of reported energy intake (EI) to
predicted basal metabolic rate (BMR) (28), and classified partici-
pants as either under-reporters (ELBMR=1.14) or plausible
reporters (E:BMR>1.14) (29,30). Finally, we confirmed our
results re-running analyses without under-reporters.

Results

DILGOM study

Participants with higher adherence to the Baltic Sea diet
were older, more educated, less often smokers, and physically
more active (Table I). Use of statins and anti-diabetic medications
were similar between the BSDS quintiles.

In the regression analysis, HMW-adiponectin concentrations
associated inversely with the BSDS (Model 1; P=0.044)
(Table II). Adjustments for length of education, leisure time PA,
smoking, and waist circumference strengthened this association
(Model 3; P=0.003), which did not change after further adjust-
ments for the use of anti-diabetic medication and other inflam-
matory markers (Models 4 and 5; P=0.005-0.006). The result
attenuated, but remained statistically significant after excluding
under-reporters (Model 3; P=0.038) (data not shown). Further-
more, hs-CRP concentrations associated inversely with the BSDS

Table I. Age- and sex-adjusted means (and SE) or percentages for participants’ characteristics by the BSDS quintiles in the DILGOM study and the HBCS.

DILGOM (n = 4579)
BSDS quintiles

HBCS (n=1911)
BSDS quintiles

Characteristics 1 SE 3 SE 5 SE P 1 SE 3 SE 5 SE P
BSDSP< 74 004 135 0.04 19.0 0.04 <0.001 7 0.1 13 0.1 19 0.1 <0.001
Age, v¢ 469 04 531 0.4 584 0.5 <0.001 61.2 0.1 61.5 0.1 61.8 0.2 <0.01
‘Women participants, % 51.6 52.1 48.7 0.49 49.6 42.5 54.4 0.47
Study years 124 0.1 126 0.1 13.0 0.1 <0.001 11.6 0.2 12.3 0.2 129 02 <0.001
Current smokers, % 25.8 14.5 8.8 <0.001 39.9 21.8 11.1 <0.001
Physically inactive participants, %  30.1 15.8 10.0 <0.001 18.1 10.2 5.3 <0.001
BMI, kg/m? 27.1 0.2 268 0.2 267 0.2 0.19 27.7 0.2 27.3 0.2 274 03 0.71
Waist circumference, cm 926 04 91.2 0.4 90.1 0.5 0.10 96.5 0.6 94.9 0.6 94.0 0.7 <0.05
Beta-blockers, % 19.7 20.6 19.0 0.66 16.5 17.6 19.8 0.19
Calcium channel-blockers, % 8.7 8.5 8.0 0.79 8.7 114 8.0 0.92
ACE channel-blockers, % 9.0 9.7 8.1 0.27 10.7 10.1 10.5 0.98
Oral diabetes medication, % 5.0 4.0 6.0 0.32 5.0 3.9 9.0 <0.05
Insulin users, % 1.0 1.0 1.0 0.12 2.0 1.1 3.3 0.15

BSDS = Baltic Sea Diet Score; DILGOM = Dietary, Lifestyle, and Genetic Determinants of Obesity and Metabolic Syndrome; HBCS = Helsinki Birth Cohort
Study; SE = standard error.

aP-value for trend was derived from linear regression (continuous variables) or logistic regression (categorical variables) using median values of BSDS quintiles
in continuous form.

bBaltic Sea Diet Score components: fruits and berries (berries, apples, and pears), vegetables (tomatoes, cucumbers, cabbages, roots, legumes, and lettuce),
cereals (rye, oats, and barley), low-fat milk (fat-free and <2% fat), meat products (beef, pork, processed meat, and sausage), fish, ratio of polyunsaturated
fatty acids to saturated and trans-fatty acids, total fat content of the diet (as percentages of total energy intake), alcohol (as ethanol). Scoring by quartiles
0-3 points: positive scoring (the more consumed, the higher points) was used for other score components except meat products, which were scored negatively
(the more consumed the lower points). Men consuming 20 g or less of alcohol and women consuming 10 g or less of alcohol were given 1 point; otherwise a
score of 0 was given.

“Values are additionally adjusted for daily intake of energy.

4Values are adjusted only for sex.

Values are only adjusted for age.
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Table II. Participants’ mean (SE) concentrations of markers of inflammation by the BSDS quintiles in the DILGOM

study (n=4579).

BSDS quintiles

Markers of inflammation 1 SE 2 SE 3 SE 4 SE 5 SE P»
Leptin, pg/mL

Model 1° 9490 1.03 9600 1.03 8890 1.03 8740 1.03 8600 1.03 0.002

Model 2¢ 8930 1.03 9460 1.02 9040 1.03 8970 1.03 9076 1.03 0.82

Model 34 8880 1.02 9240 1.02 8960 1.02 9210 1.02 9260 1.02 0.23
HMW-adiponectin, ng/mL

Model 1 3710 1.02 3640 1.02 3630 1.02 3580 1.02 3460 1.03 0.044

Model 2 3750 1.02 3650 1.02 3630 1.02 3560 1.02 3420 1.03 0.011

Model 3 3760 1.02 3680 1.02 3630 1.02 3530 1.02 3400 1.03 0.003

Model 4¢ 3750 1.02 3680 1.02 3620 1.02 3530 1.02 3420 1.03 0.005

Model 5 3740 1.02 3680 1.02 3620 1.02 3530 1.02 3420 1.03 0.006
TNF-o, pg/mL

Model 1 587 1.02 559 1.02 571 1.02 5.58 1.02 5.56 1.02 0.08

Model 2 581 1.02 558 1.02 573 1.02 5.61 1.02 5.61 1.02 0.30

Model 3 581 1.02 557 1.02 572 102 5.62 1.02 5.62 1.02 0.37
IL-6, pg/mL

Model 1 3.19 1.04 252 1.04 284 105 272 1.05 268 1.05 0.055

Model 2 3.07 1.04 25 1.04 287 1.05 277 1.05 2.77 1.05 0.44

Model 3 3.07 1.04 249 1.04 286 1.05 279 1.05 279 1.05 0.56
hs-CRP, mg/L

Model 1 1.21 1.03 1.14 1.03 1.12 1.03 1.06 1.03 093 1.04 <0.001

Model 2 1.14 103 1.12 1.03 1.14 1.03 1.09 1.03 0.98 1.04 0.003

Model 3 1.14 1.03 1.11 1.03 1.13 1.03 1.11 1.03 1.00 1.03 0.010

Model 4 1.14 103 1.11 1.03 1.13 1.03 1.11 1.03 1.00 1.03 0.009

Model 5 1.13 1.03 1.12 1.03 1.12 1.03 1.11 1.03 099 1.03 0.006

BSDS = Baltic Sea Diet Score; DILGOM = Dietary, Lifestyle, and Genetic Determinants of Obesity and Metabolic
Syndrome; HMW-adiponectin = high-molecular-weight adiponectin; hs-CRP = high-sensitivity C-reactive
protein; IL-6 = interleukin 6; TNF-ot = tumor necrosis factor-alpha.

3P for trend across quintile groups was assessed with linear regression using quintiles’ median values as continuous

form.
"Model 1 is adjusted for age, sex, and intake of energy.

‘Model 2 is Model 1 adjusted for educational attainment, smoking status, and leisure time physical activity.

4Model 3 is Model 2 adjusted for waist circumference.

¢Model 4 is Model 3 adjusted for oral diabetes medication and insulin injections (HMW-adiponectin) or for statin

medication (hs-CRP).

‘Model 5 is Model 4 adjusted with other markers of inflammation which were significantly associated with the

BSDS in Model 1.

(P<<0.001) in Model 1 and remained unchanged after adjust-
ments for length of education, lifestyle factors, waist circumfer-
ence, statin medication, and other inflammatory markers (Models
2-5). It remained significant also after excluding under-reporters
(Model 3; P=0.023) (data not shown). The BSDS did not associ-
ate with other inflammatory markers in Model 3.

We examined the individual associations of the single BSDS
components with HMW-adiponectin and hs-CRP concentrations.
In Model 3, participants with high intake of alcohol had higher
HMW-adiponectin concentration than others (P<<0.001) (data not
shown). Lower intake of fat (E%) tended to associate with higher
adiponectin concentration (P = 0.096), but, on the contrary, par-
ticipants with a high fat ratio tended to have lower adiponectin
concentration (P=0.059) (data not shown). Furthermore, we
found that participants with high intake of fruits and berries
(P=0.003) and cereals (P=0.046), low intake of red and pro-
cessed meat (P = 0.001),and moderate intake of alcohol (P = 0.019)
had lower hs-CRP concentration than the others (Table III).
Other BSDS components did not show any statistically significant
association with the inflammatory markers studied.

HBCS

Participants with higher adherence to the Baltic Sea diet were
slightly older, more educated, less often smokers, physically
more active, had smaller waist circumference, and were more
likely to use oral diabetes medication (Table I). These results
were univocal with the ones observed in the DILGOM study.
Use of other medication was similar between the BSDS quintiles.

In the regression analysis, hs-CRP concentrations associated
inversely with the BSDS (P<0.01) in all three basic models
(Table IV). Neither adjustment for statin medication (P = 0.006)
nor the adjustment of upstream inflammatory markers removed
the statistically significant association (P =0.004). The result
remained significant also after excluding under-reporters
(P=0.011) (data not shown). Other inflammatory markers did
not associate with the BSDS in the HBCS.

We examined the individual associations of the single BSDS
components with hs-CRP concentrations (Table III). In Model 3,
participants with high intake of fruits and berries (P=0.023)
and cereals (P=0.021), and low intake of red and processed
meat (P = 0.003), and moderate intake of alcohol (P = 0.045) had
lower hs-CRP concentration than others.

Discussion

Results from two independent studies showed that individuals
adhering to the Baltic Sea diet had lower hs-CRP concentrations
than the others. This association is independent of lifestyle factors,
abdominal obesity, statin medication, and other markers of
inflammation. In the DILGOM study, HMW-adiponectin concen-
trations were lower among participants adhering to the diet com-
pared to the others. However, this finding was not replicated in the
HBCS study. The Baltic Sea diet did not associate with any of
the other inflammatory markers studied in neither of the studies.
We expected that the Baltic Sea diet would associate positively
with adiponectin and inversely with other inflammatory markers.
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Table III. Participants’ mean (SE) hs-CRP concentrations (mg/L) by the BSDS component quartiles in the
DILGOM study and HBCS.

BSDS component quartiles®”

BSDS components 1 SE 2 SE 3 SE 4 SE P

DILGOM (n = 4458)
Fruits and berries 1.18°¢ 1.03¢ 1.09 1.03 1.10 1.03 1.03 1.03 0.003
Vegetables 1.11 1.03 1.11 1.03 1.06 1.03 1.12 1.03 0.89
Cereals 1.14 1.03 1.12 1.03 1.08 1.03 1.05 1.03 0.046
Low-fat milkd 1.10 1.03 1.10 1.03 1.09 1.02 1.09 1.03 0.84
Fish 1.16 1.03 1.11 1.03 1.05 1.03 1.08 1.03 0.12
Meat products 1.19 1.03 1.10 1.03 1.07 1.03 1.03 1.03 0.001
Fat ratio® 1.11 1.03 1.09 1.03 1.12 1.03 1.07 1.03 0.45
Total fat, E% 1.11 1.03 1.09 1.03 1.15 1.03 1.04 1.03 0.19
Alcoholf 1.05 1.03 1.09 1.03 1.12 1.03 1.15 1.03 0.019

HBCS (n=1773)
Fruits and berries 1.50 1.05 1.52 1.04 143 1.04 1.32 1.05  0.023
Vegetables 1.40 1.05 1.55 1.04 1.45 1.04 1.37 1.05 0.34
Cereals 1.52 1.05 1.51 1.04 1.44 1.04 1.31 1.05 0.021
Low-fat milkd 1.43 1.04 1.35 1.05 1.48 1.04 1.52 1.05 0.14
Fish 1.58 1.05 1.39 1.04 1.40 1.05 141 1.05 0.23
Meat products 1.58 1.05 1.50 1.04 1.44 1.04 1.26 1.05 0.003
Fat ratio® 1.45 1.04 1.42 1.04 1.55 1.04 1.35 1.05 0.39
Total fat, E% 1.51 1.04 1.44 1.04 1.46 1.04 1.36 1.04 0.11
Alcoholf 1.38 1.04 1.29 1.05 1.53 1.05 1.59 1.05 0.045

BSDS = Baltic Sea Diet Score; DILGOM = Dietary, Lifestyle and Genetic Determinants of Obesity and Metabolic
Syndrome; HBCS = Helsinki Birth Cohort Study; hs-CRP = high-sensitivity C-reactive protein.

aModel is adjusted for sex, age, educational attainment, smoking status, leisure-time physical activity, and waist
circumference.

bStudy and sex specific cut-off quartiles were used. Participants in the higher quartiles of presumably beneficial
effect were assigned higher points than participants in the lowest quartiles. In contrast, participants in the lower
quartiles of presumably detrimental effects were assigned higher points than persons in the highest quartiles.
°P value for trend was obtained from linear regression using food intake quartiles’ median values as continuous
variable in the model.

dFat-free milk and milk <2% of fat.

¢Ratio of polyunsaturated fatty acids to saturated and trans-fatty acids.

fIn component specific analyses, alcohol consumption was cut in quartiles from lowest intake (first quartile;
median <1 g/d) to moderate intake (fourth quartile; median = 15 g/d). This was done in order to obtain wider
range to alcohol intake.

Table IV. Participants’ mean (SE) concentrations of markers of inflammation by the BSDS quintiles in the HBCS
(n=1911).

BSDS quintiles

Markers of inflammation 1 SE 2 SE 3 SE 4 SE 5 SE P
Leptin, pg/mL
Model 1° 12000 1.05 12600 1.05 11500 1.05 12200 1.05 11600 1.06 0.72
Model 2¢ 11900 1.05 12500 1.05 11500 1.05 12200 1.05 11800 1.06 0.87
Model 34 11600 1.05 12600 1.05 11700 1.05 11900 1.05 12300 1.06 0.69
HMW-adiponectin, ng/mL
Model 1 4860 1.04 4420 1.04 5100 1.04 4640 1.04 4380 1.05 0.23
Model 2 4870 1.04 4420 1.04 5100 1.04 4620 1.04 4360 1.05 0.14
Model 3 4920 1.04 4410 1.04 5030 1.04 4690 1.04 4310 1.05 0.13
TNF-o, pg/mL
Model 1 8.89 1.05 9.27 1.05 866 1.05 878 1.05 848 1.07 0.50
Model 2 886 1.05 927 1.05 868 105 868 1.05 852 1.07 0.51
Model 3 8.83 1.05 9.27 1.05 870 1.05 865 1.05 856 1.07 0.55
IL-6, pg/mL
Model 1 20.6 1.12 216 112 226 1.12 168 112 178 1.15 0.20
Model 2 19.9 1.12 215 1.12 230 1.12 172 112 186 1.15 0.42
Model 3 19.9 1.12 215 1.12 23,0 1.12 171 1.12 186 1.15 0.43
hs-CRP, mg/L
Model 1 1.67 1.05 1.57 1.05 145 1.05 129 1.05 1.20 1.06 <0.001
Model 2 1.58 1.05 1.54 1.05 145 1.05 134 1.05 1.23  1.06 0.002
Model 3 153 1.05 154 105 147 1.05 133 1.05 129 1.06 0.005
Model 4¢ 1.53 1.05 1.54 1.05 147 1.05 133 1.05 1.29  1.06 0.006
Model 5¢ 1.54 1.05 1.53 1.05 149 1.05 133 1.05 1.28 1.06 0.004

BSDS = Baltic Sea Diet Score; HBCS = Helsinki Birth Cohort Study; HMW-adiponectin = high-molecular-weight
adiponectin; hs-CRP = high-sensitivity C-reactive protein; IL-6 = interleukin 6; TNF-o. = tumor necrosis factor-
alpha.

3P for trend across quintile groups was assessed with linear regression using quintile median values as continuous form.
®Model 1 is adjusted for age, sex, and intake of energy.

‘Model 2 is Model 1 adjusted for educational attainment, smoking status, and leisure time physical activity.
dModel 3 is Model 2 adjusted for waist circumference.

®Model 4 is Model 3 adjusted for statin medication (hs-CRP).

‘Model 5 is Model 4 adjusted with other markers of inflammation which were significantly associated with the
BSDS in Model 1.



In our study, the Baltic Sea diet associated with lower hs-CRP
concentrations. Only few epidemiological studies have reported
associations between healthy diet scores and markers of inflam-
mation. The Alternate Healthy Eating Index (AHEI) and the
Mediterranean Diet Score have associated inversely with high
CRP concentration (31,32). Mechanistic cell and animal studies
indicates that regulation of CRP production depends on leptin,
adiponectin, TNF-a, and IL-6 excretion. We expected that these
upstream inflammatory markers would explain the association
between the Baltic Sea diet and CRP concentrations (3-6). In
theory, small changes in the upstream markers could cumulate to
induce an increase in CRP production. After adjusting the analy-
ses for these markers, the association between the Baltic Sea diet
and CRP remained, however. In the study of Fargnoli et al. (31)
the AHEI did not associate with CRP when other upstream
inflammatory markers were adjusted.

In examining the single BSDS components, the foods
associated significantly with lower CRP concentrations were
higher intake of Nordic fruits and berries, and cereals. They
contain several antioxidant components, such as polyphenols,
vitamins, minerals, and dietary fiber, which reduce CRP con-
centration and improve endothelial function (33-35). The
specific mechanisms are not clear. Furthermore, lower CRP
concentrations were found in participants who had low intake
of red and processed meat. This association has been reported
in two recent epidemiological studies (36,37), but it has
not been confirmed in a randomized trial (38). High intake of
red and processed meat has also been consistently related to
higher incidence of chronic diseases (39-41). The metabolic
mechanisms explaining how red meat increases CRP produc-
tion are not clear. Heme iron, for which the predominant
source is red meat, has been associated with increased CRP
concentrations (42). It is known that catabolism of heme iron
produces reactive oxygen species increasing oxidative stress
that could trigger the inflammatory response (43). Another
component associating with lower CRP concentration was
moderate alcohol intake. We found no other study that had
explored this association before.

In contrast to our hypothesis, higher BSDS did not associate
with higher adiponectin concentrations. In the DILGOM study
we found inverse association, and in the HBCS no association
emerged. Adherence to the AHEI and to the Mediterranean Diet
Score associated with higher adiponectin concentrations, alco-
hol being the key component driving this association (12,31,44).
Higher alcohol intake also increased adiponectin concentra-
tions in some animal (45,46) and human trials (47). In the DIL-
GOM study, our observations are in line with the current
evidence: The only component significantly associated with
adiponectin was alcohol. In the HBCS, the range of alcohol
intake was maybe too narrow to detect any association. Further-
more, the number of participants having alcohol intake above
moderate (20 g/d for men and 10 g/d for women) was somewhat
equal between BSDS quintiles which might explain why no
association emerged. Along with alcohol, adiponectin concen-
tration may increase due to higher intake of unsaturated fat
(12,31,44), especially omega-3 fatty acids (48). In the DILGOM
study, we observed that a high fat ratio (more polyunsaturated
fat) associated with lower adiponectin concentrations, but, on
the other hand, lower total fat intake slightly increased adipo-
nectin concentration. More research on the association of whole
diet quality and adiponectin is needed.

In either study cohorts, the BSDS did not associate with
leptin, TNF-0,, or IL-6—a finding which is not in line with our
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hypothesis. Fairly equal anthropometric characteristic—BMI and
waist circumference—distribution among the participants across
the BSDS quintiles could in part explain why these associations
did not occur. A growing body of evidence shows that a 5%-10%
weight loss achieved with a healthier diet is needed to improve
concentration of inflammatory markers (7). The association of
the AHEI and the Mediterranean Diet Score with TNF-ol or
leptin has not been yet studied in an average healthy population.
The association between the AHEI and IL-6 is unclear (11,31).
The Mediterranean Diet Score has been associated with IL-6,
but the studies did not adjust the analyses for upstream inflam-
matory markers (11,32).

The strength of the DILGOM study included random
sampling and a population-based approach. Repeating the
analyses in the HBCS, which represents an independent
cohort, enhances the reliability of our results. The cross-
sectional designs, however, limit the conclusions. Both studies
used validated and standardized questionnaires and measure-
ments. The same FFQ (21-23), food composition database,
and nutrition calculation software were used in both studies
(24). Along with these, careful testing and controlling of sev-
eral confounding variables in the analyses are strengths of
this study. Different laboratory analyzing methods between
the studies, however, resulted in unequal concentration levels.
This was especially seen in the IL-6 concentrations between
the DILGOM study and the HBCS. Consequently, this makes
the comparison of the absolute IL-6 concentrations impossible.
This affects neither our results nor the conclusions since
we were only interested in exploring the associations between
the BSDS and the inflammatory markers.

In conclusion, adherence to a healthy Baltic Sea diet, illustrated
by a higher BSDS, is associated with lower hs-CRP concentra-
tions. Neither anthropometric, lifestyle, and other health-related
variables nor the CRP production controlling adipokines and
cytokines can fully explain this association. The BSDS did not
associate with other markers of inflammation. Future studies
should extend the CRP finding by investigating the association
of BSDS with chronic diseases and whether the association is
mediated through changes in CRP concentration.

Declaration of interest: The authors report no conflicts of
interest.

The DILGOM study was supported by the Academy of Finland
(grant 136895 and 263836 to SM) and the Finnish Foundation for
Cardiovascular Research (grant to N.K.). The HBCS was
supported by grants from the Academy of Finland (grant 120386
and 125876 to J.G.E.), the Finnish Diabetes Research Society,
Novo Nordisk Foundation, Finska Likaresdllskapet, Liv and
Hilsa, Samfundet Folkhélsan, and the Signe and Ane Gyllenberg
Foundation.

References

1. Ridker PM.Inflammatory biomarkers and risks of myocardial infarction,
stroke, diabetes, and total mortality: implications for longevity. Nutr
Rev. 2007;65:5253-9.

2. Calabro P, Golia E, Yeh ET. CRP and the risk of atherosclerotic events.
Semin Immunopathol. 2009;31:79-94.

3. Calabro P, Willerson JT, Yeh ET. Inflammatory cytokines stimulated
C-reactive protein production by human coronary artery smooth
muscle cells. Circulation. 2003;108:1930-2.

4. Devaraj S, Torok N, Dasu MR, Samols D, Jialal I. Adiponectin decreases
C-reactive protein synthesis and secretion from endothelial cells:
evidence for an adipose tissue-vascular loop. Arterioscler Thromb Vasc
Biol. 2008;28:1368-74.



96

u

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

N. Kanerva et al.

Ouchi N, Kihara S, Funahashi T, Nakamura T, Nishida M, Kumada M,
et al. Reciprocal association of C-reactive protein with adiponectin
in blood stream and adipose tissue. Circulation. 2003;107:671-4.

. Singh P, Hoffmann M, Wolk R, Shamsuzzaman AS, Somers VK.

Leptin induces C-reactive protein expression in vascular endothelial
cells. Arterioscler Thromb Vasc Biol. 2007;27:302-7.

. Klimcakova E, Kovacikova M, Stich V, Langin D. Adipokines and

dietary interventions in human obesity. Obes Rev. 2010;11:446-56.

. Shai I, Schwarzfuchs D, Henkin Y, Shahar DR, Witkow S, Greenberg I,

et al. Weight loss with a low-carbohydrate, Mediterranean, or low-fat
diet. N Engl ] Med. 2008;359:229-41.

. Goulet ], Lamarche B, Nadeau G, Lemieux S. Effect of a nutritional

intervention promoting the Mediterranean food pattern on plasma
lipids, lipoproteins and body weight in healthy French-Canadian
women. Atherosclerosis. 2003;170:115-24.

van Staveren WA, de Groot LC, Haveman-Nies A. The SENECA
study: potentials and problems in relating diet to survival over 10 years.
Public Health Nutr. 2002;5:901-5.

Fung TT, McCullough ML, Newby PK, Manson JE, Meigs JB, Rifai N,
et al. Diet-quality scores and plasma concentrations of markers of
inflammation and endothelial dysfunction. Am ] Clin Nutr. 2005;
82:163-73.

Mantzoros CS, Williams CJ, Manson JE, Meigs JB, Hu FB. Adherence to
the Mediterranean dietary pattern is positively associated with plasma
adiponectin concentrations in diabetic women. Am J Clin Nutr. 2006;
84:328-35.

Adamsson V, Reumark A, Cederholm T, Vessby B, Riserus U,
Johansson G. What is a healthy Nordic diet? Foods and nutrients in the
NORDIET study. Food Nutr Res. 2012;56:10.3402/fnr.v56i0.18189.
Adamsson V, Reumark A, Fredriksson IB, Hammarstrom E, Vessby B,
Johansson G, et al. Effects of a healthy Nordic diet on cardiovascular
risk factors in hypercholesterolaemic subjects: a randomized controlled
trial (NORDIET). J Intern Med. 2011;269:150-9.

Uusitupa M, Hermansen K, Savolainen MJ, Schwab U, Kolehmainen M,
Brader L, et al. Effects of an isocaloric healthy Nordic diet on insulin
sensitivity, lipid profile and inflammation markers in metabolic
syndrome - a randomized study (SYSDIET). J Intern Med. 2013;274:
52-66.

Kanerva N, Kaartinen NE, Schwab U, Lahti-Koski M, Minnisto S. The
Baltic Sea Diet Score: a tool for assessing healthy eating in Nordic
countries. Public Health Nutr. 2013;1-9. [Epub ahead of print].
Konttinen H, Haukkala A, Sarlio-Lihteenkorva S, Silventoinen K,
Jousilahti P. Eating styles, self-control and obesity indicators. The
moderating role of obesity status and dieting history on restrained
eating. Appetite. 2009;53:131-4.

Vartiainen E, Laatikainen T, Peltonen M, Juolevi A, Minnisto S,
Sundvall J, et al. Thirty-five-year trends in cardiovascular risk factors in
Finland. Int ] Epidemiol. 2010;39:504-18.

Meltzer HM, Brantsaeter AL, Ydersbond TA, Alexander ], Haugen M.
Methodological challenges when monitoring the diet of pregnant
women in a large study: experiences from the Norwegian Mother
and Child Cohort Study (MoBa). Matern Child Nutr. 2008;4:14-27.
Eriksson JG, Forsen T, Tuomilehto J, Jaddoe VW, Osmond C, Barker D]J.
Effects of size at birth and childhood growth on the insulin resistance
syndrome in elderly individuals. Diabetologia. 2002;45:342-8.
Kaartinen NE, Tapanainen H, Valsta LM, Simila ME, Reinivuo H,
Korhonen T, et al. Relative validity of a FFQ in measuring carbohydrate
fractions, dietary glycaemic index and load: exploring the effects of
subject characteristics. Br ] Nutr. 2012;107:1367-75.

Minnist6 S, Virtanen M, Mikkonen T, Pietinen P. Reproducibility
and validity of a food frequency questionnaire in a case-control study
on breast cancer. ] Clin Epidemiol. 1996;49:401-9.

Paalanen L, Minnisto S, Virtanen MJ, Knekt P, Risinen L, Montonen J,
et al. Validity of a food frequency questionnaire varied by age and
body mass index. ] Clin Epidemiol. 2006;59:994-1001.

Reinivuo H, Hirvonen T, Ovaskainen ML, Korhonen T, Valsta LM.
Dietary survey methodology of FINDIET 2007 with a risk assessment
perspective. Public Health Nutr. 2010;13:915-19.

Tolonen H, Koponen P, Aromaa A, Conti S, Sidsel GI, Grotvedt L,
et al., editors. Recommendations for the health examination surveys
in Europe. Publications of the National Public Health Institute;
2008;B 21/2008. Helsinki, Finland: the National Public Health Institute;
2008.

R Development Core Team. R: A language and environment for
statistical computing. 2012. Available at: http://www.R-project.org/
(accessed 10 September 2013).

Rothman KJ, editor. Modern Epidemiology. 6th ed. Boston, Toronto:
Little, Brown and Company; 1986.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

World Health Organization. Report of a joint FAO/WHO/UNU
expert consultation. Energy and protein requirements. WHO Technical
Report Series no. 724. Geneva, Switzerland: WHO; 1985.

Goldberg GR, Black AE, Jebb SA, Cole T], Murgatroyd PR, Coward WA,
et al. Critical evaluation of energy intake data using fundamental
principles of energy physiology: 1. Derivation of cut-off limits
to identify under-recording. Eur J Clin Nutr. 1991;45:569-81.

Black AE. Critical evaluation of energy intake using the Goldberg
cut-off for energy intake:basal metabolic rate. A practical guide to its
calculation, use and limitations. Int ] Obes Relat Metab Disord.
2000;24:1119-30.

Fargnoli JL, Fung TT, Olenczuk DM, Chamberland JP, Hu FB,
Mantzoros CS. Adherence to healthy eating patterns is associated with
higher circulating total and high-molecular-weight adiponectin and
lower resistin concentrations in women from the Nurses’ Health Study.
Am ] Clin Nutr. 2008;88:1213-24.

Chrysohoou C, Panagiotakos DB, Pitsavos C, Das UN, Stefanadis C.
Adherence to the Mediterranean diet attenuates inflammation and
coagulation process in healthy adults: The ATTICA Study. ] Am Coll
Cardiol. 2004;44:152-8.

North CJ, Venter CS, Jerling JC. The effects of dietary fibre on C-reactive
protein, an inflammation marker predicting cardiovascular disease.
Eur J Clin Nutr. 2009;63:921-3.

Lazarou C, Panagiotakos DB, Chrysohoou C, Andronikou C,
Matalas AL. C-reactive protein levels are associated with adiposity and
a high inflammatory foods index in mountainous Cypriot children. Clin
Nutr. 2010;29:779-83.

de Mello VD, Schwab U, Kolehmainen M, Konig W, Siloaho M,
Poutanen K, et al. A diet high in fatty fish, bilberries and wholegrain
products improves markers of endothelial function and inflammation
in individuals with impaired glucose metabolism in a randomised
controlled trial: the Sysdimet study. Diabetologia. 2011;54:2755-67.
Azadbakht L, Esmaillzadeh A. Red meat intake is associated with
metabolic syndrome and the plasma C-reactive protein concentration
in women. ] Nutr. 2009;139:335-9.

Montonen J, Boeing H, Fritsche A, Schleicher E, Joost HG, Schulze MB,
et al. Consumption of red meat and whole-grain bread in relation to
biomarkers of obesity, inflammation, glucose metabolism and oxidative
stress. Eur ] Nutr. 2013;52:337-45.

Hodgson JM, Ward NC, Burke V, Beilin L], Puddey IB. Increased lean
red meat intake does not elevate markers of oxidative stress and
inflammation in humans. ] Nutr. 2007;137:363-7.

Micha R, Michas G, Mozaffarian D. Unprocessed red and processed
meats and risk of coronary artery disease and type 2 diabetes—an
updated review of the evidence. Curr Atheroscler Rep. 2012;14:
515-24.

Minnisté S, Kontto ], Kataja-Tuomola M, Albanes D, Virtamo J.
High processed meat consumption is a risk factor of type 2 diabetes in
the Alpha-Tocopherol, Beta-Carotene Cancer Prevention study. Br J
Nutr. 2010;103:1817-22.

Chan DS, Lau R, Aune D, Vieira R, Greenwood DC, Kampman E,
et al. Red and processed meat and colorectal cancer incidence:
meta-analysis of prospective studies. PLoS One. 2011;6:€20456.

de Oliveira Otto MCC, Alonso A, Lee DH, Delclos GL, Jenny NS,
Jiang R, et al. Dietary micronutrient intakes are associated with
markers of inflammation but not with markers of subclinical
atherosclerosis. ] Nutr. 2011;141:1508-15.

Kim YM, Pae HO, Park JE, Lee YC, Woo JM, Kim NH, et al
Heme oxygenase in the regulation of vascular biology: from molecular
mechanisms to therapeutic opportunities. Antioxid Redox Signal.
2011;14:137-67.

Fragopoulou E, Panagiotakos DB, Pitsavos C, Tampourlou M,
Chrysohoou C, Nomikos T, et al. The association between adherence to
the Mediterranean diet and adiponectin levels among healthy adults:
the ATTICA study. ] Nutr Biochem 2010;21:285-9.

Chen X, Sebastian BM, Nagy LE. Chronic ethanol feeding to rats
decreases adiponectin secretion by subcutaneous adipocytes. Am J
Physiol Endocrinol Metab. 2007;292:E621-8.

Feng L, Han B, Wang R, Li Q, Bian D, Ma C, et al. The frequency of daily
ethanol consumption influences the effect of ethanol on insulin
sensitivity in rats fed a high-fat diet. Br ] Nutr. 2012;107:850-7.
Joosten MM, Witkamp REF, Hendriks HE Alterations in total and
high-molecular-weight adiponectin after 3 weeks of moderate alcohol
consumption in premenopausal women. Metabolism. 2011;60:
1058-63.

Wu JH, Cahill LE, Mozaffarian D. Effect of fish oil on circulating
adiponectin: a systematic review and meta-analysis of randomized
controlled trials. ] Clin Endocrinol Metab 2013;98:2451-9.



